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NOTES ON THE FLOWAGE OF WATER 
IN PIPES. 
By W. Arry. 

Ir might be thought that the subject of the flow- 
age of water in pipes, which has occupied the atten- 
tion of so many able experimenters, and the 
practical handling of which is so well understood, 
had been discussed in all its points and bearings. 
But in the ordinary text-books which deal with the 
subject, the writer has failed to find sufficient ex- 
planation of the laws on which the ordinary formule 
are based, and clear views on the details of the 
flowage. For example, he has found no clear ex- 
planation of the fundamental law that, omitting 
the consideration of friction in the pipe and con- 
traction at the entrance mouth of the pipe, the 
flowage would proceed under the pressure of a 
column equal in height to the difference of level 
of the surface of the water in the reservoir and the 
discharge mouth of the pipe (the pipe being supposed 
to discharge into the open air). Considering that 
the water must enter the pipe exactly as fast as 
it leaves it, this law is very remarkable and needs 
full and careful explanation. And again, he has 
not always found clear views on the subject of the 
resistance at the entrance mouth of the pipe, which 
in many cases is a matter of great importance. 
These matters did not escape the attention of able 
experimenters such as Venturi and Eytelwein, and 
the French hydraulicians, but in general they 
have attended much more to their experiments and 
te the construction of empirical formulz than to the 
theory and explanation of the flowage. The writer, 
therefore, trusts that the present notes, which 
deal with some of the principal points connected 
with the flowage in pipes, may be useful to engi- 
neers, 

On the Law that, Omitting the Consideration of 
Friction in the Pipe and Contraction at the Entrance 
Mouth of the Pipe, the Flowage from a Pipe is that 
due to the Pressure of a Column of Water Equal in 
Height to the Difference of Level of the Surface of 
the Water in the Reservoir and the Discharge Mouth 
of the Pipe.*—The law stated above appears to 
have been suspected by the early experimenters, 
and the direct experiments of Bossut and others 





on short vertical pipes confirmed the previous| A B 


guesses. The explanation is as follows : 
Let A B, Fig. 1, be a vertical cylindrical pipe, 
which is fitted to the bottom of a very large cistern 








at A without chamfering or coning of any kind. Let 
L be the level at which the water is maintained in the 
cistern, and let the water flow freely into the pipe 


.* It will be assumed for the sake of simplicity that the 
pipe discharges into the open air. If, as is usual, the dis- 
charge mouth of the pipe is many 8 in a reservoir, 


then the level of the water surface in that reservoir must 





be taken as the lower level instead of that of the discharge 
mouth of the pipe. 





at A, and out of it at B. Also for the present let 
it be assumed that there is no friction between the 
water and the sides of the pipe, and no resistance 
at the entrance mouth A of the pipe. 

Then if the law above stated be true the water 
will pass out at B under the pressure of the 
column BL. But the water cannot pass out at B 
faster than it enters at A, and, therefore, the water 
enters the pipe at A under a pressure equal to that 
of a column of water BL. But the apparent head 
of water above A is only A L. Where, then, are 
we to look for the additional pressure required ? 

When the water enters the pipe at A the law of 
falling bodies would require that the velocity of the 
water should continually increase as it descends 
the pipe A B. Consequently there would be a 
tendency to disruption of the fluid column at all 
points of its length from A to B, and to the forma- 
tion of a series of vacua throughout the length of 
the column. But the pressure of the atmosphere 
at B prevents the formation of these vacua, and 
in so doing destroys the acceleration of the fluid 
from A to B, thus causing it to flow with uniform 
velocity. 

The moving force of the column of fluid A B due 
to the accelerating effect of gravity is m x g (m being 
the mass of the column, and g the accelerating 
force of gravity). Therefore the work done by the 
air pressure at B in destroying the acceleration 
of the column AB is mg, But m gis the weight 
of the column A B. Consequently the work done 
by the air pressure at B in destroying the accelera- 
tion of the water from A to B, and so causing it to 
flow with uniform velocity, is that which would con- 
tinuously sustain the weight of the column of water 
AB. But if the air at B is continuously doing this 
work of sustaining a column of water A B, its 
effective pressure tending to hinder the efflux of the 
water at B, will be reduced by that amount, i.e., by 
the pressure due to the column A B. Consequently 
the air pressure on the surface of the water at L, 
which would otherwise be balanced by the air pres- 
sure at B, is not now so balanced, but there is an 
unbalanced air pressure on the surface of the 
water at L equal to that of a head of water A B. 
And, therefore, the flowage at A takes place under 
a pressure equal to that of a head of water L A+ 
=LB. 

On the Effect of Friction in the Pipe.—The fric- 
tional resistance in the pipe will act most power- 
fully to destroy the acceleration of the water in the 
column A B, and the air pressure will only be called 
upon to destroy such part of the acceleration as the 
friction is unable to destroy. In the case of small 
pipes, and in the case of large pipes when laid at a 
flat angle of inclination, the friction is so great that 
it is more than sufficient to destroy the acceleration 
of the water in the pipe, and there is no need to draw 
upon the air pressure. But this is not the case 
with large pipes placed at a steep angle of inclina- 
tion or vertical. In such cases the discharge will 
increase with the length of the pipe, and the fric- 
tion will not be sufficient of itself to destroy the 
acceleration of the water in the pipe. A portion of 
the air pressure will then come into play to complete 
the destruction of the acceleration, and in conse- 
quence there will be a corresponding unbalanced 
pressure on the surface of the water in the cistern, 
as already explained. These remarks are illustrated 
by the Tables and examples which will follow. 





From what has been said above it will follow that 
there is a superior limit to the discharge of pipes in 
all cases. In the cases of very small pipes, how- 
ever placed, and of all pipes when laid at a flat 
angle of inclination, the frictional resistance for the 
length of pipe corresponding to 1 ft. fall (vertical) 
of the pipe will be greater than would be overcome 
by the pressure of 1 ft. head of water, and there- 
fore the discharge will continually diminish as the 
length of the pipe increases. And in the case of 
large pipes placed vertically, or nearly so, in which 
case the friction will not of itself be sufficient to 
destroy the acceleration, there will be a certain 
length of pipe at which the entire atmospheric 
pressure at the discharge mouth will be used up in 
assisting the friction to destroy the acceleration. 
With this length of pipe the discharge is the greatest 
possible, for the unbalanced air pressure on the sur- 
face of the water in the cistern is then equal to the 
whole atmospheric pressure, or about 34 ft. head of 
water ; and the total head of water under which the - 
flowage proceeds is 34 ft. plus the depth of water 
in the cistern above the entrance mouth of the pipe. 
This is the greatest pressure available for forcing 
water into the entrance mouth of the pipe, and if 
the length of the pipe be now increased there will 
be no increase of discharge, and the water will not 
fill the pipe and flow smoothly, but will tumble out 
irregularly in broken masses. It will be seen b 
reference to the example and remarks that will 
follow that this state of things will be of very rare 
occurrence. 

On the Contraction of the Fluid Vein and Con- 
sequent Resistance at the Entrance Mouth of the 
Pipe.—With regard to this subject, D’Aubuisson 
(page 221, Bennett’s translation) says: ‘‘ The value 
of (m), the coefficient of discharge, can only be taken 
by approximation. For a very short pipe, like 
cylindrical ajutages, it will be .82. But in pipes 
properly so-called, it will nearly approximate to 1, 
and as much more as the pipe is longer, and even 
according to Prony, as the diameter is greater, so 
that He: large pipes the effect of contraction is very 
small.” 

D’Aubuisson gives no reason for the above con- 
clusions, and the writer fails to see why the coefli- 
cient should not have a value of .82 or thereabouts, 
whatever be the size and length of the pipe. It is 
true, as will be shown hereafter, that the effect 
of the resistance at the entrance mouth on the 
discharge diminishes rapidly as the length of the 
pipe increases, but this is not due to an altera- 
tion in the coefficient of contraction, but to the 
great increase of the friction in the pipe. And it 
was proved by Daniel Bernouilli that, when water 
flows out of a reservoir through an orifice, the fluid 
vein is equally contracted whether the flowage takes 
place into air or into water (in consequence of the 
orifice being submerged). And from this it may be 
concluded that in the case of a pipe the contraction 
would be the same whether the water passed into 
the pipe full of water or into the air through a short 
cylindrical ajutage. 

The writer has referred to the accounts of the 
principal authorities on the flowage of water in pipes 
to see what their views were on this subject. 

Prony (page 17) certainly assumes that there is 
in all cases a contraction, and without expressing 





any positive opinion as to the value of its coefficient 
he compares it with that due toa cylindrical 
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ajutage. The writer cannot find that he any-|is 100 ft., and its diameter 6 in. We will begin Tasie III. 
where says, as stated by D’Aubuisson, that the co- | with F E. : 
efficient is greater for large pipes than for small} As the object is merely to illustrate the prin- toviinntion * La ss 1in 10 
ones, or that in any case it will nearly approximate | ciples already explained, it will not be necessary to _—_ vd el (A B) ") 40 | 20 | 60 | 100 | 1000 {10,000 
to 1. use complicated formulz which take account of the | Whole head (F K) in feet| 11.00 | 12.00 | 15.00 | 20.00 |110.00 1010 

Bossut (vol. ii., page 164), in discussing some|nature of the pipes. It will be sufficient to use "oe at Gethnage gM ON RIO SYR Aoi, Rea 
conclusions of Couplet with respect to the flowage | simple formule to determine the flowage at B, such | pischarge in cubic feet) ‘ 3 : an as 
in pipes, remarks that ‘‘ both he (Couplet) and | asthose givenby Eytelwein, Weisbach, D’Aubuisson, uot second Beas 3.88] 3.58] 3.10] 277] 2.27] 2.20 
Mariotte are in error because they have not taken|and others. These differ very little from one | “Ci pty Boda ve! 20] 8.18] 3.88] 3.201 208! 195 
account of the diminution which the contraction | another in their results when the length of the pipe Head (EC) due to resiat- 
of the fluid vein produces in the discharge. He | exceeds 50 ft. and the pipe is not very large, but Hod (Oe ae ee 3.00} 2.55; 1.91) 1.53) 1.03) 0 97 
(Couplet) ought to have multiplied the discharge so| the formula of Eytelwein appears to be the most] tionin pipe .. ..| 1.90| 4.27| 9.21 | 15.87 |106,89| 1007 
arrived at by the fraction }j, because the water | accurate for lengths of pipe less than 50 ft., and a 
issues full-bore into the pipes instead of through an | will be here adopted. His formula is Tape IV. 
orifice in a thin side.” -e 2 

Dubuat (vol. i., page 337) is very clear on this v=50 af 1450.4 Inclination of pi si Vertical. 
subject. He says: ‘‘ Experiments are not sufli-| +4 16 P 7 of pipe (A B) in Pe ee eee Ree Pees, Se 
ciently numerous to enable us to deduce the exact v=velocity in feet per second, Whole head (F K)in feet} 20 | 30 | 60 | 110 | 1010 |10,010 
law of the resistance at the entrance of the pipe. d=diameter of pipe in feet, Velocity of discharge in| : 
This resistance, moreover, is so small compared to h=whole head (F K) in feet, Ph nied yg resi 26.73 | 28.87 | 31.62 | 33.16 | 35.09 | 35.32 
that of a tolerably long pipe os we apf Pri 1=length of pipe in feet. abet scoond, Bs r 5.241 5.66| 6.20| 6.50| 6.88! 6.92 
the variations of it and adopt the simple relation o Since the inclination of the pipe is 1 in 100, we | He ) due to velo-) 
16 to 13 for the Redealion of velocity occasioned | shall have for 1=100 ft., h = ayn +AK=10 ete wie yy 11.09 | 12.94 | 15.53 | 17.07 | 19.12 | 19.87 
by the contraction at the eB of ~~ pipes.” _ 11 ft., and d=.5 ft., so that me nN ih ai 5.47| 6.88] 7.64| 8.42] 9.42] 9.54 
again he says (page 338): ‘‘ But the contraction =o vad ' 
at the ct of the pipe is always thesame, that ee ee en, 


is to say the portion of the head used in producing 
the velocity is always equal to the square of the 
uniform mean velocity, divided by a number which 
is to 2 g as the square of 13 is to that of 16, that is to 
v2 
Ts 

Eytelwein (page 192, Leipzig ed.) assumes that 
the coefficient applicable to short cylindrical aju- 
tages applies also to pipes, and he makes no dis- 
tinction between large pipes and small pipes in 
respect of the coefficient. 

In the absence of experiments directed to ascer- 
tain the exact value of the coefficient, and having 
regard to the above-quoted opinions of the chief 
authorities on the subject, the writer will assume 
that the coefficient of discharge at the entrance 
mouth of the pipe is always .82. 

Tiwestigation of the Flowage in a Circular Pipe of 
Constant Section.—Let A B, Fig. 2, be the pipe 








which is let into the side of a large cistern at A 
without chamfering or coning of the inlet orifice in 
any way. Let AF be the head of water over the 
centre of the orifice at A, which head is assumed to 
be maintained constant during the flowage. Draw 
the horizontal line B K. Then in conformity with 
the principles already established the whole head 
available for overcoming the several resistances and 
producing the flowage at B is F K. 

When the flowage is established the water will 
issue from the pipe at B with a certain velocity, 
and the head due to this velocity will be the net 
head under which the flowage takes place; it is 
represented on the diagram by F E. There will be 
a resistance at the entry A of the pipe due to the 
contraction of the fluid vein ; this resistance will be 
measured by the head of water required to over- 
come it, and it is represented on the di by 
EC. Lastly, there will be a resistance due to the 
friction in the pipe; this resistance also will be 
measured by the head of water required to over- 
come it, and it is represented on the diagram by 
CK. These three heads, F E, E J, and C K, make 
up the entire head F K. 

In illustration of the method adopted, it may be 
stated that the flowage will proceed exactly as if 
there were no friction in the pipe, and the water 
was discharged at B directly into a pond of water, 
the surface of which is at the level CD. The 
flowage will then be due to the head F C, of which 
the portion E C is required to overcome the resist- 
ance due to the contraction at the orifice A. 

We will now proceed to determine the values of 
the different portions of the whole head F K in the 
case of a numerical example, and for this purpose 
it will be assumed that the head on the orifice 
(F A) is 10 ft., that the pipe is laid at an inclination 
of 1 in 100, that the length of the pipe (A B) 


= CT ee 
v=, / gbett -;=00 »/.044=10.49 ft, per second. 
If 
Q=discharge in cubic feet per second, 
s=sectional area of pipe in square feet. 
Q=v. s=10.49 x .196 =2.06 cubic feet per second, 
and the head due to the velocity of discharge = 


v? — (10.49) _ ae 
29 64.4 1.71 ft., and this is the value of 
the first portion of the head, F E. 
Next to determine EC. EC is equal to F C — 

F E, and FC is the head of water required to 
overcome the resistance at A and to force into the 
pipe the quantity of 2.06 cubic feet per second. To 
find the value of F C we shall assume, in accordance 
with the conclusion arrived at above, that the co- 
efficient of discharge is .82, and therefore we shall 
have 

Q = .82x sx /29,FC 
And putting 

Q = 2.06; s= .196; 2g = 64.4, 
we get 
FC = 2.55 ft., 

and therefore 

E C= 2.55—1.71 = .84 ft. 


Lastly, the value of C K which measures the re- 
sistance of the friction in the pipe, is found by sub- 
traction, for : 

CK = FK —FC=11— 2.55 = 8.46 ft. 

Thus collecting the results we have : 


ft. 

Head due to flowage in pipe(FE) = 1.71 
“5 » contraction at A(EC) = 84 
» »  frictionin pipe(CK) = 8.45 
11.00 


In this manner the following Tables I. to IV. 
have been computed, which give the results for 
different inclinations and lengths of a 6-in. pipe, and 
will furnish data for the illustration of the prin- 
ciples already explained. The head on the orifice A 
(F A) is supposed to be 10 ft. throughout. 



































TaBLe I, 

Inclination of pipe oe Horizontal. 
Length of pipe (A B) in | 

fect ..  .. _ ..| 10 | 20 | 50 | 100 | 1000 /10,000 
Whole head (F K) in feet) 10,00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 
Velocity of discharge in} 

feet per second. . ..| 18.89 | 16.67 | 12.91 | 10.00; 3.49} 1.12 
Discharge in cubic feet 

per secon’ «» «| 8.70! 3.27] 2.63) 1.96) 0.68] 0.22 
Head (F E) due to velo- 

city of discharge .-| 5.64! 4.31] 2.59] 1.55) 0.19] 0.02 
Head (E C) due to re- 

sistanceatA .. .-| 2.78) 218] 1.28] 0.77] 0.09/ 0.01 
Head ° K) due to friction 

in pipe .. oe --| 173] 8.56! 618] 7.68] 9.72] 9°97 

TaBLe II. 

Inclination of pipe “s lin 100 
Length of pipe (A B) in 

ace eae Pee | 50 | 100 | 1000 |10,000 
Whole head (F K) in feet) 10.10 | 10.20 | 10.50 | 11.00 | 20.00 | 110.00 
Velocity of discharge in | 

feet per second. . ..| 18.98 | 16.83 | 13.28 | 10.49} 4.94/ 8.70 
Discharge in cubic feet | 

per second me --| 3.72] 880) 2.59! 2.06] 0,97/ 0.73 
Head (F E) due to velo- 

city of discharge .| 5.59] 4.40) 2.72) 1.71] 0.88] 0.21 
H (E C) due to re- | 

sistanceatA .. o-| 276 2.16 | 1.84 | 0.84; 0.19) O11 
Head (C K) due to friction | | 

in pipe .. a ++] 175) 3.64) 6.44) 8.45 | 19.48 | 109.68 





























Remarks ON Tastes I. to IV. 

1. On the Action of the Air Pressure in Increasing 
the Flowage.—From Table IV. it isseen that with a 
vertical pipe, 6 in. in diameter and 100 ft. long, 
fitted to the bottom of a cistern in which the water 
stands 10 ft. deep, the discharge is 6.50 cubic feet 
per second, and the head required to force this 
quantity into the pipe is 17.07 + 8.42 = 25.49 ft. 
But the head of water present in the cistern to do 
this work is only 10 ft. Therefore the balance of 
15.49 ft. must be made up by the unbalanced air 
pressure on the surface of the water in the cistern, 
and is the measure of the work which the air is 
doing at the discharge mouth of the pipe in de- 
stroying the acceleration of the water column in the 
pipe, as explained previously. The total pressure 
required to destroy the acceleration is equal to 
that of a column of water 100 ft. high, and of this 
column 15.49 ft. are supplied by the air pressure 
and 84.51 ft. by the friction in the pipe. 

Table IV. is the only one of the Tables which 
exhibits the operation of the air pressure, because 
in Tables I. to III. the head required to produce 
the discharge is not greater than the 10 ft. head in 
the cistern. In fact, the head that measures the 
friction in the pipe is greater than the vertical 
column in the pipe, and therefore the acceleration 
of the fluid in the pipe is more than destroyed by 
the friction. But if the pipe were placed at a steep 
angle of inclination, say, for example, 1 in 2, in- 
stead of vertical, the case would be similar to that 
of Table IV., and the assistance of the air pressure 
would be required to produce the discharge. At an 
inclination of about 1 in 24 of the 6-in. pipe in 
question the discharge will be constant for all 
lengths of the pipe. 

It has been shown previously that the greatest 
possible discharge from a pipe is that due to a 
column of water whose height is 34ft. plus the 
depth of water in the cistern above the entrance 
mouth of the pipe. And if in aty example the dis- 
charge which results from the use of the ordinary 
formule requires a greater head than the above 
column to force that quantity of water into the pipe, 
then those formule are inapplicable to the example 
in question. Thus suppose that the cistern is 10 ft. 
deep and a pipe of 2ft. diameter and 100ft. long 
is fitted vertically to the bottom of the cistern. The 
discharge which results from the use of the same 
formulee which were used in computing Tables I. 
to IV. is 165 cubic feet per second, and the head 
required to overcome the resistance at the entrance 
mouth of the pipe and to force into the pipe 165 
cubic feet per second is 63.7ft. But there will 
only be available for the purpose 34+10=44 ft, 
Therefore the calculated quantity will not be dis- 
charged, and the formula fails for this case. The 
discharge will be only about 129 cubic feet per 
second. 

There are very few cases in practice which would 
exhibit this result, for it must be very rare to have 
a pipe 2ft. in diameter and 100ft. long placed 
vertically and discharging full bore. In general 
such large pipes are used only at a flat angle of 
inclination, and when used for the supply of tur- 
bines the discharge orifice is much smaller than the 
pipe itself. And in these cases the discharge is 








nearly always less than would be supplied by a head 
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of 34 ft. plus the depth of water in the cistern acting 
on the full bore of the pipe. And in the case of 
large pipes leading from reservoirs, the head of 
water above the entrance mouth of the pipe is 
generally much greater than 10ft., as assumed in 
the example just given, and therefore the available 
head would be greater than 44 ft., and the maximum 
discharge would be greater than 129 cubic feet per 
second. 

In the case of small pipes, such as the service 
pipes in a house, the effect of friction is very re- 
markable ; for it will be found that in the case of a 
1-in. pipe, placed vertically and fitted to the bottom 
of a cistern in which the water stands 4ft. deep, 
the discharge will be very nearly constant what- 
ever be the length of the pipe. And in the cases 
of ?-in. and 4-in. pipes arranged in the same 
manner, the discharge will diminish as the length 
of the pipe is increased, in spite of the increased 
head of water thereby obtained. 

(To be continued), 
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A Manual of Practical Assaying. By JoHN MITCHELL, 
F.C.S. Edited by Witt1AM Crooxss, F.R.S., Pres. 
C.S. Sixth Edition. Illustrated with 201 Woodcuts. 
London: Longmans, Green, and Co. 

MITcHELL’s treatise on practical assaying is a book 
which long ago established its reputation as a 
standard work, and the fact that a sixth edition is 
now issued is of itself a proof of its high value. 
Jn dealing with such a volume it is of course un- 
necessary to enter into a detailed analysis of its 
contents, but we should point out that material 
modifications have been made in the present edi- 
tion. Since the last edition appeared in 1881 much 
progress has been made in metallurgical chemistry, 
and many of the older modes of procedure have 
been supplemented by others. This has led Mr. 
Crookes to re-write many portions of the book, 
while he has also made numerous additions, includ- 
ing a description of Brunton’s automatic sampling 
machine, and new furnaces, &c., for laboratory 
use, The American system of fire assay for copper 
is also dealt with. Numerous additions also have 
been made to the engravings, and altogether this 
new edition will well support the reputation which 
the work originally attained. 








An Elementary Treatise on the Mathematical Theory of 
Perfectly Elastic Solids, with a Short Account of Viscous 
Fluids. By W. J. IBBETSON. ndon: Macmillan 
and Co., 1887. (Pages xiii. +515, and 4 Pl.) 

This is a systematic treatise on the mathematical 
theory of elasticity, and the best that has appeared 
fora long time. This difficult subject is most care- 
fully and clearly worked out in the compass of about 
500 pages. Its great merits can only be fully ap- 
preciated by mathematicians, as the mathematical 
reading required is (unavoidably) of an advanced 
kind. This is unfortunate, as the subject has an 
eminently practical bearing on engineering, being 
in fact the foundation of many calculations for 
structures. Fortunately for practical engineers, it 
is found sufficient to take count only of the larger 
strains in structures ; the neglect of the smaller 
strains immensely simplifies the calculations re- 
quired, so as to bring them often within the com- 
pass of elementary geometry. For instance, the 
omission (in calculation) of the contraction of cross- 
sectional area of a rod under simple tension, and 
the omission of the distortions and warpings of the 
cross-sections of a beam under transverse strain, 
enable the practical engineer to dispense with the 
partial differential equations with which this work 
simply bristles. 

Two long chapters are devoted to the develop- 
ment of the theory of strain (56 pp.) and stress 
(43 pp.). The close analogy of the results in the 
two chapters is clearly brought out, and such 
slight (apparent) discrepancies (which are most 
puzzling to students) as exist are carefully dwelt 
on ; ¢.g., the measure of a shearing stress equivalent 
to a normal traction (S) and pressure (8S) is taken to 
be simply 8, whereas the measure of a shearing 
strain equivalent to an elongation (s) and a contrac- 
tion (s) is taken to be 2s. 

The potential energy of strain and stress is de- 
veloped in 45 pages. The possible forms of discon- 
tinuity of strain and stress are herein fully worked 
out in 11 pages. This has a very practical bearing in 
engineering, as most structures are loaded by definite 
weights bearing on small areas at finite distances 





apart. The relation between (small) strain and 
stress, known as Hooke’s law, is dwelt on at some 
length (7 pp.), and an attempt is made to deduce 
it @ priori as a physical necessity flowing simply 
from the theory of superposition of small motions 
(strains) without reference to actual experiment on 
the properties of matter. The modern theory is 
shown to lead to twenty-one coefficients of elasticity 
in heterogeneous matter, which reduce to two in 
the case of isotropic matter (viz., one modulus of 
rigidity, and one of compression), which agrees 
remarkably with experiment; whereas the older 
theories, founded on Boscovitch’s hypothesis as 
to intermolecular action, all break down at this 
point, in that they require the existence of a single 
coefficient in such bodies, which is wholly at variance 
with fact. A bare statement of this is given ; it 
would have been very interesting if a slight his- 
torical sketch of this had been added. 

The (experimentally determined) elastic pro- 
perties of matter are very fully described in several 
appendices covering about 37 pages, forming a most 
interesting experimental illustration of the pro- 
perties on which the analytical treatment is 
founded. 

A long chapter (57 pp.) is devoted to a very 
full development of curvilinear co-ordinates, the 
use of which leads to great simplification in many 
intricate investigations in curved surfaces, includ- 
ing those arising in the study of elasticity ; about 
20 pages of this are purely geometrical ; it would 
seem preferable to omit these in future, referring 
to some standard work for the results required. 

Next follow 53 pages of ‘‘ General Solutions,” and 
then about 50 pages of very fully worked out 
fundamental ‘‘ Examples.” It is curious that the 
examples are much more difficult reading than all 
that precedes. The actual solution of the examples 
in fact involves for the first time the actual solu- 
tion of systems of partial differential equations with 
difficult applications of Bessel’s and Legendre’s 
functions, of spherical harmonics, elliptic, and 
potential functions not previously required in the 
mere general development of the differential equa- 
tions (without actual solutions). Into the detail of 
these it is hopeless for the reader not familiar with 
these functions to follow. 

One is struck by the apparently tentative cha- 
racter of many of the solutions, which appear to be 
solved rather by help of some happy guesswork 
than by a direct process ; this seems at present un- 
avoidable. A good instance of the difficulty and 
uncertainty of this tentative process is found on 
page 358, wherein it is explained that two solutions 
(of Sir G. Airy’s) for loaded beams, covering the 
preceding 7 pages, have since been discovered to 
be wholly incorrect, as they do not satisfy one of 
the fundamental conditions ! 

The application to ‘‘ Beams” covers 39 pages 
and to ‘‘ Wires” 25 pages ; these follow chiefly St. 
Venant’s investigations. Under head of torsion it 
is worth while stating here some of the more 
striking results, not so commonly found in engi- 
neering works : 

1. In a rod under torsion the surface stress is 
greatest at parts of the surface nearest to the axis, 
and least at parts further from the axis. 

2. This stress is zero at a salient angle and infinite 
at a re-entering angle ; so that projecting ridges are 
useless, and angular grooves are fatal for resisting 
torsion, 

3. The moment of torsional resistance is less than 
that derived from the (mistaken) application of 
Coulomb’s formula in ratio .84 to 1 for a square 
section, .54 to 1 for a cross section, &c. 

Among the beams and wires come three of 
Greenhill’s recent researches on stability, one of 
which is of great practical interest, viz., that fixing 
the safe length of a long revolving shaft (as in 
steamers). 

The remainder of the work consists of short 
chapters on plates and shells (26 pp.), impact 
(8 pp.), and viscosity (10 pp.) 

As the whole subject has its practical outcome in 
engineering, it is unfortunate that the nomenclature 
adopted is in several phrases out of harmony with 
engineering usage. us the term ‘‘ applied force” 
is used in this work solely of forces (Art. 136) such 
as gravity which act on every particle of mass; 
whilst forces applied by external agents at the 
bounding surface of a body are styled (Art. 133) 
‘** surface tractions ;” in engineering the latter are 
usually styled ‘‘ applied forces,” whilst the former, 
if arising from gravity, would be simply styled 
weight. Again the term ‘“‘ stress’ is used (Art. 131) 








to denote stress intensity, and ‘‘ total stress” is 
used to denote the total force over an area ; thi 
is cont to Rankine’s definition. Lastly, the 
term, ‘‘ beam” is used (Art. 322) to denote simply 
a prismatic mass without reference to the mode of 
straining. We should suggest that the terms “‘ rod,” 
‘*shaft” and ‘‘ beam,” might have been used with 
equal convenience for pieces under simple longi- 
tudinal, torsional, and flexional strain respectively, 
thus conforming with engineering usage. 

The printing and get-up of the work are both 
excellent, and the mathematical typography—which 
is of a difficult kind—is of the best, and there 
appear to be few misprints. The illustrations are 
numerous, carefully drawn, and admirably adapted 
to their purpose. Those showing the flexures and 
warping of the surfaces in a beam under transverse 
strain, and those showing the torsion and warping 
of the sections of a shaft under torsion, may be 
instanced as particularly clear. In fact the work 
is a pleasure to the scientific engineer to read. 
Pollock's Dictionary of the Clyde, from Tinto to Ailsa Craig. 

Glasgow: John Menzies and Co., 21, Drury-lane; 

London: Simpkin, Marshall, and Co, 

The length of the Clyde from its source to Ailsa 
Craig, if it can be said to extend to the latter— 
‘* Paddy’s milestone”—is about 170 miles, and 
while there is lovely scenery along the winding 
course from end to end, few tourists or excursionists 
desire to traverse the whole distance, and fewer 
still have the inclination to read descriptions of all 
they have seen. Mr. Pollock’s book relieves them 
of the necessity. It isa compilation after the same 
style as Dickens’s ‘* Dictionary of the Thames.” By 
way of index there is a descriptive itinerary from 
Tinto to Ailsa Craig, divided into three parts, in- 
dicating in their geographical order the towns, 
‘*watering places,” leading mansions, historical 
spots, principal industrial establishments, and 
scenic features. In these three sketches the writer 
has certainly not erred by ‘ padding” as is too 
often done in guide books. Following the itinerary 
is the dictionary, giving in alphabetical order 
articles of varied length on the places and objects 
noticed in the sketches. An historical and descrip- 
tive narrative is given of each town, coasting, or 
country village, no matter how small. In ing it 
may be remarked that no notice seems to be taken 
of Whiteinch—a populous district three miles below 
Glasgow on the north bank of the river—where five 
shipbuilding yards are located. The district, ex- 
cluding Scotstoun Yard and the few houses adjacent 
to it, is part of the police burgh of Partick. Glasgow 
Harbour is dealt with at length and the river im- 
provements narrated, principally from reports by 
successive engineers since 1755. Paragraphs are 
given, detailing the history of the leading shipping 
lines and principal river steamers. Indeed, all 
matters which concern shipping, docks, buoys, 
beacons, currents, depths, distances, &c., are very 
fully described. There are also articles on the 
subjects of geology, botany, ornithology, horticul- 
ture, poetry, art, angling, yachting, and aquatic 
sports, and many other such topics. 

As the author of a work on ‘‘ Modern Shipbuild- 
ing,” the editor of the book under review is, in a 
measure, identified with the literature pertaining 
to marine subjects, and as the leading characteristic 
of the Clyde is its maritime importance, one is 
justified in expecting that part of the work well 
done. Nor should the general reader be disap- 
pointed. The shipbuilding yards are for the most 
part noticed in the descriptive articles on the towns 
in which they are situated, and historical sketches 
are given of the leading yards—Thomson’s, Fair- 
field, Denny’s, Caird’s, and Napier’s. There is, in 
addition, a short article on ‘‘ Shipbuilding on the 
Clyde.” The early efforts of marine constructors on 
the Clydeside are detailed ina concise manner, and, 
to complete the narrative, reference is made toattain- 
ments of those who, although not Clyde men, were 
striving after the same goal. The sketch brings the 
subject to 1851—‘‘to the period when the wooden 
hull and paddle engine were in a fair way to be 
supplanted by the iron hull and screw engine,” 
and the reader is left to gather information regard- 
ing the further share Clyde shipbuilders and engi- 
neers took in the changes which have led to the 
‘* present degree of perfection” ‘‘from the notices 
of many of the principal firms’ work appearing 
throughout this volume.” There will be a difference 
of opinion as to whether the editor would not have 
secured the good opinion of the subscribers to the 
book by bringing the narrative to date, The 
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general run of tourists do not care to hunt for in- 
formation on a subject, even although they would 
like to know all about it. The reader is also left 
to learn the story of the development of the marine 
engine in the same way, there being no separate 
article on the subject. The output of the ship- 
building yards, the trade depressions, and strikes 
are dealt with in the second part of ‘‘ Shipbuilding 
on the Clyde.” 

One or two slight inaccuracies have crept into the 
work, which is not surprising in view of its enor- 
mous scope. For instance, the writer has not cor- 
rectly spotted the locality of the Elderslie Rock, in 
the removal of which from the bed of the river two 
years ago the Clyde Trust accomplished a most 
difficult operation. It was not ‘‘ about two miles 
below Renfrew,” as is stated (pages 123 and 19), but 
about a mile above Renfrew. Then the Messrs. 
Thomson, Clydebank, built seven torpedo cruisers, 
not five (page 273), the two omitted being the 
Scout, the pioneer of the fleet, and the Archer, by 
which name the class is known. These, however, 
aresmall matters. The work is valuable, contain- 
ing, as it does, a vast amount of information, 
narrated in a concise way, and arranged in a most 
convenient form. Considering the price there is 
every probability that the book will, as it deserves, 
have a large circulation. 


Mathematical Drawing and Measuring Instruments, <c., 
by Wa. F. Srantey. Sixth Edition, London: £. F. 
and N. Spon, 1888. (Pages coe nae 

Six editions of this work having n called for 

since its first issue in 1866 is a sufficient proof of 

its usefulness and popularity. It aims at being a 

thoroughly practical treatise on drawing instru- 

ments and appliances, describing-fully the advan- 
tages and defects of the various constructions. One 
of its most useful: features is the explanation of 
defects, such as in strength, accuracy, small prac- 
tical utility, &c., e.g., of various forms of cheap 
drawing pens, ordinary and universal compasses, 
diagonal scales, sectors, &c. : 

The —— (sixth) edition is of a rather larger 
size and in a larger type than the earlier editions, 
and is enlarged (336 pages as against 260 pages in 
fourth edition), chiefly by adding descriptions of 
new instruments ; the priced list (Stanley’s)  at- 





tached in former editions is now omitted (this we 

think a pity). 

The chief additions are descriptions of the 
odgraph, antigraph, space divider (Marks’), section 
line rulers (Maginnis’s), elliptic and boat curves, 
Fuller’s slide rule, fixed and proportional plani- 
meters, integrator (Amsler’s), chartometer, weale- 
mefnas, case of liquid colours, &c. 

Although the title includes only drawing and 
measuring instruments, a good many computing 
instruments are also described, some of the simpler 
ones at some length. These are really beyond the 
scope of the work, and the descriptions of many of 
them, especially the more complex ones, are 
sketchy ; some of these, e.g., the slide rules, plani- 
meters, integrators, &c., would in fact require a 
long chapter each. The slide rules are described 
(page 246) as nearly obsolete, whereas new slide 
rules for a special purpose are still frequently 
brought out. 

YEAR BOOKS. 

Whitaker's Almanack for 1889, By JoskEpH WHITAKER, 
Paternoster-row, London. 

The Stock Exchange Year Book for 1889. By Tuomas 
Skinner. London, Paris, New York, and Melbourne : 
Cassell and Co., Limited. [Price 12s. 6d.] 

Hazell’s Annual for 1889: A. Cyclopedic Record of Men 
and Topics of the Day. Edited by E. D. Price, F.G.S. 
Fourth Year. oe Hazell, Watson, and Viney, 
Limited. [Price 3s. 6d. 

The Railway Diary and Oficial’s Directory, 1889. London: 
McCorquodale and Co., Limited, and W. H. Smith 
and Son, [Price 1s.] 

WHirtakeERr’s wonderful almanack is again increased 

in size, its pages being now 704, as against 672 last 

year. Among new articles we notice. those on 

Educational Progress, the new Local Government 

Act, Marks on Porcelain, Uniforms, Badges, and 

Rates of Pay of the Army, and a Glossary of 

Astronomical Terms and Facts. Many of the 

older articles have also been revised and re-cast, 

and all have been brought up to date. 

‘*The Stock Exchange Year Book”: maintains 
its comprehensive character, and rapidly increases 
in size. It gives particulars of an immense number 
of securities, including Government and municipal 
loans, railways, banks, insurance; lighting and 
water companies, mining companies, iron, coal, and 
steel companies, land investment, finance, and 















discount companies, tramway and omnibus com- 
panies, telegraph and telephone companies, dock, 
canal, and shipping companies, rolling stock com- 
panies, and many others. 

The title-page of ‘‘ Hazell’s Annual” informs us 
that the volume contains above 3500 concise and 
explanatory articles on every topic of current poli- 
tical, social, biographical, and general interest 
referred to by the press and in daily conversation, 
revised to December 6, 1888. Many of them we 
find. to be exceedingly well written. We notice 
that references are often made to the previous 
editions, and thus repetition is avoided while space 
is afforded for topics of the year. The work is one 
of great utility, and will be widely used. 

‘*The Railway Diary and Official’s Directory” 
contains, in addition to a diary, last year’s weekly 
traffic returns of all the principal railways, and a 
list of officials for all the railways of the kingdom. 





BOOKS RECEIVED. 

The Electric Motor and its Applications. By THomas 
CoMMERFORD MARTIN and JOSEPH WETZLER, Asso- 
ciate Editors of The Electrical World. Second Edition, 
enlarged. New York: W. F. Johnston. 

A Course of Instruction in Machine Drawing and Design, 
for Technical Schools and Engineer Students. By WIt- 
LIAM Riprer. With Fifty-two Plates and numerous 
ye erga Engravings. Sheffield : Published by the 

uthor. 

Workshop Notes and Sketches for Handicraft Classes, being 
a First Year's Course in Woodworking. By Tuomas A. 
Ciark. Edinburgh: John Thin. 

Boilers: Their Construction and Strength. A Handbook o; 
Rules, Formule, Tables, dc. By THomas W. TRaIL1, 
ame With Illustrations, London: Charles Griffin 
and Co. 





THE PARIS EXHIBITION. 


Tue Esplanade des Invalides at the approaching 
Paris Exhibition will undoubtedly form one of the 
most picturesque and popular parts of the vast under- 
taking. It will be covered by a large number of 
buildings widely varying in their Rew and purpose. 
It is here that French colonial life will be illustrated 
by native buildings and people ; that Algeria will have 
a palace and Tunis a pavilion. A broad roadway will 
run down the centre of the esplanade, and the various 
buildings and their grounds will be laid out. The 
general view we publish on the opposite page will give 
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a good idea of the Esplanade des Invalides as it will 
appear when all is completed. The principal building 
on the site nearest to the Champ de Mars is that con- 
taining the exhibits of the French War Department. 
This structure, of which a separate engraving is 
given on page 4, is an imposing piece of architecture, 
and is approached by a facade which is a partial repro- 
duction of a feudal castle ; the architect of this work 
is M. Walvein. Opposite this building will be the 
central — of the French colonies, and to the 
right will be arranged a group of Canaque huts, the 
Tunisian and Algerian pavilions and annexes, colonial 
dwellings in New Caledonia, &c.; on the left will 
be illustrations of Tonkin and Cochin China life. 
Opposite and near the building of the War Depart- 
ment will be the Pavilion of Hygiene and a number of 
other buildings, of which we shall hereafter publish 
illustrations. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 28, 1888. 

THE situation of the iron trade in the United States 
at this time can be stated in a few words. Prices 
are strong and firm, and indications are that the 
coming ‘red will usher in a large amount of new busi- 
ness calling for large quantities of bridge material, as 
every stream of any importance in the country is 
being bridged, or at least is having specifications made 
out. The structural iron men have had a very trying 
year during 1888, but feel encouraged at the bright 
prospects. Quotations for bridge plates are 2 to 
2.10 cents, angles are 2.10 cents, and tees 2.60. The 
shipbuilders have about completed specifications for 
large orders of ship-plate and all the material 
which enters into a ship. The orders will in all 
probability, be placed during January. Quotations 
are 2 to 2.10 cents for ordinary plate and tank ; beams 
and channels are still held by the combination at 
3.30 cents. The manufacturers of cut nails have formed 
an association in the west for the purpose of restricting 
aomaper ig in order to advance prices. It will be a 
ard pull. The situation of the nail market at present 
is very rm He The capacity is far above the 
consumptive demands, and each manufacturer is de- 
termined to capture the few orders floating round, and 
in doing so slashes prices unmercifully. Prices are now 
down to 1.80 dols. nominally, but it is hard to say 
what bed-rock prices are. The wrought-iron pipe- 
makers are promised a heavy business during the 
coming year. Discounts rule firm at old rates. 

Sheet-iron makers are booking a number of small 
orders, but they are so small they count for almost 
nothing. Card rates firm. The steel rail trade is in 
a decidedly mixed condition. Makers in the east 
state that they will not make rails for a cent less 
than 28dols., but it is well known that if a large 
order loomed up prices would be slightly shaded. 
Makers in the western part of the State claim 
30 dols. as their bottom quotation. 
fair to become the principal steel rail centre, as 
freights are cheaper and the city is nearer to the ore 
mines. A Pittsburg firm recently sold an order to 
Chicago. The Board of Control, ina recent publication, 
gives the figures this year for eleven months as 
1,251,177 tons sold, and 1,116,788 tons delivered. 
The railmakers give it out that after January 1 they 
will capture a large amount of business that has been 
hanging on the market’s skirts for several weeks 
past. Old rails are in very light stock, and sell at ex- 
tremely high figures, holders not being willing to 
yielda shading. Buyers are compelled to buy only for 
urgent needs on account of the stiff rates. Quotations 
are 24 dols, asked and 23.50 dols. offered. The output 
of pig iron this year foots up in round figures 6,000,000 
tons or about 500,000 tons less than last year. No. 1 
foundry iron is held firmly at 18 dols. to as high as 
19,50 dols. for choice brands. No. 2 sells at 17 dols. 
to 17.50 dols. Grey forge sells at 16.50 dols. Some 
buyers have been saying they could obtain forge iron 
at 15.50 dols., but they cannot purchase any but the 
inferio grades at that price. 





NOTES FROM THE NORTH. 
‘ GLascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a continuation of 

the briskness in the pig-iron warrant market last Thursda 
forenoon, and the price of Scotch iron went up to 42s. bd. 
er ton cash, a quotation not touched since last Sepiember. 
‘urther advances were also reported in respect of special 
brands, including Shotts, Coltness, Eglinton, and Sum- 
merlee. Owing to realisation there was a relapse in the 
afternoon, with less activity in the demand, and the early 
gain of 3)d. per ton was lost. Cleveland iron made an 
advance cf 1}d. per ton, but it was afterwards lost, and 
the price of hematite iron advanced 3d. per ton in the 
forenoon, of which 2d. was lost in the afternoon. The 
closing settlement quotations were--Scotch iron, 42s. 14d. 
per ton ; Cleveland, 34s. ; hematite iron, 45s. $d. Friday’s 
market was rather dull, and as buyers were scarce prices 
were easier from the opening till near the close of the 
market. Atonetime there was heavy selling by a section 
of the “‘iron ring,” the amount, on what was regarded as 
open oversold account, being 20,000 tons. Scotch iron 
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fell 3d. lower in price ; Cleveland recovered an early fall 
of 14d. per ton ; and hematite iron closed 2d. per ton down. 
The settlement prices at the close were—Scotch, 42s. 
per ton; Cleveland, 34s. ; hematite iron, 45s. per ton. 
A steady tone characterised the warrant market on Mon- 
day forenoon, but prices finished much as they were at the 
close on Friday afternoon. Only the forenoon market 
was held, and at its close business was suspended till 
Thursday morning in consequence of the new year holi- 
days. The closing quotation of the year for Scotch iron 
—42s, per ton cash—while 54d. higher than the closing 
price prior to the Christmas holidays, was still 1s. 44d 
r ton under the closing price of 1887, and 1s. 6d. down 
rom the best price of 1888. The year ended with even 
better prospects than the preceding year did, and with 
seven fewer furnaces in blast; but no doubt the depres- 
sion in prices, as contrasted with the close of 1887, may b 
set down as being largely due to the increasing stocks in 
the public warrant stores. Five furnaces have been 
damped down at Langloan Iron Works for the purpose 
of getting the flues cleaned. Blast will again be put on 
in a few days. Apart from them there are 73 furnaces in 
actual operation, as compared with 75 at the same time last 
year. A feeling prevails in some quarters that the present 
prices of pig iron will not long be maintained. There are 
large lots of warrants held by speculators, who only await 
a favourable opportunity to ‘‘ unload” them ; and it is 
thought that the outside investors may find out some 
months hence, as they have often done before, that they 
have been left in the lurch by the persons who advised 
them to put their money in warrants in the ——— of 
arise in prices. On the other hand, if fresh shipbuilding 
orders are placed, and more finished iron and steel are 
wanted, it is not at all improbable that the value of 
warrants may advance in price another shilling or two per 
ton in the course of the month. 


Prices of Malleable Iron.—The manufacturers of malle- 
able iron in the Coatbridge district have advanced their 
prices for bar iron from 2s. 6d, to 5s. per ton. 


Shipments of Machinery, &c., from the Clyde.—Amongst 
the foreign and colonial shipments of machinery, &c., from 
the Clyde reported last week, there were included loco- 
motive engines and tenders for Bombay and Japan, of 
the value of 12,9501. ; machinery of various kinds, valued 
at 16,700/.; sewing machines, of the value of 2500I. ; 
blooms, plates, bars, and other steel manufactures, valued 
at 8150/.; pipes and other castings, malleable iron tubes, 
bars, sheets, plates, and miscellaneous iron manufactures, 
of the value of 27,500/. 


New Shipbuilding Contracts.—Messrs. David J. Dunlop 
and Co., shipbuilders and engineers, Port-Glasgow, have 
just contracted to construct for a foreign firm a steel 
paddle steamer of 450 tons, and two iron cargo lighters of 
500 tons each. For the Cork Steam Shipping Com ny, 
Messrs, W. B. Thompson and Co., Dundee, have lately 
closed a contract to built a steel screw steamer of about 
1100 tons gross, and to have triple-expansion engines. The 
steamer will be of the same dimensions as the Fulmar, 
which was also built by Messrs. Thompson and Co., and 
launched last July, for the same company. Messrs. A. 
Hall and Co., shipbuilders, Aberdeen, have received an 
order from the directors of the Northern Co-operative 
Company to build a new steel screw steamer, which is to 
used in carrying the company’s coals from the North of 
England to Aberdeen. The new vessel will be 125 ft. 
long, 20ft. broad, and 10ft. deep, and will be supplied 
with compound engines of 50 horse-power nominal. She 
is expected to attain a speed of 9 knots per hour, and is 
to be built for the highest class at Lloyd’s. 


Lintrathen Water Works.—At a meeting of the Works 
Committee of the Dundee Water Commission held last 
Thursday, Mr. Watson, the engineer and manager, sub- 
mitted a report in regard to the progress of the new works 
in connection with the Lintrathen water supply. He 
stated that the contract with Messrs. D. Y. Stewart and 
Co., Glasgew, for cast-iron pipes and special castings had 
been completed. The contractors had now been paid a 
twelfth instalment to account, making a total _ up to 
date of 29,664/. 17s. 8d. Considering the inclemency of 
the weather the works had progressed satisfactorily, and 
during the past month 800 lineal yards of piping and special 
castings had been laid and pointed, making a total length 
of pipe finished of 8 miles 1183 yards. It was stated that 
the works were expected to be completed about the end 
of the present month. 


The Late Mr. John Sturrock, of Lloyd’s Register.—The 
Dundee papers of yesterday had obituary notices of the 
late Mr. John Sturrock, who for many years acted as 
engineer surveyor for Lloyd’s at Dundee and district. 
The deceased held a high position in his profession, and 
was well known and much esteemed. He had antiquarian 
tastes, and possessed a very fine collection of relics of the 
stone and bronze ages. 


The William Denny Memorial.—The fund subscribed 
for the purpose of perpetuating the memory of the late 
William Denny, Dumbarton, now amounts to upwards of 
5000/., the subscriptions to which have been received from 
all parts of the world. The exact forms which the 
memorial is destined to take has not been definitely 
settled. It is confidently expected, however, that it will 
be an irstitution which will permanently benefit the 
townsmen of the late Mr. Denny, whose early death is 
still most heavily mourned by many hundreds of persons 
who enjoyed the great pleasure of his personal acquaint- 
ance. 

Mining Institute of Scotland.—A meeting of this In- 
stitute was held in Glasgow last Thursday night—M. J. 
M. Ronaldson, President, in the chair. A communica- 





tion was read from Dr. Nasmyth, of Cowdenbeath, in 


reply to the criticism at last meeting on his paper ‘* On 





the Air of Coal Mines,” the friendly tone of which he 
acknowledged, and he expressed the hope that his en- 
deavour might lead to further inquiry into the subject. 
After some remarks from members, the discussion was 
adjourned to enable the secretary to get up some informa- 
tion, A lengthy discussion followed on Mr. Hugh John- 
stone’s paper ‘ On Longwall Working in the Edge Seams 
at Niddrie Collieries,” and the discussion was adjourned. 
Mr. Tweedie, Carron Iron Works, on behalf of Mr. 
David Cowan, read & a of a practical character 
entitled ‘‘ Notes on Coal-Washing Machines.” He de- 
scribed the leading machines in use throughout the 
country, and gave the results, including the cost, derived 
from them. The discussion proper was adjourned till 
next meeting. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Yorkshire Miners’ Association.—The annual meeting of 
the Yorkshire Miners’ Association was held on Monday 
at Barnsley. The report read showed that at present 
there are fully 20,000 men in the Association. it was 
resolved that the resolution admitting members on 
payment of 2s, 6d. each be continued till the end of 
January, and it is expected that by that time the mem- 
bership will have been raised to 25,000 or 26,000, as the 
lodges are showing great enthusiasm, and are beginning 
already to feel the advantage of their strength. The 
union is stronger now than it has been for some years 
past. <A levy of 3d. per week per member is to be made 
throughout the district for the support of the men who 
are yet on strike for the advance of 10 per cent. in wages, 


Sheffield Trade with the United States.—The total value 
of Sheffield goods sent to the United States during the 
past quarter was 159,943/., as against 217,289. in the corre- 
sponding quarter of last year. For the year the values 
were, steel 319,118/., and cutlery 215,569/., as compared 
with 312,213/, and 211,832I. for the previous year. 


Local ‘* Limiteds” and their Value.—The study of a table 
of forty-five principal limited companies whose shares are 
largely held in this district, shows that during the year 
there has been considerable improvement in their value. 
The aggregate amount of paid-up capital represented by 
these companies is 12,144,940/., and the value at the pre- 
sent prices is 9,171,542/., or a decrease of 2,973,3987. A 
year ago the total paid-up capital of these companies was 
12,449,346/., and the value was 8,490,997/., or adiminished 
worth of 3,958,349/.; therefore, during the year their 
market value has increased to the extent of 984,9511. 


Yorkshire Glass Bottle Trade—Advance of Wages.—Y es- 
terday the glass bottlemakers connected with the York- 
shire Glass Bottle Association commenced to work on an 
increase of 10 per ceut. of their wages. The concession 
was made by an arrangement with the Masters’ Associa- 
tion, who last year reduced wages by something like 
20 per cent., owing to the very. indifferent summer, which 
materially reduced the demand for mineral water bottles 
so largely manufactured in the county. 


The Sword-Bayonet Controversy.—The question as to 
whether sword-bayonets can or cannot be ground by 
Sheffield workmen is causing some excitement. There 
can be no doubt, however, that they can and in the best 
possible manner. There are two difficulties which for 
ears have stood in the way of Sheffield manufacturers 
aying themselves out for this work. The first is, or up 
to lately has been, the price, which did not permit of 
first-class material being supplied by first-class workmen. 
The second is as to the system of examination. The manu- 
facturers of Sheffield are under the impression that a 
system of favouritism has prevailed, and if questioned as 
to their experience of Government contracts, they will 
state plainly that in cutlery and heavy goods ‘‘ they are 
not worth troubling with.” 


Trade.—Few of the large manufactories have as yet 
fairly commenced operations for the new year, but in all 
departments of the heavy trades there are sufficient orders 
on hand to last until well into the spring months. It is 
believed that there will be a speedy rise in the iron market, 
and agents for steel houses are declining to book heavy 
contracts at present rates. Engineering houses are well 
employed, particularly in the Leeds district, and few 
establishments are now on short time. The rise in the 
= of steam coal is sure to check colliery operations a 
ittle. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—To-day, owing to the 
holidays, there was only a thin attendance on ’Change. 
The tone of the market was, however, firm, and prices 
were based on No. 3 Cleveland pig iron selling at 34s. 
per ton for prompt delivery. The continued excellent 
shipments at Middlesbrough strengthens the position of 
ironmakers, who are sanguine that trade this year will be 
better than it has been for several years. The blast 
furnaces are working steadily, and there is not likely to be 
any change for months. On Monday night Messrs. 
Connal and Co., the warrant storekeepers, had in stock at 
Middlesbrough 249,945 tons. This is an increase of 2821 
tons on the previous week. In Glasgow they hold 
1,031,548 tons of pig iron. In the manufactured iron 
trade there is considerable improvement, orders being 
more numerous and prices firmer. Iron plates are now 
selling at 5/. 10s., angles at 5/. to 51, 2s. 6d., and bars at 
5l. 2s. 6d. per ton, less 24 per cent. on trucks at manufac- 
turers’ works. 

Engineering and Shipbuilding.—The past year has been 
more prosperous for these industries than several of the 
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previous years, and during the next twelve months there 
will be more work at the engineering establishments and 
shipyards on the rivers on the north-east coast than there 
ever has been. Already most of the works are full of 
orders which will occupy them over the summer, and still 
fresh orders are coming to hand, and what is more 
encouraging still the prices areimproving. Recently there 
have been a number of splendid steel screw steamers 
launched and fitted with triple-expansion engines, and at 
— there are several in an advanced stage of con- 
struction. 


The Steel Trade.—All the steel works in the North of 
England are as busy as possible. They have orders in 
hand which will occupy them for months, and fresh con- 
tracts at better prices are in negotiation. The output of 
steel this year will exceed that of any previous year. At 
several works there have lately been great extensions 
made to steel plant. No trouble is anticipated respecting 
wages questions, as the men are paid under a sliding scale 
arrangement. 


The Coal and Coke Trades.—All kinds of fuel are in 


request, the collieries and coke ovens are working well 
and prices continue firm, 





NOTES FROM THE SOUTH-WEST. 

The *‘ Fearless."—The Fearless, cruiser, Commander 
Brenton, 1580 tons displacement and 3200 horse-power, 
was commissioned in March, 1888, for the Mediterranean 
station. Four attempts were made to pass the required 
test of 96 hours’ full power steaming, but as the boiler 
tubes leaked badly on each occasion they were unsuccess- 
ful. She subsequently had to have her boilers re-tubed at 
Malta Dockyard. After this lengthy process she left for 
Port Said. She was ordered to go round Cyprus on her 
way, and to make another attempt to complete a 96 hours’ 
trial. Notwithstanding the difficulty of efficient stoking 
during heavy weather the ship averaged for the 96 hours 
95 per cent. of the contract indicated horse-power. 


Cardif.—The inquiry for steam coal has continued 
good ; the best qualities have made 13s. per ton, while 
second-class coal has been quoted at 11s. 9d. to 12s. per 
ton. House coal has been scarce. No. 3 Rhondda has 
made 11s. 3d. to 11s. 6d. per ton. Patent fuel has con- 
tinued in steady demand. The manufactured iron and 
steel trades have shown little change. 

Barry Railway.—The Barry Railway has proved a boon 
to the inhabitants of Barry, Cadoxton, and Cogan. The 
junction at Cogan is not yet completed, however, and it 
1s expected that some weeks must elapse before the Taff 
Vale Railway Company will be able to run their trains 
through. The same remark applies to the Great Western 
Railway Company’s trains at St. Fagan’s Junction. At 
— passengers from Cardiff have to book to Penarth 

lock, and then change to Cogan Station, where fresh 
tickets are issued. 


The Telephone in the West.—The United Telephone 
Company (Limited), is surveying a main trunk line to the 
west with the view of placing Bristol and the South 
Wales coalfields in telephonic communication with the 
metropolis ; while a new route to the south is in progress 
for the benefit of Brighton and the towns on the southern 
coast, 

Welsh Tramways.—The length of the Cardiff tramways 
is 6 miles 14 chains; that of the Swansea tramways, 
5 miles 30 chains; and that of the Newport tramways, 
1 mile 13 chains. The number of passengers carried in 
1887 upon the Cardiff tramways, was 4,934,618 ; upon the 
Swansea tramways, 1,878,368; and upon the Newport 
tramways, 885,830. The gross receipts upon the Cardiff 
tramways in 1887 were, 21,544/.; upon the Swansea 
tramways, 18,647/.; and upon the Newport tramways, 
88501. The working expenses upon the Cardiff tramways 
in 1887 were, 20,290/.; upon the Swansea tramways, 
13,828/.; and upon the Newport tramways, 3061/. It 
follows that the net receipts upon the Cardiff tramways 
in 1887 were, 12501. ; upon the Swansea tramways, 4819/.; 
and upon the Newport tramways, 7891. 


Taff Vale Railway.—The traffic of this highly prosperous 
system made a considerable advance in the second half of 
1888, the revenue collected from July 1 to December 22 
having been 423,266/., as compared with 380,398/. in the 
corresponding period of 1887. It is perhaps right to add 
that the company is now working 108 miles of line, as 
compared with a similar mileage twelve months since. 





MISCELLANEA. 

Tue Society of Telegraph Engineers and Electricians is 
now deceased, and the Institution of Electrical Engineers 
has risen on its ashes. The first meeting of the re-named 
society will be held on January 10. 


Pending the final decision of the Government, the 
Board of Trade have issued a minute forbidding all civil 
servants holding permanent posts to accept directorships 
in any public company, or seats in the County Councils, 


At the opening of the new year the engineering profes- 
sion was honoured in the person of Sir Frederick Bram- 
well, on whom Her Majesty has conferred the baronetcy 
of the United Kingdom. 

The new sawmill at Woolwich Arsenal is to be lighted 
by means of about twenty “ Brockie-Pell” arclamps. The 
Royal Torpedo Factory has been illuminated by forty of 
these lamps for the last three years. 

We have received from Messrs. Woodhouse and Raw- 
son a copy of their catalogue for 1889, containing illus- 
trated descriptions and prices of their high-etficiency glow 


The contracts for the ship railway across Nova Scotia 
have been signed, and the work is to be completed in 
1892. The canal will save 500 miles in going to Quebec 
from Europe, by making use of the canal. 


Professor Perry proposes to give a working knowledge 
of the differential calculus in a special course of twelve 
lectures and exercise work to electrical and mechanical 
engineers who have only an elementary knowledge of 
algebra and trigonometry. ‘The first lecture wi 
given at the Finsbury Technical College on January 15. 


_ The gross receipts of the twenty-three principal railways 
in the United Kingdom for the week ending December 23, 
amounted, on 16,008 miles, to 1,328,153/., and for the 
corresponding period of 1887, on 15,9094 miles, to 
1,269,753/., an increase of 984 miles, or 0.6 per cent., and 
an increase of 58,400/., or 4.5 per cent. 


We have received the first number of a new electrical 
technical journal, the Telephone, which will be published 
fortnightly, at 13, Charing-cross, S.W. The specimen 
before us gives a very favourable impression of the 
merits of the journal, and if future issues be of equal merit 
“ new publication should have a successful future 

ore it. 


The electric companies in Philadelphia are building a 
brick conduit 8 ft. high and 4 ft. wide in the main streets 
and avenues in which to bury all their wires. In these 
will be fifty 3-in. pipes, each containing 100 wires. One 
connection will made in each block, with a main from 
the conduit under the house line to the middle of the 
block, where a tall pole will distribute wires to the rear 
of the houses. Powerful pumps will keep the conduits 
full of dry air. 


The Government of Venezuela has granted a concession 
to a French railway company for the construction and 
working of a line of railway between Merida and the 
Gulf of Maracaybo, a distance of 100 miles. The Govern- 
ment guarantee 7 per cent. interest on the capital ex- 
fenditure, and also give the company a monopoly for 
twelve years of running steamers from the terminus of 
the line on the river Escolante to the various ports in the 
Gulf of Maracaybo. 


Treating of belting, an American engineer advises 
machinists to select belts of a light colour in preference to 
others. The best belting, he states, has an unmis- 
takable light buff colour, which indicates that it is not 
only all oak-tanned, but that the leather has been 
thoroughly washed by the currier, to remove all matter 
except the fibre. The light colour also indicates that the 
best qualities of grease only have been used, as inferior 
— darken the colour and impair the quality of the 
eather. 


The new Spanish submarine torpedo boat Peral, which 
has lately been tested with much success, is 72 ft. long by 
9.5 ft. in diameter. It is fitted with a secondary battery of 
600 cells, which supply the current to five electro-motors, 
two of which are of 30 horse-power each, and drive the pro- 
mong le the three others are only of 5 horse-power each. 

he boat has a speed of 11 knots on the surface, and 10.5 
below. It can remain submerged for two days before the 
air requires to be renewed. It will be armed with White- 
head torpedoes, 


A Danish engineer named Gloesner has obtained from 
the Danish Government the concession for the construc- 
tion of a canal, which, crossing the peninsula of Jutland, 
will bring the Baltic in direct communication with the 
North Sea. The width of the canal will be 30 metres at 
the bottom, and 180 at the water line; the depth will be 
24 metres. At every distance of 2000 metres wider basins 
will facilitate the passage of the ships. The works will 
be completed in five years. The capital, which is esti- 
mated at 400,000 dols., has been almost fully subscribed. 


A very ingenious current counter has been devised by 
Professor Geyer and Mr. Bristol, two American elec- 
tricians, which is equally adapted to the measurement of 
direct and alternating currents. Two pieces of German 
silver—one a flat band, and the othera fine wire—have 
their ends soldered together. On passing a current 
through the composite strip the fine wire loses heat more 
rapidly than the flat band, and consequently attains a 
higher temperature, deforming the strip in much the same 
way as in Breguet’s metallic thermometer, and this de- 
formation is a measure of the intensity of the current. 
~~ suitable arrangements a record is formed on a paper 

and, 


The arrangements made for observations on the total 
eclipse of the sun on New Year's day were so perfect and 
the weather so propitious, that some very good observa- 
tions were taken. Fortunately on this occasion a con- 
siderable proportion of the path of totality was over a 
civilised country, and in perhaps the portion of that 
country most renowned for clear skies. Numerous photo- 

aphs were taken, which will be carefully examined. 
The corona was very clearly seen, its diameter being 
upwards of 2,000,000 miles, whilst long streams stretched 
out even greater distances. From one station it is re- 
ported that an inter-mercurial planet was seen, but as no 
photographs were taken here, this report will count for 
— unless confirmed by the photographs taken else- 
where. 


At a recent meeting of the Engineers Club of Phila- 
delphia, Mr. A. W. Sheafer described the system of 
electric haulage that has been adopted in certain of the 
anthracite mines of Pennsylvania. At the mines of the 
Lykens Valley Coal Company, in Dauphin County, Penn- 
pap ae a line 6300 ft. long is worked by electricity on 
the three-rail system. The average load is twenty cars 
per trip, and the amount moved is 850 tons per day. The 





lamps and other specialities. 


cost to run the plant was at first 0.67 cents per ton mile, 





but has now, it issaid, been reduced to 0.40 cents. The 
relative cost of mule, steam, and electric traction is said 
to be as follows: 


Mule. Steam. Electricity. 
cents. cents, cents. 
Cost perton-mile ... 1.82 0.60 0.40 to 0.67 


The figures for steam and mule haulage were, however, 
based on 1882 prices, - : ; 


During last winter the Scandinavian military authorities 
made a number of experiments with a view to testing the 
value of snow entrenchments. In one case the breast- 
work was made 65 ft. long, 44 ft. high, and 9 ft. 9 in. thick 
at the ground, tapering to from 4 ft. 10in. to 6 ft. Gin. at 
the top. Seven shots fired at the top from a distance of 
55 yards went clean through, but when directed at the 
thicker portions of the wall remained embedded in the 
snow. When dug out the bullets were found to be 
flattened at the front end. Water was now poured over 
the wall, which, on freezing, gave the work a facing of 
solid ice. This, however, was found to greatly reduce the 
value of the work, as all shots now penetrated it with 
ease. The conclusion finally arrived at was that if the 
face of the breastwork is not sloping and the wall has a 
minimum thickness of 8 ft., a rampart of snow may defy 
projectiles of every kind. 


An engineers’ club is being formed at New York. Itis 
the intention of the promoters to provide a suitable club- 
house, and all the appurtenances of a first-class club. 
Membership will be confined to persons interested in, or 
connected with, the profession of engineering. The sub- 
scription for members resident within 150 miles of New 
York will be 35 dols. per annum with an admission fee of 
50 dols ; for members residing at a distance of more than 
150 miles from New York the subscription will be reduced 
to 20 dols. per annum, the admission fee remaining as for 
resident members. The board of management as at pre- 
sent constituted is presided over by James A. Burden, 
Troy, New York, the vice-presidents being H. P. Towne, 
of Stamford, Connecticut, and J. C. Bayles, of New 
York. One hundred and fifty gentlemen have already 
indicated their intention of joining the club, and as soon 
as 300 names are on the books the board will set about 
procuring a club-house. Thesecretary is David Williams, 
of 55, Duane-street, New York, from whom further infor- 
mation can be obtained. 


Herr Gruson has designed a new single-barrel quick- 
firing gun to supersede his revolver guns, which are found 
to be too heavy in proportion to the projectile. Guns of 
3.7, 5.8, and 5.7 centimetres (11.4 in., 2 in., and 2.2 in.) 
calibres are being manufactured. Of the 5.3-centimetre 
calibre three descriptions are made, varying merely in 
length of barrel. The guns may be mounted in ironclad 
turrets, on ordinary field-gun carriages, or on pivots, 
giving an all-round fire on board ship. The projectile 
may be shell, shrapnel, or case shot. The charge is 
inclosed with the projectile in a brass central fire 
cartridge. The range for the 3.7-centimetre calibre is 
2400 metres (2616 yards), for the short 5.3-centimetre gun 
3200 metres (3488 yards), and for the other descriptions 
4500 metres (4895 yards). The weight of the projectile 
ranges from 0.45 kilogramme (1 1b.) up to 2.72 kilo- 
grammes (6 lb.). The gun is served by two men, who can 
fire from 30 to 40 rounds a minute. 


The returns published by the Swiss Confederation with 
reference to the development of telephonic communi- 
cation in Switzerland show that, since the establish- 
ment of the first telephone in 1880, 61 towns have 
been provided with it, and there are now 6944 telephonic 
stations, of which no fewer than 1500 are in Geneva and its 
suburbs. Most of the Swiss towns are now connected 
with one another, Geneva communicating not only with 
Lausanne and other places on the shores of the lake, but 
with Berne, Zurich, and St. Gall. The Confederation 
has taken over the telephones, which are attached to the 
Department of Posts and Telegraphs, and the annual cost 
of subscription is only 61. Notwithstanding this moderate 
charge, the receipts exceed the expenditure by about 
8600/., and the Federal Council now contemplates re- 
ducing the rate of subscription to 5/. for the first year, 
4l. for the second, and 80 francs afterwards, with a trifling 
supplemental charge for those subscribers who use the 
a ogee more than 5000 times during the twelve- 
menths. 





Brakes ON INDIAN Rattways.—One of the chief ques- 
tions which will come before a railway conference at Simla 
is the use of brakes on Indian railways. At present the 
railways of India are not provided with any special 
system of brakes. such as is in operation on almost every 
uropean line. Indian railways depend at present almost 
entirely on hand power brakes applied on the engines and 
brake vans, but by way of practical experiment three 
systems of more efficient brake-power are shortly to be 
tried at Umballa. 


Russian PeTROLEUM.—The Russian Government has 
under consideration a scheme intended to extend the oil 
trade in the Baku region, near the Caspian Sea. At present 
the oil has to be conveyed either by tank cars over a 
railway from Baku to Batoum, and then transhipped or 
by tone steamers through the Caspian and up the Volga, 
being conveyed from a point on the latter river to its 
destination by railway. The plan now contemplated is to 
connect the Don and the Dnieper by means of a canal, 
deepening at the same time the bed of the Volga. This 
would permit the tank steamers to pass all the way by 
water from the Caspian into the Black Sea, and then, of 
course, to all parts of Europe, while by means of the 








rivers the interior of Russia could also ba reached. 
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WORTHINGTON PUMPING ENGINE AT THE WEST MIDDLESEX WATER WORKS, 
CONSTRUCTED BY MESSRS. J. SIMPSON AND ©CO., LIMITED, ENGINEERS, LONDON. 
(For Description, see Page 10.) 
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PUMPING ENGINE AT THE WEST MIDDLESEX WATER WORKS. 


CONSTRUCTED BY MESSRS. J. SIMPSON AND CO., LIMITED, ENGINEERS, LONDON. 
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WORTHINGTON HIGH-DUTY PUMPING 
ENGINE. 


WE illustrate on pages 8 and 9 the general arrange- 
ments of the high-duty Worthington engine, the 
testing of which was described by us on page 565 
of our last volume. Professor Unwin so carefully and 
thoroughly carried out the trial in all its details that 
the arrangements made by him for testing will be of 
great interest to all our readers. The plan view 
(Fig. 4) shows the relative positions of the engine and 
its boilers, with the piping and connections, while 
the elevation (Fig. 1) more clearly shows the arrange- 
ments for measuring the feed and air-pump discharge. 
The feed was gauged in a tank C, with an overflow to 
it D, so that as the tank was filled each time up to the 
level of the overflow, it is absolutely certain that it 
contained at each filling exactly the same quantity of 
water. Any system of using meters is not to be relied 
on, and direct measurement is the only one that should 
be adopted to check the heat that flows from the 
boiler and is used by the engine. The air-pump dis- 
charge must also be gauged, so that the quantity and 
increase in temperature of the injection water can be 
ascertained, Professor Unwin used a wooden tank E, 
with stilling plates in it, so that a steady head was 
obtained over the circular sharp-edged orifice that the 
air-pump discharge flowed through. The jacket 
drains were weighed in buckets as shown at F. The 
feed pipes were shut off with blank flanges, as shown 
at G H, so that no water could pass to or from the 
boilers other than by the measuring tank or by the steam 
pipe. In our issue of October 1, 1886, we illustrated 
the arrangements made by Mr. Mair in America for 
testing the Worthington engine there, and also gave a 
summary of results, and it is of interest to note that 
Professor Unwin found almost identical results to 
those obtained in America, A sectional elevation of 
the engine tested in America was given, and also in 
our number of August 20, 1886, a section and eleva- 
tion were given of the Worthington engine made by 
Messrs. Simpson and Co. for another water works. 
This engine has been running for over eighteen months, 
and has given the greatest satisfaction. Professor 
Thurston read, some short time ago, a paper ‘‘ On the 
Internal Friction of Steam Engines,” and found from 
experiments that the crankshaft bearings account for 
about 47 per cent. of the whole engine friction, so that 
it is fully to be expected that with the Worthington 
engine, where there is no rotary motion, the friction 
of the engine and pump will be remarkably small. 
That this is so can be seen from the results of Pro- 
fessor Unwin’s trial, for with the low lifts of from 
54ft. to 60 ft. the efficiency was as high as 844 per 
cent., while Mr. E. A. Cowper, M.I.C.E., found at 
the New River Water Works, with a Worthington 
high-duty engine he tested, the report of which is 
given further on, that the efficiency on a lift of 148 ft. 
was as high as 914 per cent., which is far higher than 
could be obtained with a crank and flywheel pumping 
engine when the pour piston and valves are tight, 
while on the low lift of 35ft. Mr. E, A. Cowper found 
with a flywheel engine on a trial reported in our issue 
of December 9, 1881, an efficiency of only 73 per cent. 

Now it will be well to examine into some of the trials 
made with rotative engines, also of Messrs. Simpson’s 
make, to see how the Worthington engine compares, 
as to economy. To do so, the engines must be separated 
from the boilers and the feed water compared on the 
basis of pump horse-power, because engineers who put 
up a pumping engine do not care about the indicated 
horse-power, their only interest is in water delivered 
and the amount of steam necessary to lift that water. 
The quantity of fuel that is used depends not only on 
the consumption of steam, but also on its quality, the 
efficiency of the boilers, and the capability of the 
stokers ; consequently for comparative purposes it 
must be reduced to a common basis so that an evapora- 
tive efficiency will be taken on the supposition that in 
each case the same result is obtained trom the boilers 
as was found by Professor Unwin. 

As will be seen from the above Table, the Worthing- 
ton engine can hold its own with the crank flywheel 
engine, and when the small number of moving parts 
and the absence of brasses to wear, are taken into 
account, the annual cost of repairs must be far less, 
while the foundations are of the simplest kind. The 
uniform flow of water from it gives a reduced friction 
in the mains, and we understand that at Hampton 
6 ft. less head is required to force the same quantity of 
water down the mains than is necessary with the Bull 
engine formerly in use there. 

The following is Mr. Cowper’s report : 


6, Great College-street, 
Westminster, S.W., 
December 7, 1888. 

Messrs. J. Simpson and Co., Limited, 

Worthington High-Duty Pumping Engine. 

Dear Sirs,—I beg to report that in accordance with 
your request, I have made a careful trial of the Worth- 
ington pumping engine erected at the works of the New 
River Company, Green Lanes, Stoke Newington, and I 











Resvits oF TRIALS OF PuMPING ENGINES CONSTRUCTED BY Messrs. JAMES SIMPSON AND Co. 
































New River | 
rae wastinveth | West Middlesex Water Water Works, West Middlesex Water Works, 
Ditton. Works, Hampton. Stoke Newing-! Hammersmith. 
: | ton. | 
Type of engine .. aa ae oa ..| Receiver beam| Worthington Worthington | Woolf beam, 
Engineer who conducted the trial .. { er MLE. "| Professor Unwin, F.R.S, wer LOE. | Mr. Thos, Hack, M.I.C.E. 
Head on pumpinfeet.. .. es 35.0 | 53.7 60.6 148.5 | 3s87r.7 187.2 
Efficiency per cent. .. os os - 77.4 | 84.9 84.3 91.5 | 83.8 850 
Feed water per actual water horse-power, | | 
noma being on circulation, poundsper | 18.4 17.6 17.9 16.13 | 17.3 17.3 
OO See, ee I 
Quality of coal used .. as a Nixon’s navigation Welsh coal used in all the trials. 
Percentage of ash and clinker in coal ma . o. oll ay en — ze. 
Pounds of water evaporated per pound ef , $ ; c er eet 
coal (ash and nies inebeied on wal} — cnetading Sutiets ee _ — ea a ” 
from the feed temperature .. na electiation culation j . 
Duty in pounds of water raised 1 ft. high | 
per 112 Ib. _of coal, including ash and | 
peo a pth Bb sanags nr | 112,626,200 | 111,500,000 | 111,500,000 | 121,032,000 | 118,094,000 | 117,650,000 
found by Professor Unwin, the full pump | 
displacement being taken in all cases | | 
| 
have to thank Mr. E. L. Morris, A.M.1I.C.E., engineer to Pumps. 
the company, for the care he took to insure the trial being Diameter of main pumps 28 in. 
as complete as possible. Stroke... ay as : 3.603 ft. 
I arranged for the trial to last twenty-four hours, viz., Boilere 
from the morning of November 23 till the morning of a 5 
November 24. I purposely had the engine and boilers at Three double flued boilers, each_... 7 ft. by 26 ft. dia. 
work for some time, in an entirely normal condition, Two flues ore. Ste sss + 2 ft, 9in. dia. 
before commencing the trial ; the state of the fires being Grates in each boiler equal ... 274 sq. ft. 
particularly noticed both before starting and at the end Observations. 
of the trial, and measured as closely as possible by insert- Steam pressure on trial, average 79.8 lb. 
ing a brick edgeways on the bars. Head of water on pumps 148.48 ft 
A tank holding an exact weight of water was provided, Temperature injection s 46Gec. 
in which the weight of water delivered to the boilers was air-pump discharge ... 76.2 ~~ 
exactly taken, its temperature being also noted. of feed-pump delivery . 2. 
The coal, which was “ Nixon’s navigation,” was care- Average total strokes per minute ... 35.313 
-. ——e in scales in the stokehole, as required by Vacuum 28 in 
the boilers. “ey ee ot 
Indicator figures were taken from each end of each of Bacometer de a sin. 
the four cylinders of the engine throughout the trial. The ree Results, 
temperature of the hotwell and injection water was taken Total indicated horse-power... ot 330 h.p. 
frequently, as well as the steam pressure, vacuum, and Pump horse-power, calculated fro 
air sagen in the compensating cylinders. The strokes full displacement we . 301.92 h.p. 
of the engine were registered by a counter, and the head : : per cent, 
of water in the main and suction was continually noted, Mechanical efficiency ... 91.5 
and generally every precaution was taken to insure an Friction ... ” tt 8.5 
accurate result as tothe working, economy, and efficiency eae 
of the engine and pumps. 100.0 
In my opinion the trial was under one disadvantage, Coal used per indicated horse-power 
viz., that three boilers only were used in place of four, re- per hour including the ashes : 1.905 Ib. 
sulting in the heating surface being smaller than one Allowing for difference of tempera- 
would have wished, in order to obtain the greatest ture between cold feed and hot- 
economy. The boilers were Lancashire or two-flued, and well, viz., 26.5 deg. ... ise aes 1.86 
had no Galloway tubes in them. Coal used per pump horse-power (as ~ 
The engine is of the Worthington horizontal type, there above) including the ashes... ea 2.082 
being a steam-jacketted high and low-pressure cylinder With the same deduction for tem- = 
with one piston-rod on each side of the engine, the piston- rature as above ... a, ana 2.034 
rod on one side working the steam valves of the other Water evaporated per pound of coal, 
side, so that the motions of the piston-rods follow after excluding that condensed in jackets 
one another, and are not simultaneous, except just as one which were in circulation and not 
finishes its stroke and the other begins, hence the flow of measured re sr ot (i a 
re in the main is almost exactly uniform and con- Water a steam ~ in cylinders 
inuous, r indicated horse-power r 
The pressure of steam being 801b. and the expansion our (including that fs oll in 
being about twelve times, it was highly satisfactory to jackets... a5 ae 2+ «6-14.75 
observe how completely the Worthington ‘“‘ compensating Water as steam used in cylinders 
cylinders” took up the excess of power during the first r pump horse-power (as above)... 16,13 ,, 


half of the stroke, and gave it out again during the 
second half, thus com letel avoiding the necessity for a 
crank and flywheel, the velocity of the piston being very 
uniform throughout the stroke, and starting and stopping 
so quietly and easily that there was no blow of any kind ; 
in fact, it was almost impossible to tell from the pumps 
whether they were at work or not. The pump plungers 
of the pumps, which are double-acting, are attached to 
the front ends of the piston-rods and the air-pumps to the 
back ends of the rods. The ‘‘compensating cylinders” 
are vibrating cylinders, and are centred above and below 
the piston-rods, and their pistons are attached to the 
crossheads of the piston-rods so that the ‘‘ compensating 
cylinders” are vertical at half-stroke and inclined at 
either end of the stroke. A pressure of 158 lb. of air is 
kept up in a small air-vessel by a small air-pump, the air 
pressing upon water that passes in and out of the ‘‘ com- 
pensating cylinders” and acts on their pistons with a con- 
tinuous pressure. 

The whole of the power of the steam first cut off and 
expanded in the high- ressure cylinder and then passed 
into a shanem-Seaienned reservoir, and from that into the 
low-pressure cylinder where it is cut off and expanded 
much more, is developed upon the one rod, which at once 
takes hold of the pump plunger, and thus the motion is 
perfectly direct without the intervention of any parallel 
motion, beam, connecting-rod, crank, shaft, or flywheel, 
and consequently the friction of the engine and pump is 
very small, so that about 91.5 per cent. of the power of the 
steam is utilised, with the result that 112 lb. of coal does 
about 109,000,000 foot-pounds duty, or say 2.034 Ib. of 
coal ge water horse-power, assuming the pumps to fill, 
which they have every chance of doing. 


Drvensrons, &c. 


Engine. 
High-pressure cylinders 27 in. dia. 
Low ” ” 54, 
Stroke 3.603 ft. 





Duty of 1121b. of coal, including 
ashes ... eas pom we ...106,500,000 ft.-Ib, 
Duty, allowing for difference of tem- 
perature of feed water (as above) 109,000,000 ,, 


I am, yours truly, 
(Signed) E. A. Cowren. 


BRIDGE OVER THE INDUS AT SUKKUR. 

WE present to our readers on our two-page plate, 
and also on page 12, some illustrations of the big 
span of the bridge now being built over over the River 
Indus at Sukkur, on the North-Western State Rail- 
way. It would probably have attracted more atten- 
tion, had it not been completely eclipsed by the Forth 
Bridge, but many of our readers will doubtless remem- 
ber the large staging in Messrs. Westwood Baillie’s 
yard at Poplar, in which the ironwork was being fitted 
in 1886-87. * 

The river at Sukkur is divided by the island of 
Bukkur into two channels, viz., the Sukkur Channel, 
over which a bridge of three spans, 278 ft., 238 ft., 
and 95 ft. has been completed, and the Rori Channel, 
now being bridged by a single cantilever span of 820ft., 
the subject of our illustrations. 

The average rise of the river is 16 ft., and the depth 
at low water about 80 ft., the current in floods being 
over nine miles an hour, so that these conditions, which 
render the long span necessary, compel it also to be 
built by overhang. 

The upper view on the two-page plate gives a general 
idea of the structure, and shows a piece of the inclined 
tie, 80 ft. long, weighing 15 tons, in the act of bein 
lifted into its place. The gear for erection consists 0 
steel wire ropes driven by special winches with worm 











* See ENGINEERING, vol. xliv., page 229, 
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gear, on the horizontal tie. These are driven from a 
countershaft under each, set in motion by a running 
rope from an engine at. the foot of the back guy, so 
that each winch can be started, stopped, or reversed; 
at a signal from the barge. 

The view on page 12 shows the floor at the end of 
the first bay, while the remaining view on the two- 
page plate shows a view of the first bay with the 
wind bracing, the span of the first bay being 123 ft., 
and the height of centre of the horizontal tie 169 ft. 
above the bedplates. 

The whole of the work is being done entirely by 

native labour, Mr. M. S. N. Hecquet being in sole 
executive charge. The erection is designed and super- 
intended by Mr. F. E. Robertson, A.M.I.C,E., with 
Mr. J. Adam, Stud. Inst, C.E,, as assistant. The 
bridge was designed by Sir A. M. Rendel, M.I.€.E. 
’ We believe the bridge will be completed by next 
June, so the obscure town of Sukkur will be able to 
boast the largest railway bridge in the world for 
a short time—until the completion of the Forth 
Bridge. 





THE EXPORT TRADE FROM THE CLYDE 
DURING 1888. 

During the year which has just closed 1438 vessels 
of 1,345,240 tons arrived in the Clyde from foreign 
ports, which, when compared with the figures for 1887, 
shows a decrease of 66 vessels, but an increase of 
22,075 tons, and an increase of 67 vessels and of 
106,666 tons over the arrivals in 1886. The depar- 
tures during the year included 1743 vessels of 1,817,807 
tons, 132 vessels and 178,574 tons more than in 1887, 
and 164 vessels and 237,801 tons above the figures for 
1886. It is interesting to note how these statistics 
afford evidence of the general desire on the part of 
shipowners to increase the size of cargo-carrying ships, 
for the average size of vessels arriving in the Clyde in 
1888 was 935 tons, as against 879 tons in 1887 and 
880 tons in 1886; while the average size of vessels 
sailing was 1047 tons in 1888, 1017 tons in 1887, and 
1000 tons in 1886. When it is remembered that the 
great majority of the vessels trading to and from the 
Clyde are regular liners—Atlantic, Indian, Mediterra- 
nean, Colonial, and Continental passenger and cargo 
steamers—the same year after year, and~that the 
general trader is a small class, the advance in the 
average size of vessel is accentuated. The tonnage 
given in all cases is the net register. Of manufactured 
iron of all kinds there was exported 1,366,664/. worth, 
being 94,5497, more than last year, but when compared 
with the value of iron shipped in 1886 there is a decrease 
of 774,4087. India and China have taken 612,596. 
worth, being nearly 3000/. worth more than in 1887, 
and 100,000/. over the value ofiron takenin 1886. The 
United States and Canada have, however, only received 
130,763/. worth, 32,0007. less than in 1887, and about 
the same quantity as in 1886. Australasia has aug- 
mented the quantity taken to the extent of about 
28,000/., the value being 195,321/. against 167,658/. 
The West Indies and South America have imported 
from the Clyde 113,046/. of iron, nearly 14,000/. over 
the value in the preceding year. Africa and Egypt 
have taken 78,233/. worth, and the Continent 138, 105/., 
both slightly less than in 1887. The total value of 
steel exported was 396,307/., being 31,243/. less than 
in 1887, but 34,0007. more than in 1886. This decrease 
is due principally to the United States taking the 
minimum quantity owing to the tariff agitation, their 
receipts of the metal being 58,000/. less than in 1887. 
The West Indies, South America, and the Continent 
have also taken less, but to the Kast, Africa, and Aus- 
tralasia very much larger quantities have been 
sent, General machinery to the value of 487,326/. was 
shipped, being 29,8927. more than in 1887, and 156,000/. 
in addition to that sent in1886. India and China took 
212,461/. worth, 50,000/. of an increase, and the United 
States and Canada 44,790/., an increase of 37,0007. To 
the West Indies 119,666. were sent, principally sugar- 
making machinery, being 28,0007. and 41,0007. more 
than in 1887 and 1886. Africa and Egypt have taken 
10,0007. more (78,233/.), while the exports to the Con- 
tinent show a decrease of 41,000/. Indeed, under all 
heads there is a decrease to the Continent. Australia 
also has taken less of machinery by about 3000/., the 
value of their exports being 9489/7. Sewing machines 
to the value of 139,613/. were sent abroad ; this‘is less 
by 30,0777. and 31,659/. than in 1887 and 1886. India 
and China have a big increase under this head, tripling 
their last year’s demand, and making their ‘‘take” 
20,7567. America has also done better, while the 
West Indies have received 3000/. more. The Con- 
tinent alone has received less, having only had sent 
92,941/., against 135,2107. in 1887, and 140,681. in 
1886. Locomotive engineers have done very much 
better this year, the value of their exports (285,553/. ) 
being 50,650/. over those of 1887, although far 
behind the total in 1886. India has received 71,000/. 
more (270,828/.), while the Continent has taken 15,000/. 
less. The protective policy in New South Wales and 
other Australian parts is well exemplified by the fact 
that while in 1886, 28,4377. of locomotives were sent 





thither from the Clyde, only 1600/7. have been sent this 
year, and 1045/. in 1887. India, too, has only taken 
270,829/., against 369,877/. in 1886. It is, neverthe- 
less, gratifying to find a decided increase in the aggre- 
gate exports of locomotives over 1887, for in this case 
it is a measure of the state of trade in works not 
associated with the home railway companies. Not so 
with the other branches of industry dealt with in this 
report, for with a brisk home demand prices advanced 
during the year, and makers became less disposed to 
hunt the world’s markets and face foreign com- 
petition. 








FORCED DRAUGHT v. NATURAL DRAUGHT. 

Messrs. GEORGE SMITH AND Son, owners of the 
well-known City Line of steamers, have done a service 
to engineers and shipowners by testing the results of 
engines, worked under a proper and scientific system 
of forced draught as against engines working under 
natural draught, the machinery, steamers, and other 
conditions in both cases being practically alike. The 
City of Venice, a screw steamer owned by Messrs. 
Smith, and fitted some time ago with Howden’s system 
of forced draught, and a sister ship belonging to the 
same line, were on a voyage to Calcutta and back about 
the same time, and the performances of the machinery 
both as regards speed and coal consumption, have been 
carefully tabulated by Messrs. Smith. At the request 
of Mr. Howden they have sent these statistics, and 
in a letter to that gentleman they state that the 
steamers have been fitted with duplicate propellers, 
and that they consider ‘‘ the two engines to be equally 
efficient and satisfactory, so that the saving of coal in 
the case of the City of Venice is to be attributed 
entirely to the employment of forced draught under 
your system.” The following is the statistical state- 
ment by the Messrs. Smith : 


Comparative Statement of Voyages of Two Screw 
Steamers to Calcutta and Back vid Suez Canal, 


Steamer ‘‘ A” (City of Venice) working with How- 
den’s forced draught. 
Steamer ‘‘B” working with natural draught. 


Particulars of Steamers. 


Dimensions : F A. B. 
Length ... oh 379 ft. 6 in, 381 ft. 6 in. 
Breadth ... ats Se. BS xe 
Depth _... as , a 29 ,, 0,, 

Tonnage: 

Gross mee oe 3372 tons 3229 tons 
Net exe ins 2200 ,, 2106 ,, 
Engines: pane 
: : . in. 40 in. : P P 
Cylinder diameters {52 ag te \ s0in, 44in, 73 in. 
Piston stroke... 48 in. 48 in. 

Boilers : 

Pressure ... re 145 lb. 150 lb. 
Heating surface... 4006 sq. ft. 5500 sq. ft. 
Grate surface... oe ss 2 “a 


It may be noted that the engines of A (City of 
Venice) were of the quadruple-expansion type, while 
those of B were of the triple-expansion type. The City 
of Venice left Liverpool on July 19, and “B” on 
July 28 last, and on the homeward voyage ‘‘ A” left on 
September 11, and ‘‘ B” on September 12. The steam- 
ing time and the coal consumption we give in tabular 
form : 


A. B. 
30days2hrs, 29 days 9 hrs. 


Outwards 
Homewards ... M, By ag = 
Coal consumed on 

double voyage 1472 1902 
Average per day 24 32.2 


Messrs. Smith append to the statement the follow- 
ing notes :—‘‘ The saving of coal is 430 tons in favour 
of ‘A,’ or 224 per cent. on the round voyage. The 
steamers’ draughts of water were as nearly as possibly 
the same outwards and homewards, but ‘A’ had a dirty 
bottom and was ready to dock, while ‘B’ had a clean 
bottom and was newly out of dock. Under similar 
conditions the speeds may be considered practically 
equal, The steamers, having received several altera- 
tions during refitting, were remeasured, and their 
present gross and net tonnages are given above. 
Though the indicated horse-power — about 1700—at 
full speed in steamer ‘A’ is taken from 90 square feet 
of firegrate, the furnace bars suffer little or no injury, 
and endure longer than in the natural draught boilers. 
The present bars in the City of Venice are now run- 
ning on their third round voyage, and a large part of 
them in their fourth round voyage.” 

It may be added that Messrs. G. Smith and Sons 
have fitted, or are fitting, four other steamers on 
Howden’s system, and that the new fast steamers and 
others building and lately built at Belfast for the 
White Star Atlantic Service are to have it fitted. 
The Inman and International Company, after exten- 
sive trial of the system on the Ohio and City of Berlin, 
are having the steamer Illinois fitted in the same 
manner, a contract having recently been concluded 
between the company and Messrs. Howden. 





LAUNCHES AND TRIAL TRIPS. 

THE new steamer Hafnia, built by the Elsinore Iron 
Shipbuilding Company, Elsinore, Denmark, and belong- 
ing to the Danish Steamer Company, Kjébenhavn, had a 
most satisfactory trial trip on Thursday, December 20. 
The Hafnia is built entirely of steel. Her length is 
260 ft., breadth 36 ft., and depth in the hold 18ft. The 
engine is on the triple-expansion principle, and at thetrial 
700 horse-power were indicated, the consumption of coal 
being 1.3 lb. per horse-power. The engine worked re- 
markably well, and both speed and consumption of fuel 
were considerably more favourable than the contract 
stipulated. The Hafnia loads about 2350 tons, and the 
boilers work with 150 lb. pressure. 





A new iron steamer was launched on Saturday, Decem- 
ber 22, from the Brodin shipbuilding firm at Gefle, 
Sweden. She has been christened the Rio. Her length 
is = ft., and she is 27 ft. broad and 11 ft. deep in the 
hold. 





The screw steamer Clan Gordon, built by Messrs. Alex. 
Stephen and Son, Linthouse, in 1879, and owned by 
Messrs. Cayzer Irvine and Co., has just had her engines 
converted into the triple-expansion type by Messrs. James 
Holden and Co., Glasgow ; she left the Clyde on Satur- 
day for the Cape of Good Hope and India vid Liverpool. 
The engines have cylinders 22 in., 34in., and 59 in. in dia- 
meter, with a piston stroke of 42in. Steam is supplied 
from one single-ended boiler 15 ft. diameter, having three 
furnaces, each 3 ft. 74 in. in diameter, the aggregate fire- 
grate surface being 50 square feet: The boilers are fitted 
with Howden’s well-known system of forced draught. 
There was not time to make the usual speed runs on the 
mile, as the vessel did not leave Glasgow till the after- 
noon, but the forced draught was used for a sufficient 
time to test the efficiency of arrangements. Though no 
special effort in using the forced draught was made the 
mean power of the sets of diagrams taken showed 1300 in- 
dicated horse-power at 69 revolutions per minute, or 26 
indicated horse-power per square feet of firegrate. 


The s.s. Darial, the third ship built by Messrs. Arm- 
strong, Mitchell, and Co. from the designs of their director 
Mr. Henry F. Swan, forthe Kerosene Company of Lon- 
don, was launched at Walker on the 26th ult. She is 
very similar to the ships lately delivered for the same 
firm, and is 310 ft. long, 40 ft. 3in. beam, 29 ft. 6 in. 
moulded depth, and will carry 4000 tons. She is constructed 
for the carriage of petroleum in bulk, and is fitted with 
several special arrangements for her intended trade. 
She has engines 23 in., 37 in., and 60 in. supplied with 
steam of 150 1b. pressure from boilers of large size with 
forced draught on the closed ashpit system. She has 
been inspected during construction = the owners’ super- 
intending engineers, Messrs, Flannery, Baggallay, and 
Johnson, of London and Liverpool, and upon completion 
will be put upon the direct line for Batoum. 





Messrs. Raylton, Dixon, and Co. launched December 
31, 1888, from their Cleveland dockyard, Middlesbrough- 
on-Tees, a steel screw steamer, the Athena, which has 
been built to the order of Mr. Christopher Furness, West 
Hartlepool, for Mr. R. H. Penney, of Brighton. Her 
dimensions are as follows: Length, 304 ft. 3 in, ; breadth, 
38 ft.; depth moulded, 22 ft. 10 in., with a carrying 
capacity of 3600 tons. 








E. Paczk AND Co., Limitep.—The conversion ‘of the 
business of Mr. James Woodward Hill, trading as E. Page 
and Co., of the Victoria and Bedford Iron Works, Bed- 
ford (established 1750), took effect on the lst of January, 
1889. The new company takes over the extensive busi- 
ness premises in High-street and Horne-lane, Bedford, 
and the Victoria Iron Works, Mill-street, Bedford, and 
the New Engineering Works, known as the Bedford [ron 
Works, at Kempston, near Bedford, within a short dis- 
tance of the London and North-Western Railway Com- 
pany’s line from Bedford to Oxford and Cambridge. No 
shares are offered to the public. The capital is 30,000/., 
the only members being J. W. Hill, J. P. (chairman), 
B. H. Claxton, E. D. Rabbitt, E. Fisher, J. H. Darlow, 
L. Hely, and F. E. Hill, who have all been connected 
with the firm for many years, 





Forcep Dravucut Triats or THE ‘* MepEa.”—The 
forced draught trials of the Medea, built at Chatham and 
engined by Messrs. Humphry and Tennant, were recently 
run off ‘Portsmouth. The Medea is an uvsheathed pro- 
tected cruiser 265 ft. long, by 42 ft. broad, and 23 ft. depth 
of hold, fitted with a steel turtle back 2 in. thick on the 
slope and 1 in. thick on the horizontal parts. She is 
intended to have under forced draught a speed of 20 knots, 
for which it was estimated 9000 indicated horse-power 
would be required. The first attempt was unsuccessful, 
as owing to the construction of the boilers only 8700 indi- 
cated horse-power were generated, the speed being from 
18.8 to 19 knots. The boilers are double-ended, the op- 
posite furnaces leading into the same combustion chamber. 
The space between the ends of the two sets of firebars was 
bricked up to the level of the bridge, with the results that 
as the trial proceeded ashes and cinders accumulated 
above the brickwork, and in a short time almost closed 
the openings into the comt ustion chamber. At the second 
trial this defect was remedied by removing the brickwork, 
and the engines succeeded in indicating 9183 horse-power, 
but owing to an unsuitable form of screw the speed ex- 
pected was not attained. The Medea was loaded to her 
designed load line of 15 ft. 3in. forward and 17 ft. 9 in. 
aft. The boiler pressure was 1491b., vacuum 26 in., and 
revolutions 140 per minute. The propeller will be changed 
and new trials made as soon as possible, 
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Civis AND MECHANICAL ENGINEERS’ Soomry.—Wednesday, Jan- 
uary 9th, at 7 p.m., at the Westminster Palace Hotel, when the 
following paper will be read and discussed : ‘The Cost of Execut- 
ing some Classes of Engineering Work,” by A. F. Bruce, A.M.1.0.E. 
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ELECTRIC LIGHTING SOHEMES IN 
THE METROPOLIS. 


electric light to private consumers in the metro- 


polis are on foot. Many of these are due to the | of 4, Great Winchester-street, E.C., ask for a pro- 


Savoy, St. Mary-le-Strand, St. Clement Danes, the 
Liberty of the Rolls, the Charter House, Gray’s Inn, 
= | Lincoln’s Inn, Staple Inn, Furnival’s Inn, and the 
Close of St. Peter’s Church. 


of 3, Adelphi-terrace, Strand, ask powers in an area 
nearly conterminous with those included in Mid- 
S—[—S=S= = || = | London, North London, and West London, as de- 
fined above. They also ask for a portion of South 
London, including parts of Rotherhithe, Lambeth, 


Newington, Southwark and Bermondsey, St. Olave’s, 
A LARGE number of schemes for the supply of | St. Saviour’s, and Christ Church 


the Board of Trade or of the local authorities, and 
further, that there is a genuine demand which is 
increasing day by day. By keeping to the house 
tops—that No Man’s Land where the telephone 
companies carry on their operations—the so-called 
confiscatory clauses of the Act of 1882 are avoided, 
and it is matter of indifference whether 21 years 
or 42 years is the time which a concession may run 
before the representatives of the taxpayers have the 
option of purchase. The prospect of thus carrying 
on a new business would have been too tempting to 
have been withstood, and we should have certainly 
seen many more overhead conductors had not the 
alteration of the law taken place. But under the 
present conditions, with a period of 42 years before 
compulsory purchase, other considerations prevail. 
Now that fair terms are offered to the electric 
companies it is felt that an installation must be 
constructed either with or against the consent of 
the local authorities—it must either have their 
approbation or face their hostility. It is very 
much cheaper to go overhead than to break and 
make good the streets, so long as the required way- 
leaves can be obtained. But they cannot always 
be got, and the time must be looked forward to in 
some districts when the demand will be so great 
that it cannot be conveniently or economically met 
except by underground conductors. It cannot be 
reasonably expected, however, that the parishes 
will extend a helping hand to those who have 
ignored them as long as possible, and have followed 
methods which are regarded by many as very objec- 
tionable. They have a modified veto in the matter, 
and it is worth while to conciliate them. Accord- 
ingly we find that a large number of provisional 
orders and licenses have been applied for in due 
course, and that the consents of the vestries are 
being asked, in some cases by several applicants. 
The Act of 1882 provided that the “‘ under- 
takers” or promoters of a scheme could preceed by 
Act of Parliament, by provisional order, or by license, 
and the Amendment Act of 1888 left this unaltered, 
except that it gave the local authorities a veto 
which could only be overridden by the Board of 
Trade for special reasons, which must be stated in 
writing. A license can be granted for seven years 
by the Board of Trade, but that body, apparently 
alarmed at the large number of competing schemes, 
has decided to refuse the whole of the applications 
made to it to grant licenses for the supply of the 


applications will, therefore, have to be made by 


It is not probable that promoters will endeavour 
to obtain independent Acts, at least at present. 

Among the schemes of which notice has been 
given are the following: The Metropolitan Electric 
Supply Company, Limited, of Winchester House, Old 


The London Electric Supply Corporation, Limited, 


The Electrical Power Storage Company, Limited, 


The House-to-House Electric Light Supply Com- 
pany, Limited, of 117, Bishopsgate-street, E.C., ask 
for a very considerable area in the residential dis- 
tricts of Kensington, including the greater portion 
of St. Mary Abbot, Kensington -square, Ken- 
sington Court, Palace Gate, Hyde Park Gate, and 
many streets. Also for the Strand district. 

The Westminster Electric Supply Corporation, 
Limited, of Victoria Mansions, S.W., ask for 
powers in the parishes of St. Margaret and St. John, 
Westminster ; in the Board of Works district of 
the Strand ; in St. George’s, Hanover-square ; in 
St. Peter's, Westminster; in St. Martin’s-in-the- 
Fields ; in St. James’s, Piccadilly ; and in the city of 
Westminster. 

The Chelsea Electricity Supply Company, Limited, 
ask for further powers to supply electricity in St. 
George’s, Hanover-square, and ina large number of 
streets and squares, among which are Belgrave- 
square, Buckingham Palace-road, Chesham-place, 
Chester-square, Eaton- square, Grosvenor-place, 
Hobart-place, Pont-street, Wilton-place, and Wilton- 
street. In another order they ask for part of St. 
Mary Abbot, south of Brompton-road, and a num. 
ber of streets, including Brompton-crescent, Craw- 
ley- gardens, Drayton- gardens, Exhibition-road, 
Elm-place, Michael’s-grove, Onslow-gardens, Oving- 
ton -square, Redcliffe-square, Roland Houses, 
Sydney-place, and others. 

The Kensington and Knightsbridge Electric 
Lighting Company, Limited, or the Kensington 
Court Electric Lighting Company, Limited, or both, 
apply for an order to cover the parish of St. Mary 
Abbot, and part of St. Margaret’s, Westminster. 
The Notting Hill Electric Lighting Company, 
Limited, of 20, Great Winchester-street, confine 
themselves to the parish of St. Mary Abbot, Ken- 
sington. 

It will be seen that many of these bodies are 
striving for the same areas. The parish of St. 
Mary Abbot seems to be the most covetted district, 
and if all the requests are granted it should be the 
best lighted place in the world. The question 
arises how the various claims are to be settled ; 
are all to be allowed, or is a selection to be made ? 
The President of the Board of Trade stated in the 
House of Commons, on December 20, that ‘* The 
Electric Lighting Act, 1882, does not preclude the 
granting of licenses to one or more rsons, firms, 
or companies, to light the same area.” The vestries 


electric light to any part of the metropolis. All}seem to be overwhelmed with the many applica- 


tions, and to be quite unable to make up their 


means of provisional orders, which, if granted by | minds as to a course of action. The prospect of 
rage | the Board of Trade, will be embodied in a Confir- 


three or four competing companies tearing up the 


mation Bill, and referred to a Parliamentary Select | streets in succession is too dreadful to be contem- 
Committee before whom opponents will be heard. woman calmly, and yet the consumers ought to 


ave the benefits of competition. Probably it is 


this difficulty that has determined the Board 


of Trade to refuse licenses, and to send all 
the promoters who can gain the consent of the 
vestries to fight out their struggles before Parlia- 
ment. If it ends in the amalgamations of some of 
the competing bodies it will be well. In the face 
of gas and the action of competitors who run their 
wires over the house-tops, it is certain that exor- 
bitant prices will never be obtained for electricity, 
even if the purveyors have exclusive areas granted 
to them. 

A question arises as to how the compulsory pur- 
chase clauses will work when the generating station 
is situated in one parish and the mains extend into 
several others. Will the several outlying parishes 
be able to buy the mains in their districts, and 
leave the company with its station on its hands, 
and with no outlet for the current? It certainly 
seems as if they would. Again, must the parish 
in which the station is situated buy the whole plant, 
several times too large for its requirements, or 
abstain from purchase altogether? If there be more 
than one undertaking in a parish will the authorities 
be able to buy one, and then undersell the others 
until they are glad to clear out for less than the 
proper value of their plant? These are questions 
which remain to be solved in the future, and which 
will have to be seriously considered in estimating 
the financial positions of the companies. 

We notice that our contemporary the Electrician, 
in a recent article, advocates a restricted permission 








passing of the Electric Light Amendment Act, but | visional order including areas on both sides of the 


being given for the erection of overhead wires. 
It argues that many opportunities for the sale cf 
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current will arise which cannot be profitably met 
by underground mains, and that for a time these 
might be supplied overhead. In this we agree. 
The great objection has been that hitherto the 
house-top network has been free of all control, but 
now that the electric companies are coming into the 
grip of the vestries and the Board of Trade, that 
state of affairs will cease, as far as they are con- 
cerned. Any concession granted to them can be 
hedged with conditions, or made terminable in a 
certain time, so that it will not grow into a pre- 
cedent or become a nuisance. It would be of im- 
mense advantage to thecompanies to be able to throw 
out feelers into side districts at little cost, and if, at 
the end of three or five years, the demand was not 
sufticient to justify the laying down of a permanent 
main, there would be no hardship in compelling 
the removal of the overhead conductors. 








SUNSHINE AND WATER. 

THE two great agents for making the fertility of 
the soil available for the use of man are sunshine 
and water. Unfortunately these are not often 
present in the exact proportions we should like. In 
our country, and others similarly situated, there is 
usually too much water and too little sunshine, 
while nearer the equator the sunshine is often in 
excess of the rainfall. A land where both agents 
could be regulated at will would be a Paradise of 
the cultivator of the soil. He could reckon up his 
crops beforehand as a manufacturer estimates the 
output of his factory, and could make exact arrange- 
ments for their sale. Even a man bornand bred as 
a British farmer could scarcely maintain his habit of 
grumbling under such circumstances. Unfortu- 
nately the exact realisation of this happy state of 
things is impossible. The sun, at least, is beyond 
our command, and nothing that we can do will make 
him shine with greater or less effulgence. Like the 
wind, ‘‘ which bloweth where it listeth,” he pursues 
his course unmoved by our necessities. In some 
places his appearances are fitful and uncertain, 
while in others they are too regular and persistent. 
But in proportion that the sunshine is abundant 
and constant the rainfall is generally unreliable, 
and comes in deluges separated by wide intervals 
of drought. It is not for long that the growing 
crops can rejoice in the propitious union of mois- 
ture at the root and moderate warmth on the 
blossom. Soon the ground cakes and cracks, and 
the tropical heat burns up the herbage. There is 
too much sunshine and too little water, except for 
purely Oriental plants. But although the sun is 
beyond our influence we can often supplement the 
deficiencies of the rainfall, and by means of irriga- 
tion so proportion the water supply to the amount 
of heat that the best results are obtained from the 
ground. The happiest condition of affairs for the 
farmer is found when a fertile soil, well situated for 
irrigation, occurs in a country where the range of 
temperature is not great, never rising to a tropical 
heat, and never falling near the freezing point. 
Such places are to be found in many parts of the 
world—in Spain, along the coasts of the Mediterra- 
nean, in Florida, California, and elsewhere, and 
when they lie conveniently to good markets 
they prove mines of wealth to the owners. Many 
such sites yet await development, either by the 
erection of irrigating plant, or by the creation of 
markets within a reasonable distance. At the pre- 
sent time two large areas are being exploited in 
Australia, one in the colony of South Australia 
and one in Victoria, for the formation of irrigation 
districts. They are both situated on the River 
Murray, a stream of considerable magnitude, and 
capable of providing ample supplies of water for 
irrigation, without interference with the navigation. 
The climate of the locality is very similar to that 
of California; it lies between the parallels of 
34 deg. and 35 deg. south latitude, and is, there- 
fore, well outside the tropics, while the influence of 
the sea, which is not more than 200 miles distant 
from the one colony and 100 miles from the other, 
is felt in thecooling breezes which come from the 
polar regions. The annual rainfall is very small, 
about 8 in., quite insufficient for general cultiva- 
tion, and even that inadequate amount cannot be 
depended upon with certainty. The soil is a red 
chocolate loam to a depth of 18 in., below which 
there is a calcareous clay. As matters stand there 
is everything requisite for the production of heavy 
crops. The soil is good, the sunshine is abundant 
and equable, there are no tropical rains, while 
ample supplies of water flow to waste in the 


river, and only want the necessary plant to dis- 
tribute them over the land. A small pumping 
engine is already at work, while a complete in- 
stallation, which we hope to illustrate in an early 
issue, will soon be sent out. The water will be 
raised entirely by steam power, the highest point 
to which it is to be delivered being 80 ft. above 
the river level. There are enormous supplies of 
timber ready for fuel, and when these fail there 
are the coalfields to fall back upon. If the colonies 
do not succeed it will not be from the lack of 
natural advantages. 

The work of providing the machinery, laying the 
mains, and clearing the sites is not being carried 
out by the respective governments, but by a private 
company, Messrs. Chaffey Brothers and Co., 
Limited, of Mildura, Victoria, and Queen Victoria- 
street, London. Messrs. Chaffey Bre‘hers have 
acquired two pieces of land, each of a quarter of a 
million acres, the one at Mildura and the other at 
Renmark, and are laying them out for colonists in 
20-acre plots. They are making arrangements to 
deliver the water to the highest point in each plot. 
They will lift it into reservoirs from which there 
will branch channels having outlets into every man’s 
holding, and once it is there it rests with the occu- 
pant to turn it to the best advantage. He may 
cultivate his land how he pleases, and grow what he 
pleases. It is not anticipated that regular agricul- 
ture will be carried on to any great extent; 
the land has all the natural advantages of a garden, 
and it is expected that it will be devoted to 
garden produce—to grapes, currants, oranges, 
peaches, melons, and the like. All these crops can 
be raised with a moderate amount of labour ; they 
call more for mental ability than mere strength in 
their cultivation, and they need the expenditure of 
some capital, as they seldom begin to pay for three 
or four years after they are planted. The destitute 
man will not find much opening in the new 
Australian irrigation colonies, except as a labourer. 
The pumping plant and all the preliminary expenses 
must, of course, be paid for by the colonists sooner 
or later in the shape of an enhanced price of the 
land, which is to be sold at 201. the acre, payable 
in instalments. And in addition they will have to 
pay Messrs. Chaffey Brothers for the benefit of 
their experience, and if this should be equal to half 
what is claimed for it, it should be of immense value 
to the settlers. Messrs. Chaffey have already created 
one irrigation colony in California. This was com- 
menced in 1882, and has now already 2500 settlers 
upon it, the majority of whom are doing well. 
There is a thriving town, with hotels, banks, 
churches, schools, and all the appliances of civilised 
life, while outside the town the orange groves and 
vineyards are in full bearing, and are producing 
magnificent crops. Before 1882 the site was little 
more than a valueless waste, the change having been 
wrought by a simple piece of engineering in bring- 
ing water to complement in the subsoil the action 
of the sun on the surface. At the same time a great 
deal had to be learned as to the best crops to grow, 
the method and the times for applying the water, 
the quantities to be used, and the like. All this 
information Messrs. Chaffey offer to put at the 
service of their Australian colonists. They are going 
to establish an agricultural college with ample 
ground on which to try experiments, and to teach 
all comers the best for. Pe, of cultivation. 

Unfortunately a colonist’s wants are not limited 
to the fruits of the earth. The Garden of Eden 
itself failed to provide entirely for its inhabitants 
as soon as garments were required of more endur- 
ing materials than fig-leaves, and now-a-days we 
have a lot of requirements that Adam and Eve never 
dreamed of. A man does not go to Australia 
simply to provide for his daily food. He looks 
forward to saving money, and to do this he must 
have a market for his produce. Now at present 
the Mildura colony is not well situated as regards 
amarket. Melbourne is about 280 miles distant, 
and there is a break of about 140 miles in the rail- 
way communication. The navigation of the river 
is interrupted during the hot season, and conse- 
quently perishable goods cannot be transported at 
such times. This is a very serious drawback, and 
one which must be taken into account. At the 
same time if no one attempted to colonise until 
railways were provided and a market was ready 
for their produce the British Empire would be 
much smaller than it is. Something has always 
to be risked, and some hardship to be faced. In 
this case an attempt is being made to bridge the 





four or five years which will elapse before the rail- 


way is finished by providing works for drying 
raisins and currants, and for canning peaches and 
other fruits. Not only in Australia but all over the 
world dried and canned fruits are bought, and there 
isno reason why they should not be produced on 
Messrs. Chaffey’s estate as cheaply as anywhere. 
The latest report states that 13 miles of main 
irrigation channels have been completed, and that 
five miles more are in course of construction. A 
thousand acres of ground have been cleared, while 
120,000 orange and fruit trees and 150,000 vines 
have been landed at Mildura for this season’s 
planting. Four hundred persons have already 
selected land, and a good many of them are people 
with a competence and who are looking for a home 
which will bea winter sanatorium. Messrs. Chaffey 
Brothers’ agreements with the Government stipulate 
that they shall expend 10,000/. during the first 
twelve months, 35,000/. during the first five years, 
140,0001. during the second five years, 75,0001. 
during the third five years, and 50,000/. during the 
fourth five years, or a total of 300,000/. in twenty 
years, in irrigation works, agriculture, horticulture, 
and the establishment of a fruit preserving in- 
dustry, in each colony. On April 16 of last year 
the Chief Engineer of the Water Supply reported 
to the Victorian Government that Messrs. Chaffey 
Brothers had already spent more than 18,0001. at 
Mildura, so that they were evidently proceeding 
in a liberal spirit. All this expenditure they look 
to get back from the settlers, of course, and it is 
only by satisfying those that come first that they 
can hope to attract others. 





THE LYDD ARTILLERY 
EXPERIMENTS. 

One of the most profitable but least showy ways 
of spending public money is that of making experi- 
ments in peace time with a view of finding out what 
would be the result of given operations in war. 
Having said this it is almost needless to add that 
experiments of the nature referred to are compara- 
tively rare, as they make the very smallest return, 
from the parliamentarian’s point of view, for money 
spent. When one considers the countless millions 
that may be expended in our next great war, it is 
really surprising to think how difficult it is to get a 
few thousands from the Exchequer in order to lessen 
the expenditure of those millions; at least it would 
be surprising were such matters regulated by any 
common-sense principles founded on the good of 
the community at large, instead of the good of the 
clique that rules. Major G. S, Clarke, of the 
Royal Engineers, to whose work we are about to 
refer, has said, in reference to this subject, ‘‘ Peace 
experiments are subject to limitations—principally 
financial—which so greatly reduce their possibilities 
that it becomes more difficult each year to suggest 
trials likely to give useful results. We need data 
on a variety of subjects, and although definite de- 
ductions from peace practice can rarely be drawn, 
the wilder forms of speculation can be sobered down 
by hard facts.” 

In the naval branch of Her Majesty’s services, a 
vast stride has been made in the initiation of the 
naval manceuvres, which perhaps do more to add 
to the efficiency of our first line than would be ob- 
tained by spending in actual material twice as much 
money as they cost. The naval manceuvres, how- 
ever, are showy, thanks to the ‘special corre- 
spondent,” and so we may hope to see their continu- 
ance ; but what the Navy requires now is a series 
of less dramatic experiments, of the same nature as 
those carried out on the Resistance. We want to 
know, for instance, more about machine and quick- 
firing guns ; the chances of hitting quickly-moving 
vessels during the confusion of an unexpected 
night attack, and the resultant damage when 
used against unarmoured structures. We already 
have, in regard to these and kindred matters, a 
certain small amount of data, of a more or 
less uncertain kind, obtained experimentally, but 
speaking generally, the warship designer, naval 
strategist, and artillerist, are working in the dark ; 
spending vast sums of public money yearly with 
but the vaguest knowledge of probable results in 
case their work is ever put to the final practical 
result for which it is intended. Economists may 
hold up their hands in horror when it is proposed 
to find a place in the estimates for items which 
produce no return in actual material, but how much 
more serious is it to go on building ships, provid- 
ing guns, torpedoes, and other costly things of 





this nature, which the first touch of war may 
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prove quite the reverse of what they are supposed 
to be. 

The artillery experiments made at Lydd are, 
however, of a military rather than of a naval cha- 
racter. They were undertaken with a view to 
decide six important points, viz.: 

1. The degree of protection afforded to an em- 
placement by a crest formed of concrete supported 
against a wrought-iron skin plate. 

2. The protection afforded by a horizontal shield 
with which it has been proposed in some cases to 
provide the hydro-pneumatic mountings of breech- 
loading guns. 

3. The resistance of the overhead cover provided 
in the ‘‘ Twydali” redoubt casemates to high angle 
fire of siege howitzers. 

4, The amount of protection against heavy 
splinters afforded by steel plates of various thick- 
nesses, employed as extemporised cover in emplace- 
ments. 

5. The probable effect of back splinters from 
shells burst in a bank at a short distance in rear of 
a gun emplacement. 

6. The liability of filled shell to be exploded by 
the splinters of shell burst near them. 

It will be seen that the experiments were well 
selected, and by the help of a professional paper of 
the corps of Royal Engineers, contributed by Major 
G. 8. Clarke, C.M.G., R.E., we are able to put 
some details before our readers. 

Taking the first set of experiments, we learn by 
Major Clarke’s paper that the target consisted of 
an emplacement formed by a semicircular pit for a 
6-in. breechloading gun on a hydro-pneumatic 
mounting. The crest was especially formed of con- 
crete supported by an iron ring tied into the revet- 
ment by web-plates at intervals, and attached to 
two outer angle-iron rings. 

This experiment was divided into two series. 
In series ‘‘ a” an 8-in, rifle muzzle-loading 70 cwt. 
howitzer was fired at 2100 yards with common 
shell and direct-action fuze. The angle of descent 
was 7 deg. 44 min. Thirty such rounds were fired. 
The exterior slope was struck four times and the 
superior slope eight times. The concrete close to the 
crest was struck once, and the horizontal shield once. 
Five rounds were blind. The deepest crater was 
5 ft., and the greatest diameter of crater 16 ft. The 
single round which struck the concrete close to the 
iron skin ricochetted blind, merely bending in 
the skin 23 in. and tearing the upper angle iron. 

In the ‘‘b” series an 8-in. breechloading gun, 
Mark II., was used. The projectile was a common 
shell ; and asmall experimental percussion fuze was 
applied. The angle of descent was 4 deg. 18 min. 
Ten rounds were fired under these conditions. One 
struck the exterior slope, three the earth superior 
slope, and one the concrete close to the crest ata 
point where it had been more than half breached 
during the preceding series. The largest crater was 
21ft, by 20 ft. by 8ft. deep. The single round 
which breached the iron skin carried away a piece 
2 ft. 9in. by 1 ft,6in., the gap extending nearly 
down to the centre angle-iron ring. 

For coast defence Major Clarke is of opinion that 
the protected crest possesses some advantages, as 
the parapet is brought well under the chase of the 
gun, and degredation of the crest, due to blast, is 
averted ; whilst back action by flash or earth is pre- 
vented—although with long guns this action is not 
80 serious. 

In the fire from ships, crest hits will likely be 
rare. At Alexandria only eleven such hits occurred 
out of 1620 rounds. With the new type of guns the 
projectiles at moderate ranges arrive with so slight 
an angle of descent (and the question practically 
turns upon the angle of descent), that serious 
injury to the interior is hardly to be feared, and 
the danger to the crest decreases with the height of 
the battery, so that at a height of about 210 ft. the 
9.2 in. Mark III. gun would givea horizontal trajec- 
tory at about 2100 yards range, and a fall of only 
Gin. at 4800 yards. For all batteries at (say) 
100 ft. height and upwards, the cost of a protected 
crest appears to be unnecessary in the case of 
emplacements for long guns. On the other hand a 
crest of the form described would give complete pro- 
tection against hits from quick-firing guns at least 
up to 36-pounders, whilst a mere earth crest would 
suffer degredation. A crest of concrete unsup- 
ported by a ring would, if hit very close to its inner 
angle, distribute dangerous splinters. 

In land works, however, the case is different. 
They would be subject to both direct and high 
angle fire which ought to be fairly accurate, pro- 





vided careful observation can be made. But if in- 
visibility has been studied, the fire of the attack may 
be accurate in direction, and yet crest hits will only 
be obtained by the purest chance. On the other 
hand, if good observations of the fall of projectiles 
can be secured, the mortar should find useful em- 
ployment even if the horizontal target be small. 
The wrought-iron skin will not only give security 
against single crest hits from siege guns and 
howitzers, but also against splinters detached by 
lighter guns. 

It would seem then to be doubtful whether it is 
desirable to adopt the form of protected crests for 
coast batteries, but in land works cases may arise 
which would justify the expense. At the siege of 
Paris even the smooth bore mortars employed by 
the Germans were more feared in one case than the 
rifled guns.* Krupp’s 24 cm. rifled mortar, weigh- 
ing 1700 kg., fires a 136kg. shell, which, with a 
charge of 5.4 kg., andan elevation of 30 deg., gives 
3314 m. range ; the probable rectangle being 11 m. 
range by 50 cm. direction.t 

We next have to consider the result of the attack 
on the overhead shield, which in this case was of 
steel, and 16 ft. 6 in. diameter, and 1 in. thick. 
Here also two series of experiments were carried 
out. In the first (‘‘a,”) the attack was made by 
common shell, the gun, range, &c., being the same 
as in the corresponding instance before named. 
Thirty rounds were fired from the 8-in. howitzer, 
one striking the shield 1 ft. from its rear edge. 
The shell merely made a slight indent, ricochetted 
and burst on second graze. 

A single round fired from the 8-in. breechloading 
gun breached the crest, and, bursting on graze, one 
large splinter struck and dented the right rear 
upper surface of the shield, doing no real damage. 
The dummy gun was disabled. 

As Major Clarke points out, the howitzer shell 
struck the shield at its worst place. The shield 
may therefore be taken to have proved its invul- 
nerability from 8-in. howitzers with an angle of 
descent not greater than 7 deg. 44 min. Whether 
this shield would afford protection at larger angles 
of descent, and whether it would resist the heavier 
projectiles of a 24-cm. mortar, or what would be 
the effect of a melinite shell, are, as Major Clarke 
aptly states, questions remaining to be solved. 

Shrapnel and machine-gun attack (‘‘b”) was 
then tried against the shield. Fourteen shrapnel 
rounds were fired from the 8 in. breechloader 
gun at 2000 yards. Two rounds burst on graze and 
one after ricochet. Fifteen balls and one splinter 
struck some portion of the shield, one ball hit the 
dummy gun, one passed through the opening, and 
one struck a dummy on ricochet. The shrapnel 
practice was hopeless from the first, the angle of 
descent being 24 deg. on the rear and 10}deg. on 
the front. One thousand rounds were then fired 
from a one-barrel Gardner 0.45-in. machine gun, 
mounted on a field observatory 100 ft. high, at a 
range of 1000 yards. Twenty-seven bullets splashed 
on the shield, five hit the gun, four hit the iron 
skin of the crest, one hit the pedestal of the shield, 
one the mounting, and one the dummies, The 
field observatory was intended to represent the 
armed tops of a vessel. The observatory had a 
command of 91 ft. above the crest of the experi- 
mental gun—more than double the height that 
would be obtained by a ship’s tops above any 
probable battery emplacement. The results were 
also telephoned during the continuance of the firing, 
but even then only one dummy was hit. Under 
conditions more nearly representing those of real 
warfare, it is estimated that no damage would have 
been done, Indeed, before proceeding with the 
details of these experiments it would be as well to 
point out—and it is a fact of which Major Clarke 
elsewhere reminds us—that in siege experiments it 
is usual, in order to save expense, to obtain the 
hits with the least number of rounds. In making 
deductions from the data supplied, therefore, it 
should be remembered that in addition to the opera- 
tors being under no exciting influences due to an 
enemy’s fire, their work is facilitated in many ways 
that would not be admissible in ordinary warfare. In 
one particular, therefore, peace experiments may 
be regarded as affording absolute data. They show 
the worst; and what cannot be effected with a 
given number of rounds in experimental or sham 
warfare, will certainly not be effected in actual war- 
fare. If, for instance, at Inchkeith, all the machine 
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guns of H.M.S. Sultan, by firing 15,210 rounds 
under Wimbledon conditions, succeeded in hitting 
fifteen dummies which remained in a fixed position 
to be shot at ; then with clearly given disturbing 
elements of every kind, a machine gun in a boat 
would not be likely to keep a heavy gun silent, as 
had previously beensuggested. H.M.S. Hercules, 
at Portland, by firing 6939 rounds, succeeded, under 
similar conditions, in dropping but one bullet into 
the pit of a disappearing gun. 

To return to the experiments, we find the next 
operation was an attack on the Twydall casemates. 
The front of the redoubt was 50 ft. long, and the 
line of fire 65-deg. to the crest line. The gun used 
was an 8-in. rifle muzzle-loading howitzer. These 
experiments, like the others named, were divided 
into two series ‘‘a” and ‘‘ b.” In the former the 
range was 1600 yards, and acast-steel common shell 
with a burster of 25 lb. 14 0z. was used. The 
angle of descent was 26 deg. (charge 3} lb.) Thirty- 
two rounds were fired, three striking the covering 
mass of the casemates, and of these, two fell on the 
exterior slope where the effect was nil, and one on 
the top of the casemate, also without apparent 
result. In the ‘‘b” series the projectile was a cast- 
iron common shell with a burster of 18$1b. The 
range was 2100 yards and the angle of descent 
7 deg. 44 min. (114 lb. charge). Twenty-two rounds 
were fired, giving altogether ten hits on the cover- 
ing mass, of which seven were on the exterior slope, 
one on the superior slope, and two over the front 
wall of the casemate. The result was an irregular 
crater 3 ft. 3 in. deep at the crest. The best single 
crater was 16 ft. 6 in. by 16 ft. 3in. by 5 ft. 3 in. 
The shells, however, filled in the craters caused 
by those which preceded, and no really cumula- 
tive effect as regards depth of breech was obtained. 
One round striking at a horizontal distance of 10 ft. 
from the front wall of the casemate is stated to have 
cracked it and to have bent down the roof of iron 
rails about $in. Of thirty delay fuzes, thirteen 
gave blinds and the rest burst their shells with a 
delay varying from three-quarters to three seconds. 
Of twenty-four direct-action fuzes two were blind, 
and all the rest burst their shells on graze. 

These experiments are considered to have been 
very unsatisfactory from a scientific point of view. 
In the first place, the shooting was bad, and the 
practice took place on five non-consecutive days. 
The direct-action fuzes could only have produced 
any effect by defeating the purpose for which the 
were designed. Finally, the three shells which 
alone struck directly above the casemates and their 
front wall, all ricochetted and burst subsequently, 
doing no harm whatever. These experiments 
being of so imperfect a nature, it is impossible 
to form any very definite opinion from them; 
still, certain deductions of more or less value 
have been drawn. The official report says that : 
‘On the whole, the experiment appears to show 
that a large expenditure would be necessary before 
an effective breach could be made by powder-filled 
shells discharged from heavy siege-train howitzers ;” 
whilst Major Clarke concludes that if corrections 
be made to bring the experiments on a level with 
ordinary siege operations, then, in ordinary soil, 
works could be built in three weeks with casemate 
cover which it would be hopeless in war to attempt 
to breach with such siege ordnance as the 8-in. 
howitzer, although a 24-cm. Krupp mortar might 
give better individual results. 

We now come to the fourth series of the experi- 
ments undertaken with a view to show what pro- 
tection would be afforded against heavy splinters by 
steel plates employed at extemporised cover. Un- 
fortunately, the object of the experiments was not 
attained, as no heavy splinters did strike the plates. 
Out of 26 rounds, one direct hit was obtained on 
the front edge of one of the plates, which was 
thrown 17 yards in the rear. All the dummies 
were hit and the dummy gun shattered. Major 
Clarke considers that the question of utility of the 
steel plates reduces itself to a balance of probabili- 
ties. Plates will provide great protection against 
all shell which a sensible enemy is likely to try to 
burst in the air, and also against all long range rifle 
and machine gun fire. Against the common shell 
or long fused shrapnel of howitzers this overhead 
cover will merely enhance the danger. To planta 
shell in an emplacement which has been constructed 
with an eye to invisibility would, however, under 
siege conditions, require a large expenditure of 
ammunition. The plates used were }fin., ? in., 
4 in., and } in. respectively. 

The fifth series of experiments were to ascertain 
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the effect of back splinters. A number of rounds 
were fired from the 8-in. howitzer with steel 
common shell, Bursts were obtained 7 ft., 11 ft., 
and 14 ft. beyond the targets, but no splinter hits 
were recorded, although earth was thrown back. 
Shells were also burst on the ground, in the earth 
slope and in the shingle slope. In these cases 
shingle and earth were thrown back, but there were 
no splinter hits. The conclusion arrived at from 
these experiments was that the risk of injury from 
splinters thrown back is insignificant, but the earth 
thrown back, if not personally injurious, would in- 
convenience the working of breechloading guns. 
The disadvantage of shingle slope in this respect 
was clearly shown. Gun-cotton bursters gave no 
better results than powder, even when the condi- 
tions were favourable to the former. The effect of 
high explosives in breaking up shell into very small 
fragments is well known, but Major Clarke signili- 
cantly asks, Will melinite give better results? 

The remaining series of experiments were to find 
out the liability of filled shell to be fired by the 
splinters of shells burst near them. Nine-inch and 
64-pounder shells were arranged in piles, rows, 
circles, &c.; and shells filled with gunpowder or 
gun-cotton lying near, or in contact, were then 
exploded with varying results. The effect de- 
pended on the thickness of the walls of the target 
shell, for only one 9-in. shell burst. In this case 
five 9-in. shells were placed on their bases in a 
circle round an 8-in. shell. The latter was ex- 
ploded and all the five surrounding shell were 
dispersed, but apparently only broken up ; whilst 
the 9-in. shell, which was exploded, was lying ata 
distance of 7 ft. from the others with its head 
pointing towards them. It therefore was probably 
struck on the point. On the other hand the 64- 
pounder shell suffered more severely, being exploded 
at distances of 2ft. 6in. by a gun-cotton fired shell, 
and also at a distance of 5 ft. by both powder and 
gun-cotton filled shells. There was nothing to show 
that a gun-cotton burster, either in the fired or the 
target shell involved greater danger, neither did 
fused shell appear to be exposed to greater risk, 
unless the fuze itself were hit by a splinter. 

Some miscellaneous experiments of less impori- 
ance were also carried out, but for details of these 
we must refer our readers to Major Clarke’s excel- 
lent paper, to which, as we have already stated, we 
are indebted for the foregoing data, and wherein 
also may be found fuller details than our space has 
enabled us to give. 








GOLD IN NOVA SCOTIA. 

Gotp was discovered in Nova Scotia in 1860 in 
the Tangier district, and two years afterwards when 
the office of the Gold Commissioner was created, 
and returns were insisted upon by the Government, 
active operations were proceeding in eight different 
districts, spread over nearly ‘the whole entire pro- 
vince. The following Tables compiled from the 
annual returns made to the Department of Mines, 
show the operations since the inauguration of a re- 
gular system of returns : 























. Average 
Tons of Value at ;. 

Year. Quartz Yield 19.50 dols. a a 
Crushed. per Ounce. 2000 Ib 
oz. dwt. grs dols. dols. 
1862 6,473 7,275 8 O 141,871 21.91 
1868 17,000 13,971 13 17 272,448 16.02 
1864 21,431 20,017 18 13 390,349 18.11 
1865 24,421 25,454 8 22 496,357 20.32 
1866 32,157 25,208 18 2 491,491 15,28 
1867 81,384 27,310 18 11 532,563 16.96 
1868 32,259 20,541 6 10 400,555 12.41 
1869 85,144 17,868 0 19 348,427 9.91 
1870 30,824 19,866 5 6 kt 12.56 
1871 30,787 19,229 7 4 374,972 12.17 
1872 17,089 13,004 17 6 255,349 14,81 
1873 17,708 11,852 7 18 231,122 13.05 
1874 13,844 | 9,140 18 10 178,244 12.87 
1875 14,810 11,211 14 19 218,629 14.89 
1876 15,490 | 11,978 13 18 585 15.08 
1877 17,369 16,882 6 1 $29,205 19.01 
1878 17,989 12,577 1 22 245,253 13.63 
1879 15,936 13,760 8 21 268,328 16.83 
1880 138,997 18,221 18 22 257,823 18.42 
1881 16,556 10,756 18 2 209 755 12.66 
1882 21,081 14,107 3 20 275,090 13.04 
1883 25,954 15,446 9 23 301,207 11.60 
1884 25,186 | 16,079 14 10 313,554 12.44 
1885 28,890 22,208 12 20 432,971 14.98 
1886 29,010 23,362 5 15 455,564 15.70 
1887 $2,280 21,211 17 18 413,631 12.81 
| 685,069 433,627 10 14.45 


12 | 8,455,786 | 





Very little gold has been obtained in Nova Scotia 
from the washings of the alluvium of the rivers, 
as in British Columbia and other places, and all of 





the above, which is the total output of the province 
since 1864, has been obtained from crushing the 
quartz veins. The production of the different dis- 
tricts for the twenty-six years has been as under : 























Total —s : e 
Quantity e 
Districts. of Quartz) Total | Value, | per Ton 
Crushed, J of 

in Tons. 2000 Ib. 
oz. dols. dols. 
Caribou 23,647 17,606 | 343,317 14.56 
Montague .. 13,828 | 28,417 | 554,183 | 4007 
Oldham 33,528 34,059 | 664,153 19.80 
Renfrew .. 43, ,220 | 589,299 13.67 
Sherbrooke 161,355 /|118,869 |2,317,943 14.36 
Stormont .. 16,355 18,656 797 22.24 
Tangier 28,156 | 18,752 | 365,653 12.80 
Uniacke .. 31,920 18,216 | 355,209 11.12 
Waverley .. 88,953 | 53,159 /1,036,598 11.65 
Salmon River* 10,602 3,258 63,531 5.99 
Brook field* 1,691 1,418 27,652 16.31 
Whiteburn* P 1,004 2,305 44,960 41.09 
Lake Catcha* .. os 601 2,959 57,705 96.00 
Rawdon* .. - é 6,302 3,508 68,399 12.90 
Wine Harbour .. 38,944 | 27,288 | 532,112 13.66 
Darr’s Hill a 39,909 18,716 | 364,962 9.14 
Fifteen-Mile Stream 1,917 958 18,693 9.75 
Unproclaimed ; ve) 44,171 35,263 | 687,620 15.56 
| 585,069 |433,627 8,455,736 14.45 





The total number of mines at work in 1887 was 
twenty-eight, at which were twenty-four quartz 
mills, sixteen worked by steam and eight by water 
power. Montague, Waverley, Wine Harbour, and 
Darr’s Hill, all old-established districts, were not at 
work during the year, whilst Sherbrooke, the 
production of which heads the list, crushed only 
2413 tons during the year. The five districts 
marked *, including eight mines, were opened dur- 
ing the year, and at one of these, Lake Catcha, the 
highest yield of the year, 7 oz. 5 dwt. and 4 grains 
per ton was obtained, and the greatest average 
yield, 4 oz. 18 dwt. and 18 grs. on the whole 
amount crushed. Besides the above gold produc- 
tion, gold-bearing quartz to the value of 321,379 
dols. was exported from Nova Scotia. 








SOCIETY OF TELEGRAPH ENGINEERS 
AND ELECTRICIANS. 

THE annual general meeting of the above Society 
was held on Thursday the 13th ult., when Mr. 
Edmunds replied to the discussion on his paper read 
at the preceding meeting on a new system of elec- 
trical distribution. In his opening remarks, Mr. 
Edmunds said that he had carefully considered 
during the past three weeks the points raised by 
the various speakers, and had classified them, so 
that in his reply he would not answer the questions 
in the order in which they had been put. One ob- 
jection had been raised to the effect that the meter 
he proposed to employ did not treat the consumer 
fairly, as its correct action depended upon the 
current being maintained at 70 ampéres, and if 
it fell below this figure it was suggested that the 
consumer would be overcharged. This, however, 
could not occur, as the working of his meter was 
regulated by a solenoid which would not permit any- 
thing to be registered at all if the current fell below 
the standard, whilst any increase over 70 ampéres 
the consumer got free of charge. It had further 
been objected, with some show of reason, that it was 
not exactly fair to charge the consumer for what 
went into the cell, but this could be met by having 
a low charge per unit. This it was proposed to put 
at 6d. per unit. He wished to thank the speakers 
for their suggestions as to simplifying the distri- 
butor, as in considering their remarks since last 
meeting he had succeeded in reducing the number 
of contacts in this piece of apparatus from 32 
to 8, its dimensions, from 32 in. by 18 in. by 
9in. to 18in. by 12 in. by 7h in., and its cost 
from 251. to less than half that sum. What 
was still more important, the new machine was 
free from cams and springs. The absence of spark- 
ing was due to the fact that the circuit was never 
broken in changing the batteries. Owing to the 
method of working there was a complete absence 
of acid fumes from the batteries, which Mr. Recken- 
zaun suggested might tarnish the contacts. The 
cells were covered with a solid cake of paraftin 
wax. The hydrogen that came off was extremely 
little, as the cell was worked at a low voltage, and 
all acid fumes were condensed against the parafiin 
cover. It was an interesting fact that no gas 
was liberated, though they were working the whole 
twenty-four hours. In stating that a potential of 





2.25 volts was sufficient for ar the cell, he 
was speaking of an average potential, as it varied 





from time to time, the current, however, being 
constant. His definition of a charged cell for his 
system was not the same as the common one. The 
usual practice was to continue the charging till the 
potential rose to2.5. Hedid not. Starting with a 
discharged cell the potential after five hours would be 
2.2 volts, but on further charging rose rapidly. In 
making experiments with intermittent charging, he 
found that the electromotive force of a cell, just 
previous to insertion in the main circuit, was 
2 volts ; on connecting with main circuit it became 
2.1 volts, and in two minutes’ time, just before dis- 
connection, was 2.2 volts only. If the charging 
were continued beyond the two minutes, the cell 
would begin to gas, and the fictitious electromo- 
tive force, mentioned by Mr. Reckenzaun as due to 
the liberation of hydrogen, would occur. He ought 
to remind the meeting that he was speaking of a 
cell having a charge of about 300 ampére hours in 
it, before connection with the charging main. He 
had been asked why he ceased charging when the 
potential rose above the point he mentioned. His 
reason was that after a certain time the work done 
in charging the cell was not returned on discharging, 
but wasted in decomposing water, whilst on his 
plan no hydrogen was liberated. Mr. Bate had 
said that so far from the cost of distribution being 
diminished by the system proposed, it would be in- 
creased. Were this correct the speaker would not 
have been justified in bringing his proposals before 
the Society, but fortunately the reverse was the 
case, and he would give an estimate of the cost for 
an 8000 lamp plant. 

Suppose the potential required to be 2000 volts, 
this with a 70 ampére current would be 140,000 
watts, which could be supplied by six dynamos, each 
giving 400 volts by 70 ampéres, and each driven by 
a 50 horse-power engine. This would leave ample 
margin for a ten-mile circuit, which would necessi- 
tate an addition of 300 volts to the above, making 
2300 in all. Two spare engines and dynamos and 
one spare boiler would also be supplied. There 
would be 3100 cells at 112 distributing centres, 
each centre supplying 70 ampéres at 48 volts. 
From first-class contractors he learnt that eight 
dynamos and eight engines with four 100 horse- 
power boilers, stack, buildings, instruments, and 
ten miles of circuit, with fittings, wiring, and sun- 
dries included, would cost 12,0001. The batteries 
at the list price of 6/. each would cost 21,600/. 
One hundred and twelve distributors at 101. each 
would cost 1120/., and erection of batteries, say, 
1000/., or a total of 35,7207. But consumers 
would, in most cases, be asked to supply a room 
and pay for the fitting up of the cells, which 
would not then be charged to the supply company. 
Allowing 4 lb. of coal to the horse-power, this at 
240 horse-power for twenty-four hours at 20s. per 
ton, would come to 3756/. per annum. Oil and 
waste at 6s. 6d. per night would be 119]. per 
annum, and water at 1s. per 1000 gallons would 
be 3007. Wages would be, say, 1565/.; rent and 
taxes 500/., or a total annual cost of 62401. The 
revenue at 6d. a unit would be 841, aday, or 30,6601. 
per annum, but this would only hold if the light 
were used on an average of eight hours daily. For 
one hour a day the revenue would be 38321. 10s. ; 
for two hours, 7665l. ; for three hours, 11,4971. 10s. ; 
and for four hours, 15,3301. The last would 
probably be the average throughout the year. 
But this would only necessitate the station 
working twelve hours daily, and hence the working 
expenses would be reduced to 3500/. per annum, 
leaving a gross profit of 12,000/. Deducting 10 per 
cent. for depreciation of machinery, or 6001., 15 per 
cent. for depreciation of batteries, or 32401., there 
would remain a net profit of 7990I/., or 20 per cent. 
on a capital of 40,0001, This he thought was the 
most attractive feature of the system. Mr. Preece 
and Mr. Bate thought the method of engine driv- 
ing novel, but it worked very well, and they did 
not pay too high for its advantages in fuel, as by 
using a number cf engines no one was ever working 
at a very low speed. In practice they used 3 lb. of 
fuel per indicated horse-power. Professor Forbes 
had said that he was unacquainted with lamps worked 
at 2.5 watts per candle-power, and the speaker 
found he had made an error in saying that he had 
used such, for though the lamps lasted 1000 hours 
all right when driven as high as this, yet the globes 
rapidly blackened, and it had in consequence been 
found advisable to work at 2.75 watts per candle- 
power. Several objections had been made to the 
motor generator, but this was not an _ essential 
feature of the system, nevertheless he thought in 
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cases where there was a very heavy demand for a 
short time it would be prudent to employ it. 

At the conclusion of Mr. Edmunds’s reply, the 
President called on Mr. Preece, who had a motion 
to bring before the meeting. In response, Mr. 
Preece said that he was one of the original members 
of the Society, and had always taken a most active 
part in its proceedings. During its existence there 
had been several changes made in its rules, not all 
of which had been for the good of the Society. One 
change in particular had been detrimental, viz., 
that as to the selection of the Council itself. It 
would be open to all that the speaker had no per- 
sonal interest in the matter, as he had held every 
position of honour in the Society. It had been 
the custom for the outgoing Council to submit a 
list containing only as many names as there were 
positions to be filled on the Council, and the greatest 
care had been taken in the selection of these names. 
This worked very well, and was the custom fol- 
lowed by all other scientific societies with the sole 
exceptions of the Institutions of Civil and Me- 
chanical Engineers, where the practice has been to 
submit a longer list. Some time ago it was sug- 
gested that the members of the Society had not 
sufficient voice in the selection of their officers. 
The Council, who were always glad to receive 
suggestions from members, had not opposed 
it, and for two or three years had submitted 
lists containing many more names. This change, 
he was sorry to say, had worked very badly 
indeed. In the first place, men of eminence 
would not submit to a public competition, and the 
Council had on this account met with refusals from 
men whom the Society would have been proud to 
see as their officers. On the other hand, .t had 
been perfectly evident that two or three very pro- 
minent men indeed, and who had taken part in 
many of their discussions, had lost all interest in 
the Society on being rejected. The Society was 
rapidly increasing in numbers, and it was very 
desirable that all sections should be represented 
on the Council. Only a short time ago the Council 
had selected the names of two most eminent tele- 
graph engineers, but both absolutely declined to 
allow their names to appear on the list. The Insti- 
tution of Civil Engineers itself was considering the 
advisability of changing its system of election, and 
he therefore moved that the Society of Telegraph 
Engineers should revert to their old plan. 

This motion was seconded by Professor Forbes, 
who said that when the subject was brought before 
the Council at a recent meeting he had been of the 
opinion that no steps ought to be taken without 
consulting the Society, he therefore had great plea- 
sure in seconding the motion. 

Several members spoke on Mr. Preece’s proposal, 
the general opinion seeming to be that no action 
should be taken without the concurrence of the 
whole Society, and that the matter should be post- 
poned till the secretary had sent out and received 
replies to a circular describing Mr. Preece’s sugges- 
tions, and this proposal was finally adopted. 

The ballot for the new Council took place during 
the evening, Sir William Thomson being elected 
President for the ensuing year. 





THE WEATHER OF DECEMBER, 1888. 

Tuer weather of December has been very mild 
generally, very wet in Ireland, but rather dry in 
the east of England, where however there has been 
considerable fog, and the mildness has not been so 
pronounced as elsewhere. The mean pressure and 
temperature of the atmosphere at extreme positions 
of the British Islands, to which the Isle of Man is 
central, were as follows : 























5 Mean Difference |», Diff 
Positions, Pressure. |from Normal.|~* tore “|\from Normal. 
in. in. deg. e 
North od 29.66 below 0.03 44 above 4 
South | 29.96 se .02 48 mone 
West | 29.73 2 Pi} ' 47 pe 4 
East --| 29.97 above .10 41 -. ol 
Central a 29.85 below .01 45 ae 





The distribution of rainfall in amount and fre- 
quency may he inferred from the following results: 

















Difference 
Places. Rainy Days. Amount. itrom Normal. 
in. in, 
Sumburgh .. 25 3.45 below 0.88 
Scilly .. ée 24 4.14 above 0.04 
Valencia 26 8.67 o £06 
Yarmouth .. 15 1.26 below 1.69 











The daily general directions of the winds over 
these islands give a resultant from 8.S.W. ; the 
normal resultant being W. by S. The mean distri- 
bution of atmospherical preszure departed very 
little from the normal, but the excess in the east 
and the defect in the west account for the result- 
ant of the winds. The winds were chiefly from 
the S.W. quarter, with more than usual from the 
8.E., very few from N. W., and none from N.E. The 
prevalent winds account for the high mean tempera- 
ture and large rainfall in Ireland, and Great Britain, 
except the east of England, where they had more of a 
Continental character, and therefore brought less 
warmth and less moisture. The weather notations 
show clear days to have varied between 8 in east 
England and 4 in south England ; overcast days 
from 15 in Ireland to 11 in the Irish Sea. There 
was a good deal of fog and mist, especially in the 
east of England ; in the metropolis it prevailed on 
7 days. Ground frosts were frequent, and hoar- 
frost was noted on 12 mornings in the metropolis. 
Heavy daily rainfalls were reported at Roche’s 
Point, 0.95 in., on the 3rd; at Valencia, 1.21 in., 
on the 7th ; at Roche’s Point, 1.15 in., on the 11th ; 
and at the same place, 1.85 in. on the 22nd. 
Simultaneous differences of temperature exceeding 
20 deg. occurred, at 8 a.m., on the 9th, Jersey 
50 deg., Parsonstown 27 deg.; 10th, Valencia 
50 deg., Loughborough 26 deg.; 11th, Scilly 
52 deg., Oxford 25 deg. ; 12th, Valencia 51 deg., 
London 32 deg., Paris 23 deg.; 13th, Valencia 
52 deg., London 29 deg., Paris 23 deg.; 14th, 
Valencia 53 deg., York 27 deg. ; 16th, Scilly 48 deg., 
Parsonstown 26 deg., York 27 deg. ; 17th, Belmullet 
48 deg., Parsonstown 28 deg.; 18th, Roche’s Point 
49 deg., Cambridge 25 deg. ; 27th, Scilly 51 deg. ; 
Aberdeen 31 deg. ; 31st, Valencia 46 deg., Lough- 
borough 21 deg. The 9th and 10th were fine; 
15th, fine and foggy; 29th and 30th, fine ; and 
these were all colddays. The highest temperature, 
60 deg., was reported at Dublin on the 5th; the 
lowest, 16 deg., at Lairg, on the 30th. The 
greatest atmospherical pressure, 30.5, occurred on 
the 16th; the least, 28,6 in., on the 21st. Aurora 
was seen in north Scotland on the 10th and 14th. 
On the evening of the 21st a cyclonic centre 
appeared off the south of Ireland, and after moving 
northward for a time, changed its course to south- 
eastward and filled up over south-west England 
during the 23rd. During the four weeks ending the 
31st, the duration of bright sunshine, estimated in 
percentage of its possible amount, was for the 
United Kingdom 19, Channel Isles 29, south Ire- 
land 24, south-west, east, and north-east England 
22, south England and north Ireland 19, central 
England 16, east Scotland 14, north-west England 
12, west Scotland 11, north Scotland 9. 





NOTES. 
ASBESTOS IN CANADA. 

THE singular mineral known as asbestos was first 
mined as an article of commerce in Canada in 1878, 
and has now become a regular and rapidly de- 
veloping industry. It is now produced at ten 
different establishments at Thetford, Black Lake, 
Danville, and Coleraine, all situated in the eastern 
townships in the province of Quebec, and at one 
mine at Bridgewater in the province of Ontario. 
The shipments and the valuation at the mines have 
been since its first introduction as follows : 





Years, Tons of 2000 lb. Value in Dollars, 
1879 o. 300 19,500 
1880... 380 24,700 
1881 540 35,100 
1882 810 52,650 
1883 955 68,750 
1884 1,141 75,097 
1885 2,440 142,441 
1886 3,458 206,251 
1887 4,619 226,976 

‘ 14,643 851,465 


Of the amount returned for last year all but 400 
tons were from the Quebec Province mines, and of 
these Thetford turned out 2560 tons and Black 
Lake 950 tons, or together three-fourths of the 
whole output. The 400 tons from the province of 
Ontario were raised by Messrs. James and Taylor, 
of Bridgewater. This isa somewhat different article 
from the other, and is used principally for asbestos 
roofing. The bulk of the Quebec mineral is ex- 
ported to England, but the trade is steadily grow- 
ing, and new uses are constantly being discovered 
for which asbestos is required. One of the recent 
applications has been for a fireproof screen to let 


down in front of the stage in a theatre, the par- 
ticular value for this purpose being that it rolls up 
completely out of the way and out of sight, and 
may be instantly lowered in case of fire, thus form- 
ing a complete fireproof division between the 
audience and the portion of the theatre in which 
fires usually originate. As a protection for work- 
men engaged round furnaces and in dangerous 
proximity to fires or sparks, its use is slowly but 
certainly extending, and for fireproof paints, a 
covering material for wooden roofs and buildings, 
and other similar purposes, its application is a per- 
fect success. 
FLEXIBLE Founparions, 

The ordinary conception of a foundation is that 
its virtue is in exact proportion to its rigidity, and 
that the more unyielding it is, the belter it serves 
its purpose. And while this assumption may be 
true in supporting a heavy load, yet where ques- 
tions of impact enter, the ‘‘soft answer will turn 
away wrath,” as well in dynamics as in polemics. 
At a factory in the United States some bevelled 
gears which were used to change the direction of 
main shafting from one mill to another, were at 
the end of very heavy shafts, which ran in pillow 
blocks, simply bolted to an outcropping ledge, which 
was dressed to a level for the purpose of sustaining 
the foundations. Some of the teeth of these 
bevelled gears would break from time to time, and 
in a most unaccountable manner. The accident 
might be deferred for three months, or it might 
occur at any moment. Various expedients were 
tried, and finally that of taking up the pillow 
blocks and placing them on seats of raw hide which 
had been soaked in oil; these gave the bearings 
enough elasticity to prevent a concentration of 
shocks upon the teeth of the gear, and in that 
way acted as a buffer preventing the gears from 
committing a mechanical suicide. A steam engine, 
used to operate the dynamos for lighting an in- 
surance building in New York, gave a great deal 
of annoyance to the occupants by the jar which was 
transmitted throughout the building. It is sup- 
posed that the motion of the engine was in rhythm 
with the key-note of the building. The makers of 
several engines tried to solve the problem, which was 
at last achieved by one firm, who bolted the bed of 
their engine to a timber raft which rested upon a 
layer of hair felt such as is used for non-conducting 
coverings for steam pipes and boilers, but 14in. thick, 
This felt was placed upon the masonry foundation 
recently prepared for the engine, and surrounded 
by a heavy timber box which prevented its spread- 
ing. An engine used to operate the electric light 
plant in one of the principal hotels in New York 
City gave annoyance to the guests because, when it 
was in operation, beats could be heard all over the 
building, notwithstanding that the engine was 
situated in a tightly closed room in the basement. 
After various other expedients had failed, the doors 
to this room were taken down and replaced by 
double thicknesses of carpet fixed upon the frame- 
work. This served to break up the rhythm in 
such a way that the sound was not heard through- 
out the building. Sawdust has been used for 
foundations in many instances, and there are 
numerous towns in the United States which have 
been built up from small villages originally around 
a sawmill, and the sawdust from the mill has been 
used to fill up low places which have afterwards 
served as building lots. In course of time such 
filling becomes very compact, and does not appear 
to waste by decay. 


A SHort Execrric Karroap. 

La Lumiéve Electrique gives a most interesting 
account of a short line of railway constructed by 
the proprietor of the Burgenstock Hotel, Switzer- 
land, to convey passengers from the steamboat 
station on the Lake of the Four Cantons to the 
hotel, which is situated at a height of 2300 ft. above 
the level of the lake. The line, which is 3076 ft. 
long, and has an average slope of 53 per cent., is 
worked by rope traction, two cars being connected 
to the opposite ends of the same rope, so that as 
one comes up the other descends, the arrangement 
being similar to that so largely used in our mining 
districts. The distinguishing feature of the line, 
however, is the method of providing the power re- 
quired to overcome the friction of the ropes and 
any excess of weight in the ascending as compared 
with the descending car. Hydraulic power was 


not to be had at the site of the line, but more than 
sufficient was available at Ennerberg, some 2} miles 





away. At this place turbines have been erected 
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which drive two dynamos of 20,000 watts, each 
absorbing about 30 horse-power. The current is 
taken along a conductor over the hills to the upper 
station of the line, where two motors work, through 
spur gearing, the drum over which the car rope 
passes. The power to be given out is greatest at 
the commencement of the haul, as at this period 
the length of rope on the ascending side is many 
times greater than that on the descending, and no 
attempt has been made to equalise it by adopting 
conical drums. Hence at starting work has to be 
done at the rate of 40 horse-power, the rate becom- 
ing zero towards the end of the haul, when the 
descending line is longer than the ascending. As 
there is a considerable excess of power this has been 
employed for lighting purposes, a dynamo being 
fitted up in the motor room, and driven during the 
evening by a belt from the motor countershaft. In 
the daytime, during the intervals between the 
trains, the power is utilised for pumping purposes, 
water being raised from the foot of the mountain 
for the supply of the hotel. The installation as a 
whole has the very high efficiency of 76 per cent. 
When first erected some trouble was experienced 
during the summer from thunderstorms, the line 
being frequently struck and the insulation of the 
machinery damaged. This difficulty has, however, 
been got over by a pretty little device due to M. 
Thury, which consists in introducing on to the line 
bobbins wound with thick wire of very small resist- 
ance surrounding a core of soft iron wire. These 
bobbins offer practically no resistance to the passage 
of a continuous current; but their self-induction is 
an insuperable obstacle to the greater portion of the 
instantaneous discharge arising fromalightning flash. 
A small quantity does, however, get through, but on 
doing so meets with a branch leading to a condenser 
which prevents any increase in the potential 
sufticient to damage the machine. This device is 
said to have worked very successfully during last 
summer, when flashes have fallen in the neighbour- 
hood of the line ; but in one case when the line 
itself was struck by a very powerful flash the insula- 
tion of one of the machines was injured though not 
badly, the repairs being rapidly effected. 


GEORGE WESTINGHOUSE, JUN. 

Every one has heard the name of Westinghouse, 
and many people are aware that its most prominent 
owner, George Westinghouse, Jun., is one of the 
successful men of America, But very few in this 
country have any idea of the vast field over which 
his energy ranges, and of the immense area of 
engineering and manufacturing enterprise which he 
has created by his own personal effort, and which 
he continues to organise and control, ever striving 
after improvements, and maintaining the whole at 
the highest point of efliciency. The invention of 
the Westinghouse brake alone would rank its 
author among the foremost mechanics of the day, 
while its introduction among the conservative 
railway companies of Europe was an achievement 
of no mean order. In America this brake has 
given rise to a very large manufacturing busi- 
ness, worked by the Westinghouse Air Brake Com- 
pany, with George Westinghouse, Jun., for its 
president. But this absorbs only a very small 
amount of the energy of this indefatigable man. 
The introduction of natural gas into Pittsburg was 
entirely due to him, and has worked a greater 
economy than ever crimsoned the day dreams of 
the most sanguine inventor. The present con- 
sumption is 500 million cubic feet, equal to 25,000 
tons of coal per day, or 74 million tons a year. 
This amount is supplied by the Philadelphia Com- 
pany, of which Mr. Westinghouse is president, as 

e is also of the Fuel Gas and Electric Engineering 
Company, which undertakes the manufacture of 
coal gas plants. Mr. Westinghouse’s latest achieve- 
ment has been in connection with the electric light. 
Little more than three years ago he perceived the 
great value of the transformer system, while pro- 
fessional electricians were turning the cold shoulder 
on its inventors, Messrs. Gaulard and Gibbs, and 
in a few months he brought it to practical perfec- 
tion. He elaborated a number of plants of various 
sizes, suited for villages, towns, and cities, and then 
he pushed their sale with a rapidity which appears 
marvellous, even in America. In twoyears he has sold 
117 central station plants, with a generating capacity 
of 318,560 lamps of 10-candle power, in addition to 
70 isolated direct-current plants of a capacity of 
35,536 lamps of 10 candle-power. Besides these 
three enormous undertakings, which were conceived 
and created by Mr. Westinghouse, there are many 





others in which he takes a very active part. He is 
president of the Union Switch and Signal Com- 
pany, which works under his patents to a great 
extent; of the Westinghouse Machine Company, 
which manufactures the Westinghouse high-speed 
engine ; of the Standard Underground Cable Com- 
pany, which produces the Waring cables ; and of the 
Standard Car Heating and Ventilating Company. 
Besides these he is associated in friendly relations 
with the Marr Construction and Investment Com- 
pany, the Keystone Construction Company, Messrs. 
Mucklé, Jun., and Co., the D. A. Tompkins Com- 
pany, and Messrs. Westinghouse, Church, Kerr, 
and Co. It is difficult to understand how one man 
can find the time to give even a passing attention 
to all these concerns, and yet the subject of our 
sketch not only does this, but is also the chief 
creating and organising member of several of them. 





PACKING MACHINERY FOR SHIPMENT. 
To THE EDITOR OF ENGINEERING. 

S1r,—During wanderings in the East during the past 
twelve months I have been much struck by the frequency 
with which machinery and hardware from England arrives 
abroad in a more or less damaged state, comparing un- 
favourably in this respect with the better packed goods 
of America, Germany, and France, and thereby assisting 
their competition with us. 

The primary cause, no doubt, is the extreme brutality 
with which goods are treated on board of British steamers. 
The ship’s interests alone are studied and not the shipper’s. 
A bill of lading is adocument of which the meaning is 
that, on B’s paying so much, A’s ship will convey B’s 
goods to their destination, always provided she finds it 
convenient to go there, and that she will deliver them in 
such condition as they may happen to be in. Shipowners 
are a powerful and united body; shippers, though 
powerful, are not united, and consequently the shipowner 
treats cargo in a manner which no common carrier by land 
can do with impunity. 

Ihave recently seen a cargo of large cast-iron water- 
pipes delivered of which 55 per cent. were fractured, 
and on complaint being made of manifest bad stowage 
the captain and owners simply produced the bill, stating 
‘no responsibility for castings.” 

A short time since I sawa bedplate casting of a massive 
description, of which one corner, 22 in. in section, had 
been sheared right off by some heavy weight being 
allowed to fall on it. The fracture was fresh and showed 
not a sign of oxidation, and had clearly been done 
within the previous few hours, during the discharge of 
the ship, but the captain swore it had taken place three or 
four weeks before in a gale off Ceylon, when some cargo 
had shifted, although it was obvious that in the steamy hot 
climate of the Indian Ocean oxidation would have set in 
at once. However, he extended a protest at the consulate 
and went off scot-free. This is a favourite device of skip- 
pers, whose cargo has got damaged through bad stowage 
or other causes, as they are certain to have had some bad 
weather between England and the East, they are always 
able to ‘‘ extend a protest,” as it is called, and so relieve 
themselves and their owners at the shipper’s expense. 

Again, I saw the drum of a large winch smashed into 
smithereens by some violent usage, but no redress 
was afforded on the ground that it bad been shipped 
‘* unprotected,” although it is so well known that heavy 
castings require no packing and are perfectly safe under 
all fair usage. 

I might multiply instance after instance of the siraply 
shameful manner in which valuable goods are destroyed 
with impunity under British shipping laws, but my object 
is rather to point out that the packing of machinery is 
often very inadequate, especially when it is known how 
severe is the treatment on board ship. French and Ger- 
man goods are much better packed and everything is 
clearly and well marked for erection abroad—instructions 
for erection and working are usually given also; the Eng- 
lish maker leaves the ultimate buyer abroad to his own 
devices as regards this. American packing is admirable 
also; bright surfaces are protected by paint or grease, 
and delicate parts come in tin-lined cases. Quite fragile 
castings, such as large stoves, are delivered in perfect 
safety owing to the admirable packing. 

On the other hand, our manufacturers, instead of em- 
ploying competent packers, and giving them careful super- 
intendence, turn over beautifully finished machinery to 
rough joiners who lvmp things anyhow into a box and 
leave them to dance a jig all the way. Instead of the 
heavy pieces being properly chocked or partitioned off, 
they are often left quite free in a case by no means full, 
to play the mischief with everything else. Only last 
week I saw some machinery of which certainly three-fifths 
was destroyed from this cause. 

As the old saw has it, *‘ Fas est ab hoste doceri,” but it 
is better to learn from an enemy than not at all, and 
unless we do learn to pack and deliver our goods better 
and to study the tastes and requirements of our cus- 
tomers more, we shall certainly see a lot of our business 
pass into the hands of rivals who profit by our mistakes, 


Yours obediently, 
Japan, November, 1888, 


En VEDETTE. 
THE LOCOMOTIVE QUESTION IN NEW 
SOUTH WALES. 
To THE EpiTor oF ENGINEERING. 
Srr,—Your leader in ENGINEERING of December 14 
disposes, as it seems to me, of the main issue raised by 
**Colonial’s” letter on this subject, while he maintains, I 








observe, a discreet silence in reference to other comments 
that have already been made on his letter. That being 
so, one might very well let the matter pass, in so far, 
at all events, as ‘‘Colonial” and his arguments are 
concerned. 

The revival of the subject by ‘‘ Colonial’s” communica- 
tion presents, however, an occasion—even apart from what 
is due to Mr. Scott, on the one hand, and the locomotive 
manufacturers in this country on the other—for laying 
before your readers several points of interest and im- 
portance in connection with this much debated question 
of English and American locomotives in the Australian 
colonies, as throwing light upon the manner in which 
these matters are manipulated at the antipodes. What- 
ever ‘* Colonial’s intention in reopening this question ma 
have been, the fact remains that the element of Englis 
versus American locomotives was mainly—though not 

thaps solely—at the bottom of the attack made on 

r. Scott and the engines he specified, as responsible 
head of the New South Wales locomotive department. 

** Colonial” tries hard, no doubt, to limit the question 
to the merits of the two engines that were put a 
the pretence of a “trial” on a portion of railway specially 
limited in length to suit the advocates of the American 
engine. But unless “Colonial” is only very partially 
informed on the question he has taken in hand—‘“ some- 
what unwisely,” as I agree with him in thinking, for the 
cause of American locomotives, at all events—he must 
know that the performance of these two engines was, 
after all, but a secondary incident in the much larger ques- 
tion, touching the placing of the order for the forty (odd) 
locomotives for which tenders had been invited in this 
and other countries by the predecessors of the Govern- 
ment, the final settlement of which reflected so little 
credit on the Government. 

In dealing with this matter my desire is, and will be 
throughout, to avoid, so far as the essentials of the case 
allow of it, all that is purely personal in the question, and 
to treat it in the judicial and unbiassed spirit which its 
importance demands and its inherent merits undoubtedly 
admit of. But to enable your readers to form their own 
conclusions as to the extent to which not alone political 
interests, but even ministerial bias and personal prejudice 
influenced—unconsciously, it may have been, even to the 
parties most nearly concerned—the settlement of the 
question, it is only right, in view of ‘‘ Colonial’s” letter, to 
state, in the first place, that prior to Mr. Midelton being 
called in by the Siete for Works to give an opinion on 
the recommendations of the locomotive engineer, Mr. 
Midelton had been in a position subordinate to Mr. Scott 
in the locomotive branch, from which position he had been 
removed to the Sydney tramways, only shortly before he 
was summoned by the minister to advise in the matter— 
= minister himself having been then but a few weeks in 
office. 

Secondly, that the minister who, in these circum- 
stances, called in Mr. Midelton to advise, had himself, 
when in office a few years previously, been ‘‘instru- 
mental”—as he states in the published papers—“ in in- 
troducing to the department” one of the two makes of 
American locomotives recommended for repetition by 
al Midelton in lieu of the engines specified by Mr. 

cott. 

Thirdly, that the other American locomotives recom- 
mended for repetition by Mr. Midleton, in lieu of the so- 
called ‘‘ Vulcan” engines specified by Mr. Scott, had been 
supplied by the same American firm that supplied the 
other engines, and were substantially of their pattern, 
although ogg | been modified in a few minor details (as 
for instance in having solid bushed connecting-rods and 
single slide bars), they were claimed by Mr. Midelton as 
his design, and published to the world, as “‘ the Midelton 
engine.’ 

n connection with this part of the case, it is deserving 
of note that, in both instances, these American engines 
were supplied without competition—the price paid by the 
department being, as the papers show, respectively 29001. 
and 2600/. each delivered f.o.b, at New York. To these 
handsome prices must be added at least 400/. per engine 
for freight, delivery, and erection in Sydney, making a 
total of 33007. and 30007. each respectively, while engines 
of equal, if not of greater power than the so-called 
‘* Midelton” engines, and of more substantial construction 
and made in accordonce with specification, of more costly 
material for the fireboxes, tubes, &c., than the American 
engines, were being supplied from this country in steam 
on the railway at Sydney, and subject to a trial mileage 
of 2000 miles, at prices not exceeding—as I am assured 
on indisputable authority —from 2500/. to 27501. per 
engine. 

n view of these facts, it is manifestly absurd of ‘‘ Colo- 
nial” to suggest that the question with which, in its later 
phases, the names of Messrs. Scott and Midelton have 
been somewhat prominently associated, was approached 
in a dispassionate spirit, or discussed and settled on its 
merits. But if anything further were required to show 
the spirit in which the matter was conducted by those in 
official capacity, it will be found in the complaint made 
by Mr. Scott in the following paragraph from a minute 
addressed by him to the Minister for Works, under date 
of May 12, 1887, which you will perhaps allow me, in 
justice to Mr. Scott, to quote in extenso. Mr. Scott 
says: “‘In referring to the minute of the Honourable 
the Minister for Works, and his decision respecting 
the additional locomotives required by the depart- 
ment, and the strictures on my recommendations 
made by the superintendent of tramway rolling stock, 
which have been accepted and indorsed by the minister, 
I would respectfully point out that the perusal of such 
has given me no small degree of pain, as the action taken 
practically implies a want of confidence in my ability to 
fulfil the important duties devolving upon me as locomo- 
tive engineer of the New South Wales railways. 
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** Without any desire to enter into a controversy with 
the gentleman’s opinions, which appear to have guided the 
minister in his action on this occasion, or even to refer to 
any of the circumstances of the past which led to that 
gentleman’s services being severed from the railway de- 
nartment of the colony, I respectfully submit that in 
justice to myself, considering my past career in the de- 
partment for over thirty-one Fase coupled with the fact 
that the honourable position I now hold has been attained 
by untiring energy and ability displayed while filling 
subordinate positions to my present one, it would have 

n only an act of justice if, before such documents had 
been made public, the minister had submitted such to me 
and requested that I would reply to them.” 

Unwarrantable as the treatment to which Mr. Scott 
was subjected appears, from the foregoing paragraphs, to 
have been, the treatment brought to light in the succeed- 
ing paragraph in Mr. Scott’s minute is even more astonish- 
ing still, It runs as follows: ‘* The first intimation I 
had concerning this matter was from the columns of the 
public press ; and considering the minister’s action, with- 
out reference in any form to me, it forces the conclusion 
that any explanation I may offer will not in any way have 
the effect of altering his decision. Still, I trust I shall 
not be considered as exceeding my duty in explaining such 
action, even now that the question has been decided.” 

Having now, as I think, sufficiently indicated the spirit 
in which a question of such importance for the well-being 
of therailway department of the colony was approached 
by those in authority, I shall proceed to deal with the 
more important details of the subject, but must defer 
doing so for a subsequent letter. 

Yours truly, 

December 17, 1888. J USTICTIA, 





To THE EpiTor oF ENGINEERING. 

Srr,—Whilst thanking you for the courtesy and con- 
sideration shown in giving place to my former letter in 
which I gave the facts of this business, as stated in the 
minutes of the Legislative Assembly, I felt some surprise 
at the article of the 14th inst., which, though powerfully 
written, lost much of its force in consequence of protest- 
ing too much. I willingly admit the restricted view I 
took of the case, for in deviating into other parts of a 
political and trade character, I should have been relin- 
quishing the platform of the whole question, and have 
merited reproof for such indulgence. Although, as you 
say, I have entirely misconceived the purpose of your 
commen‘s on this question, I am satisfied that I have at 
least attempted a vindication of a gentleman, who by a 
delicacy on your part, which at the least is highly com- 
mendable, was only mentioned by his official status. Yet 
I feel sure he would have much preferred an open recog- 
nition by name to challenge the strictest scrutiny. Your 
very remarks on the subject show the impossibility of 
abstaining from introducing a personal element into this 
matter, for although protesting indifference of any in- 
terest inthe merits or demerits of the engines or gentle- 
men in question you are still unable to steer clear of the 
Scyllacf one or the Charybdis of the other, as is in- 
stanced by your previous remarks, and also last week’s 
reference. In yours of March 30 last, you say that ‘‘the 
portion of the line to which the so-called trial of the 
engines was limited by the arbitrary decision of the Minis- 
ter for Works was specially favourable to the engine of 
Mr. Midelton.” Of course opinions differ in railway 
practice, but it is highly questionable to design engines to 
creep up banks and thunder down them. Again, re- 
ferring to the minutes of the Legislative Assembly, page 
32, paragraph 4 of Mr. Midelton’s letter in which he 
writes as follows : 

‘*T am not at all particular where the trials take place, 
any part of the New South Wales line will suit me, but I 
thought I would stipulate the worst case I could think of 
and do the work expeditiously and cheaply. I willingly 
consent to run to Bathurst, but four days will be occupied 
instead of two. If Mr. Scott wants to test speed I will 
undertake to haul a greater load than his engine can and 
at a higher speed.” So much for Mr. Midelton. 

Now I must beg pardon for a momentary digression and 
withhold myself the trouble of inflicting a larger letter on 
your valuable space. 

Ministries represent and carry out when so willed the 
most opposite and contradictory policies (to wit, in this 
country, even to the revoking of guarantees), but why Mr. 
Midelton should be especially impounded and held re- 
sponsible for such I know not, for if called upon as an 
expert to give professional advice, he was bound to do it 
whatever his position, ‘‘ irresponsible officer,” ‘‘ chief,” or 
** locum tenens,” and in doing so was not expected to draw 
“ad libitum” from any particular fount or consult any 
particular interests. I can only regret that the writer of 
the letter you speak of in the columns of the Sydney 
Evening News of October 27, 1887, is not in a position to 
enter the arena himself, and not thus unknowingly have 
to rely on such weak and ‘‘ vicarious” aid as can be given 
by his friends, Thanking you in anticipation for the 
privilege of space. 

COLONIAL. 





COLLAPSING PRESSURE OF BOILER 
FLUES. 


To THE EpiTor oF ENGINEERING. 

Srr,—I have been looking over Sir W. Fairbairn’s expe- 
timents on the resistance of tubes to collapse, and as 
there may be some details of them which are amongst 
things not generally known, and as there may still be 
some interest taken in the subject, I append the par- 
ticulars in the Tables I. and II. herewith, omitting such 
a3 are merely exceptional. 

The experiments were chiefly made on tubes 4 in. t> 
12 in. in diameter #, in. thick, and of various short 





lengths, which were put under compression by the pres- 
sure of cold water in a cylindrical chamber provided with 
a Smith and a Scheffer pressure gauge and with a safety 
valve loaded with dead weights. In 1850 the gauges of 
these makers were of different construction to that of those 
now sold by each, and I think there is considerable room for 
doubt if the early gauges could be relied upon under 
pressures above 200 ib. per square inch; that the safety 
valve was quite worthless for the purpose of accurate 
experiments I have not the slightest doubt. 


TaBLE I.—Collapsing Pressures of Tubes .043 in. Thick. 























i 2. 8. 4. a oe” 7. 
Collapsing 
Number A | Pressure | Dia- | 10:000 L 
aie Bas Length. |in Pounds — x! Number = 
. | ngth. | 
ment Persquare|Length. Toot 
in. in. | 
30 4 15 147 60 | 167 3.75 
1 4 19 170 76 131 4.75 
2 4 19 137 76 | #131 4.75 
6 4 20 140 80 | 125 5,0 
29 4 30 93 120 | 83 7.5 
4 4 88 65 152 65 9.5 
3 4 40 65 160 | 62 10.0 
5 4 60 43 240 | 42 15.0 
27 4 60 47 240 42 15.0 
8 6 29 47 174 58 4.83 
7 6 30 48 180 56 5.0 
10 6 30 62 180 56 5.0 
11 6 80 65 180 56 5.0 
9 8 59 32 334 30 9.83 
13 8 30 39 240 42 3.75 
26 8 30 36 240 42 3.75 
14 8 89 32 312 32 4.87 
15 8 40 31 320 31 5.0 
25 8 60 22 480 21 7.5 
17 10 30 83 800 33 3.0 
16 10 50 19 500 | 20 5.0 
20 12 30 22 360 28 2.5 
19 12 60 12.5 720 14 5.0 
18 12.2 68.5 11 713 14 4.8 
1408 | 1381 
| ' 

















Column 6 is the quotient of the constant 10,000 divided 
by the product of length by diameter, 

Column 7 is the ratio of length to diameter. 

Columns 5, 6, and 7 have been calculated by me. 

As the sums of columns 4 and 6 are nearly equal it 
would appear that the method of calculating column 6 
furnishes fair average results, and that the collapsing 
pressure is inversely proportional to the length, but it 
seems to be now recognised by many engineers that this 
assumption is not correct for very long flues. Although 
this was considered to be a fair deduction from the experi- 
ments it will be seen that they were nearly all made on 
short tubes; and it is self-evident that the influence of 
length grows less as the length is increased, until it ceases 
to affect the collapsing pressure at all. So far as the pres- 
sure decreases regularly with increase of length, it follows 
that when tubes, which have the same proportion of length 
to diameter are compared, that the strengths are inversely 
a3 the squares of the diameters, and the same law applies 
when the lengths are great. 

It also appears from inspection of the Table that the 
strengths of short flues are not proportional to the square 
root of the length, as has been suggested lately. 


Tase II.—Collapsing Pressures of Tubes of Vurious 
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33 | 144%) 60 129} 125 1142) 29 | 10.9) 224 
| \. | 
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Average, 2.08, 





Experiment 24 was on an exceptional butt-jointed 
tube. 
Column 6 is the pressure, calculated as in column 6 of 
Table I., at which the tube would have collapsed if 
.043 in. thick. 

Column 7 is the ratio of thickness to that in Table I., or 
T+.043 in. 

Column 8 is the ratio of pressures in column 5 to those 
in column 6, 

Column 9 is the powers to which the ratios of the thick- 
ness in column 7 would have to be raised to make them 
equal to the ratios of the pressures in column 8. 

Sir W. Fairbairn follows a different method with 
nearly the same results. He first compares the average 
of Table I. with experiment 22, from which he gets a 
power of 2.23; then 33, with 22 getting a power of 2.14; 
aud then 24 with the average of Table I. obtaining a 
power of 2.16. He takes the average of these three 
powers 2.19 (it should be 2.18), and concludes that the 
strength of a flue to resist collapse is as the 219 power 


show that the pressure in No. 22 is so abnormally high 
that it ought to have excited suspicion, and yet the whoie 
result of these experiments and the most important factor 
in his formula are based on this single experiment, No. 22, 
on an evident error, which he uses twice (in only three 
calculations), and on another comparison which he ought 
not to have used at all, as No. 24 is an exceptional 
experiment on a butt-jointed tube. Taking the average 
of column 9, the power only exceeds the square by 
an amount which would be more than accounted for 
if experiment No. 22 were corrected, so that I maintain 
that the square should be taken as the correct power of 
the thickness. 

There is no apparent reason why Sir W. Fairbairn 
should have selected the three experiments which give the 
highest results, nor why he should not have taken the 
average of the whole of them. 

Sir W. Fairbairn then divides the constant 820 (that is, 
10,000 approximately divided by 12, because he takes the 
lengths in feet) by the 2.19 power of .043, by which he 
obtains his well-known constant of 806,300. If he had 
divided by the square of .043 he would have obtained as 
a constant 443,483, so great is the difference between the 
square and the 2.19 power of .043. The effect of intro- 
ducing the larger number into his formula has been to 
make it appear that flues are nearly twice as strong as a 
correct calculation would, and the error is aggravated by 
his subsequent statement that there is very little differ- 
ence between the square and the 2.19 power. Conse- 
quently engineers have gone on multiplying this 
exaggerated constant by a large fraction (the square of 
the thickness), instead of by a small one (the 2.19 power 
of thickness), thus getting widely out of their reckoning 
of the real collapsing pressure. 

806,300 ¢2 
DL 


It will be remembered his formula is p= 28 
and D being in inches and L in feet. 

Sir W. Fairbairn gives as an illustration a flue 3ft. in 
diameter, 10 ft. long, 4in. thick, the collapsing pressure 
of which, when the 2.19 power of the thickness is used, 
is 5021b. (I make it 491), and when the square of the 
thickness is used the pressure is 5601b., which he thinks 
an unimportant increase on 502, but if he had taken a thin 
flue .043 in. thick he would have found that to multiply 
by the square instead of by the 2.19 power is to reckon 
the flue as capable of bearing nearly double the pressure 
obtained by using the latter power. 

The square of $ is }, the square of 4 is 7,; the effect of 
raising a fraction to any power is proportionately much 
greater when the fraction is small than when large, so 
that it was very unfortunate Sir W. Fairbairn should 
have fixed his constant by means of a small fraction and 
then used a Jarge fraction, 4, as an example of the slight 
difference produced by an apparently small difference in 
the power. 

He is entitled, so far as I know, to the credit of having 
made the only systematic experiments on this subject. 

You published a letter from me a year ago, and another 
several months after, in which I proposed a formula for 
calculating the strength of boiler flues, which is p= ve 
when the length is at least seven times the diameter ; ¢ 
being the thickness in sixteenths of an inch and D the dia- 
meter in feet. Flues shorter than seven diameters long are 
proportionately stronger than those of that length. The 
strength then varying inversely as the length, as in Fair- 
bairn’s formula. For comparison I have converted the 
units of measurement to the same as Sir W. Fairbairn’s, 
and my formula then stands thus, p= “eo for lengths 
up to 7 diameters long, in which ¢ and D are in inches, 
and Lin feet. or longer flues the pressure would be the 
same as for a flue 7 diameters long. When allowance is 
made for the difference between the strength of a heated 
flue and that of a cold one, it will be seen there is not 
much discrepancy between this constant and the one 
(443,483) Sic W. Fairbairn would have obtained if he had 
divided 820 by the square of .043 instead of by the 2.19 
power of that number. 

In boilers that have been some time in use it is very 
important that the minimum thickness should be ascer- 
tained and used in the calculation. 

Yours truly, 
W. I. Extis, Mem. Inst. C.E. 

Manchester, December 31, 1888, 








ECONOMY IN THE TRANSMISSION OF 
POWER. 
To THE EpiTor or ENGINEERING. 

S1r,—In these days of small profits and keen competi- 
tion the writer has often thought that it is not at all 
generally realised how important a part the machinery 
used. for the transmission of power plays in the general 
economy of manufacturing establishments. Any power 
consumed by shafting beyond the small amount necessary 
to overcome friction in well-designed, truly erected, and 
properly lubricated bearings, is absolutely wasted ; yet 
people willlook closely enough into the economy of perform- 
ance of the engine or machines they are going to buy, but 
will almost entirely overlook the claims of the machinery 
by which power is transmitted from the engine to the 
machines. We believe that this neglect is mainly owing 
to failing to realise the magnitude of the loss they incur, 

The result of a considerable number of experiments 
goes to prove thatthe power absorbed in driving shafting 
in factories varies from one-tenth to one-fifth of the whole 
power exerted by the engine. Surely, taking it even at 
ite lowest, it is an item well worthy of attention. If i¢ 
be possible (and we think we can show that it is) to save 





of the thickness of plate. Inspection of Table IL. will 


half of this amount, that would mean a saving of five 
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per cent. in the cost of the motive power required to 
drive a factory—a saving of five per cent. in the yearly 
coal bill. Now shafting absorbs power in consequence 
of friction in the bearings; and this friction is propor- 
tional to the weight of the shaft and pulleys, and the 
diameter, fitting, and lubrication of the bearings. 

Let us take an example for the sake of showing clearly 
the saving to be made by using steel instead of iron for 
shafting. Let us imagine that a man is going to put upa 
wrought-iron shaft of 24 in. in diameter to make 150 revo- 
lutions per minute, which would be an average size and 
speed. The power in foot-pounds per minute required to 
turn this shaft per foot of its length (taking the coefficient 
of friction at .06) would be 96 foot-pounds. Suppose we 
suggest to this man that he use steel instead of iron 
shafting. It will be found that a 2 in. shaft of steel can 
replace, so far as strength is concerned, the iron one of 
23 in., and thefriction per foot of this steel shaft will only 
amount to 49 foot-pounds, leaving on the size alone a 
saving of almost 50 per cent. in the power required for 
driving the shaft; and this saving takes place daily so 
long as the shaft rune. We have now to see whether 
this daily saving is counterbalanced by a higher first cost. 

One foot of 24 in. iron shafting weighs 16.4 lb., and at 

4d., costs 2s, 0§d. We assume this price, which is not 
far from the mark, but it is of no consequence what price 
we assume for iron, because we will put the price for steel 
just 50 per cent. higher, which expresses their relative 
valus in the market at the present time. 

One foot of 2 in. steel weighs 10.5 lb., and at 2}d., costs 
1s. 114d. So that the steel is actually somewhat cheaper 
in first cost ; while the daily saving by its use is very con- 
siderable, In the calculation for the power required to 
drive a shaft, the weight carried by each bearing is a 
factor, and though in the calculation made above we took 
the weight of 1 ft. of shaft only as being proportional, 
yet in so doing I erred on the side of under-estimating 
the opportunities of gain; for besides the shafting itself 


the bearings have also to carry the weight of the couplings | po, 


So far as the weight of the couplings is con- 
cerned no great saving can be made by using any parti- 
cular style, though the kind I would wren. tof as far 
the most convenient and economical, viz., Seller’s com- 
pression couplings, are somewhat lighter than ordinary 
flange “g-gn But when we come to pulleys we find it 
possible to effect a very considerable saving by using 
wrought iron instead of cast. No doubt wrought-iron 
pulleys are now very largely used, but still I venture to 
think not so largely as they might be if the saving atten- 
dant on their use were more generally appreciated. It 
may be taken (and the estimate is ~— | on the safe side) 
that an average wrought-iron pulley is 33 per cent. 
lighter than an average cast-iron pulley, and therefore a 
saving of the friction caused by the carried weight may be 
made to that extent. But beyond the size of the shafting 
and the weight of the pulleys a most important saving in 
friction can be made by the use of proper bearings. The 
usual type of bearing is short and rigid, that is, they are 
made in a style entirely opposed to what experience 
shows they should be made. I think no one will deny 
that along bearing (within reasonable limits) runs freer 
and better than a short one ; the very fact ofa less weight 
to be carried per square inch of bearing surface insures 
the existence of a full film of oil between bearing and 
journal which is so necessary to free running. But rigid 
bearings cannot be made long. The friction, which is 
already far greater than it ought to be, owing to the 


and pulleys. 


rigidity of the bearing, would soon rise to a prohibitive 
extent. Therefore because bearings are rigid we have 
been obliged to be content to have them short. Buta de- 


sign for bearings has been in existence for many years 
now which entirely obviates both these defects. te is of 
American origin, but why it has not been more largely 
adopted here is astonishing. I allude to the adjustable 
ball-and-socket bearings, a design which seems to me to 
— all the virtues and novices. Speaking practically, 

believe it to be impossible to erect a line of rigid bear- 
ings perfectly in line with one another in every way 
throughout the length of each one of them, nor if so 
erected would they long remainso. Again, speaking prac- 
tically, no line of shafting is ever perfectly straight when 
put up, nor if it were would it long remain so. Yet the 
more or less crooked shafting is expected to run in the 
more or less out-of-line bearings. It does so, but at the 
expense of a largo useless expenditure of driving power. 
With adjustable ball-and-socket bearings, however, the 
case is far otherwise ; they can easily be erected in one- 
quarter of the time it takes to erect rigid bearings, and 
they can be set so that the centres of the balls (which are 
at the centres of the bearings) are exactly in line from end 
to end. If at any time a settlement takes place they can 
be elevated to line ina very few minutes. The pedestal 
(or hanger) having been so set, the bearing eee, which 
can be made any length desired, adapts itself instantly to 
the shaft, which takes a full bearing therein. From all 
motion bodily upwards or downwards or sideways the 
shaft is effectually stayed as though in a rigid bearing, 
while to all the little sinuosities of movement conse- 
quent on deficiency in perfect straightness and align- 
ment, the bearings yield instantly, and so reduce fric- 
tion to a very large extent indeed. I am not aware 
that any exact tests of the saving effected by these 
bearings have been published, but from my own prac- 
tical experience in erecting both kinds of bearing, I 
have no hesitation in saying that fully twice as great 
a length of shafting can be turned by a given power 
if running in ball-and- socket bearings as can be 
turned in rigid bearings, It must be noticed that 
it is absolutely necessary that swivel bearings must be so 
designed that they have a true universal motion around 
the centre of the bearing. Patterns have been designed 
in which the point of motion is outside the bearing; these 
are certainly an improvement on rigid bearings, but 








the further the pvint of motion is from the centre of the 
bearing, the further is such a bearing from the perfection 
attained by the true ball-and-socket type, and since the 
latter is the simplest and strongest, and can be manu- 
factured the most a al there seems no reason why it 
should not be employed. 

It will be seen that there is absolutely nothing new in 
what I have stated above, but it seemed to me that by 

utting the whole case compactly and pointedly I might 
e able to demonstrate to some people, who have not 
as yet realised the importance of the fact, that there is 
a large margin for possible economy in the transmission of 
power in an average factory. 

Yours truly, 
P, A. Ransom. 
Ardwick, Manchester, December 18, 1888. 





CONTINUOUS BRAKES. 
To THE EpIToR or ENGINEERING. 

Srr,—I see your correspondent ‘‘ Cleveland,” on page 
531 of your issue of November 30th, has not been answered. 
I beg to hand him the following information, Beginning 
with failures under Class IT. 


Westinghouse Automatic. 


a Miles run, Faults, 
Great Eastern 4,659,283 1 
London, Chatham, 

and Dover 166,881 1 
North-Eastern 4,888,2124 5 


The first case on the Great Eastern. Train overran 
Hale End platform, caused by fireman neglecting to open 
cock between engine and train, and guard failing to test 
the brake as per instructions. 

Second case, London, Chatham, and Dover, 4,0 up Dover 
at. Overshot Chatham platform about four carriage 
lengths through cock not being opened at the rear end of 
front brake van. 

Third case and remaining on North Eastern. 

Train, Newcastle to Hartlepool, overran platform at 
South Hetton. Caused by assisting engine having the 
brake-handle in wrong position. 

Fourth case caused as above and overran same station. 

Fifth case. Train, York to Leeds, overran platform 
at Church Fenton ; fault of driver. 

Sixth case caused as above. Train, Leeds to York, over- 
ran same station. 

Seventh case. Train, York to Leeds, overran platform 
at Marsh-lane: the hose-pipe between engine and tender 
was blocked by the action of paraffin oil upon the india- 
rubber. 

Automatic Vacuum. 


Name of Railway 


Company. Miles run, Faults. 
Furness we sale 208,109 2 
London and North- 

Western ... ae 262,164 i 
Midland (leak off)... 720,719 1 


First case on the Furness Railway. Train No, 67 down 
used hand-brake, Grange to Ulverston, owing to large 
ejector not working on engine; something in engine 
pipes. 

Roeend case on same line. Train No. 11 up worked 
hand-brake between Ramsden Dock and Carnforth, owing 
to valve spindle of big ejector breaking on engine. 

Third case on London and North-Western. 
Euston to Holyhead, overshot platform at Rugb 
to the vacuum brake failing to act. Cause coul 
ascertained. 

Fourth case on Midland, automatic vacuum brake leak 
off. Train, Derby to Sheffield, overran Stretton platform 
three carriage-lengths owing to driver not keeping valve 
of engine in working order. One minute delay. 

No mention is made in the case of the Furness line of 
the trains overrunning platform, and I think these 
cases ought to come under Class III. To give all the 
faults under Class III. would take up a lot of space, and 
I am afraid, Sir, that I have taken up a good part of it 
now. Briefly stating, the Westinghouse failures are chiefly 
burst hose and pump stopping. The automatic vacuum 
has a lot of cases, as the companies are changing from 
simple to automatic, and sometimes a carriage fitted with 
simple vacuum will get put on to an automatically braked 
train and cause delay. T should advise your correspondent 
to get the Board of Trade returns of continuous brakes 
for the six months ending June 30, 1888, price 1s. 3d., 
to be obtained of any bookseller, or from Eyre and 
Spottiswoode, 

Would you kindly tell me whether the Czar’s train was 
fitted with any continuous brake? I see the Kinsk 
Charkow Azow trains have Kérting’s vacuum brake on 
some of them. I shall be very happy to give your cor- 
respondent more information and must apologise for 
taking up so much space. 

Yours faithfully, 


36, Queen’s-road, Bayswater. A. M. BusHELL, 
[We believe that the Czar’s train was fitted with the 


x 


Westinghouse automatic brake.—Ep., E. 
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SHIPS’ LIGHTS. 
To THE Epitor oF ENGINEERING. 

Srr,—I have read the discussion which has been going 
on for some time in your paper on the subject of ships’ 
lights with much interest. 

do not entirely agree with Mr. Terry that the side and 
masthead lights should be in the same vertical plane, and 
I altogether disagree with Mr, de Michele’s dictum that 








the side lights should be placed at an invariable distance 
apart, and at a given distance from the stem of a vessel, 
for as Mr. Terry has pointed out, such a course is prac- 
tically impossible, owing to the great difference in the 
dimensions of different vessels, varying in length, as they 
do, from less than 100 ft. to over 500 ft., and in beam from 
15 ft. to 50 ft., and to 70 ft. for war steamers. 

May I suggest that the lights should be placed on the 
same horizontal plane and laid to a certain radius in 
plan, say 14 beams, and that a movable diagram should 
be placed in the wheel-house or on the bridge of every 
ship, by moving which until the marks on the diagram 
& 5 Sega to trim in the same relative position as the light- 
of the approaching ship, the steersman or the officer at 
the bridge could tell at once what course the vessel in 
question was holding. r 

It would obviously be necessary, if my proposal were 
adopted, that the side lights should not be screened as at 
present, so as to be only together visible from right ahead, 
but that the visible arc should extend inwards some 
75 deg. from the ship’s course, d 

In order to make my meaning plain I append a dia- 
gram of the lights and of the course of the approaching 
ship in three positions, from which it will be easily under- 


o> 


Teme. 
WD 








bene, 
‘ 





e 





stood that a moment’s manipulation of the movable dia- 
gram would enable the manipulator to see what course 
a ship having her lights in any given position with regard 
to him, was holding. 
I am, Sir, yours obediently, 
EGINALD E. MIDDLETON. 
49, Parliament-street, December 18, 1888, 





LARGE SHEERLEGS. 
To THE Eprror oF ENGINEERING. 

Srr,—In your description of Messrs. J. and G. Thom- 
son’s new sheerlegs in last week’s ENGINEERING, you state 
that these sheers ‘‘are probably the most powerful in the 
world.” We shall be much obliged, therefore, if you will 
permit us to state that we supplied the Russian Govern- 
ment, a few years ago, with a set of sheers for Cronstadt 
Dockyard to lift 150 tons, and the sheers were tested by 
lifting a weight considerably in excess of this. The screw 
which works the back leg is 60 ft. long and 114 in. in 
diameter, and was cut in our own works. 

We are, Sir, yours faithfully, 
Day, SUMMERS, AND Co, 
Northam Iron Works, Southampton, 
January 2, 1889. 








SourtH AUSTRALIAN IRRIGATION. —A scheme is on foot for 
the establishment of another irrigation colony in South 
Australia. The promoters are five capitalists, four of whom 
are Victorians. The proposed site is the Cobdogla Run, on 
the Murray, immediately adjoining the Renmark settle- 
ment. The area asked for is 160,000 acres, and it is pro- 
posed to spend 400,000/. in twenty years, 





Tue INSTITUTION OF Civit ENcrInEERS.—The following 
Table shows the progress of this Society, incorporated by 
Royal Charter, during the last decade and the past twelve 
months—the date given, the 2nd of January, being that 
of the establishment of the Institution in the year 1818 : 














January 2nd. | 1879. 1888, 1889, 
Members... ... | 1081 1596 1638 
Associates ... ik 1717 2855 3003 
Honorary members. 16 20 18 
Students ns 535 947 957 

Totals “| 3349 5418 5616 














Society or Arts.—The following arrangements have 
been made for the Wednesday evening —e of the 
Society of Arts after Christmas. On the 16th January 
a paper will be read by Colonel Hozier, on the ‘‘ Channe 
Tunnel ;” on the 23rd one by Professor George Forbes, 
on “‘ Electric Meters for Central Stations ;’ and on the 
30th one by Mr. Conrad Beck, on the ‘‘ Construction of 
Photographic Lenses.” Papers for which dates have not 
yet been fixed, will also be read on the ‘‘Status of the 
County Council,” by Mr. G. L. Gomme; on the “ Forth 
Bridge,” by Mr. B, Baker; on “Salt,” by Mr. P. L. 
Simmonds; on the ‘‘ Manufacture of Aluminium,” by 
Mr. William Anderson ; on “Secondary Batteries,” by 
Mr. Preece ; on ‘* Automatic Selling Machines,” by Mr. 
J. G. Lorrain; on “Arc Lamps and their Mechanism,” 
by Professor Silvanus Thompson; on the “Irish Lace 
Industry,” by Mr. Alan Cole; and on the “ Use of 


Spirit as an Agent in Prime Movers,” by Mr, A. F, 
Yarrow, 
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Tue furnace door illustrated above is designed 
to allow air to pass through it in fine films varying 
in thickness from one-tenth of an inch down to the 
thickness of a sheet of paper. This end is attained 
by the device of using two grids, placed face to face, 
and capable of sliding over one another. In one 
position the openings in one grid are fair with those in 
the other, while in the opposite extreme position the 
bars of each grid cover the spaces in its fellow. In 
the intermediate position any width of opening, up to 
the maximum, can be given. 

Referring to the engravings, p! p? are the two grids 
mounted in the door f. They each stand on knife- 
edged feet, and are so disposed that they naturally lie 
face to face in contact. When they are rocked on 
their feet one grid rises and the other descends, and 
the relative motion thus obtained moves one face over 
the other. Fig. 3 shows them with the slits s full 
open, and Fig. 2 with them closed. Intermediate 
positions are obtained by means of the screw ¢ (Fig. 4), 
which can be regulated to prevent the grids falling 
over to the right sufficiently to open the slits s to the 
full width. Thus any degree of opening can be 
obtained, and the air can be admitted to the furnace 
in fine streams uniformly diffused throughout its cross- 
section. The very numerous testimonials received by 
the makers, Messrs. Bonthrone Brothers, of Fatkland, 
Fife, N.B., show that the door is really effective in the 
prevention of smoke. 








THE S.S. ‘‘ ISLANDER.” 

Tus vessel, which was built by Messrs. Napier, 
Shanks, and Bell, of Yoker, for the Canadian Pacific 
Navigation Company, and a full description of which 
with drawings of her engines appeared at the time in 
ENGINEERING (see page 305 of our last volume) arrived 
out at Victoria, Vancouver Island, at midnight, De- 
cember 9. She left the Firth of Clyde on Sunday, 
September 23, was off Madeira the following Saturday, 
and anchored at St. Vincent in the Cape de Verde 
Islands October 3. Here she got a supply of coal and 
was detained till noon of the 6th. 

On the 17th she was at Rio Janeiro to coal again, 
and arrived off Cape Virgin, the east entrance of the 
Straits of Magellan, October 26, anchoring in Possession 
Bay the same evening. She left here the next morning 
at daylight, passed through the First and Second 
Narrows against a strong gale from the south-west, 
and anchored for the night at Port Famine, when the 
gale was over and the weather fine and cold, the wind 
sweeping over the snow-covered summits of the moun- 
tains to the south, ‘This place was selected by Samiento, 
a Spanish navigator who attempted to found a colony 
in 1583, which he called King Philip’s City. It re- 
ceived its present name from Cavendish in 1587, who 
found that nearly all the colonists left by Samiento 
had been starved to death. The survivors were after- 
wards removed to Sandy Point, some miles to the 
northward, where the Chilian Government have now 
a penal settlement. 

rom Port Famine the Islander rounded Cape 
Froward, the extreme south point of South America, 
where the weather turned very rainy and unpleasant, 
and anchored in Fortescue Bay. From this the channel 
passes through some wild rugged scenery and by a 
very winding intricate course to Hugh Bay, where the 
ship rode out a furious gale with two anchors down 
and 60 fathoms of cable to each. This lasted over 
thirty-two hours, during which steam was kept up the 
whole time to be pre for any contingencies in 
this dangerous place. From Hugh Bay to Port 
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Grappler is through the wildest scenery in the Straits, 
the mountains a bare mass of mugged rock rising pre- 
cipitously out of the water for 1000 ft., whilst numerous 
streams fall perpendicularly from various points into 
the gloomy water below. At English Narrows the 
channel is only 200 yards in width, whilst a sharp 
bend to the east requires extreme care in the naviga- 
tion to bring a vessel through safely. As the weather 
here is almost always dirty, the squalls heavy and 
sudden, the tides strong and uncertain, and the channel 
intricate, this passage will never be popular, or, in- 
deed, possible, comeing by daylight. Port Grappler 
was reached in a blinding snowstorm, and the vessel 
anchored for the night. Island Harbour was reached 
at 5 a.m. of November 5, and Wager Island three hours 
later. This place is so named from the terrible loss on 
the island of H.M.S. Wager, one of Anson’s squadron, 
which took place 148 years ago. 

After leaving this the Islander had to struggle 
against a westerly gale with terrific age and a 
high sea, which she weathered beautifully, proving 
herself an excellent sea boat. At 8 p.m. Cape Tres 
Montes was rounded, and then being able to keep 
away to the north the vessel made better speed. In 
four days Valparaiso was reached, and in nineteen days 
from this San Francisco was made. The Islander went 
out with only two boilers working to save fuel. Her 
best day’s run was 286 miles. She was altogether fifty- 
five days under steam, besides the time spent in port 
coaling and anchored in the Straits, which took eight 
days to pass through from Cape Virgin to Wager Island. 

She ran from San Francisco to Victoria, 600 miles, 
in heavy weather in fifty-eight hours, or nearly 
10 miles per hour. With her four boilers and sixteen 
furnaces working, and steam at 160 1b. pressure, she 
indicates 3600 horse-power, and makes a speed of 164 
knots per hour. The Islander is intended for the service 
between Victoria and Vancouver Island, the capital of 
British Columbia, and Vancouver City on the main- 
land, the terminus of the Canadian Pacific Railway, 
the distance being 90 miles, which she is expected to 
do ina little over five hours. Her tonnage measure- 
ment gross is 1600 tons, registered tonnage 478. The 
other particulars of the engines and vessel may be 
found on page 305 of the last volume of ENGINEEERING. 


IMPROVED RIGGING SCREW. 
Fie. 1 of the annexed engravings illustrates a 
new form of rigging screw for setting up the shrouds 








AAAS 


ewe 







AVILES TTP: 


BY 














or stays of vessels, and for other like purposes, In 
this appliance the working screw is completely pro- 





tected from the weather but yet can be turned at 
a moment’s notice, by the insertion of a marline-spike 
or other bar, thus dispensing with the necessity for 
canvas or other covering of that kind. As will be seen 
in Fig. 2, which shows a sectional view of the screw, 
it is formed by a right and left-handed screw working 
into screwed tubes attached to the rigging and ship’s 
side by short screwed bolts and ae The centre 
of the screw is formed by an enlargement or boss pierced 
with a hole for turning it, and carrying secured to it 
a covering tube slipping loosely on the outside of the 
screwed tube, and closed weather tight by packing 
and screwed rings or caps. 

Fig. 3 is a view of a spring shock arrester which 
may, if desired, be attached to and from part of the 
rigging screw to modify all sudden shocks by provid- 
ing elasticity ; the details are shown in the sectional 
view Fig. 4. It is formed of a cylindrical cast-metal 
case, closed at the bottom by astrong screwed plug and 
having an eye at the top for attaching it to the screw ; 
it contains a short but powerful spiral spring carried 
on a bolt which is attached to the ship’s side after 
passing through a hole in the screwed plug. This plug 
is closed weather-tight by packing, pak is fitted with a 
strong head to bear upon the spring when the screw is 
being turned to tighten the stay. These illustrations 
represent only one each of many modifications of the 
rigging screw for which a patent has been applied for 
by Mr. David R. Smith, 108, Argyle-street, Glasgow. 





AUTOMATIC REGULATOR FOR COMPOUND 
LOCOMOTIVES. 

WE illustrate below an automatic steam regulator 
which has been applied to compound locomotives built 
by Mr. F. Schichau, in Elbing, for some years, and 
which has given general satisfaction. It being auto- 
matic in its action, the driver to start the engine has 
only to open the ordinary steam regulator, when the 
following operations take place: Live steam from the 


boiler, entering by the passage a, passes through ~ 


the piston valve A, and by pressing on the enlarged 
portion of the valve stem, forces this upwards, push- 
ing before it the piston B, valve D, and pistenc, The 
small passage f opens on the rising of the valve A, and 
live steam enters the low-pressure cylinder until the 
pressure in the latter amounts to about 45 lb., when, 
owing to the difference in size of the piston B and the 


UMM YC. K 




















He + 
VE 





























S VDC«WKG 
NS SY 
IT WMS 
S S 
X @ 
3 UW SS 
E | lS 
= 
> D e 5 
> > 
So | s 
2 Yj g Pe 
3 Yj, S & Goa 
2 e a 
GQ 
Uy 
Ke 
SY 
6816 & 








smaller piston below, the two will be depressed and 
the passage f closed, the piston c and the slide valve D 
remaining, however, in their former position, shutting 
offcommunication between the receiver and low-pressure 
cylinder. The engine now starts and the exhaust from 
the high-pressure cylinder accumulates in the receiver 
until it is sufficiently high to force down the piston C, 
and with it valve D, when communication between 
the low-pressure cylinder and the receiver is esta- 
blished, and the engine starts working as an ey 
compound. A state of equilibrium is now established, 
and the valve D will not again be closed and live steam 
admitted to the low-pressure cylinder until the pres- 
sure in the receiver has fallen below a fixed limit, in 
this case 8 lb. 
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ON THE DISTRIBUTION OF INTERNAL 
FRICTION OF ENGINES.* 
By Rosert H. Tuurston, Ithaca, N.Y. 
INTRODUCTION. 


In earlier papers, read at various times before the 
American Society of Mechanical Engineers, the writer has 
called attention to the fact that the variation of load in 
steam engines is not productive either of the method or of 
the amount of engine friction that has been commonly 
assumed by earlier authorities on that subject.t It was 
shown that the formula of De Pambour, which makes the 
internal friction of the engine proportional to the load on 
its piston, is not usually correct, and probably is never so, 
with any familiar form of engine, or under any conditions 
often met with in practice. It was further shown that, 
under the conditions of usual practice, and at all ordinary 
speeds and pressures of steam, the resistance of the engine 
itself, its internal friction, remains sensibly constant, 
and that the so-called friction card of the machine repre- 
sents practically the friction of the engine when fully 
loaded, the indicated power without load being sensibly 
the measure of the wasted work of the engine when in 
operation under load of whatever amount. 

The literature of this branch of the subject of steam 
engineering is very meagre, and the results of experiment 
in this field, if any have yet been systematically made, 
are not recorded in any works as yet consulted by the 
writer. The very natural supposition that the friction of 
an engine is always com of two parts, the one the 
friction of the engine unloaded, a constant, and the other 
a quantity measuring the added friction due to the im cme 
sition of the load, and variable directly with that added 

oad, seems to have been accepted by all writers from De 

Pambour, the first to —_— to consider the subject, to 
the period of investigation by the writer. On the other 
send however, engineers familiar with the operation of 
the engine have been accustomed to take a diagram with 
the steam engine indicator, the engine being unloaded, as 
representative of the friction of the machine at all times. 
This was probably taken as so representative simply 
because it was usually impossible to obtain any measure 
of friction of loaded engine, and the friction card was thus 
the best approximation that could be secured. Rankine 
would seem to have suspected that the assumed formulas 
of De Pambour might not be exact, as he remarks, ‘* Our 
knowledge of the amount of energy so lost is still very 
vague and indefinite ;” but he also states (Steam Engine, 
art. 292) that ‘‘in most cases which occur in practice, a 
result nearly agreeing with that of the preceding formula, 
is obtained by supposing that the whole of the prejudicial 
resistance is proportional to the useful load.” De Pam- 
bour gives the value of the coefficient by which the load is 
multiplied as about 0.14, and Rankine asserts this to agree 
with practice. Weisbach attempts to produce a formula 
for this waste, assuming Morin’s values of coefficients of 
friction, but his results are very greatly in excess of those 
to be given as determined by investigations made to ascer- 
tain its amount by experiment; they also seem to be 
based upon entirely inaccurate assumptions, and are evi- 
dently quite as unreliable as are those of De Pambour and 
Rankine. 

The first investigations undertaken systematically to 
determine the law and the methods of waste by internal 
friction in the steam engine were, so far as yet known, 
those directed by the writer, the scheme being the secur- 
ing of constant conditions, except in the one direction in 
which variation was to be produced, for the purpose of 
noting the extent and the law of variation of friction with 
variation of the one element studied. Thus, the engine 
was placed under the usual and standard working condi- 
tions, but without load, and a friction diagram was taken 
asa measure of the power wasted in friction of engine 
alone, The conditions being kept constant in all other 
respects, the load on the engine was varied from this 
minimum up to and beyond the maximum rated power of 
the machine, and the indicated compared with the dyna- 
mometric power in every case, the difference measuring 
the engine friction for that power and load. In other 
cases the speed of the engine varied, the power and all 
other conditions being kept constant; the same method 
applied when the power, speed, steam pressure and other 
conditions were held constant, except that the method of 
distribution of steam was varied, and the results of such 
a series of tests were then compared with those other- 
wise obtained. In still other instances the steam pressure 
was made the variable element, or the ratio of expansion 


representing well that type of engine. These experiments 
showed unmistakably the error of the older formulas, and 
revealed the unexpected fact that, in that class of engines 
at least, the internal friction does not vary with the addi- 
tion of load, but remains constant, so far as could be 
detected, at all loads. The method of lubrication and 
its efficiency, the variations of steam pressure and of 
speed, slight as they were, were accidental causes of 
engine friction, having very much greater effect on the 
total than a variation of the power of the engine from that 
marking its resistance to motion, unloaded, up to the full 
rated power of the machine, and even far beyond the 
latter amount, The engine had been carefully designed 
with the special intent to make engine friction as low as 
ssible, and the loss by friction as its rated power was 
o about 6 per cent. It came down to about 5 per cent. 
at the maximum power demanded of it, varying almost 
recisely in inverse proportion to the indicated power. 
he ‘‘ friction card” was a measure of the friction of the 
engine at all loads. 
his research was again undertaken at the ee of 
the writer, in the winter and spring and 1885, by Messrs. 
Day and Riley, of Sibley College, Cornell University, 
employing a similar engine, built under the supervision o 
the inventor in the workshops at that school. The out- 
come of these investigations, which have also been recently 
fully reported and widely published in this country and 
in Europe, was thoroughly corroboratory of the previous 
conclusions. No measurable variation of the total internal 
friction of the engine could be traced to the variation of 
engine power and load. Studying the effect of variation of 
steam pressure, it was found that some slight alteration 
was produced, the friction increasing very slowly as pres- 
sures were increased, but not in any important degree. 
These data have been since revised by Messrs. Carpenter 
and Preston, and it has been found that the change of 
friction with variation of steam pressure may be taken as 
insensible after passing the colin minimum working 
‘among of engines, the variation being observable onl 
rom about 50]b. or 601b. per squareinch downward. It 
having been also suggested that the method of steam dis- 
tribution might produce some change in the law exhibited 
by the types of engine having automatic adjustment of 
or nga by the action of the governor, Messrs. 
Gillis and Buchanan, in 1887, undertook under the direc- 
tion of the writer, to settle this question by experiments 
upon the engines of similar type, as employed in the 
mechanical laboratories of the Sibley College. These ex- 
periments fully confirmed those which had previously been 
made, and showed sensibly constant friction at all powers 
and loads, whether the engine was regulated by the 
automatic system, or by a governor operating the throttle 
valve in the steam pipe or at the steam chest. 

We are now brought to the study of the latest, and as 
yet unpublished, experiments made to determine, with 
some degree of exactitude, the method of distribution of 
internal friction, and, further, to ascertain whether all 
engines are subject to the same law as has been found to 
control the high-speed engines previously employed in 
these researches. These last investigations were made 
with this object in view 7 Professor R. C. Carpenter, of 
Lansing, Mich., and Mr. G. B. Preston, of Sibley College, 
as observers, experimenting first with the engines of the 
college laboratories, and later with other machines of 
various types in and near Lansing. Earlier experiments 
had shown the engine friction to be independent of the 
load, but to be a function of the characteristics of the 
engine itself, of the speed of piston and rotation of 
the steam pressure, and of the method of steam distribu- 
tion, the two last-named conditions having slight effect, 
the others being most important. The weight and design, 
and the character of the workmanship of the engine, 
primarily determine the amount of its internal friction ; 
the resistance is also a direct function of its speed, and it 
is slightly and observably affected, within limits, by the 
steam pressure variations, and by the character of valve 
= and of steam distribution and of regulation of engine. 

he speed and weight of the running parts of the engine 
may, so far as can now be ascertained, be taken as the 
elements controlling friction of the machine. 

It now becomes an interesting and a vitally important 
problem to determine just how this friction of engine is 
distributed among its various moving parts, its journals 
and guides, stuffing-boxes and piston rings, this has 
hitherto been regarded as a problem incapable of solution, 
since it was presumed that the total and the elements of 
the internal friction of cones would be so seriously vari- 
able with the alteration of load that it would be impossible 





and point of cut-off, the indicated and dyna tric 
power being in each case compared as before to obtain a 
measure of the engine friction. By this systematic method 
it was anticipated that in time a correct theory and exact 
formulas might be produced. This expectation has not 
been wholly disappointed ; but the results of the investi- 
gation, while eminently satisfactory, have proved to be 
quite opposed to the original assumptions of the older 
writers, and in most perfect accord with those of the prac. 
titioners. 

The first of these series of experiments to be made in so 
satisfactory a manner as to justify publication, were those 
conducted under the supervision of the writer, in the 
winter and spring of 1883-4, by Messrs. Aldrich and 
Mitchell, and published in a paper read before the 
American Society of Mechanical Engineers in the autumn 
of 1884. The engine — was a straight line 
engine, constructed under the eye of its inventor, Pro- 
fessor John E. Sweet, past-president of the Society, and 





* Read at the Scranton meeting of the American Society 
of Mechanical Engineers, October 15-19, 1888. 
+ “ Friction of Non-Condensing Engines.” 
yol. viii., No. ccxxviii., and vol. ix., No. eclxv. 
t Trans. A.S,M.E., vol. viii., page 86. 
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to e the friction of the machine, part by part, and 
to sum up the whole correctly. It having been found, 
however, that the internal friction of the engine is in- 
variable in any measurable or important degree with 
variation of power, and that the so-called “ friction card” 
is a measure of the friction of the engine at all powers, 
the speed being constant, it is at once evident that we 
may now proceed to analyse the several parts of this total 
A analysing the engine into its various friction-producing 
elements, and measuring up the several elements of the 
total friction, each by itself, and summing all for the 
total. The discovery of the sensible constancy of the total 
friction thus affords a new means and method of investiga- 
tion. This accomplished, also, it becomes possible, know- 
ing as we now do, the quantities of friction at each point 
of “‘ pairing” of elements, as Reuleaux would say, and it 
becomes easy to determine just where the most serious 
wastes of energy and power are met, and thence, just in 
what direction we are to study the design and construc- 
tion of the machine with a view to the reduction of these 
wastes most promptly and effectively. Theimprovement 
of the efficiency of the steam engine is to be now effected 
very largely by its improvement as a piece of mechanism, 
and nearing, as we now are, the limit of the perfectibility 
of the engine thermodynamically, the engineer is com- 





pelled to look in this direction for further opportunity of 
advancement, 
The plan adopted in the series of experiments to be 
described, in which Messrs. Carpenter and Preston pro- 
to endeavour to effect an analysis of the total 
internal friction of the steam engine, and to ascertain 
in what proportion it is distributed to piston and cross- 
ead, crankpin and shaft, valve gear and guides, was 
first to determine the friction of the machine in the manner 
already practised by them and by their predecessors in 
this wen, then to dismantle the engine, ¥ we? by part, 
driving the connected parts by a pulley and belt from the 
main line of posts | overhead, through a transmitting 
dynamometer carefully standardised, and thus to secure 
measurements of the resistance of part after part until all 
the rubbing parts have been thus examined ; the sum of 
their resistances at the normal speed of the engine should 
give the total internal friction of the engine and the 
percentages of the whole due to the resistances of each 
point of connection or rubbing. In each experiment the 
endeavour was made to secure precisely the conditions of 
operation, so far as was practicable, which were usual 
in its regular working. or instance, the engine was 


f | always heated up by its own steam when the resist- 


ances of the piston and the valves were to be mea- 
sured ; the = of engine was kept the same when 
testing the friction of journals as when it was doing 
its full work; the valve, balanced and unbalanced, 
was tested under the usual boiler pressures, as well as 
unloaded, and exactly as possible, and thus every pre- 
caution that could be devised was adopted to secure 
precisely the results that should be observed, were such 
observation possible, when the machine was at work. 
The engine was first driven by the shafting, and through 
the dynamometer, with everything connected and the 
cylinder heated up to its usual temperature by a run, 
immediately preceding, under steam, the cylinder heads 
and steam-chest cover only being removed to prevent any 
pump-like action of the engine while so driven. Next the 
piston was disconnected, and the power demanded to give 
the engine its regular speed was observed with all other 
parts connected and moving; thus obtaining a measure of 
the friction of the piston alone, by differences. Then the 
next point of connection would be broken, and another 
observation would give the friction of the next successive 
piece, and so on until the whole engine had been gone 
over, the machine was assembled again, part by part, and 
a check obtained on the previous determinations. 

The first step of importance was to secure a good 
standardisation of the transmitting dynamometer to be 
employed in the work. This method required the use of a 
transmitting dynamometer of great accuracy. Sibley Col- 
lege possesses @ number of such dynamometers, the accu- 
racy of each of which was tested by comparison with a 
Prony brake, and also by lifting a known weight through 
a given space. The best result was given in each case . 
a dynamometer of the Morin type, built in the Sibley 
College shops. The principle governing its action is ve 
simple, and is shownclearly in Fig. 1. A pulley of whic 


Fig.1. 


the rim B is shown, is fitted loose on the shaft. Four 
flat springs are securely bolted to the shaft, and to the 
rim B. Now, if force be applied by a belt around B to 
turn the pulley, and if resistance to its turning be pro- 
duced by a fixed pulley on the shaft, from which some 
machine is driven by the belting, the springs c will be de- 
flected into new positions c', an amount proportional to 
the force, and the fixed pulley will then revolve, thus 
driving the machine. To show the amount of power 
transmitted, and any variation that may occur in that 
power, a pencil is attached to the rim of the pulley, or to 
a post having an — motion, and a recording oy 
ratus, consisting of a series of gear wheels actuated by a 
spiral thread on a sleeve on the axis, causes a band of 
paper to move radially under the pencil. The recording 
apparatus can be stopped or started at will, without 
interfering with the motion of the machinery, by causing 
the loose sleeve to engage with a lug on the shaft. The 
results obtained with this dynamometer agreed closely 
with those results obtained by the Prony brake, and by 
moving a known weight through a given space. e dia- 
grams obtained from the dynamometer consisted of a series 
of waving lines of varying elevation and with different 
average ordinates. The undulations were produced by 
changes of speeds ——, caused by the inequalities of 
belt lacings, &c. The general appearance of these dia- 
grams is shown in Fig. 2. 


(To be continued. 
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ELECTRIC BATTERIES, &c. 


1128. The Rev. A. A. Fortin, Chalette, Loiret, 
France, Improvements in Galvanic Batteries. [11d. 
4 — January 25, 1888.—Each element is contained ina tray 

which is only just deep enough to contain the electrodes 
placed horizontally therein one above the other at a small in- 
terval to allow of the circulation of the liquid between them. 
The electrodes are separated by india-rubber distance-pieces d. 
The series of trays or cells are superposed, and each has an over- 
flow pipe } near one side, which rises to just above the level of 





the lower face of the upper electrode, so that the under surface 
only of this electrode is immersed. These overflows are at oppo- 
site ends of the alternate cells, so that the liquid after circulatin 
through the uppermost cell overflows into the next one benea’ 
and so on throughout the series, but only after having traversed the 
entire area of the cell and risen therein sufficiently to immerse the 
upper electrode to a depth of one to two millimetres. (Sealed 
September 14, 1888). 


6481. H. H. Lake, London. (N. Tesla, New York, U.S.A.) 
Improvements Relating to the Electrical Trans- 
mission of Power and to Apparatus therefor. (8d. 
27 Figs.) May 1, 1888.—Fig. 5is a ye ye representation, 
of a motor M, a generator G for driving it, and connecting circuits 
in accordance with the invention. The motor M comprises a ring 
R built up of thin insulated iron rings. This ring is surrounded 
by four symmetrically placed coils of insulated wire C, C, C!, Cl. 
The diametrically opposite coils are connected up so as to co- 
operate in pairs in es free poles on diametrically opposite 
parts of the ring. The four free ends thus left are connected to 
fourterminals T, T'. Near the ring, and preferably inside of it, 
is mounted on a shaft a magnetic disc D having two segments cut 
away, and capable of turning freely within the ring R. The gene- 
rator G is of an ordinary type, having field-magnets N S, and a 
cylindrical armature core A wound with the two coils B, B'. The 
free ends of each coil are carried through the shaft a', and con- 
nected respectively to four contact rings b, b'. The brush ter- 
minals are connected to the terminals of the motor by wires L, L!, 


Fig. 





whereby two complete circuits are formed, one including the coils 
B of the generator and C! C! of the motor, and the other the 
remaining coils B! and C C of the generator and the motor. The 
revolution of the armature of the generator between the field- 
magnets N S produces in the coils B, B' alternating currents. In 
the position of the ceils shown in Fig. 1, the current in the coil B 
is practically nil, whereas the coil B' at the same time is develop- 
ing its maximum current, and as the circuit including this coil 
may also include the coils C, C of the motor (Fig. 2), the result 
would be the magnetisation of the ring R, the poles being on the 
line NS _ The same connections existing between the coil B and 
the coils C!, C', the latter when traversed by a current tend to fix 
the poles at right angles to the line N S of Fig. 2. When the gene- 
rator coils have made one-eighth of a revolution, reaching the 
position shown in Fig. 3, both pairs of coils C and C! will be 
traversed by currents which act in opposition in so far as the loca- 
tion of the poles is concerned. Every revolution of the armature 
of the — produces a corresponding shifting of the poles or 
lines of force around the ring. (Sealed August 10, 1888). 


71853. W.P. Thompson, London, (C.D. P. Gibson, New 
York, U.S.A.) Improvements in or ting to Storage 
Batteries. (8d. 3 Figs.j May 29, 1888.—B! and B? are two 
separate sheets of metal designed to constitute the conductin 
support of the plate, which is preferably of metalliclead. Throug’ 


the entire surface of each plate there are formed openings b closely | gases. 


adjacent to each other, arranged in vertical and horizontal lines. 
In making these, the metal is necessarily pressed outward from 
the body of the plate in one direction at c at one side of the open- 
ing, and in the other direction at c! at the other side, thus giving 
the opening the appearance of an inclined cell. The —_ are 
placed against each other, the inner projections e touching each 
other, so that the two sheets of metal are brought into close 
metallic connection with each other throughout their surfaces, 





The edges e of the plates are * epee 4 left solid, and are sweated 
or otherwise fastened together so as to form a single battery 
plate. The active material F may be conveniently applied by 


t gesenses: 














| 


throwing it upon the plate and brushing it over the outer 
me c' so that it will fall into the openings, each side being 
eated in the same manner. (Sealed September 8, 1888). 


MANUFACTURE OF ALUMINIUM. 


12,575, A. Feldmann, Linden,Germany. Improve- 
ments inthe Production of Aluminium and Alloys 
of Aluminium, ([6d.) September 16, 1887. — Compound 
fluorides of aluminium are melted together with the chlorides of 
the metals of the alkaline earths, and the molten massis subjected 
to an electric current or to the chemical action of an alkali-metal. 
(Sealed September 21, 1888 


12,856. C. A. Burghardt and W. J. Twining, Man- 
ter. Improvements in the Production of Alu- 
minium and Aluminium Bronze. [6d.] September 22, 
1887.—This invention relates to ae on patents Nos. 2602 
and 9389 of 1887, and consists in the substitution of hydrocyanic 
acid gas in place of the cyanide of potassium in the bath solutions. 
(Sealed October 5, 1888). 


15,593. L. Graham, Hanover, Gesmany. Improve- 
ments relating to the Production o ‘aluminium 
and Compo or Alloys Containing the same, and 
to Ap tus therefor. (8d. 2 Figs.) November 14, 
1887.—This invention relates to the production of aluminium 
fluoride by means of an alkaline metal without the employment 
of a flux, and is based on the equation: 2 Alo Fg + 6 Na=Alo+ 
AlgF¢, 6 NaF when sodium is used. The furnace A with the 
fireplace B and chimney C serves for heating two iron vessels or 
retorts D and E which are coated externally with refractory 
material. The vessel D is closed below by aslide s. The vessel 
E can be emptied through a cock h. A reducing vessel F pro- 
vided with an annular space for the circulation of cooling 
fluid is arranged below the iron vessels. The re.orts D and E are 
heated to a dark red heat; the one D is then filled with so much 
aluminium fluoride as corresponds to one charge. After the 
aluminium fluoride has been heated to a dark red heat, observable 
a the escape of white vapours, the corresponding quantity of 

kaline metal is put in the other retort E, which, when melted, 
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is let off into the reducing vessel F by ous the cock h, When 
all the alkaline metal has been let off, the slide s is opened, all the 
aluminium fluoride then falls at once upon the alkaline metal, 
and the reaction commences, Thealuminium fluoride covers the 
alkaline metal ina pulverulent state, so that the latter remains 
covered till the reaction is completed. Great heat is generated 
by the reaction, and as the cryolite produced is fusible at red 
heat, the entire contents become very fluid, whilst at the cooled 
sides a non-conducting crust k is formed which is not attacked 
either by the fluid cryolite or by the aluminium, so that the 
aluminium can be collected to form a regulus without the em- 
ployment of fluxes. After the reaction, which lasts only a few 
seconds, is completed, the reducing vessel is shaken to promote 
rapid deposition of the aluminium, and is tilted and emptied 
into a lower vessel G (Fig: 2) which is also provided with a cir- 
culation of cooling liquid. The cryolite crust & formed in the 
reducing vessel F remains, and the apparatus is again ready for 
a newcharge. The mass solidified in the vessel G can be readily 
separated from the solidified aluminium regulus by a few blows 
with ahammer. (Accepted September 29, 1888). 


CHEMICAL PROCESSES. 


9873. E. W. Parnell and J. pson, Liverpool, 
Improvements in the Production of Sulphuretted 
Hydrogen in Combination with the Manufacture of 
Aikall by the Ammonia (6d.] July 14, 1887.— 
The improvements consist in the combination of the process for 
treating Le Blanc alkali waste, or other material containing sul- 
phide of calcium, with carbonate of ammonia for the production of 
sulphuretted hydrogen and carbonate of lime, with the manufac- 
facture of alkali by the decomposition of chloride of sodium in a 
solution of sulphide of ammonium by means of carbonic acid. 
(Sealed July 13, 1888), 


11,805. 8S. Banner, paverposs. Improvements in 
Treating Resins, Oleo ns, Gums, Pitches, 
Varnishes, Bitumens, and other like Su ces, 
(8d. 1 Fig.] August 31, 1887.—This invention relates more par- 
ticularly to the hardening of resins by heating the same with an 
admixture of lime hydrate or of sulphur. (Accepted July 7, 1888). 
As eee ._E. Davis, Manchester. An Improved 
Method of Manufact Alalies. [6d.] September 
1, 1887.—Salt or other alkaline chloride is acted upon in a suitable 
vessel by a current of air, sulphurous acid Bee, and steam. Under 
the influence of heat, sulphate of the alkali is formed, and hydro- 
chloric acid gas passses out of the apparatus with the residual 
When this part of the reaction is complete, and while the 
sulphate is still hot, a current of hydrogen gas (or water gas) is 
through it, reducing the sulphate to the state of sulphide. 
is sulphide of the alkali is then treated with a current of 
carbonic acid and water vapour, under the influence of which 
the sulphide becomes transformed into carbonate of the alkali, 
sulphuretted hydrogen being produced, which, when burned with 
air, produces sulphurous acid that can be used again in the first 
reaction, (Sealed September 14, 1888). 





12,506. J. Fitton, J. Fitton, and E, Fitton 
Dewsbury, Yorks. An Improved Wathen of and 
pay for Carbonising or ee Vege- 
ta Matter Contained in or Mixed wi oollen, 
Silk, or other Animal Fibre or Fabric. [lld. 10 Figs.] 
September 15, 1887.—The animal fibres or fabrics are passed 
through a chamber heated and provided with gas which 
will carbonise or destroy the vegetable matter without injuring 
the animal fibre. The fabrics are moved through the chamber by 
means of movable bars and cranks or their equivalents. (Sealed 


September 21, 1888). 

14,345. The e Alkali Company, Newcastie-on- 
Tyne, and T. din, South Shields, Durham. Im. 
in the Manufacture of ee of 
and of Strontia. (4d.) October 21, 1887.—A mix- 
ture of sulphide of barium or of strontium is submitted with 
hydrated = of iron to the action of a current of water. The 
hydrate of baryta or of strontia is then crystallised out of the 

solution obtained. (Sealed November 9, 1888). 


14,3454. The kong Alkali Company, Newcastle-on- 
Tyne, and T. Gibb, South by y ~ Durham. Im- 
vements in the Treatment of Solutions Contain- 
Barium or Strontium Compounds and the 
Obtainment of Products therefrom. [6d.) October 1, 
1887.—Solutions containing barium or strontium compounds are 
prema a the wm whe ap rant iy! or of air and steam, and 
e resulting precipi ecom means of an alkaline 
salt or of an acid. (Sealed November 9, 1388), 
5453. Brin’s Oxygen Company, Limi London, 
(L. Q. Brin, Paris.) Ymprovements in » (8d. 
1 Fig.) April 12, 1888.—This invention relates to the combined 
use for bleaching pu , of oxygen or of air or both, and bleach- 
ing powder or other chlorinated bleaching salt or chlorine or both, 
The figure illustrates an apparatus suitable for bleaching paper 
stuff. «@ is a vessel containing the matter to be bleached and the 
bleaching solution when such is used. } isa cylinder with 
jections on its periphery ; it is caused to rotate by any suitable 
means in the direction of the arrow. c¢ is an obstacle to facilitate 








the stirring of the liquid and the mixing therewith of the oxygen 
or air or both admitted by a pipe d perforated at the part which 
is inside the vessel A, and protected by the piecee. Through 
this pipe d, the oxygen or air or both are forced by any suitable 
forcing device so that they come into contact and are thoroughly 

tated with the matter to be bleached. The vessel may be 
closed, and any excess ofjoxygen given off is conducted away by a 
pipe vo Phy ay the process or for other purposes. ( 


STEAM ENGINES AND BOILERS. 

15,469. C. Stout, Seacombe, Cheshire. Improve- 
ments in Direction Indicators for Marine _ 3 
(6d. 2 Figs.) November 12, 1887.—The vane A secured to the 
— B is inclosed in a case C of the form of a segment of a 
circle, At one side of case a pipe E connects with a three-way 
valve F ; the other side of the case is open to the air. The other 
two ways H in the valve are connected to the low-pressure 
cylinder. The valve F is fitted with a piston I, and actuated b 

e reversing gear. A valve a operated by pressure and a valve 
by vacuum, are fitted in the cylinder. A lever K connects piston 
I to the reversing gear. The indicator Fig. 1 is fitted on the 





bridge, and the three-way valve Fig. 2 is fitted on the engine 
frame, and is connected to the starting gear by lever K and a con- 
necting-rod, so that when the engines are put in forward gear, 
the piston I is moved into such a position that the air is drawn 
into the cylinder through the valve b, causing atmospheric pressure 
on the side of vane A, and forcing it cut of its vertical position, 
and when the engines are put astern the piston I is moved into 
such & tion (as shown in Fig. 2) that the oe in cylinder 
forces the vane A in the ype direction. hen the vane A is 
not otherwise influenced its gravity causes it to occupy a vertical 
ition, A Daye Lis secured to spindle B, and indicates on 
the dial M the direction the engines are moving. (Sealed No- 
vember 23, 1888). 
16,914. K. Gamper, Sielce, Russia. Improvements 
Steam Boilers. (8d. 3 Figs.) December 8, 1887.—The 
fire tube c of the boiler a is of conical form and elliptical in croas- 
section. It is provided with flanges c', c* on its ends by which 
it is fastened to the body or ends }b, b of the boiler; the back 
flange c? on the smaller end of the fire tube ¢ abutting and 
being secured on the inside of the back end of the boiler, and the 
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front flange c' on the larger end of the fire tube abutting and 
being secured on the outside of the front tube. The opening h on 
the front end of the boiler for the admittance of the fire tube c is 
of sufficient size to allow of the insertion of the back flange c?, so 
that when the bolts have been unfastened the fire tube — be 
withdrawn without removing or displacing any _ of the 'y of 
the boiler. The fire tube ¢ is provided with vertical boiler tubes d 
of cylindrical form, (Accepted October 20, 1888). 
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17,300. J. E. Slack, London. A High and Low 
Water Alarm Valve for Steam Boilers or Generators. 
{Sd. 1 Fig.) December 16, 1887.—The improved alarm appa- 
ratus comprises a lever arranged within the steam space in the 
boiler, and fulcrumed in a b et fixed to the boiler shell. One 
end of the lever is provided with a ball adapted to close against a 
seating in a casting which communicates by a Pipe with a steam 
whistle. In the said casting works a piston connected to the ball 
so as toequalise the pressure of steam on the upper and lower 
part of the valve, and thus balance the latter. The other end of 
the lever has suspended from it a large float A situated below the 





cream. The skim milk passes down through the pipes F. 
The cylinder is fitted with two partitions G extending towards the 
centre. Holes are provided in the horizontal partition D ex- 
tending in a curved or slanting direction towards the centre, and 
serving to run off the contents of the cylinder when the machine 
is stopped. The lower chamber B has also a cover B! open in the 
middle. The skim milk passes over the inner edge of this cover 
into the lower part of an outer inclosing collecting vessel K, whence 
it runs off into a suitable receptacle, The collecting vessel is on 




























































































normal working water level. A smaller float B situated above the 
normal working water lever is suspended from the lever at a point 
between the ball valve and the fulcrum of the lever. When the 
water in the boiler sinks much below the normal level, the weight 
of the large float A will overbalance the weight of the float B, and 
will operate the lever to raise the ball valve from its seat, and thus 
admit steam to the steam whistle. If the water level in the boiler 
should rise much beyond the normal limit, the smaller float B will 
lose so much of its weight as to be overbalanced by the larger 
float A, which will therefore again operate the lever to admit 
steam to sound the alarm. (Accepted October 20, 1888). 


MISCELLANEOUS. 


14,090. L, B. Atkinson and H. W. Ravenshaw, 
Halifax, and F. Mori, Leeds, Yorks. Improvements 
in Apparatus for Cutting Minerals. (8d. 7 Figs.) 
October 18, 1887.—Referring to Figs. land 2, A, A', and B, B! are 
compen bolted to the bedplate C, which is carried hy wheels a rest- 
ng upon rails b. D is the electro-magnet, D' is the armature, and 
E and F the poles of an ordinary electro-motor. The magnet C 
extends from each side of the motor, and passes through the bosses 
d on the pillars A, A', which form the fulcra upon which the motor 
is free to revolve. Keyed at one extremity of the magnet bar c is 
a segment of a circular wormwheel G to which is secured the seg- 
ment of acircular slot H, and at the opposite extremity of the 
magnet bar ¢c is a corresponding circular slot I. Two arms J and 
K engage successively or simultaneously with the segment worm- 
wheel G, as determined by the workman, who, by operating the 
handwheel L, conveys rotary motion to the worms in either direc- 
tion, by means of the bevel wheels M, M', M?. The electro-motor 
is shown at its highest position with respect to the working face 
of the mineral. The spindle N which passes through the arma- 
ture D' is provided at one end with a flange f to which is bolted 























































a 


















Se 


the flange g of the cutter or drill, which may consist of a 
square spindle upon which are placed a number of discs h 
having serrated edges, the diameter of each disc decreasing to- 
wards the outer extremity of the square spindle, so that when the 
whole of the discs are secured on to the ee they form a 
tapered tool for cutting the coal. When the position of the 
outter bar requires raising or lowering the attendant operates the 
handwheel L, communicating motion to bevel wheels M, M!, and 
M?, and to the worms J and K, the latter of which causes the seg- 
ment wormwheel G, and consequently the electro-motor, to move 
to any position. When the cutter has been brought to the de- 
sired position the nuts Zand m are tightened so as to firmly and 
securely clamp the segments to the pillars. For small powers 
(Fig. 8) the cutter bar 1 is carried by a bearing 2 secured to a pillar 3 
supported by the shaft 4 carrying the double train of bevel wheels 
5 and 6 for er? rotary motion from the electro-motor 7 to the 
cutter bar 1. The shaft 4 forms the axis upon which the pillar 3 is 
capable of moving horizontally, so as to place the cutter in any 
position in a horizontal plane. In order to move the cutter to any 
position vertically the bearing 2 is moved up or down the pillar 3 
and secured by bolts 8. ( November 9, 1888). 


ote. Ww. R. -Ry a 9 arora in 
mtrifugal para r of 
Different Specific Gravities. isd 4 Figs.) October 18, 
1887.—Referring to Figs. 1 and 2, the revolving cylinder is formed 
with an upper chamber A in which the separation takes place by 
centrifugal action, and a lower chamber B for receiving the heavier 
fiuid (such as skim milk in the case of milk separation), The upper 
chamber A is formed with a part cover A! having a central open part. 
The neck of the cover has an inner flange lip A? for the overflow 
of the lighter part or cream, and the outflow may be regulated by 
means of adjustable pipes C screwed into the neck. The 
two chambers A and B are connected by two small pipes F, which 
pass down the outer side and reach up to the cover of the upper 
chamber A. The cylinder is provided with a small groove A3, 
into which lead the ends of the aw F, whereby absolutely 
pure skim milk is drawn off without any intermixture of 












the top fitted with an annular receptacle K! for the cream which 
overflows from the pipe C in the cylinder at the top or over the 
lip A?. The milk to be separated is fed into a dish on the partition 
D communicating by channels I with the chamber B at the 
bottom of the a gregene J chamber A. Figs. 3 and 4 show another 
form of cylinder in which the pipes F are carried inside the 
cylinder alongeide each of the partitions G and with lateral inlet 
openings against the inner side of the cylinder. (Sealed November 
, 1888). 

15,036. F. C. Clare, Stechford, Worcester. Im- 
provements in Apparatus for Indicating the Depth 
of Liquid in Vessels, (8d. 3 Figs.) November 4, 1887.— 
B is a float of suitable shape and buoyancy, and having a hole so 
shaped as to cause the twisted spindle C to revolve as the float 
rises or falls. The spindle C passes through the float B and is 





















pivotted at top and bottom in discs D, E, so as to be able to freely 
rotate. The float is provided with ears which slide upon the rods 
el, e2 that serve to a the discs apart. A pointer S is attached 
to the top of the spindle C, and as the spindle is revolved by the 
rise or fall of the float B, the height of the liquid in a vessel is 
a on the graduated dial plate D. (Sealed Wovember 30, 
1888). 


15,870. H. Fletcher, Newcastle-upon-Tyne. Im- 
provements in or Pertaining to Horizontal Drums 
of Windlasses and like Apparatus. (8d. 5 Figs.) No- 
vember 18, 1887.—This invention relates to the combination of 
rope-gripping apparatus with the horizontal drums of windlasses, 
&c., such that ropesor cables may be held without the use of a capstan 
or bollard. Referring to Figs. 1 and 2, 1 and 2 are the two jaws of 
a gripping device carried by the horizontal drum 3. The jaw 1 is 
fixed to the drum whilst the jaw 2 is formed with a screw-threaded 
hole and is mounted upon a correspondingly screw-threaded rod 4, 
by means of which it may be moved nearer to or further away 
from the jaw 1 for the purpose of holding or releasing a “ or 
cable 6. The rod 4 is mounted to revolve in bearings in the drum 
and is provided at one end witha milled head 6, by means of which 
it may be turned in either direction. A tube or sleeve 7 is mounted 
upon one end of the screw-threaded rod 4 in such a manner as 
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to be capable of rotary movement but not of independent endwise 
movement thereon. It is provided with a pin8 arranged to slide 
in an inclined slot or cam groove 9 formed in a part 10 at one end 
of the horizontal drum, By pulling or pushing the pin 8 when it 
is in its inner or outer portion respectively, relatively to the end 
of the drum, the tube or sleeve will be caused to move outward or 
inward relatively to the end of the barrel, and the jaw 2 may con- 
sequently be rapidly moved toward or from the fixed jaw 1, the 
final closing movement to grip the rope or cable being effected by 
turning the screw-threaded rod 4 by means of its milledend. In 
the modification shown in Figs. 3 and 4, the movable jaw 2, which 
works in the slot 3a , is loosely mounted on a rod 4 arranged to 
move endwise within tubular guides 11 formed in the warping 
drum 3 which orecann its driving shaft 12. 6 is a hand lever 
fixed to the rod 4, and formed with a 7 tp sine av 68 that takes 
into a cam groove 13 formed within the drum. @ movable jaw 


2 is held endwise between a shoulder formed in the rod 4 and a 
washer 14 interposed between the jaw and the hand lever 6. With 
this arrangement the movable jaw may be caused to grip or to 
release a rope or cable in a rapid manner, and the hand lever for 
operating the jaw is not liable to foul the rope or cable, and is 
convenient of access. (Sealed November 30, 1888), 

ck. Im- 


Nuneaton, Warwi - 

in Waste-Preventing Valves. [8d. 1 Fig.j 
ovember 29, 1887.—When the parts are in the normal position 
the pressure of the water in the supply passage h is transmitted 
through the time-hole k (the offective area of which may be regu- 
lated by meansof a valve or of a set-screw) to the water in the 
water chamber c, which by oeties on the comparatively large area 
of the diaphragm J, closes the diap valve m, and thus cuts 
off the communication between the supply passage A and the out- 
let n. Whilst the escape orifice f is being closed by the valve b?, 
the boss g2 is being removed from the passage c' until, when the 
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escape orifice has been fully closed, the boss g? ceases to obstruct 
the passage c', which is thereupon opened for the purpose of 
liberating the water contained in the chamber ¢, in order that the 
water in the passage h may, by forcing open the valve m flow into 
the outlet en. The flush continues until the valve b' cuts 
off the communication through the passage c!, and the valve m 
has again become closed through the chamber ¢ being once more 
filled by way of the time-hole k, with water at a pressure equal to 
the pressure in the supply pipe. Whilst the boss g3 is entering 
the passage c!, the escape orifice f is reopened, so that the over- 
flow of water forced from the chamber c into the chamber d during 
the flush may escape. (Accepted October 8, 1888). 


17,896. C. D. Abel, London. (The Gas Motoren Fabrik, 
Deutz, Germany.) Apparatus for Heating the Igniting 
Tubes of Gas Motor Engines. (8d. 1 Fig.) December 29, 
1887.—R is a closed reservoir charged with combustible Jiquid 
and having an opening at top fitted with a tubular plug ¢! through 
which is screwed the rod ¢ whose lower end closes more or less 
the small opening leading into the pipe wu with shut-off cock m, 
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The lower end of the pipe is bent upward and fixed in the nozzle 
a of the Bunsen burner to the igniting tube. At p an annular 
chamber is fixed on the pipe u which communicates therewith by a 
small hole regulated by a screw plug q, and which has several small 
jets at top, so that some of the combustible vapour will pass from 
u into p, and being ignited on issuing from the jets, will heat the 
pipe so as to convert the whole of the descending liquid into 
vapour, which we up into the burner where it mixes with the 
air and is burnt. (Sealed November 23, 1888). 


UNITED STATES PATENTS AND PATENT PRACTICE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of — law cases in the United States, may be 
consulted, gratis, at the offices of ENamvgERING, 35 and 36, Bedford- 
street, Strand. 





PENNSYLVANIA RAILROAD.—The total cost of improve- 
ments making this year on the Pennsylvania Railroad 
will be about 400,000/., a large part of the expenditure 
being for third and fourth tracks and steel rails, 





Yaquina.—The new port of Yaquina, in Oregon, where 
a breakwater and other improvements are being carried 
out by the United States Government, is represented as 
being the finest harbour on the Pacific Coast north of 
San Francisco. Portland is 110 miles from the ocean, 
and a vessel leaving Tacoma and Seattle, the ports of 
shipment of the Northern Pacific Railroad, has to traverse 
Puget Sound and the Straits about 180 miles before it 
arrives at the ocean, while it takes only a few minutes to 
cross the bar at the mouth of Yaquina Bay, where the 
ocean is reached and the shipis at sea. Arrangements 
are in contemplation for the shipment of grain direct to 
Europe by the Oregon Pacific Railroad from Yaquina 





Bay. 
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COMPOUND ENGINE AND ALLEN AND KAPP’S DYNAMO. 


CONSTRUCTED BY MESSRS. W. H. 


(For Description, see Page 30.) 


ALLEN AND CO., ENGINEERS, LONDON. 





NOTES ON THE FLOWAGE OF WATER) _ In Table II,, where the length of the pipe is| 


| 10 ft., the head due to the resistance at the entrance- | 


IN PIPES. : : | 
hy We hans. ‘aaa is 2.76 ft. If, as would be approximately | 
(Concluded from page 3.) | | Fia.3 
2. Effect of Coning the Entrance-Mouth of the | aa 


Pipe.—Nearly the whole of the resistance which | 
the water experiences in passing from the cistern | 
into the entrance-mouth of the pipe is due to the | 
fact that the pipe is supposed to be fitted to the | 
side of the cistern without chamfering or coning of | 
any kind. And it has been necessary to make this | 
assumption because all the experiments (so far as | 
can be ascertained) on which the usual formule | 
of flowage are based were conducted on pipes so | 
arranged. But if the entrance-mouth were coned | 
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in the form of the vena contracta, as shown by the | correct, this be divided proportionally between the 
diagram Fig. 3 annexed, the resistance at the head due to the velocity of discharge and the head 





entrance-mouth would be reduced to a quite insig- due to the friction, we shall have for the increase 
nificant amount. 


‘of the head due to the velocity of discharge 





5.59 
5.59+1.75 * 2.76=2.10 ft. If, then, the mouth of 
of the pipe were coned, this quantity (2.10 ft.) 
must be added to the former head, 5.59 ft., thus 
making the head due to the velocity of dis- 
charge 7.69 ft. The discharge due to this head 
is 4.36 cubic feet per second, whereas the discharge 
without coning the pipe is 3.72 cubic feet per 
second. In this case therefore the gain is .64 cubic 
feet, or about one-sixth of the whole discharge 
without coning. 

If, however, the length of the pipe be 100 ft., 
then from the same Table and in the same way it 
will be found that the gain to be seoured in the 
discharge by coning the pipe is .08 of a cubic foot 
per second, whereas the discharge without coning 
was 2.06 cubic feet per second. In this case, then, 
the gain was about one twenty-sixth part of the 
whole discharge without coning. 

Thus it is clear that the advantage of coning the 
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pipe is considerable when the pipe is short, but falls 
off rapidly as the length of the pipe increases, and 
for very long pipes it would be inappreciable. But 
it would undoubtedly be advantageous to cone the 
entrance-mouth of the pipe in all cases. 

The advantage of coning the pipe may be well 
shown by the example already considered, viz., 
that of a vertical pipe 2 ft. in diameter and 
100 ft. long fitted to the bottom of a cistern in 
which the water stands 10 ft. deep. In this 
case it has been shown that if the pipe were 
not coned a head of 63.7 ft. would be required to 
force into the mouth of the pipe the quantity of 
165 cubic feet per second calculated from the 
formula. And since the whole head available for 
the purpose is only 44 ft. the calculated quantity 
cannot be forced into the pipe, and the formula 
breaks down for this case. But if the entrance- 
mouth of the pipe were carefully coned, so that the 
contraction may be neglected, the head required to 
produce the discharge of 165 cubic feet per second 
would be 42.7 ft., which is less than the 44 ft. avail- 
able, and the calculated discharge could be realised. 

3. On the Presswre in the Interior of the Pipe.— 
Referring to the diagram Fig. 2, page 2 ante, the por- 
tion F E of the head is entirely used up in producing 
the velocity of the water in the pipe, and does not 
produce any pressure in the pipe. The portion EC 
is used up in overcoming the resistance at A, and 
does not produce any pressure in the pipe. The 
pressure in the pipe at A is that due to the head 
C A, and the pressure at any other point P is C A 
+ fall from A to P - frictional resistance from A 
to P. For it is clear that the pressure at P will be 
relieved by the frictional resistance from A to P, 
because this resistance must be overcome before 
the pressure can operate at the point P. Let A P 
= « feet, and let the inclination of the pipe be 1 ft. 
in (r) feet, and let f = the frictional resistance 
per foot run of the pipe. Then 


Pressure at P= CA + . — fu 
But 


1_AK . t_AK,ap 
y AB ry AB 
and 
oe. _CK > 
hes Maes | iis 
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w= feo - =X AP. 
r es AB” 


And pressure at P=CA — CA KAP 
AB 


AP r] l-x 
=0A(1- Fy) =0a(1- i) =Cay 

Thus for example in Table II., when the pipe is 
100 ft. long, the pressure at A=C A=10-F C=10 
—2,55=7.45 ft. And the pressure at a point P, 


60ft. distant from A, is 7.45 x (ee) =3.73 ft. 


From this it is seen that the pressure in a pipe 
will not in general be large while the water is 
running freely through it. But if the mouth B of 
the pipe be closed the pressure will be that due to 
the whole head from the surface of the water in the 
cistern. And if the closing of the mouth B be 
effected suddenly, this pressure will be very greatly 
increased. 

On the Effect of Divergent Conical Ajutages and 
Cylindrical Ajutages appiied to an Orifice in the 
Side of a Cistern.—It has been long known that the 
effect of an ajutage similar to that in the diagram, 
Fig. 4, is to largely increase the discharge over 
what would be given by the simple orifice A B, or 
by any other form of ajutage. The reason was ex- 
plained by Venturi, and is to be referred to the 
peculiar action of the atmospheric pressure in pre- 
venting the formation of vacua in the tube, in a 
manner similar to that already explained in the 
investigation on page 1. 

The conoid ABCD, Fig. 4, is supposed to have 
the shape of the vena contracta, and the natural ten- 
dency of the water, if the diverging cone C DEF 
were removed, would be to pass through C D with 
the velocity due to the head of water in the cistern, 
and to continue its course in a cylindrical column 
CDGH. But by its friction and rush it will ex- 
haust the air from the space around the column 
CDGH, and will fill the tube with water. The 
water passing through CD will endeavour to im- 
part its own velocity, t.e., the velocity with which 
it passed C D, to all the water in front of it occu- 
pying the tube CDEF. But in consequence of 
the diverging flare of the tube C D E F, the water in 
front of C D, if it has the same velocity at all points 


along the tube, cannot fill the tube (i.e. extend to 
the sides of it) without the formation of a series of 
vacua all along the tube. This formation of vacua 
is prevented by the atmospheric pressure at EF, 
which lends a portion of its pressure to squeeze the 
water together and prevent the formation of the 
vacua. But the atmospheric pressure at E F tend- 
ing to hinder the efflux is reduced by the portion 
of it which is continuously used up in preventing 
the formation of the vacua. Consequently there is 
an unbalanced pressure of the same amount acting 
on the surface of the water in the cistern, and the 
water enters the pipe with the enhanced velocity 
due to the unbalanced pressure of the air in addi- 
tion to the head of water over the orifice A B. 

To calculate the effect of such an ajutage, let V 
be the velocity with which the water passes C D ; 
then, as the velocity at any point of the tube must 
be inversely as the sectional area at that point, the 


velocity at E F will be V. ie The heads corre- 
at o Dt 

2g 2g‘'EF 

spectively, and the head corresponding to the loss 
of velocity of a fluid disc as it moves from C D to 
E F, continually thinning so as to occupy the whole 

p 4 
bore of the tube will be a (1 — ai- Now, since 
at any moment there will always be a thin fluid 
disc occupying every one of the positions which 
would be successively occupied by a fluid disc in 
moving from C D to E F, therefore the continuous 
pressure of the atmosphere at E F corresponding 
to the continuous loss of velocity in the tube will also 
be “ (1- £0). This will be the unbalanced 
29 EF! 
pressure on the surface of the water in the cistern, 
so that the total head producing the velocity V at 
2 4 

CD is H+ Ms 1 a H being the head of 
water on the orifice AB. Therefore we have the 


equation “ > — 
2 
= H —— {1— 7 Ep. 
29 “2 g ( EF ) 


sponding to these velocities are re- 


or - 
= EF 
es Hx CDi 
that is to say, the flowage through the orifice C D 
proceeds under a pressure equal to that of a head 


E 
of water H. ep 
Suppose, for example, that E F is to C D as 20 
to 15, then 
E ¥¥ _ 20¢ _ 160,000 _ 
CDi 154 50,625 
Thus the head corresponding to the actual flowage 
is more than three times the head of water in the 
cistern ; and the discharge, which will be as the 
square root of the head, will be 1.77 times the dis- 
charge without the ajutage. 
It will be noticed that in the formula arrived at 
above, the length C G of the diverging cone does 
not appear. In fact, the formula assumes that the 
proportions of the tube are such that the water is 
able to fill the tube completely. But a little con- 
sideration will show that both the flare angle and 
the length of the diverging cone must be suited to 
the velocity of the jet to produce a maximum 
effect. For the jet requires time to undergo the 
change of form necessary for filling the tube, and 
if the velocity of the jet be great the flare of the 
tube must be very small or the jet will pass through 
the tube without touching the sides. And as 
regards the length of the tube, a jet which is able 
to fill the tube will only do so to a certain dis- 
tance, for the velocity will at some point or other 
be so much reduced by the increased sectional area 
that it will fall away from the tube and will no 
longer fill it. So that both the flare and length of 
the tube must be suited to the velocity of the jet. 
Cylindrical ajutages applied to an orifice are 
known to increase the discharge, but the explana- 
tion is more obscure than in the case of divergent 
conical ajutages. It would appear as if the jet 
formed for itself, as it were, a conical ajutage to 
the sides of the tube through the dead water in the 
neighbourhood of the vena contracta, and the ex- 
planation of the increased discharge would then be 
the same as before. The effect of cylindrical aju- 
tages is much less than that of divergent conical 
ajutages. 
On the Effect of Air in Pipes.—Throughout the 





preceding investigations it has been assumed, for 








the sake of simplicity, that the pipe discharged 
into the open air. But in practice it is better 
that the discharge mouth of the pipe should be 
submerged, for air has a very mischievous effect in 
pipes, and even when there is no direct communi- 
cation with the air it is very difficult to keep air 
out of the pipes. For the water carries air with it, 
and this air will collect in any bend or corner where 
it is not continually carried away by the rush of 
the water, and will obstruct and throttle the free 
run of the water, and thereby greatly diminish the 
discharge. In making experiments on the flowage 
in pipes it has been found necessary to use great 
precautions to avoid the collecting of air in the 
pipes, or to remove it when it has collected. At 
every sharp change of gradient ona line of pipes 
there should be provided some means of removing 
any air that might collect there. 

hen a pipe discharges into the open air, and 
the velocity of the water in the pipe is small, the 
pipe will not run full at the mouth. This is be- 
cause the case at the mouth is similar to that of a 
weir, and, as in the case of an ordinary weir, there 
will be a sharp fall of the water surface and an 
increased velocity of the water at the mouth. If 
the velocity in the pipe be very small, the pipe will 
very likely not run half full at the mouth, and the 
water will not fill the pipe for a considerable dis- 
tance fromthe mouth. And if the velocity in the 
pipe be very large, the water will apparently fill the 
pipe completely to its very mouth. 





THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 
(From our New York CorRESPONDENT.) 


Tuts Society, which is one of the youngest of the 
American scientific associations, seems to possess 
more life and vigour than any two of the others 
combined. It is the only society which has a dis- 
tinctive badge for its junior members, and, as a 
result of its enterprise and strong membership, 
though not large as to numbers, it -generally 
musters rather a greater proportion of attendants 
at its meetings than any of the others. 

When an invitation was received from your In- 
stitution of Mechanical Engineers, through its dis- 
tinguished President, Mr. E. H. Carbutt, to come 
to England and hold a joint meeting in Paris with 
the Institution of Mechanical Engineers, there was 
no discussion as to whether a suitable number of 
representative men could be obtained; it was 
simply a question of how many could leave their 
affairs and absent themselves long enough to make 
the trip. At all events the very kind invitation of 
Mr. Carbutt was received with considerable enthu- 
siasm, as a token of friendship from those who are 
working in ways kindred to our own on the other 
side of the Atlantic. 

This is, however, anticipating matters. The 
party which was going to Scranton for the October 
meeting, assembled.at the station and the train was 
hauled by ‘‘ 444,” the Strong locomotive designed by 
one of our members. The engine has already been 
pretty fully described in ENGINEERING,* so it is 
needless to add more than the fact, that she fully 
sustained her reputation and landed the party in 
Scranton ahead of the schedule time, which, by the 
way, was nota slow schedule. The Lehigh Valley 
Railway runs through one of the most beautiful and 
picturesque stretches of scenery in the United 
States, and as this was the most beautiful season 
of the year, when the trees were clothed in all the 
hues of the rainbow, the trip was thoroughly 
enjoyed by the party. No one of your country- 
men, who has not seen an American autumn, can 
realise its beauty from any description ; at one 
point the bright yellow leaves give the hillside the 
effect of a conflagration, while the deeper red colour 
serves to make this effect even more startling. It 
is certainly well worth a trip across the Atlantic to 
witness the autumn changes. 

On the arrival of the party, the local committee, 
whose efforts throughout the meeting were untiring, 
apportioned the party to two hotels, for no one was 
able to accommodate them. 

The head-quarters were fixed at the Westminster, 
which was across the street from the place of 
holding the session, viz., the Young Men’s 
Christian Association building. The latter is a fine 
three-story brick structure with a library, reading- 
room, reception-room, gynasium, and a fine hall 
where the meetings were convened. Whether 


* See vol. xliii., page 407, 
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Steam Pressures in 








Scranton has more young Christians than similar 
cities, or whether the older members of the flock 
think they need better accommodation to attract 
them, cannot be positively, stated but certain it is, 
there are few finer buildings set aside for this pur- 
pose anywhere in the country. 








EXPERIMENTS ON THE FRICTION OF STEAM ENGINES. 





Frictional Horse Powe 





Having assembled in this hall, the party received 
an interesting address of welcome from Colonel 
J. A. Price, which was responded to in appropriate 
oodbury, vice-president, 
as the president was unfortunately absent owing to Hts 
These necessary preliminaries * See ENGINEERING, vol, xlv., p. 2. 


terms by Mr. C. J. H. 


a severe illness. 
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having been gone through, the meeting started at 
once on the business which had brought them 
together, which was the interchange of ideas. 


Tue INTERNAL FRIcTION OF ENGINES. 


Dr. R. H. Thurston, of Cornell University, was the 
first speaker. His paper was entitled, ‘* Distribu- 
tion of Internal Friction of Engines.” This paper 
we need not summarise here, as we are publishing 
it in extenso; it was in general an account of a 
series of experiments undertaken at Sibley College, 
of which Dr. Thurston is dean, to determine such 
distribution. 

The paper was so eminently practical that it was 
received with considerable interest. Dr. Thurston 
had, however, another one to present on a kindred 
subject entitled ‘‘ Variable Load, Internal Fric- 
tion, Engine Speed and Work.” This was also 
based on a series of experiments made on various 
engines. They were conducted for the purpose of 
checl-ing the results of previous researches made to 
determine the relations of friction of engines to 
other conditions specified. It had been shown pre- 
viously that in some classes of engines this friction 
was constant with all loads whatever, up to and 
beyond the rated power of the machine, and in the 
case of a small engine tested, the percentage of 
power lost by friction was a constant fraction of a 
given total power of the engine at all speeds. Dr. 
Thurston stated that the final results of the tests 
showed a corroboration of the earlier work re- 
ported in vol. ix. Transactions American Society 
of Mechanical Engineers.* The engines exhibited 
constant friction at all loads even in the case of 
compound and condensing engines. It also appeared 
that increase of engine speed is productive of some 
increase of engine friction. We annex a series of 
diagrams illustrating the results obtained during 
the experiments dealt with in Dr. Thursto:n’s paper. 
These will be examined with interest in connection 
with the data recorded in his other communication 
we are publishing in extenso. 

The two papers were discussed as one, and the 
subjects dealt with were carefully considered by 
the members who spoke. 


THE Friction or Piston Rivas. 


Professor Denton, of Stevens Institute, presented 
the next paper. It was entitled ‘‘The Friction of 
Piston Packing Rings in Steam Cylinders.” It 
consisted of the description of an apparatus for test- 
ing the amount of such friction, and gave the results 
as follows: Case 1, where no lubricant was used, 
the coefficient of friction was 74 per cent. In Case 
2, where there was one half-drop of oil per minute 
fed, the coefficient of friction was 5 per cent. 
In Case 3, where the oil fed one drop per minute, 
the coefficient was 3 per cent. In Case 4, witha 
feed of twodrops per minute, the coefficient was 
1 per cent. In the discussion which followed, not 
much was elucidated. It consisted for the most 
part of the experiences of the various speakers, 
but it could hardly be called what is known as an 
‘‘experience meeting,” although there were me- 
thods and methodists. The trouble was that these 
‘*experiences” were so at variance that it was im- 
possible to reconcile them. One man recommended 
improved packing, another did not believe in it. 
One thought steam had lubricating properties, 
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into the low-pressure system. As an evidence of 
its usefulness, he submitted the following Table : 


Conditions of Running Engine with Receiver Pressure 
Regulator Attached, 


Mean Back Pres- 


Per Cent. of Steam 
Exhausted from 
32-In. Cylinder, 


Indicated Horee- 
Power. | 


| Remarks, 


Apparent Cut- 


|44-In, | | Taken | Used for 
Cy- |Total.|into 44-In.| Heating 
linder | Cylinder. Purposes. 
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The discussion following this paper took rather 
the form of the merits of steam and water power, 
with, as wa3 natural, a strong leaning to a steam 


supply, as preferable. 
(Zo be continued.) 








THE PANAMA CANAL. 

Tue present crisis in the affairs of the Panama 
Canal Company, and the severe blow which the 
enterprise recently sustained by the retirement of 
M. de Lesseps, does not seem to have paralysed the 
sanguine hopes of the investors. The proposals to 
raise new capital, and toa sufficient amount, for the 
completion of the work, are being favourably re- 
ceived, and those whose money has been sunk do not 
seem to hesitate before further: sacrifices to attain 
a result which almost the whole of France regards 
as of vital importance. The absence of accurate 
and independent information as to the actual 
condition of the works, imports perhaps the chief 
element of doubt and uncertainty in the whole 
matter ; it is natural to suppose that the directors 
of the company have made out the best possible case 
for the undertaking, both for themselves and to 
promote the flow of further capital; while the 
testimony of independent engineers is so conflict- 
ing that any useful conclusions from them are im- 
possible. We have before us the last official report 
of the company, giving what purports to be the 
actual condition of the works on the 25th of August 
last, and this document is of special interest, not only 
because it is the only detailed statement available, 
but because it was the last report prepared before 
the crash came that drove M. de Lesseps from 
command, and raised a temporary panic from one 
end of France to the other. 

This report deals successively with each of the 
five sections into which the canal is divided (see 
engravings on pages 28 and 29), commencing 
from the Atlantic end of the work. The first 
section extends from 0 to 14 miles. On Jan- 
uary 1, 1888, there remained to be excavated a 
total of 8,626,000 cube metres, of which 4,350,000 
metres had been removed during the first seven 
months of the year; if the work proceeded at the 
same rate all the excavation on this section should 
be finished by April next, that is assuming the 
nature of the material to be favourable ; from 0 
to 11 miles the depth attained below the sea level 
varied on August 25, from 14 ft. to 28ft.; the width 
on the water level was 131 ft. and on the bottom 
72ft. From 11 to 14 miles the work was down to 
sea level. On this section the deviation works for 
the Chagres River were complete for a bottom width 
of 114 ft. to a depth of 13 ft., except for a length 
of about half a mile. The heaviest part of the 
harbour works at Colon were completed, and the 
navigation channel, for the most part, had been 
dredged to a depth of from 26 ft. to 29ft. The 
dredging plant on this section comprised: Seven 
dredging machines of 250 horse-power, with trans- 
porters; one sea dredge of 250 horse - power ; 
one of 180 horse-power ; and two of 60 horse-power 
each. The plant for the dry excavation included 
600 wagons, 9 locomotives, 2 steam navvies, and 
about 30 miles of permanent way. 

The second section includes from 14 miles to 27 
miles. The first work executed on this section was 
to lower the whole level to about that of the Chagres 
River, some 33 ft. above the sea; For this work 
there were employed 1100 wagons, 12 locomotives, 


6 excavators, and some 31 miles of permanent way ; 
there were also on the sides of the canal 9 ex- 
cavators of 180 horse-power each. The total 
amount of excavation on this section remaining to 


| be done on January 1, 1888, was 6,952,000 metres, 


of which, on August 25, 1,499,000 metres had been 
completed. 

The third section is from 27 miles to 33 miles, 
Between 27 miles and 29 miles the earthworks were 
completed. On January 1, 1888, there were 
4,000,000 cube metres to be removed, and on 
August 25, 710,800 cube metres had been taken out. 
The plant on this section was: 2500 wagons, 45 
locomotives, about 70 miles of permanent way, 150 
steam cranes, and 120 rock drills. 

The fourth division is from 33 miles to 38 miles. 
On January 1, 1888, there remained to be done 
5,133,000 cube metres of excavation, which had 
been reduced on August 25 by 810,000 metres. 
Until that date the work had been almost wholly 
dry cutting, but since then a great deal of dredging 
has been done on both sides of the Culebra in form- 
ing artificial lakes with the waters of the Obispo 
and Rio Grande. Onthis section there are about 
85 miles of railway, 2600 wagons, 70 locomotives, 
and 35 steam navvies ; for the dredging operations 
there are 8 dredging machines, 18 spoil barges, 
8 tugs, 2 transporters for the dredgers, and 4 
elevators. 

The last section extends from 38 miles to 46.3 
miles. On August 25 there had been 2,028,000 
cube metres excavated from. the 5,547,000 metres 
remaining on January 1, 1888. The navigable 
channel at Panama had been opened to a depth of 
36 ft. below sea level, a width of 131 ft., and a 
length of 4 miles, while the end of the canal for 
a length of 1} miles was finished to a depth of 
29 ft. 6 in. below mean sea level. The plant com- 
prised 7 dredges of 180 horse-power each, 2 large 
dredges with long transporters, 2 sea dredges, 14 
hand dredges, 6 steam spoil barges, 10 tugs, and 3 
transporting apparatus. 

Messrs. Eiffel and Co. have made considerable 
advance with the locks; the contracts undertaken 
by them are : 

1. The excavation of all earthwork necessary for 
the locks and foundations. 

2. The provision and fixing of all the lock framing, 
gates, and controlling mechanism. 

3. The masonry and béton sides, inverts and 
filling of the iron caissons. The following Table gives 
particulars of all the excavation that had been done 
upon the locks up to August 25 last : 


| 
| Excavation to 
| August 25, 1888. | 


1 








jy ng Total Excavation. Remaining. 





cube metres cube metres 
5C, 
60,000 
60,000 
50,000 
20,000 
40,000 
59,000 
60,000 
60,000 
30,000 


| 480,000 
The total weight of ironwork for the locks is 
37,000 tons, of which 26,000 tons have been 
ordered ; the contract also includes 25,000 tons of 
cement. About 6000 tons of ironwork have been 
shipped to Colon, and 24,000 cube metres of broken 
stone for the béton have been prepared. 


cube metres 
124,000 
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SECTIONAL COMPOUND ENGINE, 

THE engines illustrated on page 36 were designed 
and constructed by Messrs. Willdigg and Lupton, 
engineers, Coventry. The most noticeable feature 
of this design is that to meet the difficulties to 
be overcome in transport to their destination they are 
constructed so that no single piece weighs more than 
224 lb. with the exception of the cranks, which are of 
the locomotive type. The cylinders of the engine are 
14in. and 24 in. in diameter respectively, and 26 in. 
stroke. The cylinders are put together in rings and the 
condenser is made in a similar manner. The flywheel 
is 12 ft. in. in diameter and has five grooves ; the boss 
of the flywheel acts also as a coupling for the two en- 
gines. The beds are of the box-girder pattern, as 
shown. 





ENGINE AND DYNAMO FOR DEPTFORD 
ELECTRIC LIGHTING STATION, 
THE illustration on page 25represents a combined form 
of exciter and inverted engine, constructed by Messrs. 





W. H. Allen and Co,, of York-street Works, Lambeth, 





and is one of a series being supplied to the London 
Electric Supply Corporation for their new works at 
Deptford under the specification of their engineer, 
Mr. S. Z. de Ferranti. The dynamo is constructed 
upon Allenand Kapp’s patent, and is specially made 
for free ventilation and direct driving. The output 
of the machine is 300 ampéres at 50 volts, while the 
speed is only 175 revolutions per minute. The engine 
is designed for a steam pressure of 200 lb. on the 
square inch, and is of the tandem form, the high- 
pressure cylinder being 5} in. in diameter and the 
low-pressure 124 in., with a stroke of 8in. The valve 
of the high-pressure cylinder is of the piston form and 
is controlled by a special governor of the Hartnell 
type, the valve of the low-pressure cylinder being 
worked by a separate eccentric. 

The whole combination forms a very complete and 
substantial machine and does credit to the makers. 





PACKING MACHINERY FOR SHIPMENT. 
To THE EDITOR OF ENGINEERING. 

Srr,—As the responsible hand for the packing and for- 
warding of machinery to all parts of the world for one of 
the largest firms of engineers in England, I have read 
with interest the letter signed ‘‘En Vedette” in your 
issue of the 4th inst., and can confirm his opinion as to the 
‘*extreme brutality ” our consignments have to suffer. 

As stated, shippers though powerful have at present few 
means of redress, and the feeble efforts of one or another 
to obviate the combination of the shipowners are scarcely 
felt ; for instance, a bill of lading reaches an inland town 
when the goods are all on board and the ship ready to 
sail, or in some cases actually left ; itis indorsed ‘* Nos. 7 
to 25 unprotected,” and unless there is a desire to cause 
delay and endless correspondence the poor shipper is com- 
pelled to accept such indorsement, although on the face of 
it the packages referred to are very often more portable 
and less liable to damage than cases of machinery. 

At the time of writing I have before me a bill of ladin 
for sixty packages, which has a special notice thus: ‘* Al 
unprotected except six cases.” This means, if accepted, 
that the skipper takes no responsibility with the remain- 
ing fifty-four items, which consist of flywheels, boilers 
(with studs, &c., protected with wooden flanges), chimneys, 
cast-iron bases, wrought-iron pipes, crab winches, &c., 
any or all of which, without any special care being 
exercised, should travel the world over unharmed. 

Just to confirm the absurd excuses offered by some 
skippers, I might repeat an amusing episode which 
actually happened a few years ago. A long case which 
left here containing a length of heavy shafting arrived at 
destination empty. Inquiry followed, and eventually 
the excuse offered by the responsible party was, that the 
shaft had never been properly secured, and during rough 
weather it moved about so violently that it knocked the 
end out of the case (although iron hooped), came snake- 
like up the hatchway, and disappeared in the sea. 

As far as regards foreign competition, I cannot on my 
own part agree to play second to either French, German, 
or American packers, as nothing is spared here to make 
all secure and presentable on arrival abroad. 

Ican only hope that this correspondence will induce 
shippers, wherever possible, to make a stand against use- 
less and absurd indorsements, and so keep the responsi- 
bility on the right shoulders. 

I am, yours eS, “ 


Birmingham, January 8, 1889, ANK. 





FORCED DRAUGHT. 
To THE EDITOR OF ENGINEERING. 
Srr,—In reference to Messrs. Smith’s statement on 
** Forced Draught v. Natural Draught” in your last issue, 
page 11, as the evidence there adduced is scarcely suffi- 
cient toestablish the conclusions at which Messrs. Smith 
have arrived, may I ask that they will kindly give your 
readers the additional data which have enabled them to 
ascribe the whole saving to forced draught ? 
The average indicated horse-power would be important 
if obtainable. 
Yours, &c., 


Portsmouth, January 7, 1889. FAntTOME. 





BREAKDOWNS OF MARINE ENGINES. 
To THE EpITOR OF ENGINEERING. 

Sir,—Referring to the correspondence in your recent 
issues on the breakdowns of marine engines and the ad- 
visability of fitting governors. So far as the correspon- 
dence has gone, it has been an interesting piece of chit-chat 
and exchange of opinion. The latter are not worth much 
owing to the unknown conditions under which they were 
formed. Let us try to arrive at the hard facts of the 
case, and I would suggest that the best way to do sois 
by propounding a series of questions, such as follow, 
which, perhaps, some of our mathematical friends may be 
able to answer. 

Taking an ordinary cargo boat with triple-expansion 
engines, say, with cylinders 22 in., 36 in., and 60 in. by 
39 in. stroke, 160 lb. steam, 65 revolutions ~ minute, 
a gad about 16 ft. pitch, and a speed of about ten 

nots. 

Assuming these engines to be running at full s with 
the propeller fully immersed, what pressure will there be 
per square foot of surface of the blades, also the engine 
to be racing at, say, up to double speed, i.¢., 130 revolu- 
tions and the propeller instantly immersed, what will 
then be the pressure per square foot of surface, and is not 
the effect of this sudden reimmersion equivalent to a 
heavy blow on the blades likely to strip them? Of course 
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this increased destructive pressure will react throughout 
the entire engine, 

Will not the suddenly increased torsional strain on the 
shaft, due to the above, constantly repeated, tend to de- 
velop fractures ? 

To what extent would the strain be increased on the 
pumps, valves, and pipes? 

Besides the enormous waste of steam due to non- 
effective work when the engine is racing, is not the con- 
dition of self-destruction largely developed ? 

Youn faithfully, 
PROPELLER. 
London, E , January 8, 1889. 





THE CLASSIFICATION OF MARINE 
ENGINES. 
To THE EDITOR OF ENGINEERING. 

Srr,—You are doubtless as well aware as the writer 
that the terms double, triple, and quadruple-compound 
are far more desirable from an engineering, as well as a 
literary, point of view than the erroneous, inconsistent, 
and misleading ones of double, triple, and quadruple- 
expansion. 

With no other motive than allegiance to, and respect 
for, your journal, I would remind you that no better 
champion could be found for this philological reform than 
the ‘‘London ENGINEERING,” as it is known in this 
country. Yours very truly, 

Srpygy A, Reeve, M.E, 
New York, U.S.A., December 3, 1888. 

[The suggestion made by our correspondent appears to 

us well worth consideration.—Ep. E.] 





THE LOCOMOTIVE QUESTION IN NEW 
SOUTH WALES. 
To THE EpiToR OF ENGINEERING. 

S1r,—In continuing the subject of my last letter, the 
firsf point to be noted is that the attack on the engines 
specitied by the locomotive engineer—specified, be it re- 
membered, with the approval of the previous Government 
—was initiated on the ground that they were ‘‘of a 
different type” from any that were then in use on the 
New South Wales railways. 

This plea was advanced, in the first instance, in a 
minute by the then Commissioner for Railways, within a 
week or two after a change of ministry. It next found 
place in a minute by the Minister for Works a few weeks 
later, and was further continued in the subsequent report 
of the superintendent of tramway rolling stock ; although 
the attack, as will be seen later on, somewhat shifted 
ground in its later stages. The lameness and insufficiency 
of this plea of ‘‘difference in type”—to express it con- 
cisely—will be readily shown. But before doing so it may 
be well to note the exact terms in which the plea was 
stated by those who advanced it. Taking them in their 
consecutive order, the Commissioner, under date of 
February 12, 1887, wrote as follows: ‘‘I am informed 
that the engines for which tenders have recently 
been invited are of a different type to any we have now in 
use.” In this connection it may be noted that the speci- 
fications for these engines had been in existence, and 
had, in fact, been officially dealt with by the commissioner 
himself, as the published papers show, close upon six 
months before any one seems to have considered it worth 
while ‘‘informing” him on this point. But to resume. 
On April 18 the minister next wrote: ‘‘ With reference 
to the specifications for the twenty-eight goods engines and 
sixteen passenger engines, it seems to me, from a perusal 
of them, that they provide for a ditferent type of engines 
to any we have now running, and their adoption would, 
in my opinion, be aserious mistake.” Then, after giving 
expression to his views on locomotive construction and 
railway working, he concluded his minute with the fol- 
lowing intimation: ‘‘ For the purpose of obtaining 
opinions as to the best class of engines for the purpose, L 
wish an early report from Mr. Midelton, now superinten- 
dent of tramway rolling stock.” 

Before dealing with the outcome of this reference of the 
question to the tramway superintendent, it is worthy of 
note that between the dates of the above quoted minutes, 
and within a week or two of the earlier of them (namely, 
on February 28), there had been penned by the minister 
the minute changing the conditions of contract as to the 
place of inspection and acceptance, and the facilities for 
the erection of the above-named forty-four locomotives, 
which, being embodied in a cablegram to the Agent- 
General in London, imposed those arbitrary and onerous 
terms of which the locomotive makers in this country so 
reasonably complained. 

suming, however, the question of “ difference in 
type,” it is only just to the tramway superintendent to 
say that, in his reply to the minister’s invitation, the 
charge on this score was formulated in less direct terms 
in regard to the passenger engines, at all events, than 
those used by the commissioner and the minister, respec- 
tively ; while, moreover, in dealing with the point, he 
made use, indiscriminately here and there in his report, of 
the two somewhat inconsistent terms “types” and 
“ classes,” Nevertheless, the ‘‘ difference in types,” ini- 
tiated in the earlier minutes, was made, even in his 
report, the gravamen of the criticism on the locomotive 
engineer, although, as has been already indicated, other 
matters of more or less insignificance, and which will be 
peony to again hereafter, were introduced into his 
repor 

That I may not be accused of misstating the terms of 
the charge, the superficiality of which I am about to de- 
— I will put —. briefly in Mr. Midelton’s 
own language, as given in his report to the minister. 
of April 19, 1887. Speaking of the locomotive engi. 








neer’s specification for the goods engines, he says: ‘‘ This 


specification describes what is known here as the 
205 class of engine” (i.e., one having six-coupled 4-ft. 
wheels, with a two-wheeled bogie in front, and outside 
cylinders). ‘‘ Indeed,” he goes on to say, ‘‘if it were not 
stipulated that the cylinders were to be 19 in. in diameter 
and 24 in, stroke, instead of 18 in. in diameter and 26 in. 
stroke, it would exactly describe the 205 class of engine, a 
great many of which we have been supplied with by 
Messrs. Beyer, Peacock, and Co., but the author of the 
specification is not content with introducing another class 
of passenger engine, but he wishes to introduce another 
class of goods engine also, without securing any benefit.” 

In the foregoing (the italics in which are mine) it will 
be seen that it is laid down in unmistakable terms that 
the “‘ difference in type” charged against the locomotive 
engineer, and made a ground, in the first instance, for 
shelving the tenders invited by the previous Government, 
consisted merely in a proposal to shorten the stroke of the 
engines from 26 in. to 24 in., with a corresponding change 
in the diameter of the cylinders from 18 in. to19in. In 
view of this fact, and without going into the merits or 
demerits of the proposed change, it is self-evident that 
if its introduction was to have the grave results anti- 
cipated by the minister, in changing engines, which, as 
we shall see, otherwise admirably answered the require- 
ments of the traffic, into their being (as the minister ex- 
pressed it) ‘‘a serious mistake,” all that was necessary 
for him to have done in rectifying the matter was to have 
sent to the Agent-General the simple cablegram: ‘‘ Stroke 
and diameter of cylinders of goods engines to be the same 
as hitherto.” 

The plea of ‘‘ difference in type” in reference to the 
passenger engines was equally superficial. It may seem 
hardly credible, but it is nevertheless true, that while 
the statement of the Commissioner for Railways, on the 
one hand, that the engines specified by the locomotive 
engineer for passenger traffic were different—though in 
fact only slightly different—from any then ‘‘in use,” and 
that of the Minister for Works, on the other hand, that 
they were different from any then “‘ running” was literally 
true, there were then in course of delivery and erection in 
the railway yard, at Sydney, twelve engines, to an order 
of the previous Government, of precisely the same din en- 
sions, and, in fact, to the same specification, as the engine; 
to which the minister’s and the commissioner’s minutes 
referred, the first of which was so near completion at the 
time as actually to commence running within three weeks 
of the minister’s minute, and the others shortly after- 
wards, thereby disposing, by the mere efflux of a few days, 
of the plea of multiplying types, in so far, at all events, as 
the passenger engines were concerned. 

Having already disposed of the like plea in respect of 
the goods engines, and having thus cleared away the fog 
of empty or misleading phrases in wiich the subject was 
obscured in its earlier stages, I am free to deal with the 
more prominent points of the question in its later develop- 
ments. This letter has, however, reached so great a length 
as to necessitate, in consideration of your valuable space, 
my deferring further remarks to a later occasion. 


Yours truly, 
January 3, 1889, JUSTICIA. 





ON THE CAUSE OF THE DIURNAL 

OSCILLATION OF THE BAROMETER. 

To THE EpiTor oF ENGINEERING. 

Srr,—“‘ The diurnal variation of pressure,” says the 
Hon. Mr. Abercromby on page 310 of his recently pub- 
lished work ‘‘ Weather,” ‘‘ has two minima at4 a.m. and 
4 p.m., and two maxima at 10 a.m. and 10 p.m. respec- 
tively. The single diurnal variations are undoubtedly 
due to the direct influence of the sun’s heat; but the 
question how an influence such as that which runs its 
course only once in the twenty-four hours can induce a 
variation which has a semidiurnal period, has, up to the 
present time, baffled the skill of meteorologists, It is, 
however, perfectly certain that no one is the cause of the 
others ; all are equally the products of the same influence, 
and no comprehensive theory of diurnal variations will 
ever be complete, which does not explain and correlate all 
together.” 

t is the purpose of the following lines to demonstrate 
that the combined effect of daily uptake cf moisture and 
expansion by the sun’s heat must necessarily produce a 
semidiurnal oscillation and no other. 

For the sake of simplicity we may assume that the sur- 
face evaporation only takes place from the time the sun 
rises till it sets, and to be quite sure of this we may take 
before us the case of dew being deposited during night, as 
it is pretty clear that evaporation and condensation of 
moisture cannot take place simultaneously from the same 
surface. The surface air becomes expanded by the sun’s 
heat, and by the vapour it absorbs. If a body is lighter 
than a fluid in which it is submerged, it will tend upwards 
with a force or pressure equal to the difference between 
the weight of the fluid it has replaced and its own weight, 
and if it is allowed to rise through the fluid it will exert 
@ pressure against the incumbent fluid equal to this force, 
or what comes to the same it will, while rising, carry a 
part of the weight of the fluid above it. If we apply this 
rule to the present instance of expanded surface air sub- 
merged in an atmosphere, it will be seen that this air, 
while rising through the atmosphere, will carry a part of 
the weight of the atmosphere, and how much it carries 
is shown by the falling of the barometer. 

This falling is represented in Fig. 1 by the curve 
abc, the line de being mean pressure. This curve com- 
mences at sunrise, and ends some hours after sunset, when 
the latest expanded air ceases to rise after having found 
its place of equilibrium, namely, when the specific gravity 
of the surrounding air is equal to its own. 

The vapours imparted to the atmosphere have, how- 





ever, acertain weight, and this weight will assert itself 
as increase of pressure when the vapour particles cease to 
rise. The curve f g hi represents this increase of pres- 
sure on the barometer. It commences several hours after 
sunrise when the first of the rising vapour particles have 
arrived at their place of rest, and reaches its maxima 
where the curve a 6 cends. From this point the curve 
is gradually descending until sunrise, as the uptake 
of vapour in the atmosphere is constantly given off by 
rainfall, so during the night, when no fresh supply is 
received, the pressure caused by vapour must be con- 
stantly sinking. At sunrise the atmosphere is in a state 
of equilibrium as far as the disturbing influences of the 
sun is concerned ; then when the expansion by heat and 
by vapour causes an extra volume to be introduced along 
the earth’s surface, the surface air must be pushed up, 


Fig L 











wards to give room for this fresh body of air. The new 
body of air forms a pressure centre, and the pressure it 
exerts against the incumbent air is exactly equal to the 
increase of pressure at the earth’s surface. The first effect 
caused by the expansion is, therefore, increase of pressure 
at the earth’s surface, and this increase of pressure reaches 
its maximum when the development of air body per hour 
is at its greatest. Afterwards, when circulation has pro- 
perly eet in, the volume of air rising equalises the volume 
developed during a given period of time, and this increase 
of pressure is no longer felt. The curve / m n represents 
the effect on the barometer of this pressure. 

If we now combine these three curves we get a re- 
sultant curve as shown in Fig. 2; this curve has two 
maxima and two minima, and they occur at the same 
hours as those of the diurnal oscillation of the barometer. 
Whether other factors, such as the rotary motion of the 
earth, may have a modifying effect on the oscillation, others 
may be able to prove, but I think it has now been demon- 
strated that the effect of the sun’s heat would by itself be 
able to produce an oscillation very similar to the one we 
find, ond that consequently these other factors cannot have 
any great influence unless they work together with the 


sun. 

When the earth is covered by a dense layer of clouds, 
the upper surface of this layer practically becomes the 
earth’s surface, and the expansion caused by the sun then 
goes onthere. The general run of the diurnal oscillation 
of a barometer placed underneath the clouds will there- 
fore remain unaltered. On the other hand, it will be 
obvious that the oscillations are likely to be different at 
least as to time, if not also in shape, at the top and the 
base of a high mountain, and unless this difference is 
taken properly into account the measurement of a moun- 
tain by means of barometers cannot be expected to be 
perfectly reliable, 

Yours truly, 
Franz A. Vescuow, F.R. Met. 8. 





Srezt ror WATER AND OTHER Pipzs.—In reference to 
our Note on the above subject in our issue of December 28 
last, Mr. James Riley writes that we are in error in stat- 
ing the contract for the supply of the pipes for conveying 
water across the Tay Bridge was carried out by his com- 

any, the actual contractors being Messrs. Duncan 

rothers, who have paid considerable attention to this 
class of business for some years past, and are now con- 
structing the main for Mexico referred to in our Note. 


CaTALocuES.—Rigg’s Technical Educational A ppliance 
Company, Limited, of 20, Bucklersbury, Queen Victoria- 
steet, E.C., have issued a seventh edition of their cata- 
logue of apparatus for technical instruction in science 
and technology. It contains illustrations and particulare 
of apparatus and models pertaining to: (1) Practical plane 
and solid geometry ; (2) machine construction and draw- 
ing ; (3) building construction ; (4) carpentry and joinery ; 
(5) brickwork and masonry; (6) naval arsbitecture; 17} 
pure mathematics ; (8) theoretical mechanics ; (9) applied 
mechanics; and (10) sound, light, and heat. There are 
three other volumes of the catalogue dealing with other 
sciences and arts, Now that demonstration lessons are 
becoming so widely popular as means of education, ~— 
appliances will be used, not only in technical schools, but 
also in those of a less specialised character. It is a fault 
of the catalogue that the engravings fail to convey an 
adequate idea of the solid and workmanlike construction 
of the models. In a recent issue we noticed some advance 

es of a catalogue of the Wovdhouse and Rawson 
Plectrie eg yong Limited, of 11, Queen Victoria- 
street, E.C. e have now received the entire volume, 
which is, we believe, the most complete compendium of 
electrical appliances published. It is not confined to the 
manufactures of the Woodhouse and Rawson firms, but 
includes those of many of the leading makers. We notice 
with approval that the prices are quoted, even for such 
objects as electric tramcars, launches, and submarine 
boats. Of course, these prices without specifications are 


little more than clues, but such clues are often very con- 
venient, 
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ANALYSIS OF AN HYDRAULIC STEP. | 


By F. G. Hxsst, Professor of Mechanical Engineering, | 
University of California. 
TuHE machinery which was used in connection with a | 
certain pumping system for irrigation contained a vertical 
shaft which supported a heavy load and rotated in water 
at a high velocity. The whole plant was required to be 
of such construction as to dispense with the necessity of | 
supervision. 
Under these conditions the footstep of the shaft claimed 
careful consideration. Lubrication, except with water, 
was out of the question. The use of lignum vite was | 
also of doubtful utility on account of the grit, of which 
the water carried considerable quantities. Girard’s | 
method of forcing water between the surfaces of contact | 


Up, the velocity of rotation at 7p ; 

g, the acceleration of gravity ; 

7, the density of the fluid ; 

m, the number of rotating discs ; 

Pj, the total pressure upon the upper face of the 


disc ; 
Py, the total pressure upon the lower face of the 
isc ; 
P=P?—P,, the resulting upward pressure. 


Assuming 7p to be zero, and neglecting fluid friction, we 
aa obtain the pressure P as follows : 

he height to which the fluid would rise at a distance 

x, from the axis, measured from the plane} V 8, is equal to 


v2". The ordinates representing these heads ter- 


2g 29 


by means of a force pump* was too complicated and lacked | minate, therefore, in the surface of a paraboloid of revolu- 


permanency. 
In this dilemma it occurred to me that a permanent | 
water pressure might be established through the agency | 
of a forced vortex, created by the rotation of the shaft | 
itself, which, in acting against a disc attached to the shaft, | 
could be made to balance a portion of or the whole load. | 
Fig. 1 is a sectional view of the footstep, through the 
axis of shaft S. It represents a cylindrical vessel, com- 
posed of a number of identical compartments mm, &c. | 







































































tion, with its vertex at V, and its volume a V a, is equal 
to one-half that of the cylinder b a ab, hence P; = yar 


2 ‘ : : 
o, and considering that the maximum specific pressure, 


he acts upon the entire lower face of the disc, we 


have P; = 7 r4 95° 


1? 


hence 




















ives the same result as that found in practice, provided 
uid friction does not exist; its presence will not only 


2 
decrease the maximum pressure, 7 n=, but also the 
gy 


total pressure under the disc, which is now no longer the 
resultant of a uniform maximum pressure under the disc. 
The cause of this is to be found in the clearance or space 
between the movable and stationary ribs and surfaces. 

The rotating ribs do not impart the same motion to all the 
water above the disc. There remains a film of fluid next 
to the upper stationary surface, either wholly stationary, 
or if slippage takes place, partially so. Within the free 
space, or clearance, inner friction causes the water to 
assume gradually, according to some law, the full velocity 
of rotation. The pressures due to the normal forces being 
thus modified, radial currents towards the axis of rotation 
are induced, while a compensating tlow from the axis, in 
conformity to the law of continuity, takes place between 
the rotating ribs. In other words, potential energy is con- 
verted into kinetic energy. The same action, but with 
currents reversed, takes place in the compartment below 
the disc. 

The problem mapped out in the foregoing was given to 
the students as laboratory work. It calls for mechanical 
appliances, instruments of precision for measurement, &c., 
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(the engraving shows three). Tho concentric shaft S passes 
freely through these and rests on an ordinary footstep, | 
which is attached to the bottom of the lowest compart- 
ment. The shaft carries for each division a disc of a dia- 
meter just sufficient to clear the surrounding face of the 
cylinder, and midway between top and bottom. The 
upper part of each disc is provided with radial ribs or 
blades rv, and the bottom of each vessel is provided with 
stationary ribs 77. 

For our purpose, and, as will be seen also in common 
ractice, it is sufficient to consider o»:ly one compartment. 
f the shaft rotates and the vessel is filled with water, the | 

wings r will cause the latter to rotate with the same angular 
velocity. A forced vortex is created, and the pressure of 
the water will increase from the centre towards the cir- 
cumference. The water in the space below the rotating | 
disc will be under a uniform pressure, equal to the | 
maximum pressure above; hence the disc, and with it | 
the shaft, will be under the influence of an upward pres- | 
sure, equal to the difference of the total pressures acting 

upon both sides of the disc. 

Let w denote the angular velocity of rotation ; 

r, the radius of the rotating disc in feet ; | 
1%, the radius of the hub in feet ; | 
n, the number of revolutions per minute ; 

v, velocity of rotation at any given distance ; 








* See Armengaud “‘ Vignole des Mecaniciens,” p. 13, | 
and Note ‘‘Sur les Experiences de,” &c., in Comptes | 
Rendues de Academie des Sciences a Paris, t. 55, | 


P=y 714 o, 
29 


For any other value of 7) we find 


Py=¥ 7 (r2=r2)? < (see note below), 
g 


and since the maximum specific pressure acts upon the 
entire area of the disc, we have: 
P.=y 4 (r2—r3) r? =, and 
29 
P=yr (r'—r al 
4g 

If we express © in terms of n and r 7) in terms of d do 
(diameters) we find : 

P=0.00104 (d!—d4) n®, and for m rotating discs, 
P=0,00104 (d4-—d$)n? m. 

The work in the laboratory has to deal with two sub- 
jects of investigation, viz. : Pressure and work consumed 
by frictional resistance of the disc rotating in water. 

The value for pressure, found by the above formula, 


Norte.—The specific pressure p, at distance x, is equal 


2 2 
to y (w?— r2)2-, hence P,;=27 f° (229-13) ada=ry 
29 2a J o 
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of varied character; it appeals to their knowledge ac- 
quired in the lecture-room to reach correct conclusions, 
and the results are not merely of temporary value but 
find important applications. 

The students made the experiments and assisted in the 
designing and drawing of the apparatus, all of which was 
built, with the assistance of the students, by Jos. A. 
Sladky, superintendent of the machine shops. His skill 
and ready comprehension of the cardinal points aimed at 
have largely contributed to the successful issue of the ex- 
periments. 

Experiments for Pressure.—The footstep constructed to 
suit experimental convenience is shown in Fig. 3, which 
represents a section through the axis of the shaft. The 
inner diameter of the cylinder is 12} in. in order to admit 
a 12-in. disc; but discs of less diameter can be inserted 
together with corresponding rings V, and stationary ribs 
R' RL 


The shaft S' passes through another shaft S, which has 
its bearings in the hub F of the frame, and on which are 
mounted the driving pulleys P P. Rotation is commu- 
nicated to S' by means of a couple C. In this way the 
tension of the belt is entirely taken up by the shaft S 
and its bearings F ; and since the resisting forces upon the 
disc occur only in couples, the shaft S' is left free to slide 
in its bearings without friction. 

The upper end of the shaft S! en one end of the 
balance lever L through the medium of the socket or step 
D, which is prevented from rotating, as seen in the 
figure, in order to protect the pointed pivot which acts 
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upon L. The other end of lever L is supported by the 
platform of a scale C, Fig. 2, which measures the pres- 


sure upon the disc. 


The experimental data are given in the following Table, 


d denotes the diameter of the disc in inches, 
number of revolutions per minute, 
reading of the scale, 


in which 
n ” 
R ”” 
g ” 
91 ” 
92 ” 
m™m ” 
m, ” 
i ” 


weight of block on scale which engages 


lever L 


weights of shaft S! and socket D, 
weight of disc in water, 
reaction of lever L on shaft, 


” 2” > 
pressure of water upo 


The ratio of the lever arms is 2 : 1. 
We have P=2 R+g>+01+m,—-29-—m. 





platform, 
n the disc. 

















Table of Experimental Data, 








Computed. | Observed. 


Ratio of 
Observed to 
ie ie 








5 in, 1510 71.5 
1128 38.2 

710 15.8 

: 557 9.8 

7 in. 1155 160.5 
932 105.7 

764 70.2 

424 21.6 

; 284 9.7 

9 in. 786 205.6 
626 130.2 

440 64.3 

. 254 21.2 
12 in. 462 222.8 
443 204.1 

300 94.7 

252 68.0 

186 21.3 
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Combining these results, we find the ratio for the 
several discs : 


For 5 in. disc 0.926 
“ 9 Me caer adopted value, 0.95. 
” 12 9” 0.973 


Multiplying .95 into the coefficient of P,we find P= 
0.001 (d*— dé) n? m. 

Resistance.—The arrangement as represented in Fig. 2, 
which was designed to measure pressure and resistance at 
the same time, would have necessitated the elimination of 
the friction moment of the upper footstep of shaft S', 
which is great, considering the pressure to which the step 
is exposed. For this reason the experiments for deter- 
mining the resistance were made independently of those 
for pressure, which made it possible to eliminate the latter 
by arranging the ribs in the same way both under and 
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above the disc. The resulting resistance of the footstep 
would therefore be equal to one-half of the sum of the two 
resistances found for movable and stationary ribs on each 
side of the disc. 

Fig. 4 represents a vertical section of the dynamometer 
which was designed and built for these tests. 

— 5 is a front view and Fig. 6 a top view of the index 
plate. 

The two journa bearings J J support the shaft S' 
which carries the _ P, the graduated disc D, and the 
a casing C. This shaft S! is bored to receive the 
shaft S, shown in dotted lines. Connection between the 
two is established through the medium of a spiral spring ¢, 
the ends of which are attached to the box C and shaft 
S respectively. 

The lower end of S is provided with a disc u, which 
carries two coupling pins for the pa e of conveying 
rotation to the driving pulley for the footstep A, Fig. 2, 











The relative position of the two shafts, that is, the ten- 
sion of the spring ¢, measures the moment required to 
communicate motion to the footstep. Since precision of 
measurement was aimed at in the construction of the 
dynamometer, the recording apparatus was not designed 
for reading while in motion, because such an arrangement 
would have impaired its sensitiveness. 

The bar x, which carries the index hand (see Fig. 6), 
rests on the plate D, and is pivotted on the shaft S'. 
nnare two springs attached to x; their outer ends are 
bent over as seen in the engravings. If these springs are 
forced down so as to bear upon 2, their outer ends enter 
the forked ends of the arms A A, which are conn 
with the disc u (see Fig. 5). If released, they become 
disengaged from A A, but bind x to the disc D (see Fig. 4). 
L L are two levers pivotted to the bar x. In the position 
in Fig. 5, their short ends C C abut against the edge of a 
slot cut in the springs n n, and keep them down. Bya 























slight depression of L L, however, the arms C C will 
release their hold, pass through the slots, and the springs 
will fly up (see Fig. 4). 

At any time, during the action of the dynamometer, the 
position of the index hand may be secured by pressing 
upon a knob y of a rod, which, by means of lever z, sleeve 


S, and levers L, disengages CC. During the use of the 
dynamometer the arms A, of shaft S, are connected with 
the spring, plate x, and index hand, Fig. 5, which relative 
position is secured as explained. 


Resistance Determined by Dynamometer. 
Let a =index reading of dynamometer. 
a,=index reading of dynamometer without water 
in the footstep, to eliminate frictional resist- 
ance and the correction for zero point of the 
graduated disc. 
M=corrected moment of resistance of footstep. 
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€ =0.02298 value of one division of index plate. 
+ =radius of pulley on footstep shaft. 
7,=radius of pulley on dynamometer. 


7 =0,494, 
Tl 


Then we have M=e™. (a—a,) =0.01135 (a—a,). 
" 


One hundred and thirty-four tests for moment of resist- 
ance of movable and stationary wings, were made. 

The motive power was derived from a small Pelton 
wheel, but the water supply proved insufficient to obtain 
the desired velocities. The very laborious computations 
by the method of least squares also established the fact 
that the results could not be trusted on account of the 
unavoidable slipping of the belts. 

For these reasons I concluded to apply a different 
method, applicable not only for the step, which was the 
original object, but in general for the determination of 
fluid resistance to rotating discs, cylinders, &c. 

Resistance Measured by Reaction.—The apparatus built 
for this purpose is shown in Fig. 7 in vertical section. 

M M represents a closed cylinder, 15 in. by 7 in., in 
two sections bolted together, accurately turned and 
balanced and resting on a conical pivot U, which is 
adjustable by a set screw. The shaft S rests upon an 
inverted conical pivot attached to the cylinder M, and has 
its upper bearing in a sleeve, which is inserted in the hub 
of the frame M. This shaft is provided with a shoulder 
and set screws for attaching objects to be experimented 
with. D D represent plates or discs capable of being 
adjusted to any position required for the test. The upper 
journal bearing of the shaft passes through a central 
opening in the cylinder, just large enough not to touch, 

he position of the cylinder is maintained by four friction 
rollers R R. 

The frame F is provided with bearings for a shaft S!, 
which carries the driving pulley P. otion is trans- 
mitted to shaft S by means of a coupling, which is repre- 
sented in Fig. 8 on a larger scale, 

The disc or crosspiece a of the driving shaft S! carries 
two pins p p. The disc dof the driven shaft S has pivotted 
to it at cc two levers, which engage each other at the 
centre of the shaft r, while the outer ends receive the 
thrust of the pins p p at ii. 

The points tc rc 7, and also the centres of the pins p p, 
are contained in diameters. 

It is evident that both pins bear against the levers with 
equal pressure,* and that in consequence the resultant 
pressure transmitted to the shaft journals is zero, 

The moment of resistance is measured by the reaction 
upon the vessel M. The rotation of this vessel is not 
influenced by journal friction in the stationary bearings, 
but the point to be aimed at was precision of motion— 
that is, the avoidance of vibrations caused by bearings 
enlarged by wear. 

(To be continued.) 





FORTH BRIDGE RAILWAY. 

Tue following is the twenty-third quarterly report of 
inspection by Major-General Hutchinson, R.E., and 
Major Marindin, C.M.G., R.E., of the works in progress 
for the construction of the bridge over the River Forth. 


Railway Department, Board of Trade, 
1, Whitehall, London, S.W., 
November 30, 1888. 

Sir,—We have the honour to report, for the information 
of the Board of Trade, that, in compliance with the in- 
structions contained in the order of October 26, 1882, and 
in accordance with the provisions of the Forth Bridge 
Railway Act of 1882, we have made our twenty-third 
quarterly inspection of the works in progress for the con- 
= of the bridge over the Firth of Forth at Queens- 

erry. 

In spite of serious interruptions by bad weather the 
advance made during the quarter is satisfactory; the 
record of the additional amount of steelwork rivetted con- 
tinuing to show a considerable increase over that in the 
preceding quarter, 

The work performed during this period, which has ex- 
ceeded the estimate, is shortly detailed below. 


TEMPORARY WORKS, 

A new hoist for men and materials has been put up 
near the end of the first bay of the northern cantilever at 
North Queensferry. The additions to plant consist of two 
vertical boilers, the machinery of the hoist above men- 
tioned, and a number of hand derrick cranes, and hy- 
draulic rivetters, 


PERMANENT WoRKS—SOUTH QUEENSFERRY. 

South Cantilever.—Nearly the whola of the principal 
members of the second bay are complete, the portions yet 
to be executed being the additions of the flange plates for 
about half the length of the top members, the erecting of 
the bracing between the struts, and of about half of the 
bracing between the lower members. The bottom 
members of the third bay with three-fourths of their 
bracing are built out to the commencement of the junc- 
tions with the fourth bay, a distance of 435 ft. from the 
vertical columns, and are rivetted for about 295ft. The 





* In an ordinary pin coupling skill may produce prac- 
tically an equal contact, but an almost imperceptible 
change of the centres of the shafts will produce an unequal 
distribution of the pressures. In practice these centres 
cannot remain in line, hence the above result. In the 
coupling described the equality of pressure is not inter- 
fered with by such derangement. 





third struts are built up to 245 ft. above O.D.; the 
third ties are built down to within 50ft. of their junc- 
tions with the bottom members; the third vertical ties 
and trestle support to the internal viaduct are built and 
partly rivetted, and the former are temporarily extended 
to the top members. The top members are extended to 
415 ft. from the vertical columns, the rivetting being com- 
pleted for about 260ft. The main girders and bracing 
of the internal viaduct are extended to 425 ft. from the 
vertical columns, 

North Cantilever.—The work done on this cantilever is 
rather more advanced than that on the south cantilever. 
The principal members of the third bay areerected, the junc- 
tions at the ends of the bottom members are in place, and 
those at the ends of the top members are well advanced. 
The bottom members are extended 460 ft., the vertical 
webs and bracing of the top members 425 ft., and the 
main girders and bracing of the internal viaduct 425 ft. 
respectively, from the vertical columns. The bottom 
members are rivetted for about 304 ft., and the top mem- 
bers for about 260 ft. The fourth struts are built up to 
160 ft. above O.D. The rivetted work at South Queens- 
ferry now amounts to about 10,600 tons, an addition of 
about 1830 tons during the quarter, as compared with 
1545 tons during the previous quarter. 

Cantilever and Viaduct Piers.—The masonry of the can- 
tilever pier has been raised to 201 ft. above O.D. The 
arches of the masonry viaduct have been completed, and 
the abutments and spandrels raised to 161.5 ft. above O. D. 
The steel work of the wind fence has been erected for 
nearly the whole length of the approach viaduct. 


IncH GARVIE. 


South Cantilever.—With the exception of a small por- 
tion of the struts with their bracing, and a portion of the 
internal viaduct, the whole of the first bay is completely 
built and rivetted. Nearly the whole of the second bay 
is built, the only portions remaining to be executed being 
the flange plates of the top members, and the flooring and 
wind fence of the internal viaduct. More than one-half 
of the bay has been rivetted. The bottom members of the 
third bay are built out to a distance of 408 ft. from the 
vertical columns, and are rivetted for about 300 ft. One- 
half of their bracing is in place. The ties and struts, with 
one bay of bracing between the latter, have been erected 
beyond their intersection, and the vertical tie at the 
centre of the bay is in position. The top members are 
built for a distance of 390 ft., and rivetted for about 
195 ft., and the girders and bracing of the internal via- 
duct are extended to 380 ft. from the vertical columns. 

North Cantilever.—The work executed on the first bay 
is almost identical with that on the south cantilever. 
Practically the whole of the second bay is in place, and 
nearly one-half is rivetted. The bottom members of the 
third bay are built out a distance of 340ft. from the 
vertical columns, and rivetted for about 230 ft. ; the top 
members are built for a distance of 324 ft. and rivetted 
for about 195ft.; and the girders and bracing of the 
internal viaduct have been extended for a length of 35 ft. 
from the trestle at the end of bay 2, or 360ft. from the 
vertical columns. The total amount of rivetted steel 
work at Inch Garvie is about 12,400 tons, an addition of 
about 2400 tons during the quarter as compared with 
1630 tons during the previous quarter. 


NorTH QUEENSFERRY. 


South Cantilever.—Nearly the whole of the second bay 
is erected, and more than two-thirds rivetted. The only 
portions remaining to be executed are one length of flange 
plates on the top members, and the flooring and wind 
fence of the internal viaduct. The bottom members of 
the third bay, with one-half of their bracing, are built as 
far as the junctions with bay 4, and the greater portion of 
these junctions is in place. The whole of the struts and 
one bay of their bracing are erected, and the ties are built 
to within 20 ft. of their junctions with the bottom 
members. The bottom members are now extended toa 
distance of 450 ft. from the vertical columns, and rivetted 
for about 400 ft. The top members are built for a length 
of 425 ft. and rivetted for about 250 ft. The whole of the 
vertical ties and the trestle at the centre of the third bay 
are in place, and the girders and bracing of the internal 
viaduct are erected to the end of the bay, or 425 ft. from 
the vertical columns. 

North Cantilever.—The second bay is advanced fully as 
faras that of the south cantilever. The bottom members 
of the third bay, with one-half of their bracing, are built 
for a distance of 435 ft. from the vertical columns, and 
rivetted for about 350 ft. The third struts are built toa 
level of 220 ft. above O.D. The vertical ties and the trestle 
at the centre of the third bay are in place, and the former 
have been temporarily extended to the top members. The 
top members are erected to a distance of 390 ft., and the 
girders and bracing of the internal viaduct 426 ft. from 
the vertical columns. The rivetting of the top members 
is completed for about 230ft. The total quantity of 
rivett steelwork at North Queensferry amounts to 
about 11,000 tons, an addition of about 2170 tons during 
the quarter as compared with 1440 tons during the pre- 
vious quarter. : 

Cantilever Pier.—The masonry of the cantilever pier 
has been raised to the level of 213 ft. above O.D. 


GENERAL REMARKS. 

Masonry and Concrete.—Up to the present date about 
614,000 cubic feet of granite have been delivered, and 
610,100 cubic feet have been set. About 113,250 cubic 
mg of rubble masonry and concrete work have been 

uilt. 

Steelwork. First and Second Bays.—The whole of the 
steel is drilled and fitted. ; 

Third Bays.—With the exception of a small portion of 
the bracing between the struts, the whole of the steel has 





been drilled. The fitting of the top and bottom junctions 
is practically complete. 

Fourth Bays.—All the main members, the internal 
viaduct, and the cross-girders supporting the latter have 
been drilled. The fitting of the top an | bottom junctions 
is in progress. 

Fifth Bays.—All the main members have been drilled. 

Sixth Bays.—Nearly the whole of the top members have 
been drilled, and the drilling of the main ties has been 
commenced. In all, 53,680 tons of steel have been de- 
livered, an addition of 1150 tons during the quarter, as 
compared with 1210 tons during the previous quarter. 
The weather during September and October was favour- 
able, but during November strong winds and heavy rains 
have interfered seriously with the work of erection. On 
November 16 the works were visited by a gale of ex- 
ceptional violence, but the permanent structure received 
no damage whatever, even on thosa “agg not yet 
rivetted and only partially erected, while the damage to 
the platforms and stages was insignificant. The wind- 
pressures recorded on that day were as follows: 27 lb. 
on the large gauge at Garvie Castle; 41 lb. on the small 
gauge at Garvie Castle; 35 lb. on the small revolving 
gauge at Garvie Castle; 32 lb. on the small gauge at 
centre of large fixed gauge; 30 1b. on the small gauge at 
corner of large fixed gauge; 32 lb. on the small gauge 
at North Queensferry platform. The next highest wind- 
pressures were those recorded on November 15, and were 
as follows: 22 lb. on the large gauge at Garvie Castle; 
26 lb. on the small gauge at Garvie Castle; 27 lb. on the 
small revolving gauge at Garvie Castle; 21 lb. on the 
small gauge at centre of large fixed gauge. The average 
number of men employed per diem during the quarter has 
been 3300, and the number employed on November 26 
was 2970. We regret to say that there have been six 
fatal accidents during the quarter, but none of these 
appear to have been due to any want of care on 
the part of the contractors, or to any failure of their plant, 
and none of them occurred at North Queensferry. We 
would, however, recommend that the gangways along the 
top members at North Queensferry should be fitted with 
a hand rail as at Inch Garvie and South Queensferry. 

So far as we are able to judge from a periodical inspec- 
tion, the quality of the work leaves nothing to be desired, 
and it is being carried out strictly in accordance with the 
statutory requirements of the Act, there being an ample 
margin above the stipulated headway beneath the 
bottom members, 

We have, &e., 


C.8. Hutoninson, Major-General, R.E. 
F. A. Marinpin, Major, R.E 
The Assistant Secretary, Railway Department, 
Board of Trade. 





COMPOUND LOCOMOTIVES. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, January 8, the President, 
Sir George B. Bruce, being in the chair, the paper read 
was on ‘* The Compound Principle as applied to Locomo- 
tives,” by Mr. Edgar Worthington, B.Sc., Assoc. M. 
Inst. C.K. 

The author stated that the primary object of the various 
attempts which had been made during the last thirty-six 
years, and more especially within the last ten years, to 
apply the compound system to locomotive engines, was 
to expand the steam in the cylinder more than was 
commonly done at present, and thus to save fuel. In 
an ordinary engine, during the first portion of the 
forward stroke of the piston, the steam, at, say, 180 lb. 
pressure and a temperature of 379.7 deg. Fahr. was sud- 
denly admitted to a = at 253.9 deg., and instantly 
began to condense and lose its pressure. During the latter 
half of the forward stroke the water of condensation was 
re-evaporated into steam, which action continued during 
the return or exhaust stroke, extracting heat from the 
warm cylinder. If, on the other hand, steam at 180 lb. 
were expanded through two cylinders on the compound 
system, with a receiver pressure of 80 lb., the average 
temperature of the high-pressure cylinder would be 98 deg. 
above that of the low-pressure cylinder. Condensation 
and re-evaporation would still go on in each of these 
cylinders ; but the steam at 180 lb. pressure would, in one 
case, enter a warm high-pressure cylinder at 338 deg., and 
in the other a cool single cylinder at 253.9 deg., there 
being a difference of 84.1 deg. in the temperature of the two 
cylinders in favour of the high-pressure one. The chilling 
action of the exhaust steam at 212 deg. would no longer be 
felt in this small cylinder, so that work would be developed 
in it before much steam could be condensed. The final 
exhaust steam could only draw heat from the low-pressure 
cylinder, the temperature of which would be 240 deg. ; 
whereas in the ordinary engine before named the single 
cylinder was maintained at the higher temperature, 
253.9 deg., thus having more available heat to be ex- 
tracted and wasted by its exhaust steam. It would also 
be noticed that the whole of the heat absorbed from the 
high-pressure cylinder by re-evaporation, during the 
latter half of the forward stroke, and the whole of 
the return stroke of the high-pressure piston, would be 
utilised in maintaining the pressure in the low-pressure 
cylinder. From this point of view, therefore, less heat 
would be thrown away by re-evaporation in engines built 
on the compound system than in ordinary engines. The 
same reasoning might be applied to triple and quadruple- 
expansion engines, 

ut the extremes of very early cut-off and multiple 
expansion in triple or quadruple-cylinder engines were 
beyond the scope of practical locomotive engineering, 
where the limits of working had hitherto been found to lie 
within an eightfold expansion and two cylinders. 

After giving an historical account of the application of 
the compound system to locomotives, from the date of Mr, 
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James Samuel’s “continuous expansion engines,” in use 
on the Eastern Counties Railway in 1852, to the modern 
compound engines now being adopted in all parts of 
Europe, and specially noticing the share of Mr. Anatole 
Mallet in the general introduction of the system, the 
author proceeded to consider the proper capacity of the 
low-pressure cylinder in relation to the high-pressure one. 
Mr. Mallet, who had experimented perhapa more than 
any one else on this question, stated in 1883 his conclu- 
sions that the low-pressure cylinder should have a volume 
at least double that of the high-pressure cylinder, which 
was confirmed by Mr. von Borries and Mr. Worsdell’s 
practice. Mr. Webb adopted the larger cylinder ratio 
of 2.25 or 2.30 to 1, without inconveniently crowding 
the cylinders, and was thus enabled to obtain a higher 
ratio of expansion for the steam. Mr. Mallet had always 
preferred to make the point of steam cut-off in each 
cylinder variable. and he therefore employed two inde- 
pendent reversing gears. Mr. Webb’s ingenious single 
screw reversing gear allowed the steam cut-off in both high 
and low-pressure engines to be adjusted independently. 
Mr. Borodin fixed the cut-off in the low-pressure cylinder 
at from 70 to 73 per cent., and varied the speed of the 
engine by adjusting the high-pressure cut-off, and by the 
regulator. Mr. von Borries made the lifting links of 
different lengths, the difference being about 34 the total 
lift of expansion link. This gave a , Bowe cut-off in the 
low-pressure cylinder. There was one manifest objection 
to this simple method of permanently fixing the valve 
motion in order to specially suit the forward gear, 
namely, that the back gear was unavoidably changed for 
the worse. 

All locomotives should be able to exert at starting their 
full tractive power. In the Worsdell and the Von Borries 
types of compound locomotives a special starting valve was 
provided, enabling the engine to exert more power during 
its first revolutions than afterwards when in motion. There 
were certain positions in the three-cylinder compound 
engine when the high-pressure axle only was available for 
starting ; but as a superabundance of power was brought 
to bear upon this one axle, owing to the absence of back 
pressure in the receiver, the use of sand beneath the tread 
of the wheels might enable the engine to start at all times 
with a very heavy load. The high-pressure cylinder 
should be made about lin. larger in diameter than the 
cylinders of an ordinary engine of equal power, even 
though an advance of 301b. per square inch of boiler pres- 
sure was contemplated for the compound engine. 

At very great speeds, where high expansive working 
was essential, compound engines used the steam more 
efficiently than simple engines, and under these circum- 
stances appear to greater advantage than at low speeds. 
Indicator diagrams had been taken from Mr. Webb’s 
engine, showing over 1000 horse: power, and Mr. Worsdell’s 
passenger engine, with its ordinary average train, indi- 
cated 911 horse-power at 60 miles per hour. 

A most detrimental steam wire-drawing took place at 
the edge of the slide valve itself ; and as the low-pressure 
valves in compound locomotives must necessarily be very 
short compared with the diameter of their cylinders, the 
Allen, or double-ported, valve had been used, to double 
the effective length of the steam admission port. In 
ordinary cases, the steam ports of slow-moving goods 
engines need not be so large as those of passenger engines 
running at high speed. 

The receiver capacity of a two-cylinder compound loco- 
motive, —_ its cranks at right-angles to each other, 
should be not less than the capacity of the small cylinder ; 
for it must be capable of containing at least one-half the 
small cylinder full of steam, discharged during the latter 

art of the stroke of the low-pressure cylinder, when the 
atter was not taking steam, as well as the steam which 
was left in the receiver after the previous stroke. The 
largest amount of work would be obtained from the ex- 
panding steam in a compound engine, if the cut off in the 
low-pressure cylinder were permanently fixed at a point 
where the volume of steam admitted would be equal to 
the capacity of the high-pressure cylinder. This ad- 
vantage, however, must be sacrificed; for it was more 
important to arrange the low-pressure cut-off so as to 
divide the work equally between the two cylinders. 

The use of high ar gong in one cylinder, with a single 
slide valve controlled by any ordinary valve gear, was 
attended, at high speeds, by much loss of pressure, caused 
by throttling and condensation of the steam. Therefore, 
pressures of 150 lb. to 2001b. were worked most economi- 
— either by independent steam and exhaust valves, as 
in the Corliss engine, by double slide valves, employed on 
the Central Pacific Railroad since 1883, or, if ordinary 
locomotive valve gears were used, the steam must be 
expanded through more than one cylinder; that was to 
say, the locomotive must be compounded. 

An average saving of 18.8 per cent. was effected in fuel 
by the substitution of compound for ordinary engines, the 
boiler pressure being higher in the compound engine than 
in the ordinary engine. 

The following minor advantages might be classed under 
this head : 

1. Prolonged a of steam in one cylinder was 
avoided; the high-pressure steam developed the first 
portion of its work in a very hot cylinder, and the latter 
portion in a cooler cylinder, 

. Re-evaporation was not so great as in an ordinary 
engine. Condensation took place chiefly in the cool 
low-pregsure cylinder, and very little heat was abstracted 
by re-evaporation from the high-pressure cylinder. 

3. Leakage at the pistons was reduced, the effective 
pressure per — inch on each piston being small. 

4. High grades of expansion could be frequently used, 


— the wire-drawing action attending an early steam 
cut-off. 

5. The wear and tear of the boiler was less, notwith- 
standing the higher pressure. 








6. The force of the blast was lessened, and fewer sparks 
were drawn through the tubes and thrown from the 
chimney. 

The boiler was required to evaporate cnly from 80 to 
85 per cent. of the water necessary for an ordinary engine 
to do the same work; and thus, of two boilers of equal 
size, the one on a compound engine was not driven so 
hard, and would, therefore, last longer than the other on 
&@ non-compound engine. 

Compounding, on the one hand, compelled a certain 
amount of expansion, and on the other allowed more than 
double the expansion possible in the ordinary engine. The 
blast pipe could be made a}in. or gin. larger in diameter, 
and, the beats of exhaust being lighter and reduced to 
half their previous number, the tearing action of the blast 
was diminished, especially at high speeds. 

The pressure on the piston, and consequently the work- 
ing strains throughout the machinery, were more uniform 
when steam was expanded through two cylinders than 
when the same ratio of expansion took place in one 
cylinder. In simple engines working with high expansion, 
the pressure on the piston at the beginning of the stroke 
was greater than in the compound engine. This was the 
portion of the stroke when the progress of the piston was 
small, and the crank was doing the least amount of useful 
work ; therefore, in a simple engine the increased pres- 
sure at the beginning of the stroke, while creating a cor- 
responding increase of friction on the crank-pin, caused 
very little extra useful effort. Again, the sustained 
pressure during the stroke of the compound engine was 
advantageous, because, in the middle of the stroke, nearly 
all the pressure was transformed to useful effort, and a 
relatively small proportion was lost in friction, When at 
work, the effective pressure per square inch on the back 
of compound engine valves was less than that on the 
valves of ordinary engines, inasmuch as the sum of the 
pressures on the high-pressure and low-pressure valves 
could not together exceed the boiler pressure. But the 
full boiler pressure, and consequently heavier strains, 
were brought to bear upon the highoouiens valve and 
machinery, both when the locomotive was starting, 
and at other times, when the high-pressure and low- 
pressure engines were worked independently with live 
steam, admitted to the cylinders by means of the various 
automatic and non-automatic starting valves in use for 
that purpose. The more uniform distribution of strains, 
enabled compound locomotives to run with exceptional 
steadiness. This result, however, might be partly due, 
in theGerman and in the three-cylinder compound engines, 
to the position of the cylinders, which were placed far 
back near the middle of the wheel-base, where their dis- 
turbing influence was little felt ; and also to the position 
of the large central low-pressure cylinder, the disturbing 
forces of which, though great, lay on the centre line of the 
locomotive. The increascd power of starting a train 
belonged only to those compound engines fitted with one 
of the numerous intercepting or starting valves. The 
effect of these valves was to admit steam to both cylinders 
direct from the boiler, and at the same time to prevent 
this steam, so admitted to the large cylinder, from acting 
as back pressure on the small piston. It was evident that 
a large increase of tractive power might thus be exerted 
at starting, which was useful in overcoming the friction 
of rest of a long train. 

The adoption of high-pressure steam was attended by 
the following drawbacks : The boiler and all steam joints 
must be more carefully made. Only the better kind of 
lubricants were admissible, such as were not decomposed 
at the higher temperatures of this steam. The gland 
packings must be constructed to withstand heat, for which 
purpose several systems of metallic packing had given 
good results. For using very high-pressure steam in com- 
pound engines, it had been suggested that the first cylin- 
der, which would be small, should be made of gun-metal 
or steel, because high-pressure steam corroded cast iron. 
Until suitable piston valves had been invented for the 
high speeds required by locomotives, these increased 
steam pressures might be dealt with by balancing the 
ordinary slide valves, a practice successfully carried out 
in American locomotives for the last eight years, and 
which was being revived in this country by Mr. Webb. 

Large cylinders were an essential feature of the com- 
pound system. They were cumbersome, and had more 
cooling surface than small compact cylinders. Much 
valuable heat might be lost if the large cylinders were not 
carefully protected by wood, felt, or air-jackets. 

A large quantity of water of condensation might be 
observed in the chimney, thrown from the blast-pipe of 
the large low-pressure cylinder. At each end of this 
cylinder Mr. Webb and Mr. Worsdell placed safety 
valves, which relieved it of —— pressure caused by 
the accumulation of water. is large cylinder might 
also be drained by cutting a groove in the low-pressure 
cylinder cocks, about y in. wide, to allow a constant leak 
of the condensed water. 

-The momentum of a piston, 26 in. or 30 in. in diameter, 


together with that of the other reciprocating parts of the | Co 


large engine, caused severe strains, which must be pro- 
vided for. 

Those compound engines which had more than two 
cylinders, connecting-rods and valve-gear, had a corre- 
sponding additional number of joints and wearing parts, 
and therefore required more oil than ordinary engines. 
In the two-cylinder compound system, it had been shown 
that the pressure on the moving bona was not so great or 
fluctuating us on the corresponding parts of a simple 
engine; and it might therefore be expected that the 
compoud engine would need less lubrication than the 
simple one. This, however, did not appear to have been 
confirmed in practice. Whether it was due to the use in 
the compound engines of higher steam pressures, or to 
the extra oiling given to a newand less understood class 
of machinery, it was difficnlt tosay ; but several instances 








had come under the author’s notice in which two-cylinder 
compound locomotives had required more oil than simple 
engines doing similar work. 

n the three-cylinder type of locomotive, the low-pres- 
sure engine worked on an independent axle, and deve- 
loped an irregular propelling power, which was felt 
throughout the train at starting ; but, as soon as a mode- 
rate speed was attained, the pulsations, which corre- 
sponded to each stroke of the low-pressure piston, had 
little appreciable effect when the momentum of the train 
was great. 

There was a danger in “‘ over-cylindering” a compound 
engine; for, when running with a light load, such an 
engine might be obliged to expand its steam to below 
atmospheric pressure. On the other hand, with the 
4-ft. 84-in. gauge, the difficulty of placing the two 
cylinders between the frames limited the power of inside 
two-cylinder compound engines. It followed, therefore,. 
that the same compound locomotive could not adapt itself 
so well as an ordinary engine to both light and heavy 
traffic. 

It thus appeared that on long level roads, and with 
such regular loads as were found on the Continent and in 
North and South America, the compound system might 
prove more successful than in Great Britain, where in- 
clines were more frequent, tratlic more varied, and fuel 
cheap. The system had hitherto met with most favour 
and success in Germany and in England. 

To save unnecessary expense, Mr. Mallet constructed 
his early compound locomotives as much like the ordinary 
locomotives as possible. There could be little doubt, 
however, that a compound engine, as constructed now, 
was a little more expensive in first cost than a simple 
engine of the same maximuin power. 

Inthe compound engine, the boiler, steam pipe, joints, 
&c., must be made stronger, to resist the greater pressure, 
and extra precautions had to be tsken to prevent radia- 
tion from the hotter boiler, the high-pressure cylinder, 
and from the increased surface of steam pipes where they 
were exposed. These extra items were to some extent 
balanced by the smaller size of boiler. 

To roughly estimate the justification for adopting the 
compound system, it might be interesting to compare the 
cost of fuel consumption by a compound locomotive with 
that of a simple engine, running during one year 20,000 
miles, and burning 30 lb. of coa] per mile, which figures 
were slightly below the average for English railways. 

Coal burnt in one year by an ordinary locomotive 


_—_ x 30_ 268 tons, 


Coal saved by compound, 15 per cent. of 268 tons=40 
tons. Thus, in a country where coal cost 10s. per ton, 20/. 
per annum would be saved. This represented interest at 5 
cent. on a capital of 400/. ; and if the cost of maintenance 
were the same in the two engines, and the lifetime of each 
were, say, twenty to thirty years, it might be concluded 
that, in a country where coal cost 10s. per ton, an extra 
outlay, not exceeding 400/., would be justified in the price 
paid for the compound engine. Under the above con- 
ditions, a two-cylinder compound would be very econo- 
mical; but the saving of the more expensive three- 
cylinder compound would be about half swallowed up by 
the additional interest on its first cost ; and it was not likel 
that the four-cylinder compound would be economical. 
The cost of converting ordinary engines into compound 
engines was greater than their difference of cost when 
both werenew. A careful investigation into the cost of 
converting some small simple locomotives, on one of the 
Staffordshire tramways, to the compound system, showed 
that the value of the foal thereby saved would not pay for 
the alteration in ten years. It was probably due to the 
enterprise of English and German locomotive engineers, 
that the compound system had hitherto been introduced 
so successfulfy where coal was cheap. Its success under 
these conditions was the strongest argument in favour of 
introducing the system into foreign countries, which im- 
ported coal from abroad, as, for instance, Northern India, 
where the price of Welsh coal was 2/. 14s. 6d. per ton. 

In conclusion, it appeared that the compound principle, 
in its application to locomotives, had been attended by 
considerable saving of fuel; but that sufficient time had 
scarcely elapsed to prove the value of some of the other 
advantages claimed. Increasing the number of cylinders 
to three or four, rendered it possible to construct extremely 
powerful locomotives. Certain minor difficulties, con- 
nected with the distribution of steam at low-pressure, had 
not yet been entirely overcome in compound locomotives 
running at high speeds ; but although the system might 
not be suitable for engines working intermittent slow 
heavy traffic, yet on main-line trains, and in countries 
where fuel was dear, its advantages were well established. 





SHIPBUILDING IN SwEDEN.—The Motala Engineering 
mpany, Sweden, has just secured an order from the 
United Steamship Company of Copenhagen for a new 
steamer. The new boat is intended for the trade between 
Scandinavian and Mediterranean ports, and is to be built 
to the highest class, French Veritas, with star. She will 
have main and second deck of steel, of which material she 
will be built right through. There is to be a fixed inter- 
mediate deck for the transport of wine casks, &c. The 
length will be about 215 ft., breadth 31} ft., depth in the 
hold from the double bottom 164ft. She will carry 
about 1250 tons deadweight on 16 ft. draught. 
engines are to be triple-expansion and will indicate 700 
horse-power ; the speed with full cargo is to be 94 knots. 
She is to have adouble bottom for water ballast the whole 
length, and will be fitted with steam steering gear, &c. 
She has to be ready by September, and will be built at the 
Lindholmen shipyard. 
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SECTIONAL COMPOUND ENGINE. 
CONSTRUCTED BY MESSRS, WILLDIGG AND LUPTON, ENGINEERS, COVENTRY. 
(For Description, see Page 30.) 
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Deatu.—On the 3rd inst., at Glan-mor, Southend-on-Sea, Francis 
William Lloyd, the dearly loved and only son of William Lloyd 
Wise, of 46, Lincoln’s Inn Fields, and Southend. Aged 12 years. 
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NOTICES OF MEETINGS. 

INSTITUTION OF CiviL ENGINRERS.—Students’ meeting, Friday, 
January 11th, at 7.30 p.m. Paper to be read: ‘‘ Refrigeration, 
and the Artificial Production of Cold,” by Geo. A. Becks, Stud. 
Inst. CE. Mr. Anderson, Member of Council, in the chair. 
—Ordinary meeting, Tuesday, January 15th, at 8 p.m. Paper to 
be further discussed : ‘‘The Compound Principle as applied to 
Locomotives,” by Edgar Worthington, B. Sc., Assoc. M. Inst. C.E. 

TuE Surveyors’ InstirutT1IoN.—Monday, January 14th, when the 
adjourned discussion on the paper read by Mr. A. D. Wells (Asso- 
ciate) at the last meeting, entitled ‘The Prospects of an Agricul- 
tural Revival” will be resumed. The chair to be taken at 8 p.m. 
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7.15 p.m. Annual General Meeting at 25, Great George-street, 
Westminster, when the report of the Council will be read, the 
election of officers and Council for the ensuing year will take 
place, and the President (Dr. W. Marcet, F.R.S.) will deliver an 
address on ‘Fogs,” which will be illustrated by a number of 
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dinary M & cc ing at 7 p.m., for the nomination 
and election of new Fellows, &c. 
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—Saturday, 12th January, at 3 p.m., at the Guild Hall, Derby. 
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sion : Mr. Joseph Timms’ paper, ‘‘ Past and Present Methods of 
Banking Coal at Annesley, with a Brief oe of Mecha- 
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Clifford Cox’s paper, ‘‘A Double-Acting Wedge for getting Coal 
(Cox’s Patent).” The following paper will be read or taken as 
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tion by Mr. J. Imray on “Amendment of Van Gelder’s Patent, 
No. 2470 of 1878.” And, if time permit, to read and discuss a 
paper by Mr. J. C. Mewburn on “ A Decision of the Law Officer 
under Section 103,” 

Nortu-East Coast INSTITUTION OF ENGINEERS AND SHIPBUILOERS.— 
Monday, January 14th, at 7.50 p.m., in the Lecture Hall of the 
Literary and Philosophical Society, Newcastle-upon-Tyne. 1. 
Minutes of the last general meeting will be submitted for confir- 
mation. 2. The ballot for new members will then be taken. 3. 
The adjourned discussion on Mr. J. A. Rowe’s paper on ‘‘ A New 
Description of Wave Motor” will be resumed by Mr. Alex. Taylor. 
4. Paper on the “‘ Structural Strength of Cargo Steamers,” by Mr. 
G. Bergstrom. 
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PORT AND HARBOUR DEFENCE- 

THE deputation to Lord Salisbury, to which we 
referred in our recent article,* as about to wait on 
the Prime Minister, duly presented their memorial 
on Friday last, the 4th inst. As may have been ex- 
pected, public opinion in the ‘‘ five ports” is pretty 
unanimous in condemning the proposed action of 
the Government. 

It may be taken for granted that the scheme of 
the Admiralty and War Office is dead. Lord Salis- 
bury and Sir George Hamilton—the latter was at 
the elbow of the Prime Minister when the deputa- 
tion was given audience—did not indeed make any 
serious effort to defend the position, but at once 
struck their flag to Lord Armstrong and his col- 
leagues. The thanks of the country are especially 
due to Captain Hubert Grenfell, R.N., a prominent 
member of the Tyne Defence Committee, for it was 
he who really originated the movement by which the 
Government plan was checkmated, and who drafted 
the memorial presented to the Prime Minister. 
Although the name of the gallant captain did not 
officially appear in connection with the subject, it 
is well known on the Tyne, and to those who 
acted with him, that he was the man who did the 
greater part of the work. There is another per- 
sonal matter which we may also notice. The 
Government scheme has been referred tc in some 
of the papers as that of Admiral Sir Vesey 
Hamilton and General Sir Lowthian Nicholson. Of 
course the mouths of both these officers are closed 
in consequence of the official positions they held, 
and before saddling them with the responsibility of 
the absurd and dangerous schemes of the Govern- 
ment it should be remembered that their duty was 
simply to inquire into and advise on the lines laid 
down, and, as they were working within these narrow 
limits, the initiation of the proposals did not neces- 
sarily rest withthem. It will be noticed, however, 
that Sir Vesey Hamilton has since become second 
Naval Lord. 

Although this ‘‘ plan of defence,” so called, was 
pernicious in itself, it has been of use in showing 
to the public, or those who will take the trouble to 
consider the matter, the way in which our rulers 
will play fast and loose with the most important 
concerns of the country, either from ignorance, 
carelessness, or perversity. One has only to read 
the speeches of Lord Armstrong and of the Prime 
Minister to see that there is something wrong some- 
where in our system of government, Lord Arm- 
strong knew exactly what he wanted and knew 
he was right in wanting it. That was apparent in 
his remarks, which were concise and to the point. 
Lord Salisbury, on the other hand, was diffusive 
and inconsequent, taking refuge in those generali- 
ties and commonplaces behind which ministers and 
others ill-informed upon the business in which they 
are engaged, are apt to seek for safety. This would 
have been to some extent excusable had the memo- 
rial been sprung on the Prime Minister by surprise, 
but such was by no means the case. A copy of it had 
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been previously forwarded to him ; and indeed it 
had been printed in both the Times and Standard, 
some days before it was presented. 

Inadequate as Lord Salisbury’s utterances may 
have been, however, we are bound to give them 
attention, as they come from the head and centre of 
the ruling power of the State—the man, above all 
others, whose yea or nay (at the present moment) 
is of the first importance. As Lord Salisbury 
could not controvert the terms of the memorial 
he had to content himself by trying to discount 
them. ‘‘I noticed,” he said, ‘‘as the speech of 
Lord Armstrong went on that though perhaps the 
principal commercial ports were in his mind, he 
could not help seeing that a similar danger attached 
to all our coasts, to all the ports, whether large 
or small, and not only to the ports, but to the 
ships at sea which were approaching those ports; 
and that whatever precautions Her Majesty’s 
Government may take, they must have all those 
dangers equally under consideration. I doubt 
whether, when you come to examine the matter 
carefully, you will find that the special danger that 
has attracted your attention on the special need of 
preparation and precaution can at all be said to 
exclude or overshadow the general necessity of pre- 
caution which by common consent is incumbent 
upon the Government.” 

In the first place, this is attributing to Lord 
Armstrong an opinion which he does not entertain. 
A similar danger is not ‘“ attached to all our coasts, 
to all the ports, whether large or small.” An 
enemy will strike where he can inflict the maximum 
of damage with the minimum of danger to himself. 
Who can suppose that the proverbial ‘‘ escaped 
cruiser” would not turn her attention to Liverpool 
rather than Littlehampton, were both equally un- 
protected ? The “‘special danger” that had attracted 
the deputation’s attention is a very special danger 
indeed, and therefore requires a special precaution 
to counteract it; although no one has proposed, 
unless it be some Parliamentarian or Government 
official, that it should ‘‘ exclude or overshadow the 
general necessity of precaution which by common 
consent is incumbent upon the Government.” We 
are sure neither Lord Armstrong nor any one else 
connected with the deputation ever entertained 
such an idea, any more than they thought London, 
Southampton, or Bristol should be left defenceless 
because they were not represented on the deputa- 
tion. 

The fact is coast and harbour defence, like every 
other factor in the problem of war, is a matter of 
compromise. We cannot make every inch of our 
long coast line absolutely safe, any more than we 
can build a ship that will be absolutely impervious 
to attack. Financial considerations prevent this. 
The sea board as a rule must take its chance of the 
‘Sescaped cruiser.” A nation cannot engage in 
war without suffering coming to some part of it, or 
to some of its members. Every subject of Her 
Majesty has a claim to the protection of the imperial 
forces in virtue of allegiance enforced to the State. 
But this does not suppose that every one who 
builds a house on an exposed part of the coast 
shall have a special force told off to protect it, and 
this principle applies to villages and even towns 
that are not of strategical or commercial impor- 
tance. The chief canon of defence is naturally the 
antithesis of that of attack, viz., the greatest 
safety to the greatest number. Thus Brighton, 
Hastings, or Scarborough have not the same claim 
on the defensive powers of the country as many 
harbour towns of much smaller extent and wealth. 
The three towns referred to, although they repre- 
sent the expenditure of a vast deal of wealth, are 
little more than pleasure resorts and might be 
destroyed without compromising, to any great ex- 
tent, the general safety of the country. On the 
other hand, the reduction of a port or harbour 
might affect a whole district by cutting off food 
supplies and giving one less place of safety and 
refuge for our merchant vessels, or one less base of 
operations for ships of war. 

It is for such reasons as these that our great ports 
demand in a permanent degree the protection which 
can be afforded, and which must be provided by the 
expenditure of money in peace time. What form 
that protection should take is a question to which 
the deputation very properly did not refer. Lord 
Salisbury noticed this, and it would seem from what 
he said that he had some idea of making capital out 
of that fact, but Lord Armstrong quickly checked 
this by saying he was quite ready to go into that 





matter personally, although not as a member of the 
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deputation. We are pleased to find that one so 
clear-headed and with a mind unwarped by the bias 
of party politics, has definite ideas on the necessities 
of coast defence. We shall watch his lordship’s 
utterances with care, and look with interest to- 
wards the time when he shall give the country the 
benefit of his opinions. Lord Armstrong is now 
amongst our hereditary rulers, and it is therefore 
more especially his duty to do all that in his power 
lies towards pointing out the weak places in our 
organisation, and to suggest such steps as he deems 
necessary for their enforcement. Those who know 
Lord Armstrong best will be the most sure that it 
is a duty he will not shirk. 

In discussing the problem of port and harbour 
defence, it is impossible not to have always in mind 
the vexed question as to whether what money we 
can spend—and that is the great ruling factor-— 
should be spent almost wholly on the Navy, or 
in a great part on land works. Those who advo- 
cate the purely naval system say that for every 
thousand pounds you spend on forts and batteries 
you could get far greater security by spending a like 
sum on vessels of war. That is a point on which 
the authorities disagree. Army officers may think 
one way, naval opinion may flow in an opposite 
direction ; and itis here that a man of exceptional 
ability like Lord Armstrong, who has been a keen 
observer all his life, but whose intelligence has not 
been narrowed by the groove of professional train- 
ing (which can hardly be otherwise than tinged by 
partisanship) can render to his country such valu- 
able service. 

Students of naval history know how great was the 
assistance afforded by comparatively small and insig- 
nificant forts and coast batteries in times past. 
They enabled the French to keep up a fairly constant 
coasting service whilst their fleets were blockaded 
in harbour by our own ships; and although our 
naval forces often set these forts at defiance, and 
cut out vessels under their very guns, it was only 
by the remarkable audacity and address of our 
seamen that such exploits were brought to a happy 
conclusion. But we must remember that the 
naval history of the past is likely to prove a 
very treacherous guide if we place too much de- 
pendence upon it for future guidance. Steam and 
more effective artillery have so entirely changed 
the conditions under which we should have to fight 
now, that it would be almost as reasonable 
to quote Robin Hood as Nelson for precedents. 
With our present long-range guns a ship of war 
could keep at a considerable distance from the land 
and do an infinite amount of mischief. It is true 
the forts could mount long-range guns too, but a 
ship, especially if moving, is a much more diflicult 
target to hit than a town or a dock full of shipping. 
On the other hand, there are the redoubtable tor- 
pedo boats to drive the ships away, and this brings 
up the counter problem of machine guns ; unknown 
factors in former naval wars. No, we have no data 
of real experience to go upon; we must begin de 
novo. It will be a most interesting problem when 
it comes to be worked out. 

There is one point, however, upon which we 
think we may accept the guidance of past history. 
Whatever ought to happen by the best calculations 
of theory will far exceed the actual results of fact. 
What with 100-ton guns, ‘orpedoes, quick-firing 
guns, and machine guns, to say nothing of melinite 
shells and other amiable contrivances, two hostile 
navies ought, if they come to action, speedily to 
reduce themselves to the state of the Kilkenny cats 
—that is according to theory. But every bullet does 
not have its billet with the enemy. In old times 
a couple of men-of-war would lie for an hour or two 
pretty nearly yard-arm to yard-arm and fire away 
150 barrels of powder and 2000 or so of shot apiece 
—red hot for choice—to say nothing of grape, 
langridge, and musketry fire. Tha only wonder is, 
not that any one was left alive to tell the tale, but 
that a splinter should have remained above the 
water's level; and yet we often find a return of 
killed and wounded of a surprisingly light cha- 
racter.* It is in this kind of thing we may be sure 
history will repeat itself; many a melinite shell 
will burst harmlessly, many a torpedo will runa 


* In the first year of this century the British ship 
Foudroyant fired at the French ship Guillaume Tell, in 
the course of 24 hours, and at short range, 3740 shot from 
her broadside, using 162 barrels of powder, and yet only 
200 men were killed and wounded on the latter vessel out 
of a complement of 919, although two other English 
vessels had been firing into the unfortunate Frenchman 
in addition. 





peaceful course, many a stream of bullets from a 
machine gun will expend its fury only in plough- 
ing the sea to foam. It is computed that it takes a 
greater weight of bullets to kill a man from modern 
rifles than from the old Brown Bess. 

There is one other point in Lord Salisbury’s 
speech to which we will refer before we conclude. 
His lordship, admitting that the ports may be 
allowed to have an idea as to the necessity for 
‘* something being done,” intimates they ought not 
to take upon themselves to have an opinion as to 
whether they should be additionally taxed in order 
to pay for that something. Now, putting aside any 
purely constitutional question, it seems to us that 
when a number of persons congregate within a 
limited area, and collect within that area a great share 
of the wealth and commerce of the nation—we may 
take the city of Liverpool as an example — they 
render the duty of the Government to defend them 
a vastly more easy matter than if they were widely 
spread over a greater extent of territory. From 
this point of view the burden of taxation should 
fall more lightly on the dwellers in large cities than 
on the inhabitants of less densely populated dis- 
tricts. This, however, would be absurd, just as 
absurd as it is to expect them to pay more largely 
for what is purely an Imperial concern. The 
Mersey, the Tyne, the Thames, or the Clyde cannot 
suffer without the whole nation feeling it. The 
ramifications of our national life are so closely inter- 
woven that there is hardly an individual, much less 
a town, whose loss is not in some sort the loss of 
the whole community. The British nation is not 
like a polype or a sponge, from which you can hack 
one half and the rest be none the worse. Its 
organisation is as complex as that of man himself. 
Let us each, therefore, manfully bear our part in 
meeting what may be to us acommon danger, with- 
out carping as to whether this or that locality will 
be most likely the chief centre of attack. 

Since the above was written certain naval and 
military officers have opened a correspondence on 
the subject under notice in the Times. It was 
started by Sir John Adye, although a letter from 
Admiral Colomb had appeared previously to the 
presentation of the memorial. The gallant general 
claims that some attention should be paid to har- 
bour defence by means of land positions. ‘‘ Land 
defences,” he says, ‘‘ afford the simplest, cheapest, 
and most eflicient forms of protection required. 
Many of our ports are comparatively narrow 
at their entrance, and in these days of powerful 
long-range ordnance and submarine mines, the pro- 
blem of land defence is not very difficult or costly. 
In many instances the configuration of the ground 
affords a choice of sites for batteries, and enables 
us to mount guns cheaply in earthworks, en bar- 
bette, on high and commanding positions, and with 
great lateral range. Such defences are far 
more simple, efticient, permanent, and economical 
than floating ones. . The defence of this 
country, both at home and abroad, is a duty which 
neither service can perform alone.” 

Admiral de Horsey follows with the naval view. 
He commences by quoting the following from a 
Times leader: ‘‘If the Navy is made thoroughly 
competent for its work, no other defence for these 
islands or for the empire at large will ever be called 
into play. If the Navy fails us, no other defence 
will avail to avert crushing disaster.” These words, 
the gallant admiral says, ‘‘ ought to be printed in 
letters of gold.” They would be more worthy of 
the honour did they not start with such a very big 
‘*Tr”’—that guardian angel of the daily leader 
writer. If the Navy were thoroughly competent ! But 
will it ever be? How would Admiral de Horsey or 
the Times leader writer like to face the tax-collector 
in his annual visitation were it to be made so. 
As most of the Admiral’s letter is based on the 
assumption that we may have a thoroughly com- 
petent Navy we need not further consider it, 
although it contains a good deal with which we are 
in accordance. 

Captain Hubert Grenfell, to whom we owe so 
much in this connection, follows on the same side. 
The real solution of the problem, he tell us, ‘‘is 
to be found in such an increase to our fleet as to 
make our naval power supreme, unapproachable, 
and unattackable.” Lord Charles Beresford’s 
twenty millions is mere pin money to this, and we 
will leave Captain Grenfell also to argue the matter 
with the tax-collector if ever he gets his own way. 

Admiral Colomb is, however, the most voluminous 
contributor to the Times correspondence columns. 





He is the literary champion of the Naval Volunteer 








Home Defence Association, a most praiseworthy 
movement, if it is not allowed to stand in the place of 
more efficient means of ‘‘home defence.” Perhaps we 
can best give an idea of Admiral Colomb’s views on 
this subject, and of the aspirations of the long-named 
association also, by quoting the concluding sentences 
of the Admiral’s last letter. ‘‘There remains a 
strong impression that apart from mines, fortifica- 
tions, and warships, the enemy would have nothing 
to prevent him sending light ships up the Mersey 
(say), and blowing the town about their ears. 
I should like to ask the masters of the swarms 
of tugs which throng those waters, how long they 
would look on at mischief being done? Many of 
them have had unpleasant experience of the ease 
with which they have sent ships to the bottom 
against their will and design. Would they be 
likely to let the enemy remain on the top of the 
water when, by an exercise of their will, they could 
send him below ?” 








NAVAL ENGINEER OFFICERS. 

In a recent article* we drew attention to a 
memorial which has been issued by the engineer 
officers of the Navy, showing the disabilities under 
which they labour as compared with their comrades, 
the executive officers, and we gave our hearty 
indorsement to the very moderate claims which 
they put forward for increased pay and more rapid 
promotion. Their case seems so clear that it is 
difficult for an outsider to understand how it can 
be withstood. Yet it is quite certain that there is 
a strong feeling at the Admiralty and among the 
older officers against any more concessions to the 
engineering department. We do not think that the 
younger officers share this prejudice to any greater 
extent than arises from the very human weakness, 
to which we are all subject, of objecting to seeing 
those who were formerly our inferiors put on the 
same footing as ourselves. Apart from this, the 
junior officers of both services find a common 
ground of interest in science, which is a great 
leveller of conventional distinctions. They both 
gain their commissions by a course of study, 
ending with a stiff examination, in which science 
figures very largely, and their future career depends 
greatly on their capacity to understand and apply 
the means brought forward by mechanical art for 
the perfecting of the offensive and defensive powers 
of a warship. With common attainments and like 
aims a bond of sympathy exists between them. 
But with the older officers this is not the case. 
They remember the day when the engineer was 
merely a craftsman with suflicient force of character 
to lift him out of the workshop and place him in 
the engine-room of Her Majesty’s vessels. He 
not only superintended the engines and machinery, 
but with his own hands he worked and repaired them, 
and consequently he was often greasy and dirty. 
His education had been of a strictly practical 
order, and included neither scholarly nor scientific 
subjects. With such men the gun-room mess had 
no common ground. It was true that there were 
many bright exceptions among the engineers, and 
that natural talent and native refinement often 
more than compensated for deficiencies in early 
education and training ; but as a class they were 
inferior to the executive officers. It would seem 
from the evidence given before the Committee of 
Navy Estimates by Vice-Admiral Sir Anthony 
Hoskins, the Junior Sea Lord of the Admiralty, 
that many of the high officials still regard the 
engineer as a mere mechanic, and are unaware of 
the change which is being wrought in his branch 
of the service. The gallant admiral argued that 
the driving of an engine and the effecting of 
the small repairs which are possible at sea, were 
mechanical occupations which needed little more 
than handicraft skill. He said that there was a 
very exaggerated view in the mind of the public 
as to the importance of an engineer’s work. The 
multiplicity of the engines, and the duties con- 
nected with them, impressed the public, he added, 
when they went on board the vessels. But each 
engine was a very simple thing in itself, and he 
had himself seen a Lascar on a P. and O. 
steamer bring a bottle of oil, and lubricate 
some machine on deck, and start a lever to 
hoist the cargo out, and he was driving an engine. 
The witness pvinted out that the engines of the 
mercantile marine were perfectly successful in the 
hands of men who had had only the rough practical 
training of the shops, and that the vessels ran as 





* See page 557 of our last volume. 
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well, if not better than the Royal ships which carry 
engineers who have passed through a severe course 
of theoretical training. From this he argued 
against all increase of the number of engineer 
officers. There were the engine-room artificers, he 
said, who were drawn from the same class of men 
as the engineers of the mercantile marine, and 
these, he appeared to think, although he did not 
say so definitely, were all that were needed. 

Now we are quite ready to agree with Admiral 
Hoskins that twenty engines do not require a 
higher order of ability for their management than 
one, and we also admit that the machinery of Her 
Majesty’s vessels might be intrusted with per- 
fect safety to the engineers of the merchant 
marine. But we altogether dissent from the 
conclusions that he draws from these premises. A 
warship is built to fight, and if she cannot do 
that etficiently her existence represents so much 
wasted time and money. Everything connected 
with her, her hull, machinery, crew, and officers 
must be judged from the standpoint of combat, and 
all comparisons made on any other basis are illu- 
sory. This seems to be admitted in every respect 
except as regards the engineers. They alone are 
compared with the staffs of merchant vessels. No 
member of the Admiralty suggests that the masters 
and mates of Atlantic liners could undertake the 
duties of executive officers in the Navy. Yet it is 
perfectly well known that they are as efficient 
navigators, as good seamen, and as zealous in their 
duties as those who hold Her Majesty’s Commis- 
sion. It is true that they are unskilled in gunnery 
and torpedoes, but these are matters not difficult of 
attainment. In spite, however, of this seeming 
equality, every one recognises that civilian officers 
would fail on a warship, because they have never 
been trained to fight. Courage they have, no doubt, 
but it has not undergone that careful preparation 
and refinement necessary for men who have not 
only to expose themselves, but have also to lead 
others to the attack, to calm them under fire, and 
sustain them in defeat. The whole course of train- 
ing of the executive officers is directed to the 
cultivation of a high sense of duty, and of a 
mind insensible to alarm and calm under ex- 
citement. The men are selected from a station 
of society in which pride of family is a strong senti- 
ment, binding all the members in a code of honour 
which, while it does not make them saints, guards 
them from the meaner vices, and fosters self-respect. 
They are subject to a thorough education, including 
not only the rigorous mental exercises of mathe- 
matics and science, but also the lighter and more 
humanising influence of modern and ancient litera- 
ture. From the moment they join the service they 
are taught to regard themselves as members of a 
body which has an unblemished record, and to take 
delight in the thought that to them is intrusted the 
keeping of the heritage of fame won by their pre- 
decessors. They are subject to strict discipline, 
and are obliged to render implicit obedience, while, 
at the same time, the faculty of command is culti- 
vated by the control they have to exercise over the 
blue-jackets. If an officer is only required to navi- 
gate his ship and to lay the guns, such a course of 
training is mostly superfluous, and has no relation 
to the end to be attained. The very scheme of his 
education proclaims that his ordinary duties are 
merely incidents in his career, and are not the 
object for which his services are wanted. 

Now in an almost identical sense it is true that 
the driving and repairing of the engines is not the 
ultimate reason for the existence of the engineer 
officer. As a matter of fact, the bulk of such work 
is done by the engine-room artificers, under his 
inspection, and could often be done equally well 
without him. Then for what does the engineer 
officer exist? For precisely the same reasons as 
the executive officer. To command the men of 
his department, and to see that they do their 
duty. In the daily routine this is all easy enough, 
just as it is easy for the lieutenant to stand and 
watch the crew of a gun go through their drill. 
But on the day of action—the crisis for which all 
else is merely preparatory—the conditions will be 
changed, and instead of the officer looking at his 
men they will look to him, and his conduct will 
give colour to theirs. The engineer may not stand 
where the shells are exploding, and the rain of the 
machine guns is falling, but he occupies a posi- 
tion which makes far greater demand on the 
nerves. Shut out from light and air, ignorant 
of how the battle rages, and incapable of making 
a last effort for dear life should a sudden 








disaster overtake the vessel, he must stick to 
his post and keep his men at theirs as coolly as 
if he were taking part in a naval review. The 
greater the danger to the ship the more absolute 
the necessity that he should press the machinery to 
its utmost capacity ; it may even be that, to save 
the honour of their flag and the lives of their 
comrades above, he and his men will be called upon 
to continue at their work, stoking the boilers or 
lubricating the engines, with the full knowledge 
that death will suddenly burst in and seize them 
all. But can stokers and artificers, who have 
never been under fire, be relied upon to do all 
this without very strong moral control? We doubt 
it. A quality higher than animal courage will be re- 
quired, and it is to the production of that very 
quality that the entire training of the executive 
officer is directed. Then why should not the engi- 
neer be trained in the same way? As it is he is 
told he is socially inferior ; he holds a lower rank 
and receives less pay than his comrades, while he 
has no share in the enthusiasm with which the public 
regards the Navy. Every means is taken to prevent 
the growth in him of a healthy self-respect and of 
his participation in the esprit de corps which prevails 
the service. Worse than thisa feeling of discontent 
is fostered. The engineer knows perfectly well that 
he is indispensable. Every day the province of the 
executive officer narrows, while that of the engineer 
widens, until nearly everything is within its 
boundaries. In every difliculty he is consulted, and 
in every emergency his help is relied upon. In the 
light of this knowledge he feels that his services 
should be fairly remunerated and appreciated, and 
while he labours under the sense of injustice, it is 
impossible that he should put his whole heart and 
soul into the work. 

We trust that the views expressed by Admiral 
Hoskins are his own, and that they are not shared 
by the whole Board of Admiralty. At atime when 
our fleet is below the necessities of the empire, it is 
requisite that its lack of size should be compensated, 
as far as possible, by the greatest possible efficiency. 
The engine-room staff is more than one-half as 
numerous as the blue-jackets, and if it is not 
officered in the best possible manner a very grave 
loss is occasioned to the nation. At the same time 
the demands of the engineer officers are so moderate 
that it calls for no appreciable sacrifice on the part 
of the Treasury to comply with them. 





THE IRONFOUNDERS’ SOCIETY. 

Tuis Society has been in existence for over 
eighty years, having been established long prior to 
the repeal of the Combination Laws, firstly, in 1824 
and finally in 1825. Its late general secretary, 
Mr. Daniel Juill, could recollect the time when 
the Bolton Lodge used to hide its minutes and 
records on the Town Moor, at Bolton, for fear of a 
raid upon the premises where the meetings of mem- 
bers took place. The last annual report of the 
Society, for 1887, contains more complete tables of 
the financial history of the Society than are to be 
found in the reports of any other trade union in 
the country. The present secretary, Mr. W. H. 
Hey, has prepared a Table showing the number of 
members of the Society employed, and the average 
wages, from 1831 to the present time. As such a 
record is unique, a comprehensive survey of the 
Society’s operations may be of interest generally. 

Numerical Strength.—The total number of mem- 
bers, at successive dates, was as follows : 





1831. | 1837. | 


1120 | 2355 | 4638 | 6421 10,889 | 12,612 | 11,718 


At the same dates the total number of branches 
was : 44, 51, 58, 71, 105, 112, and 114 respectively. 
During the last 21 years the total membership has 
varied from 9000, the minimum, to 12,627, the 
maximum, the yearly average being about 11,425. 
Practically, as regards numbers, the Society is 
nearly stationary, varying slightly from year to 
ear. 

¥ Financial Operations. — The total income and 
expenditure of the Society, at the same dates, were 
as shown by the Table in the next column. 

The largest income in any one year was reached 
in 1880, when the total amount rose to 47,0951., 
or 4l. 1s. 4d. per. member, being an average 
contribution of 1s. 7d. per week, within a fraction. 


1847. | 1857. | 1867. | 187. | 1987. 




















The largest expenditure occurred in 1879, when it 
reached 80,089/., being an average of 61. 10s. 6d. 
per member in the year, or a weekly average of 
2s. 6d. The average weekly contributions of 
members during the last twenty-one years, have 
nearly equalled 1s. 4d. per week. The way in 
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Total Income, | Total Expenditure. 





Years, Yearly | Yearly 
Total | Average | Total | Average 

Amount. per | Amount. per 
Member. | Member. 

£ s. d. | £ 8. 
1831... sis 2,218 39 7 | 946 16 11 
1837... ...| 8,284 | 70 4 | 9,352 79 5 
1847... ..| 13,666 | 5811 | 15,632 67 5 
1857... ...| 16,050 | 50 0 | 17,199 53 7 
1867... | 29,782 55 0 | 52,539 57 0 
1877... ...| 96,554 58 0 | 42,425 67 4 
1887... .. | 46,259 79 0 | 41,862 71 6 








which the large income of this Society has been 
expended is given in an admirable Table in the 
report for last year (1887), the figures in which tell 
their own tale. 

A. Out-of-Work Benefit.—It appears that ‘‘Dona- 
tion Benefit” was given by this Society as early as 
1831, if not indeed earlier. In that year the 
total amount paid to out-of-work members was 
3651. 18s. 6d., or an average of 6s. 64d. per member 
per year. In only six years, out of fifty-six that 
have since elapsed, has the ratio been under that 
amount. 

The payments since that date, at each decennial 
period, have been as follows : 


Yearly Average 
Year. Total Amount. per Member, 
£ 8. d. 
1837 3,975 33 9 
1847 8,695 37 6 
1857 10,075 31 5 
1867 35,272 65 1 
1877 25,337 40 2 
1887 21,801 37 3 


The largest amount ever paid to members out of 
work was in 1879, when the total reached 57,5111., 
or an average of 4/. 13s. 8d. per member for the 
year. In 1878 it was 38,487/., or 3/. 1s. per mem- 
ber. Perhaps no single society has felt the strain 
of this benefit so much as the Ironfounders’ Society, 
even during the last twenty-one years. 

B. Sick Benefit.—The payments under this head, 
in 1831, amounted to 580/. 10s. 6d., or 10s. 44d. 
per member forthe year. The amounts so paid, at 
each decennial period, since that date, have been as 
follows : 


Yearly Average 

Year. Total Amount. per eenthen”” 
y 8. d. 
1837 2,459 20 10 
1847 2,681 1 ee 
1857 2,296 7 2 
1867 4,908 911 
1877 6,338 10 1 
1887 6,192 10 7 


The average cost of this benefit during the last 
twenty-one years has been a fraction over 2}d. per 
member, per week. 

C. Superannuation Benefit.—The payments under 
this head commenced in 1836, in which year 981. 2s. 
was so paid. At the subsequent successive dates 
the payments have been as follows : 


, Yearly Average 

Year. Total Amount. per Member. 
£ s. d. 

1837 109 0 8 

1847 202 0 11 

1857 1108 3 6 

1867 1405 27 

1877 3452 5 6 

1887 7692 13 2 


This superannuation allowance to aged members is 
growing in amount and in ratio year by year, as 
the preceding figures show. During the last ten 
years it has absorbed over 2d. per week of the 
entire contributions of the members, whereas in 
the previous ten years it was under 14d. per week, 
whilst the average membership is almost sta- 
tionary. 

D. Accident Benefit.—This benefit, which is of 
great importance in a calling so exposed to acci- 
dent as that of an ironfounder, was added in 
1845, in which year 300/. was paid to disabled 
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members. The amounts so expended at subsequent 
dates have been as follows : 
Year. Total Amount, es "ae gg 

6, a. 
607 f 
814 am a 
1717 2 
1877 943 6 

1887 613 ad 

The average yearly payments have decreased since 
1880, the date of the Employers’ Liability Act. 

E. Funeral Benefit.—The payments under this 
head at the several dates before given have been : 
Yearly Average 

per Member. 


1847 
1857 
1867 


Year, Total Amount. 


£ 

439 9 

549 4 

508 7 
1257 4 
2010 3 


Total for benevolent purposes ... 
Strike pay, or cost of labour disputes 
(in 51 years)... eg si as 


1837 
1847 

1857 

1867 

1877 

1887 2306 4 0 
The death-rate during the last twenty-one years 
indicates the large proportion of old members in 
this Society ; indeed it contains a larger ratio of old 
members than any other trade union in the country. 

F. General Swmmary.—The aggregate amounts 
paid for the whole of these benefits, during the 
period over which the tables extend, have been : 

Paid to members out of work (in 57 £ 
years... oe iM ie + 691,619 
Ditto during sickness (in 57 years) ... 195,528 
Ditto superannuation allowance (in 
52 years) sh ne wy re 95,304 
Ditto as accident benefit (in 43 years) 31,894 
Ditto funeral benefit (in 56 years) 57,239 
Total es ss ae 1,071,584 
Emigration grants (in 12 years) 4,712 
Benevolent grants (in 25 years) va 3,5 
1,079,829 
31,935 
Aggregate total - os» 010767 

The foregoing expenditure exhibits a very fair 
proportion on benevolent objects, as compared with 
the amount spent in labour disputes ; the average 
contributions for the former being over 1s. per week 
for the entire period, exclusive of strike pay and 
cost of management and incidental expenses. 

Balance in Hand.—The total balance in hand at 
the close of 1887 was 10,382I/., or nearly double 
what it was at the close of 1886. At the close of 
1877 it amounted to 59,525/., and at the close of 
1867 it was 51711. The largest balance ever reached 
was in 1876, when it amounted to 65,395l. ; at the 
close of 1869 it fell to 6501. ; and in 1879 it stood at 
19091. 
twenty-one years, show how earnestly the members 
have striven to prevent an utter collapse of the 
Society. In eight of these years the total balance 
has fallen below 10,000/., or less than ll. per 
member. The average cost of management, inclu- 
sive of all payments for the general office and the 
114 branches constituting the Society, is about 
1}d. per week per member. 

One of the most remarkable tables ever prepared 
and published by a trade union is presented with 
the last annual report (Table II.), showing the 
average weekly wages of the entire body of mem- 
bers and their hours of labour, from 1830 to the 
close of 1887. From this table it appears that the 
average wages from 1831 to 1834 was ll. 3s. 4d. 
per week for 63 hours’ labour. From 1834 to 1843 
the wages averaged 1l. 3s. 9d. ; from 1844 to 1853 
the average fell to 1/. 3s. ld. per week ; from 1854 
to 1863 the average rose to ll, 4s. 6d., while from 
1864 to 1873 the average rose again to ll. 6s. 3d., 
and from 1873 to 1883 the average stood at 11. 6s. 6d. 
During the last three years the .verage has varied 
from 1/. 2s, 3d. to 1l. 4s, Gd. The working hours 
are now 54 hours per week. This is the most 
complete and authentic table of the average earn- 
ings of a large body of workmen yet published, 








THE WEATHER OF 1888. 

THE mean pressure and temperature of the atmo- 
sphere over the British Islands for the year 1888 
was almost similar to the corresponding values of 
1887 ; and there is close similarity between the 
rainfalls for the two years, but there was slightly 
more rain, and rainy days were more frequent in 
1888 than in 1887. Moreover, there was this im- 
portant difference between the two years, 1888 had 
5 per cent. less sunshine than 1887. The mean 
pressure and temperature of the atmosphere at ex- 


The fluctuating balances, during the last f 





treme positions to which the Isle of Man is central 
were as follows : 
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The distribution of rainfall in frequency and 
amount may be inferred from the following results : 





re 
Places. Rainy Days. | Amount. A... pone 





in. | in. 
33.36 less 4.11 
29.38 | 4, 6.09 
46.51 ;, 10.97 
22.52 | 6.09 


245 
234 
242 
198 


Sumburgh .. 
Scilly .. . 
Valencia 

Yarmouth .. 





The resultant of the daily general directions of 
the winds over these islands for the year is W., 
equivalent to a wind from that direction during 
forty days. Taking the force of the winds into the 
computation the resultant is from S.W. by W. at 
the rate of less than two miles per hour. Thus 
the resultant wind is more southerly, and less effec- 
tive than for 1887. 

The duration of bright sunshine, estimated in 
percentage of its possible amount, for the year, was 
28 for the United Kingdom, Channel Isles 39, 
south-west England 31, south Ireland 30, east 
England 28, south England 27, east and west Scot- 
land and central England 26, north-east and north- 
west England and north Ireland 25, north Scot- 
and 23. 

The months may be concisely characterised as 
follows: January was seasonable as regards tem- 
perature ; there was little rain though the air was 
damp and foggy. February was very cold, with 
snow and much north-easterly wind. The winter 
was not remarkably cold, though it had a great de- 
ficiency of rain. March was very cold, snowy, and 
rainy. April was very cold and dry. May was 
fine and sunshiny, though rather cold. The spring 
was cold. June was very cold. July was very 
cold, wet, and wanting in sunshine; a spell of 
rainy, thundery weather began in the latter part of 
June and lasted till the end of July. August was 
cold, wet, and changeable. The summer was very 
cold, wet, and thundery. September was fine and 
dry. October was cold, dry, quiet, and foggy. 
November was very warm and foggy. The autumn 
was mild and dry. December was very mild and 


ogey. 

The notable events as regards the weather of 
1888 may be specified as follows: The greatest 
atmospheric pressure during the year, 30.7 in., 
occurred on Janury 13. The lowest temperature, 
1 deg., was reported at Lairg on February 16. The 
least atmospherical pressure, 28.6 in., occurred on 
March 28 and December 21. A furious storm 
raged on March 11, during which the anemograph 
at Greenwich registered a pressure of 31 lb. on the 
square foot. The highest temperature, 88 deg., 
was registered at Cambridge on June 25. Snow 
fell in numerous places from the north to the south 
of Great Britain on July 11.” At Greenwich 2.49 in. 
of rain fell on July30. At Hawkhurst 4 in. of rain 
fell on one day in August, nearly all of it in two 
hours. Snow fell on October 1 and 4. At Glen- 
carron 3.8 in. of rain fell on November 20. 

The Rev. T. A. Preston, in his annual review of 
phenological phenomena, states that vegetation was 
generally backward throughout the season. ‘‘ Fruits 
were generally a failure ; very few really ripened, 
and from want of sunshine were deficient in flavour. 
Haymaking was unusually late, as much as five 
weeks ; it began in July or August, and was not 
entirely finished till late in September ; much of it 
was spoilt or secured in bad condition. Straw was 
plentiful, and though the corn was not an average 


crop, the fine October enabled farmers to secure a 


better one than could have been expected. Roots 
were often a failure, and potatoes were very much 
diseased.” It is generally considered that the 
harvest is above the average. September was a 
very beneficial month. The blooming time of the 
wheat requires sunny days and warm nights, but 
in July the sun had no chance to ripen the fruits of 
the earth, and the persistent clouds dropped so 
much rain that rottenness instead of fulness resulted. 
Thus the now important crop of tomatoes was 





greatly injured, and strawberries and raspberries 
were pretty well ruined by the continuous rain 
during the period of ripening, and were flavourless 
for want of sunshine. ‘‘ The crops may be regarded, 
in one sense, as a meteorological expression of the 
weather, from seed time to harvest, for that there 
is a physical relation between the weather and the 
crops is obvious to all ; for,” added Maury, ‘‘your 
fields have the same area and soil this year that 
they had last. Why is not their yield the same ? 
Simply because the seasons were different. Do 
you mean to say that, amid all the mind, means, 
and appliances of the age, the relations between the 
weather and the crops are past finding out?’ This 
investigation should commend itself to the newly 
created Agricultural Department, which is already 
assuming formidable dimensions, though people 
want to know what it is doing. 








THE GRAND TRUNK RAILWAY OF 
CANADA. 

Tue Grand Trunk have recently brought into 
operation a number of important improvements 
which will materially assist the punctual working of 
their trains and increase largely their power to 
transact the growing business which the rapid 
development of Canada is throwing upon their 
system. The most important of these is the dou- 
bling of their main line between Montreal and 
Toronto, the necessity of which is made evident 
from the fact that the actual movement of freight 
over this section exceeded for the last twelve months 
the tonnage moved upon the four-track railway of the 
New York Central from Albany to Buffalo, on the 
south side of Lake Ontario. For several years 
the passing places at the different stations have 
been gradually improved and extended on a 
uniform system, and the first six miles from 
Toronto and out of Montreal had thus been effi- 
ciently doubled. In the summer of 1887 the con- 
necting of these long sidings and the practical forma- 
tion of an entire double track railway was fairly 
commenced, and during that summer 10 miles west 
of Vaudreuil, 27 to 37 miles from Montreal, 9 miles 
from Landsdown to Gananoque from 146 to 155 
miles, and a further extension of the Toronto piece, 
making 9 miles from Scarboro’ to Toronto, 324 to 
333 miles were complete ; or 28 miles altogether in 
three pieces. The result of the working for the 
winter season, when the line is more than usually 
congested, showed an average saving of 18 minutes 
in the time of every freight train between Toronto 
and Montreal, a noticeable and valuable economy. 
During the past summer a new piece of road has 
been opened as a heavy double track road from 
Montreal to Dorval, 10 miles by either the new or 
the old line from Montreal, and the old line has 
been doubled from this point to St. Anne’s, 21 miles 
from Montreal. The Vaudreuil section, finished 
last year, has been extended from Coteau to Baines- 
ville, from 37 to 48 miles ; and the Gananoque 
division has been doubled from Brockville to 
Landsdown, 125 to 146 miles. A fourth stretch of 
double track will be complete before winter between 
Belleville and Sydney, 220 to 227 miles ; making 
for this season 60 miles of additional double track. 
Besides this the piece from Bainesville to Cornwall, 
48 to 67 miles, would have been finished excepting 
for the extraordinary weather which has delayed all 
this class of work the last season. The section is all 
complete except ballasting, and will be ready early 
in the spring of next year, making altogether 107 
miles in five lengths. 

Further contracts have been made for completion 
next year of the section between Cornwall, 67 miles, 
and Brockville, 125, when the eastern half of the 
line between Montreal and Toronto will be all 
double track excepting six miles from 21 to 27 
miles. Advantage has been taken of this widening 
of the road to thoroughly overhaul and improve 
the work on the old line as well as on the new; all 
the wooden culverts have been taken out and 
replaced with masonry, the bridges have generally 
been entirely rebuilt, larger and better drainage 
has been secured, and the gradients have been 
regulated and improved. The ballasting through- 
out has been carefully done, and whilst the new 
track has generally 4000 cubic yards to the mile, 
an additional 1000 has been spread on the old 
line, whilst new ties, and new and heavier steel 
rails, have been laid over both roads. The new 
piece of road out of Montreal for five miles super- 
sedes and is on the line of the former Lachine 
branch, which has been doubled, widened, and 
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improved to make it equal to the new service, a 
new road of three miles connecting this with the 
old line at Dorval. The alteration gets rid of a 
very objectionable grade known as Lachine Bank, 
besides placing the manufacturing suburb of La- 
chine upon the main line. The old line will still 
be used for suburban purposes. 

Another great improvement for Montreal is the 
opening of the new passenger station, which took 
place on the 15th of October. For forty years 
Montreal has practically been without a decent pas- 
senger station, the shed that temporarily sheltered 
the old Lachine Railway having been patched up 
and enlarged to do duty fora road 4000 miles in 
length. The new station building near the same 
site is 280 ft. frontage by 100 ft. in depth, a 
handsome red pressed brick structure of the 
modern type, with all the necessary arrange- 
ments for the passenger traffic, and with twelve 
lines for the arrival and departure of the trains, 
accommodated by six double platforms, each from 
500 ft. to 700 ft. in length. In the station build- 
ing, besides the usual arrangements for the pas- 
sengers, refreshment, and waiting rooms, are the 
offices for the management of the train service and 
the local traftic, the general offices of the company 
being at St. Charles, four miles down the line, near 
the repairing shops and the store-houses. The whole 
arrangements now are very complete and extensive, 
and worthy of the immense system which is con- 
trolled from this central station. 

The total mileage of the Grand Trunk east of 
Port Huron and Detroit is now 3247 miles, to which 
must be added the Michigan extensions, and the 
important lines which practically form the main 
avenues of business from Chicago and Milwaukee, 
known as the Chicago and Grand Trunk, Detroit 
and Milwaukee, and Michigan Air Line, which 
are owned or controlled by the Grand Trunk ; but 
under other legal names make the total mileage 
about 4000 miles. 





NOTES. 
Nats or Tinnep SHEET Iron. 

Scraps of tinned iron have long been a waste pro- 
duct, whose application, for any purpose worthy of 
the intrinsic value of the metals contained in them, 
has been an unsolved problem. It is true that 
scraps of this kind have been cast, but the hardness 
and granular structure render the metal fit only 
for use as weights. Also, to a slight extent, the 
tin has been removed by electrolytic processes. 
But there has not been any definite use of this 
product as a material manufacture until its recent 
use in America for nails. Scraps of tin are cut by 
dies into rectangular bits, with a length of about 
three times their width. These scraps are then fed 
from an automatic hopper between dies, where they 
are squeezed first to square form, like a nail, and 
then headed. Nails of this kind are well fitted for 
many purposes, being free from tendency to rust, 
also light, very rigid, and capable of being driven 
into the hardest wood without buckling. 

Brick FounDATIons. 

Mr. H. Leonard, M.1.C.E., the late chief engi- 
neer to the Bengal Public Works Department, gives 
in Indian Engineering an interesting account of 
experiments carried out by him at Akra with a view 
to determining the proper proportions of brick 
foundations in alluvial soil. The experiments 
were made on a large scale, the piers being of a 
size such as might be used in real work, and the 
indications obtained are correspondingly valuable. 
First, with regard to the pressure permissible, Mr. 
Leonard found that with a pressure of 1 ton per 
square foot on the soil there was practically no 
sinking, whilst with 2 tons the sinking was decided, 
and sufticient to cause bad cracks. If one part of 
a building were built with a pressure of 2 tons per 
square foot onthe foundations, and another part with 
1 ton only, the unequal settlement would be, he 
considers, quite sufficient to cause bad cracks ; hence 
the load on the foundations should be under 1 
ton per square foot, or if over should be equal on 
all the piers. Experiments were next made on the 
proper depth for the foundations. Trials were 
made with foundations at 2 ft. 6 in., or just below 
the usually disturbed soil, at 4 ft. where the true 
alluvial deposit was undisturbed, at 8 ft. where a 
different though not better soil was touched, and at 
11 ft. where the soil was soft and wet. The founda- 
tions at 2 ft. 6 in. were found to be affected by 
heavy rains, whilst those at 11 ft. sank more than 
those at 4 ft. and 8 ft., and Mr. Leonard finally 


concludes that in undisturbed alluvial soil the 
foundations of important buildings should be laid 
at a depth of between 4 ft. and 6 ft. The third 
point examined was the proper spread to give the 
brickwork in such soil, and from these experiments 
he concludes that for a pressure of 1 ton to the 
square foot in Bengal soil the thickness at the toe 
of the slope should not be less than 1 ft. 6 in., and 
the stepping at an angle of not more than 45 deg. 


THe ‘‘ApmMIRAL DuPERRE” GUN ACCIDENT. 

Other nations besides ourselves are having trouble 
with their all-steel new-type guns, the latest im- 
portant accident being that on board the French 
ironclad the Admiral Duperre on December 12 
last during artillery practice in the Mediterranean. 
The gun which burst was 34 cm. (13.4 in.) in dia- 
meter, of the 1875 model, and was being fired with 
the regulation charge of 304 lb. of cocoa powder, 
and an armour-piercing projectile weighing 40 lb. 
The powder had been about two yearsin store. On 
firing, the gun burst as stated, the steel shield over 
the turret being smashed by the shock, and the 
boats near it destroyed. Of those working the gun 
two only escaped, six people being killed outright. 
The shot took its ordinary flight, and fell near the 
object aimed at. As to the cause of the explosion, 
it is stated that the gun, though built in 1875, was 
of very good design, and even at the present day 
could only be improved in some of the minor details, 
and the fault must therefore lie either in the 
material of which it was made, or in the powder 
employed. As no details of the fracture have been 
published, it is difficult to form an opinion, but it is 
pointed out that at the time of manufacture the 
French workshops were unprovided with plant 
heavy enough to thoroughly work large masses of 
steel, and that the construction of all steel guns was 
strongly opposed at the time by the responsible 
authorities of the marine artillery. On the other 
hand, it may be observed that the low pressures 
obtained with the brown and cocoa powders are 
simply due to their slow rate of combustion, and 
should this be increased by any change in the con- 
stitution of the powder from lapse of time or stress 
of climate, as high pressures might be obtained with 
them as with the common black powders, and as 
the regulation charges of cocoa powders are always 
considerably greater, the gun would in such a case 
be very likely to burst. In the present instance 
the regulation charge of prismatic powder was 48 lb. 
less than the other. The fact that the projectile 
had its ordinary flight does, however, somewhat 
militate against this latter theory. 


Proposep Sure Cana across ScoTLAND. 

The agitation in favour of canals and waterways, 
which has been waged in England for some time 
back, has at last extended toScotland. Such agita- 
tions are contagious, and it is not therefore surpris- 
ing to hear the revival of an old suggestion from 
the north on the subject. The proposal is to 
improve the presently existing canal between the 
Clyde and the Forth, so that ships might be able to 
pass through. The canal was constructed a century 
, and is 35 miles long, extending from Bowling on 
the Clyde to Grangemouth on the Forth—the line 
being almost due east and west—and there is a branch 
of 2? miles to Port Dundas in the north of Glasgow. 
It rises 156 ft. and has 39 locks. At the present 
time only very small craft can be passed through, 
not only because of the short locks, but also owing to 
the depth of water being but about 9 ft. It is pro- 
posed that it should be made suitable for deep sea- 
going ships. There are no great engineering diffi- 
culties in the way. The cost is variously estimated 
between 1,500,000/. to 2,000,000/. sterling, a sum 
which, it is thought, might be easily raised by a 
company. It is contended that being the shortest 
route between America and the Baltic, the Conti- 
nent and the east coast of Scotland and England, 
the through traffic would be considerable. This 
may be true, but the gain in time would be reduced 
materially by the fact that vessels in coming off the 
Atlantic would require to sail up the long firth 
(Clyde), and would probably require, particularly if 
deeply laden, to wait on the tide to get to Bowling, 
which is some distance up the river, or the channel 
would need to be broadened and deepened, thus 
adding to the cost. For Channel steamers going 
from Ireland or the west coast of Scotland, England, 
or Wales to the east coast or the Continent, the canal 
would be a decided benefit, for not only would 
their voyage be shortened, but the rocky and dan- 





gerous coast of the north of Scotland would be 
avoided. The canal passes through the coal and 





oil districts of Scotland—-a fact which affords addi- 
tional argument in favour of the scheme. Another 
consideration which carries much weight is the 
facility gained for the rapid passage of battle-ships 
from one shore to the other, rendering defence in 
time of war more effective. Looking, therefore, to 
the principal ‘‘ pros” and “‘ cons,” as stated, the ques- 
tion is worthy of serious consideration. The canal 
is the property of the Caledonian Railway Com- 
pany, and they are taking no action meantime in 
the matter. 


IMPROVING THE TRANSCASPIAN Ratiway. 

The anticipations expressed a short time ago that 
the appointment of General Paucker as Russian 
Minister of Railways would be followed by an im- 
provement of the Transcaspian Railway, has been 
borne out by events. The Minister of War, under 
whose control the railway lies, has applied to the 
Committee of Ministers for a grant of 1,600,000 
roubles for improvements, and the Minister of Rail- 
ways is supporting the application. The Ministry 
of Railways, while represented by Admiral Possiette, 
was opposed to the railway altogether, and did its 
best to render it a failure. The present minister, 
however, holds quite the opposite policy. In the 
spring of last year he acted as president of a com- 
mission sent to Central Asia to examine the line, 
and on its return a large programme of improve- 
ments was laid before the Emperor. One of these 
provided for the removal of the commencing point 
from Azoun Ada to Krasnovodsk, and the con- 
struction of a line 60 miles long to connect the 
latter with the Transcaspian Railway. Azoun Ada 
is a very shallow port, and the only thing that can 
be said in its favour is that it is not quite so shallow 
as Michaelovsk, the port it superseded. While 
both, however, are only fit for barges, Krasnovodsk 
is a deep-water harbour permitting the entrance. of 
steamers with a draught of 20ft. On account of 
its excellence in this respect, it would have been 
chosen as the commencing point long ego, but its 
adoption implied the construction of an additional 
60 miles of line. Compelled, as General Annenkoff 
was, to construct his railway as cheaply as possible, 
he could not afford to include this extension in his 
estimates, and hence contented himself with re- 
placing Michaelovsk with Azoun Ada. On General 
Paucker’s commission no such obligation rested, 
and it at once reported in favour of the removal of 
the Caspian port from Azoun Ada to Krosnovodsk, 
to avoid the transfer of cargoes from large steamers 
to lighters at present necessary. The present grant 
of 1,600,000 roubles will not cover the entire cost 
of the removal, but only a part of it, the bulk being 
expended in constructing stations, houses for the 
staff, and in providing additional rolling stock. 
The proposed extension of the line from Samarcand 
to Tashkent is dropped for the moment, and it is 
believed that it will not be taken in hand for 
several years to come. On the other hand, the 
construction of a line to Sarakhs or Meshed is con- 
sidered to be highly probable, notwithstanding the 
opposition of Persia in regard to the latter place. 


THE CoMPRESSIBILITY OF SEA WATER. 

An important contribution was made to the dis- 
cussion of the subject of the compressibility of sea 
water, at the meeting of the Royal Society of 
Edinburgh on Monday evening, by Professor ‘lait, 
a scientist well entitled to speak on the question by 
virtue of his experiments to ascertain the effects of 
the sea pressure on the Challenger deep-sea thermo- 
meters. The address, which was given at the re- 
quest of the Council, dealt with the historical as 
well as experimental phase of the subject. Until 
about ten years ago little that was positive and 
complete was known of the properties of water as 
regards compressibility. Lord Bacon and others 
had in vain attempted to compress water, but in 
this case the water was in a metal shell, completely 
filled, sealed and exposed to blows with a hammer. 
Professor Tait said he encountered difficulties in his 
experiments, and the principle of these was that 
water got heated by compression much more 
rapidly when vulcanite was immersed in it than 
when there was no vulcanite. By means of a 
galvanometer he showed to what extent the heat- 
ing was observable. In trying to overcome the 
difficulty he ascertained the remarkable fact that 
the heat evolved increased in a greater proportion 
than the pressure. This, then, established the 
fact that water is more expansible when the 
pressure is greater. A practical test with the ther- 
mometer at a depth of a mile and a half of 
sea confirms this fact. Difference in the results 
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attained from those got in the laboratory was due 
to the differences in the temperatures in which the 
tests were made. He had therefore confirmed the 
contentions of Perkins in 1823 that the more 
water was compressed the less compressible it be- 
came. He also showed theoretically that by the 
application of infinite pressure water would be com- 
pressed to about three-quarters of its natural bulk, 
but no further. The compressibility of sea water 
was .92 of that of fresh water. The maximum 
density point of water went down three degrees for 
every additional ton of pressure applied. Regard- 
ing the effect of pressure on the ocean, Canton, 120 
years ago, showed that in a depth of two miles of 
sea the increasing compression of water under the 
above condition would be diminished by 69 ft.—a 
statement which Professor Tait had verified. In a 
depth of six miles the decrease in depth would be 
620ft. If the water of the ocean were to suddenly 
cease being compressible the result would be that 
4 per cent. of the habitable land on the globe would 
be submerged, because the mean depth of water 
would be raised by 116 ft. 








PROPOSED HIGH-LEVEL BRIDGE OVER 
GLASGOW HARBOUR. 

We have repeatedly referred to the question of 
cross-river communication at Glasgow Harbour and 
the necessity experienced for some means of passenger 
and vehicular conveyance across the river further 
down than Glasgow Bridge. The subject has once 
more been revived, and Mr. William Arrol, the well- 
known bridge builder, has submitted to the authorities 
a design of a high level lattice girder bridge. The 
first distinct idea was that the shipping traffic, which 
is very considerable at this point, could not be inter- 
fered with, and a swing bridge did not provide the 
continuous communication which is considered abso- 
lutely necessary. Hitherto the general opinion has 
been in favour of horse ferries. This year, too, a 
scheme is to be submitted to Parliament for a tunnel, 
to which we have already referred. Once or twice 

reviously a high-level bridge has been spoken of. 

{r. Arrol proposes a bridge 100 ft. above quay level 
of one span 430ft., the harbour at the point being 
400 ft. wide between quay levels. The bridge is to be 
supported on steel columns with concrete foundations. 
The seat of the main columns, of which there will be 
two on each side of the river, is to be sunk to a depth 
of 70 ft., which is considerably below the depth of 
water in the harbour, The whole ground under the 
piers, to a length of 78 ft. by 30 ft., would be filled 
with concrete, extending considerably above the 
level of the river bed, and from this immense block 
there is to rise two concrete columns supporting 
the piers. The main piers will be 15 ft. from the 
edge of the quay wall, and in cross-section they 
will represent an arch of the width of 53 ft., the 
depth trom soffit to top of pier being 124 ft. Both 
the piers and the bridge are after the style of the 
structure across. the Tay. The depth of the girder is 
50 ft. at centre, and it is hog-backed in shape. The 
width of the bridge is to be nearly 70 ft., giving a 
roadway 40 ft. broad, and two footpaths each 10 ft. 
broad, The footpaths are to be carried on the outside 
of the main sales on cantilevers. At each end of 
the bridge there will be a platform 40 ft. by 46 ft. for 
the convenience of vehicles turning to cross the bridge, 
and in addition two hydraulic hoists for passengers and 
two for vehicles. The platform and hoists will extend 
to 75 ft. by 46 ft. broad. The whole is to be ee 
yorted on the main piers and on four columns strongly 
sect together and rising 25 ft. above the platform 
level. Each has for foundation a concrete cylinder 
sunk 50 ft. and 8 ft. in diameter. The lifts are in- 
tended not only for carriages and other vehicles, but 
also for railway wagons. The hoists are each to be 29 ft. 
by 21 ft. Gin. The lifts for passengers will be placed 
on the outside of the main piers with side beams. They 
will be 10 ft. square, and willraise and lower 2000 people 
inanhour, bringing them to and from the end of the foot- 
paths on the bridge. The use of these hydraulic hoists is 
only to be optional, and when used w'll probably require 
to be paid for. Mr. Arrol has provided approach 
inclines for the traffic. To attain a height of 100 ft. 
by easy gradient without taking out much space, either 
of the A. corm quayage or the equally valuable ground 
behind, was doubtless a difficult part of the scheme to 
evolve; but the designer has produced a most inge- 
nious plan of accomplishing this. Indeed this might 
be said to be the feature of the scheme. The ap- 
proaches are to be in long inclines parallel with the 
river and of course at right angles with the bridge. 
The gradient will be 1 in 20, which necessitates a 
length of 2000 ft. On the north side of the river the 
inclines are to be to the east of the bridge, and on the 
south side to the west. On entering the approach 
incline the passenger or vehicle will go westward for 
1000 ft., rising meanwhile 50 ft. from the quay level, 
and then will turn a corner and go eastward for a 





similar distance, reaching the platform of the bridge 
already described. These inclines are to be built above 
the quay sheds so that the ground needed is very 
limited. Of course at the commencement the space 
will be completely utilised—for a distance of about 
120 lineal yards ; but when the incline gets through 
the roof, which is 30 ft. high, the only obstruction will 
be the columns supporting the approaches. These 
columns are to be 40 ft. apart. There will be longitu- 
dinal girders with cross-beams for carrying the road- 
ways, and will be further bound together by hori- 
zontal and diagonal bracings. These approaches will 
have a roadway 24 ft. wide and a footpath 6 ft. broad, 
while at the top they will broaden out to 46 ft. 
They will not interfere with the quay space in front 
of the sheds. The entire length of the bridge with 
approaches will be just over three-quarters of a mile, 
and 10,000 passengers and 1200 vehicles may cross in 
an hour independent of hydraulic lifts, The estimated 
cost is about 150,000/. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market was re- 
sumed after the holidays last Thursday, but it was very 
flat. A considerable amount of selling was reported, and 
the quotations were decidedly lower than those ruling at 
the close of last year. Indeed, the cash price for Scotch 
iron fell to 41s, 7d., being a drop of 5d. per ton, as com- 
pared with Monday’s closing quotation. The closing 
settlement prices were—Scotch iron, 41s. 6d. per ton; 
Cleveland, 33s. 9d.; hematite iron, 44s, 74d. per ton. 
There was an absence of demand for warrant iron in the 
market on Friday, a depressing effect having been 
produced by the Cleveland monthly returns, which 
showed for December an increase in stocks to the 
extent of 11,600 tons. Long-suffering holders of warrants 
seemed to have found “nursing” too expensive, the 
cost of carrying over being 64 per cent., amounting 
on the stock in Messrs. Connal and Co.’s stores to 
3801. a day, or 138,657/, a year. During the forenoon 
on Friday the price of Scotch iron fell 2d. per ton, and 
Cleveland and hematite declined 3d. and 34d. per ton 
respectively, In the afternoon, however, there was a par- 
tial recovery, and all three qualities closed only 14d. per 
ton down from the final prices of the previous day. The 
depressed feeling continued on Monday, and the price of 
Scotch iron at one time stood 4d. per ton under last week’s 
close. ‘‘ Bears” had the market in their hands till near 
the finish, when it was announced that the makers of mal- 
leable iron were very firm in their quotations. Thereafter 
2d. of the early decline was recovered. Cleveland iron 
closed 24d. per ton and hematite iron 4d. per ton down. 
At the close the settlement prices were—Scotch iron, 
41s. 3d. ; Cleveland, 33s. 6d. ; Seesaitte iron, 44s, 3d. per 
ton. On Tuesday forenoon the unsatisfactory character of 
the Board of Trade returns had a weakening effect on the 
warrant market, which was quite lifeless, and another 1d. 
per ton in the price of Scotch iron was lost. No business 
was done in Cleveland iron, but hematite iron was sold at 
44s 4d. perton cash. The closing settlement prices were 
—Scotch, 41s. 14d. 4 ton; Cleveland, 33s. 44d. ; hematite 
iron, 44s. 44d. The market was quiet this forenoon, 
but prices improved somewhat on the purchases that were 
made. Inthe afternoon up to 41s, 64d. cash was paid for 
Scotch iron, and at the close the quotations were still 
firmer. Hematite iron changed hands at 44s, 64d. to 
44s. 74d. per ton cash, and sellers were wanting 33s. 10d. 
per ton cash for Cleveland iron. The five furnaces that 
were put out of blast at Langloan Iron Works in order 
that the flues might be cleaned are again in full operation, 
so that in all there are now 78 furnaces at work, as com- 
pared with 83 at this time last year. There is still a very 
large local demand for pig iron, alike for making finished 
iron and steel and for foundry purposes, and the inquiry 
on the part of Continental centres of consumption is show- 
ing a marked improvement. The shipments of pig iron 
from all Scotch ports last week amounted to 3815 tons 
— 5576 tons in the corresponding week of last year. 

hey included 1000 tons for the United States, 470 tons 
for Australia, 1590 tons for Italy, smaller quantities for 
other countries, and 1245 tons coastwise. The stock of 
pig iron in Messrs, Connal and Co.’s public warrant stores 
yesterday afternoon stood at 1,032,123 tons. 


The Malleable Iron Trade.—The pressure of orders for 
malleable iron is so great that several of the firms engaged 
in making it were compelled to curtail the length of the 
holiday period usually allowed at the opening of the 
new year, Here and there work was resumed last Thurs- 
day in the puddling department, and since then all the 
mills have been brought into full swing. On that day also 
the makers issued circulars intimating an advance in the 
price of bars amounting to 5s. per ton. It is said by the 
manufacturers, and it is not denied by the merchants, 
that the latter have sold we *y of late and have not 
covered their transactions. y way of indicating the 
strength of the makers’ position, it is stated that those of 
them who produce what are regarded as inferior brands 
are asking as much money for their goods as the other 
houses are quoting for superior qualities. Following on 
the advance of 5s. per ton for bars, it is announced 
this week that the makers of iron sheets have raised their 
prices 10s. per ton, the demand on foreign account being 
quite phenomenal. Towards the close of last year some 
makers could have had their books filled with orders 
for black sheets for the whole of this year, but they 
declined the terms offered. One or two large orders are 
said to be in the market. 


Shipments of Machinery, dc.—The foreign and colonial 





shipments of machinery, &c,, from the Clyd reported 
last week, included the following : Sugar mill, paper mill, 
and other machineryof value of 22,5001. ; sewing machine 
parts, chiefly for Melbourne, valued at 1653/. ; blooms, 
sheets, bars, and other steel manufactures, of the value of 
9920/.—fully one-third for Japan; pipes and other cast- 
ings, malleable iron tubes, sheets, plates, bars, and 
miscellaneous iron manufactures, valued at 20,2001. The 
cast-iron pipes were shipped chiefly to Chili and Peru, 
Melbourne, and Monte Video. . 


Ventilation of the Glasgow Underground Railway.—At the 
meeting of the Glasgow Town Council on Monday of the pre- 
sent week, the Magistrates’ Committee reported that they 
had received from the manager of the North British Railway 
Company a letter and a plan in which was shown the mode 
by which it was proposed to ventilate the Underground 
Railway. In consultation with the master of works they 
had examined the plan, and they directed the clerk to 
intimate to the railway company that in respect of the 
manifest interference with and obstruction to the public 
streets involved in carrying out the plan, and as the 
proposed mode of ventilation was in direct violation of 
the provisions of the Glasgow and District Railway Act, 
the Committee declined to accept the plan, and to re- 
quest the company to submit without delay plans, sections, 
working drawings, and specifications, showing the 
manner in which it was proposed that the ventilating 
works should be carried out in accordance with the Act 
of Parliament, for consideration of the corporation. At 
a meeting on 3rd inst., a letter was read from the manager 
of the North British Railway, in which he said: ** As 
the Magistrates’ Committee do not approve of the plan 
which the company have submitted, showing how it is 
proposed to ventilate the Underground Railway in Glas- 
gow, I shall be glad if the Committee will indicate what 
modifications they would suggest.” The Committee, in 
respect that the duty of propusing a scheme for ventilat- 
ing therailway in accordance with the Act of Parliament, 
and to the satisfaction of the corporation, was imposed 
by the Act on the railway company, declined to relieve 
the company of such responsibility, and further in- 
structed the clerk to direct attention of the company 
to the skilled evidence on the subject of ventilation 
given on their behalf before the Committee of Lords 
in 1882, when the City and District Railway Bill was 
before the House, and to the provisions on the subject 
in the Act of 1882. 


The Lighting of the Tay Bridge.—The delay in the 
lighting of the Tay Bridge is giving the Dundee Harbour 
Board a considerable amount of concern. The subject 
was up (not for the first time) at a meeting of that body 
held on Monday, when it was urged that the railway 
company. should be called upon to have the piers of the 
bridge — immediately. The Dean of Guild re- 
marked that they should not allow the railway company 
to set them at defiance by indefinitely delaying to do the 
work in question ; and he stated that the clause in the 
Act of Parliament said that so many lights were to be 
placed on the east side and so many on the west side; 
and that if there was any dispute as to the nature of the 
lights, the question was to be referred to the Board of 
Trade. At a later stage in the discussion, the same 
gentleman stated that the railway company had agreed 
to erect thirteen lights on the west piers looking up the 
river, and an equal number on the east side looking down 
the river, and also to put a certain number of lights on the 
broken piers. They were bound to remove the old piers, but 
that would have cost a deal of money, and they expressed 
their willingness to light the piers if the Harbour Trustees 
allowed them to rebuild the old piers a few feet out of the 
water; but they had not put lights either on the new 
piers or the old ones. At the conclusion of the discussion 
it was resolved to ask the North British Railway Com- 
pany forthwith to comply with the requirements of the 
Act of Parliament. In connection with this resolution, 
and the discussion leading to it, it may be mentioned that 
Mr. George Miller Cunningham, C.E., Edinburgh, who 
was appointed some time ago to watch over the interests 
of the Perth Town Council in reference to the Ta 
Bridge, has written stating that he had consulted with 
the engineer to the Commissioners of Northern Lights, 
and that they were both decidedly of opinion that it 
would be inexpedient and misleading to light more than 
seven of the fourteen piers of the high girders, If these 
were properly lighted to the satisfaction of the Com- 
missioners of Northern Lighthouses, it was all that was 
desirable in the interests of navigation. Of course the 
responsibility, if there was any, of not lighting all the 
= of the high girders would remain with the North 

ritish Railway Company. The Council acquiesced in 


Mr. Cunningham’s view, and left the matter entirely in 
his hands. 


Important Shipbuilding Contract.—The Fairfield Ship- 
building and Engineering Company have just closed a con- 
tract to build for a new mail service between Dover and 
Boulogne three paddle steamers of 1500 tons each, which 
are to have a guaranteed speed of 26 miles an hour, and 
are to be ready for delivery by June 1 of this year. 


Contract for Fleet of Steam Launches.—Mr. Thomas Orr, 
Jun., boatbuilder, Greenock, has lately contracted to 
build a fleet of six first-class steam launches, the average 
length of the boats to be about 28 ft. The engines and 
machinery are also to be supplied by a Greenock firm. 


Leven Shipyard Awards Scheme.—The ninth annual re- 
ort of the awards scheme in connection with the Leven 
hipyard, Dumbarton, has just been issued. During the 

year thirty-eight claims were sent in by workmen for im- 
provements in machinery, for new designs, or for altera- 
tion whereby production was hastened and improved. Of 
the total, twenty had been found worthy of award, four- 
teen had been rejected, one withdrawn, and three deferred, 
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The number of new claims during the year was received 
a little under that of last year, but the number of success- 
ful awards was a third greater. The sum of 59/. had been 
expended in ordinary awards, and a further sum of 75l. 
in four premiums, which were earned by workmen. The 
total sum expended was 55/. greater than that of last 
year. As in former years, with the exception of the last, 
the workmen in connection with the joiner and carpenter 
departments had this year received one-half of the awards. 
The Committee think it might be interesting to state in 
this report that no fewer than fourteen claimants had now 
received premiums, and had been paid the following sums 
respectively, viz., 96/., 68/., 59/., 50/., 42/., 417., 397., 387., 
36/., 341., 347, and 24/.; in all, 6507. The fifth annual 
report of the Engine Works (Messrs. ae and Co.) 
Award Committee had also been made up. uring the 
past year twelve new claims and one postponed claim 
were considered by the Committee. Of these, five had 
been found worthy of award, seven were rejected, and 
one is still undecided. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Government Inspection of Gun Steel in Sheffield.—A 
Government establishment has been fitted up in Sheffield 
for the proving of steel used for Government purposes, 
especially in the manufacture of guns. Captain Penton, 
of the Royal Artillery, Woolwich, is the inspecting officer. 
For many years past the Sheffield contractors for Govern- 
ment have complained of the loss entailed by carriage to 
and from Woolwich of steel sent for testing, and the pro- 
viding of this new establishment will prove a step in an 
economic direction, besides facilitating work. 


Water Gas.—At the Kilham Rolling Mills in Sheffield 
the rod furnaces are being heated with water gas by 
Brook’s patent method, and the result is a success. 


An Abandoned Yorkshire Railway.—The directors of the 
authorised Selby and Mid- Yorkshire Union Railway, who 
gave notice of their intention to apply to Parliament for 
leave to bring in two Bills, one seeking an extension of 
time for constructing their line and the other for its aban- 
donment, have, it is stated, definitely decided to proceed 
only with the Bill for the abandoning of the whole 
undertaking, and dissolving and winding up the affairs of 
the company. 


The Iron Trade.—The opening of the new year’s work 
has shown the iron trade to be in a flourishing condition. 
Prices remain firm at the following quotations: Ordinary 
bars, 5/. 5s. to 5l. 10s. ; best, 5/. 17s. 6d. to 61, 5s. ; best 
best, 6/. 17s. 6d. to 7/. 5s., and extra qualities, 8/. 7s. 6d. 
to 8/.15s. Horseshoe irons range from 5l. 7s. 6d. to 71. 5s., 
and rods from 5/. 17s. 6d. to 71. 5s. for ordinary going qua- 
lities. The demand for hoops and plates is also improving, 
especially in best descriptions. 


Competition with Coal-Getting Machinery.—On Monday 
morning a coal-getting competition was commenced in the 
Parkgate seam of the Nunnery Colliery, Sheffield, between 
Messrs. Tennant and Sharpe’s ‘‘Samson” coal getter and 
Mr. Elliott’s (Hardy Patent Pick Company, Limited) 
multiple wedge system. Messrs. Tennant and Sharpe’s 
system was first tried. Twenty minutes were occupied by 
the experiment with the ‘‘Samson,” 11 minutes in boring 
and 9 minutes in breaking down the coal. The weight of 
coal brought down was about 5 tons; it was 6 yards in 
length and averaged 2 ft. 4in. in width. Ninety-five per 
cent. of the coal brought down was large, and no explosives 
were used. LElliott’s drill was used for boring. The ex- 
periments with Mr. Elliott’s system will be made in the 
course of afew days. 


Advance in Railway Rates for Coal.—The whole of the 
colliery proprietors in South Yorkshire have been served 
with notices by the North-Eastern, Midland, Manchester, 
Sheffield, and Lincolnshire, and Hull and Barnsley Rail- 
way Companies ofa revision of the carriage rates between 
Sheffield, Goole, and Hull. During the last eighteen 
months the railway rate from South Yorkshire to the 
above ports has been 2s. 10d. per ton for coal for shipment, 
but a rebate of 3d. per ton has been allowed, reducing the 
actual charge to 2s. 7d. The companies will no longer 
allow the rebate. There is much indignation in colliery 
circles, particularly because the North-Eastern and other 
lines are carrying coal from West Yorkshire at reduced 
rates as compared with those paid by South Yorkshire 
colliery owners, the reduction being occasioned by facilities 
afforded by the Aire and Calder Navigation Company. 
South Yorkshire colliery proprietors thus find themselves 
handicapped heavily in the trade with Hull and Goole. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
Py attendance at the quarterly meeting of the North 
of England iron and allied trades held in the Royal Ex- 
change, Middlesbrough. The customary facilities were 
afforded for exhibition of articles of interest to the trade, 
but there were only two or three exhibits. The market 
was quiet, but steady with a confident feeling as to the 
future. It was stated that No. 3 was being offered at 
33s. 9d. per ton f.o.b., but as a matter of fact very little 
iron was on sale under 34s., and buyers were to be 
found at this figure for delivery over a few months. 
Makers are all very firm in their quotations, being well 
sold ahead, and many decline to mention less than 34s. 6d. 
for No. 3 over the first quarter, as the large volume of 
trade doing and secured far into the year, imparts stabilit 
to the market which the openings of last year ree 
What is more, the cost of production has gone u quite as 
much as the rise in pig iron, sothat there is little induce- 








ment to sell ahead. The hematite pig iron trade is very 
firia, and Nos. 1, 2, and 3, f.0.b., east coast ports, are 
quoted at 46s. 6d. to 47s. per ton. Basic pig iron is in 
good demand for shipment. The manufactured iron trade 
and the steel trade are as good as ever, and all the works 
present a most active appearance. Iron ship-plates are 
— 5l. 10s. ; angles, 5/. 2s. 6d. ; steel plates, 6/. 17s. 6d.; 
all less 2} per cent. at works. All the ironfounders are 
busy and prospects are good. 

Engineering and Shipbuilding.—Engineers and ship- 
builders continue well employed, and most of the firms 
have orders on hand which will keep them active for the 
greater part of the present year. Recently there has been 
some agitation for an advance in wages amongst the men 
employed at the shipyards in the North, but it is hoped 
and believed that matters will be amicably arranged with- 
out disturbing the present good prospects and that no stop- 
page of work will be necessary. During the past few days a 
number of fine large vessels have been launched on the 
northern rivers, many new ships have proceeded to sea, 
and several handsome steamers are rapidly approaching 
completion and will soon be ready to enter the water. 


New Steel Works at Middlesbrough.—Messrs. Bell Bro- 
thers and Co., Limited, of the Port Clarence Iron Works, 
Middlesbrough, who for some time have been constructing 
new steel works at that place, are now ready to put them 
into operation. They will be started this week, and it is 
the intention of the firm to produce at present steel 
blooms. It is hoped that the quality of the blooms may 
be of such excellence that in a little while rolling mills for 
plates and rails will follow. 


Cleveland Miners’ Wages.—On Saturday, the quarterly 
certificate of the accountants showing the net selling price 
of No. 3 Cleveland pig iron was issued at Middlesbrough. 
The price is shown to be 33s, 3.58d. per ton, making the 
tonnage rate 9.41d., an advance of 0.13 per ton. The 
wages of the underground day men and mechanics will be 
advanced in a similar proportion. The blast furnacemen 
will obtain an advance of 1} per cent. 


The Make and Disposal of Pig Iron in Cleveland.—A 
few ys ago the Cleveland Ironmasters’ Association issued 
from their offices at Middlesbrough their usual monthly 
returns showing the make and disposal of pig iron in Cleve- 
land for last Daceian There are 155 blast furnaces 
in the district, and 98 have been in operation, producing 
223,984 tuns of pig iron, being an increase of 6754 tons on 
November. The stocks now stand at 472,628 tons, an 
increase of 11,688 tons on the previous month. Shipments 
are very satisfactory, being 74,725 tons, an increase of 
26,828 tons on November, and 8552 tons on December, 
1887. A comparative statement of the make and stocks 
of pig iron for the past ten years is very encouraging, and 
goes to show that trade is steadily improving, 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The demand for steam coal has been scarcely 
so brisk, but colliery proprietors have shown no inclina- 
tion to reduce their prices, the best qualities making 13s. ; 
second-class coal, lls, 9d. to 12s, 6d.; and best Mon- 
mouthshire, 11s. 6d. per ton. House coal has continued 
firm, and makers of patent fuel are well off for orders. 
Spanish iron ore has been in good demand. The manu- 
factured iron and steel trades have continued in a satis- 
factory condition, the local works having been busy, while 
prices have been generally well maintained. Heavy sec- 
tion steel rails have made 4l. 10s. to 4/. 12s. 6d.; and 
light section ditto, 4. 17s. 6d. to 5l, 5s. per ton. 


Brean Down Harbour.—A meeting was held on Wed- 
nesday at Weston-super-Mare for the purpose of inviting 
public support for a Bill which has been lodged for carry- 
ing out this project in the next session of Parliament. Dr. 
Wicksteed presided. Mr.T.J. Perrett, as locally represent- 
ing the promoters, detailed the advantages offered by Brean 
Down for a mail packet station as compared with any 
other place on the coast, as at all states of the tide, and 
in any weather, vessels of large tonnage could come in 
with safety and save at least a day, as compared with the 
Liverpool route. Mr, Lawson, the engineer of the under- 
taking, produced and explained his plans, adding that 
they had received the approval of several eminent engi- 
neers. The Brean Down harbour portion of the work 
could, he said, be first undertaken, and the formation of 
docks near Uphill would follow, provided the support 
accorded to the first section should warrant the promoters 
in proceeding further. Sir Eardley Wilmot, a leading 
supporter of the original scheme, started in 1861, was 
still sanguine as to the success of the project, and 
would again take an active and ee aga part in pro- 
moting it. Several questions having been put and 
answered, the meeting adopted a resolution approving the 
project. 


Portishead and Weston-super-Mare Tramway.—A_ com- 
pany has been formed for laying a pom A from Portis- 
ead through Clevedon to Weston-super-Mare. 


Pembroke Dockyard.—Mr. J. R. Vaughan, who has re- 
cently been acting as first-class draughtsman at this esta- 
blishment, in charge of the mould loft, has been confirmed 
in that position by order of the Lords of the Admiralty, 
vice Mr. 8. A. Allen, superannuated. 


Dowlais Iron Company.—About two months since the 
Dowlais Iron Company advertised for tenders for the erec- 
tion of a number of blast furnaces on the East Moors, at 
Cardiff. The company has now let a contract to Messrs, 
Headrington and Co., of Stockton-on-Tees, and operations 
will commence as soon as the necessary materials have 
been got together on the East Moors. essrs Headring- 
ton have contracted to construct three large blast furnaces 
to be supplied with the latest improvements; they will 





also provide blast engines and engine houses in connection 
with the furnaces. 

Llynvi Valley.—The Llyni Valley collieries at Llan- 
gees on the Great Western Railway, north of 

ondu, have been recently disposed of to Mr. E. Price, 
Bridgend. Arrangements are now in progress with the 
view of largely developing the present workings and sink- 
ing to the steam coal. 


Roath Basin.—This basin has during the last few days 
been crowded with large steamers, with a collective ton- 
nage of 70,000 tons, of which three steamers, viz., the 
Idar, Iran, and Innishowen Head, alone figure for 20,000 
tons. These large steamers were built by Messrs. Har- 
land and Wolff, Belfast. 


Welsh Railways.—A meeting held at Llantwit-Major 
has approved the proposed Vale of Glamorgan Railway. 
The object of the project is to connect the Barry Dock 
with Tondu (the outlet for the Llanvi, Ogmore, and Garw 
Valleys) by means of a line running along the seaboard 
and vid Bridgend. In order to obviate the construction 
by the Rhymney Railway Company of a proposed line 
from bese Tunnel to the Sirhowy Valley, the Great 
Western — Company has offered to make a = 
line between the Tredegar and Hergoed junctions, whic 
would answer the same purpose, viz., the facilitating the 
carriage of Monmouthshire coal to Cardiff. 


Taff Vale Railway.—The progress of the receipts of this 
railway during the past six months has been very remark- 
able. The receipts for the past 26 weeks amounted 
to 435,326/., against 395,237/. in the corresponding period 
of 1887, showing an increase of 40,089/., or 10.4 per cent. 





LAUNCHES AND TRIAL TRIPS. 

THE Lady Brassey, a vessel which was constructed by 
Messrs. Ernest Scott and Co., Close Works, Newcastle- 
upon-Tyne, to the order of the Hastings and St. Leonard’s 
Steamboat Company, has been selected by the Hon. Mr. 
Brassey, in conjunction with the Naval Volunteer Home 
Defence Association, to be used—when not engaged in 
excursion work—as a training boat for marine volunteers, 
and will be armed with light but powerful guns. She 
ran her official trials in Stokes Bay on Tuesday, the lst 
inst., the result being in every way satisfactory, the speed 
attained being over 124 knots, which is considerably in 
excess of that contracted for. The machinery, which is 
of semi-torpedo boat type, worked very satisfactorily. 
The Lady Brassey has been built to the design and under 
the supervision of Mr. Charles Blayburn, M.I.N.A., of 
150, Leadenhall-street, London, and Newcastle-on-Tyne ; 
she is 160 ft. long and 24 ft. beam. The propelling ma- 
chinery consists of two sets of engines of the three- 
cylinder continuous expansion type, the dimensions being 
as follows: High-pressure, 10 in. ; intermediate, 16 in. ; 
and low-pressure, 26 in., by 18 in. stroke, steam being 
supplied from an ordinary marine boiler at 160 lb. pres- 
sure. The coal consumption proved to be very creditable, 
being 14 1b. per indicated horse-power. It may be added 
that under more favourable conditions than those existin 
on the day of the trial, it is expected that the boat wil 
attain a speed of 13 knots. 





On Wednesday, January 2, there was launched at the 
shipbuilding yard of Messrs. Schlesinger, Davis, and Co., 
Wallsend-on-Tyne, the s.s. Southwark. The Southwark 
has been built to the order of Messrs. M. A. Kay and 
Sons, of London, for trading between the Tyne or 
Sunderland and London, and is designed to carry 800 
tons of coals on a very light draught. Her dimensions 
are as follows: Length, 168 ft. between perpendiculars ; 
breadth, 30 ft. ; depth moulded, 14 ft. The engines are 
of the triple-compound description, with cylinders 14 in., 
23 in., and 39 in. in diameter, with a stroke of 27 in. 
These will be supplied with steam at 1601b. pressure by 
a large steel boiler. The contractors for the machinery 
are = Ernest Scott and Co., Close Works, New- 
castle. 





On ber pre se” January 3, there was launched from the 
works of the Blyth Shipbuilding Company (Limited), at 
Blyth, a ‘~ steel screw steamer named Peace, built 
for Messrs. H. Clapham and Co., of Newcastle-on-Tyne, 
on behalf of the Clapham Steamship Company. The 
vessel, which will carry about 2500 tons, is built of steel. 





Thescrew steamer J oseph John was successfully launched 
from the yard of Messrs. W. Doxford and Sons, Pallion, 
on Friday afternoon, the 4th inst. She has been built to 
the order of Mr. Otto Jaffe, of Belfast, for the general 
trades, and her principal dimensions being: Length be- 
tween perpendiculars, 280 ft. ; breadth, 38 ft. 3 in. ; depth 
moulded, 21 ft. .The engines are triple-compound, the 
cylinders being 21 in., 35 in., and 57 in. respectively, and 
the stroke 39 in. 





The screw steamer Enrique Barrozo, built by the 
Grangemouth Dockyard Company, and engined by 
Messrs. Hutson and Corbett, Glasgow, for Sen. Antonio 
Lanfranco, of Monte Video, went on her speed trials on 
the Forth last week. The vessel is 200 ft. long, 32 ft. 
broad, and has been designed to carry 630 tons on a 
draught of 10 ft. She has triple-compound engines, with 
cylinders 15 in., 24 in., and 40 in. in diameter respec- 
tively, with a piston stroke of 30in. Steam is supplied 
by one single-ended boiler, 12 ft. 6 in. in diameter and 
10 ft. long, with three furnaces 3 ft. in diameter. The 

te surface is 44 square feet, the total heating surface 

100 square feet, and the condensing surface 700 square 
feet. On trial the speed attained was 9}? knots, three- 
quarters of a knot over the guaranteed rate. The engines 
worked at 110 revolutions under a boiler pressure of 
160 lb. to the square inch, 
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ARCHER’S PIPE JOINT. 

On the present page we illustrate a new description 
of pipe joint which is now being introduced by Messrs. 
Scott and Co., of 51, Gracechurch-street, E.C. From 
the sectional view the formation of the spigot and 
socket will be seen, The joint is made by means of 
cement, which is mixed in the proportion of three parts 
of cement to two of water. In order to form the joint 
the outside and inside flanges of the spigot are dressed 
with clay, and the spigot is then forced into the socket, 
both pipes being then in position. The male end is 
shorter than the female end is deep, and thinner than it 
is wide, and thus aspace is left forming three sides of a 
parallelogram. This is filled up with the liquid cement, 
which is poured in at one of the two holes shown in 
the outside view. When the pipes are driven together 
the clay is partly forced out of the joint outside and 
inside, and _an unbroken frill of clay all round is an 
indication that the joint is well tamped and in a 
condition to receive the cement. The superfluous 

Liquid cement 
run in here, 






TOP VIEW. 


Spigot-end apart, 
dressed with clay, 


ESS 





i} | ~ 
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clay is scraped from the inside by a half-round rake. 
The fact that the vacant space left for the reception of 
the cement is properly filled is shown by the liquid 
rising in the other hole, and therefore must have passed 
right round the joint. Clay walls are made round the 
holes so as to give the liquid cement a head. 

These pipes are being laid on the estate of Mr. John 
Pullman, at Sutton-court Park, Chiswick. A few 
days ago a demonstration of the invention was made 
in the presence of several engineers, architects, and 
others interested in the matter. A number of 9-in. 
drain pipes had been joined in the manner described, 
and a length of 11 ft. of these was held at each end by 
supports. The bridge thus formed was weighted with 
about 4cwt. of bricks, and the pipe was filled with 
water, there being also a vertical length of 9 ft. of 9-in. 
pipe in connection, so #s to give a head of that height. 
There was, we understand, no leakage or indications of 
distress at the joints. 

With regard to cost, it is said that the Archer joint 
can be laid in one-third less time than is occupied in 
making ordinary gasket joints, the rate being about 
lft. asecond. There is no doubt that by this system 
a very tight and durable junction can be made, the 
whole length of drain becoming practically monolithic, 
At the same time it must be remembered that there is 
no elasticity in this joint, which may or may not be 
an advantage. 


Spigot-end, with * 


Chamber filled with 
clay xammmed home, i 


liquid cement, 








MISCELLANEA. 
ApmrraL Sm R. Vestry Hamirton, K.C.B., has suc- 
ceeded Vice-Admiral Sir Anthony Hosken as Second 
Naval Lord of the Admiralty. 


The contractors for the Culebra section of the Panama 
Canal state that they will continue the works at their 
own expense till February 15th, in order to give time be- 
tween now and that date for the necessary measures to be 
taken in the proper quarter, 

The English military authorities having adopted Pilter’s 
—— of baling hay and straw, Her Majesty’s War 

ffice has entrusted Messrs, Samuelson and Co,, Limited, 











of Banbury, with a contract for the supply of Pilter’s 
patent presses, for which machines this company are sole 
manufacturing agents in England. 


The gross receipts of the twenty-three principal railways 
in the United Kingdom for the week ending December 30, 
amounted, on 16,008} miles, to 1,129,147/., and for the 
corresponding period of 1887, on 15,9094 miles, to 
1,092,415/., an increase of 98} miles, or 0.6 per cent., and 
an increase of 36,732/., or 3.3 per cent. 


The revenue returns of Victoria continue to be highly 
satisfactory. The receipts for the past quarter amounted 
to 2,276,000/., being an increase of 409,000/. over the same 
period of the previous year. The increase from customs 
amounted to 111,000/., from excise to 76,000/., and from 
the territorial departments to 20,0001. The railway 
receipts showed an increase of 146,000/., and the stamp 
duties an increase of 34,000/. 


In a series of experiments on the electrical properties 
of sulphur, Mr. James Monckman, D.Sc., has found that 
its specific resistance is very high, reaching 5.6 x 10° ohms 
at 440 deg. Cent., its boiling temperature. At 260 deg. 
Cent. it is 5x 108 ohms, these figures referring to chemi- 
cally pure sulphur. The commercial material has a much 
smaller resistance being only 1.6x10° ohms at 440 deg. 
Cent., and 5 x 10° ohms at 125 deg. Cent., its melting 
point. 

Since the recent explosion of a petroleum vessel in 
Calais Harbour, experiments have been made to determine 
what proportion of air must be present to form an explo- 
sive mixture. With 1 of petroleum vapour to 5 of air 
no explosion occurs, but when the air is to the vapour as 
6 to 1, the mixture is feebly explosive, and becomes vio- 
lently so when there is 1 part of petroleum vapour to from 
7 to 9 of air. With 12 parts of air it still explodes 
violently, but with 16 parts it is but feebly explosive, and 
with 20 parts of air it will not usually explode at all, 


On December 20 last, bids were opened in the office of 
the Chief of the Ordnance in Washington, U.S.A., for 
supplying complete sets of rough-finished, oil-tempered, 
and annealed steel forgings of American manufacture for 
8-in., 10-in., and 12-in. guns. The bids were as follows: 
The Midvale Steel Company, Philadelphia, for the 8-in., 
29 cents per lb.; for the 10-in., 30 cents; and for the 
12-in., 31 cents. Bethlehem Iron Company, 8-in., 24 cents; 
10-in., 26} cents, and 12-in,, 274 cents per lb. The con- 
tract a therefore been awarded to the company last 
named. 


The smash up of the New York Electric Sugar Re- 
fining Company should prove a salutary warning to those 
British capitalists who find the same comfort in the word 
electric that the old lady did in Mesopotamia, and at the 
same time consider that the opinion of scientists who 
have made electricity a life-long study is absolutely value- 
less, Unfortunately this class of capitalist is rat 
numerous, as a whole series of swindles, amongst whic 
Keeley’s motor may be included, proves, It is true that 
the last-mentioned fraud depended on a ‘‘sympathetic 
—* and not in electricity, but this is a minor 

etail. 


From the returns compiled by Lloyd’s Register, it 
appears that 811,468 tons of shipping were under construc- 
tion at the end of last quarter as compared with 439,335 
tons in the corresponding period of 1887, an increase of 
85 per cent. Of the total, 364 vessels, aggregating 
729,798 tons, were steamers, the remaining tonnage being 
supplied by 81 sailing vessels. Of the steamers 312 were 
being built of steel, 48 of iron, and four wood or composite, 
Of the sailing vessels 35 were of steel, 7 of iron, and 39 of 
wood ; 90 per cent. of the whole tonnage was being built 
under Lloyd’s rules. During the year there were 
launched 458 steamers of 757,081 tons, and 81 sailing 
vessels of 80,959 tons, making a total of 838,040 tons. 


On Tuesday last, at the new private salt works in course 
of construction at Winsford for Mr. John Garner, the 
sinkers in the brine shaft struck a stream of brine, which 
quickly rose to a depth of 24 ft. The men have been 
engaged cutting the shaft for three months, during which 
time they have sunk it no less than 210 ft. It is the 
deepest shaft in the Cheshire salt district. Mr. Garner is 
constructing his new premises on the site of the old works 
of the Cheshire Amalgamated Salt Company, which he 
has purchased. Now that rich brine has been discovered, 
the reconstruction of the old works will be rapidly pushed 
forward. Mr. Garner’s works are promoted in opposition 
to the Salt Union, which had successfully absorbed every 
existing manufactory in the Cheshire salt district. 


The returns of the value of steel and cutlery exported 
from the Sheffield district to the United States during 
1888 show improved trading. Dealing first with steel, 
the value in the March quarter was 82,331/.; June 

uarter, 82,845/.; September quarter, 68,173/.; and 
Sacer uarter (to 28th), 84,047/.—total, 317,398/., 
against 311,210/. in 1887. In cutlery the value exported 
was: March quarter, 43,237/.; June quarter, 50,383J. ; 
September quarter, 62,773; and December quarter (to 
28th), 59,0701. — total, 215,417/., as compared with 
211,832/. in 1887. The total exports to the States from 
the Sheffield consular district during 1888 were 622,7731., 
against 883,0847. in 1887, a falling off of 260,311/. ; but 
included under this head are the exports from the whole 
of the consulate, from Huddersfield on one side to Lincoln 
on the other. 


On Thursday, the 3rd inst., a meeting of the Finance 
Committee of the Mansion House Fund in connection with 
the holding of the wae ma ce Exhibition of the Reyal 
Agricultural Society of England in June next was held 
in the Long Parlour. The Mansion House Fund was 
repo! to amount to 47117. Mr. Walter Gilbey, the 
chairman of the Show Committee of the Society, said 


the total value of the prizes offered (including champion 
prizes and medals) was 12,000/., which was double or treble 
the usual value and very considerably in excess of what 
was awarded at the last metropolitan show in Kilburn in 
1879” The exhibition would be held in Windsor Great 
Park, and be open on Monday, June 24, and the five fol- 
lowing days. The Lord Mayor was requested to make a 
further appeal for contributions towards the necessary 
expenses of the show, more especially in regard to the 
prize list. = 


It will be remembered that the late Mr. Crampton made 
several attempts to introduce pulverised coal as a fuel for 
steel melting and other purposes for which a very high 
temperature is required. The experiments were, however, 
only partially successful, as though a very high tempera- 
ture was obtained with a great economy of fuel, it was 
found that the furnace linings rapidly melted as the im- 

urities in the coal form a flux. This idea has been revived 
ty Mr. J. G. McAuley, of Lansing, Michigan, and was 
applied some time ago to one of the puddling furnaces of 
the Chester Rolling Mills, Chester, Pennsylvania, and to 
the puddling furnaces of the Warren Iron and Steel 
Company, at Warren, Ohio, where it is stated that an 
economy of nearly 75 per cent of the cost of the fuel was 
realised, as a much er quality could be used. The 
report does not state whether the difficulty with regard to 
the furnace linings has again cropped up. The coal used 
was powdered by a cyclone pulveriser, 


The Royal Mail steamer Servia, which arrived at 
Queenstown on Sunday evening last, was the bearer of the 
largest quantity of mails ever received by one ship in this 
country. In addition to her complement of passengers, a 
large quantity of specie, amounting to 384,100 dols. in silver 
bars, and a general cargo, she brought over from the 
United States no fewer than 781 sacks of mails, which in- 
cluded those received from Australia and New Zealand, 
vid San Francisco. Out of this large number upwards 
of 700 bags were conveyed to London on Monday morning 
by the London and North- Western Railway Company’s 
Trish mail train from Dublin, which had been landed at 
Queenstown and conveyed to the Irish capital by a special 
train on Sunday night. In consequence of this enormous 
load the Irish mail did not arrive at Euston Station till 
nearly 8 o’clock, being nearly two hours behind its regular 
time. Seven mail vans were specially attached to the 
train at Holyhead to carry this unprecedented load, which 
is estimated to have weighed 35 tons. 


The value of the metals produced in the United States 
last year was, according to the official report of the United 
— Geological Survey, 250,419,283 dols., made up as 

ollows : 


Dols. 
Pig iron, 6,417,148 long tons, valued at121,925,800 
Silver, 41,269,254 oz. troy... 9» 53,441,300 
Gold, 1,596,500 Ags 99-93: 88,100,000 
Copper, 184,670,500 Ib. tro »° 99: 21,052,440 


” 


Lead, 160,700 short tons ... 9 99 14,463,000 
Zinc, 50,340 short tons... »» 99 +4,782,300 
Quicksilver, 33,825 flasks ... ogy gO OD 
Nickel, 205,556 lb. ... see oo op = 288,200 
Aluminium ... ase ne pe) eas 74,905 
Antimony, 75 short tons ... ie aK 15,500 


Platinum, 448 oz. troy ao ive Sag 1,838 
A short ton is 2000 lb. and a long ton 2240 lb. 
The value of the other mineral products was 542,284,225 
dols., the principal items being 78,470,857 tons of bitu- 
minous coal, valued at 98,004,656 dols., and 37,578,747 tons 
of anthracite, valued at 84,552,181 dols, 


A meeting of the Gloucestershire Engineering Society 
was held in the Co-operative Hall last Monday night, to 
hear a lecture by Professor Greenwood, of Firth College, 
Sheffield, on ‘‘Steel.”. Mr. J. Platt presided, and in 
introducing the lecturer, referred to steel as the material 
of the future for engineers, remarking that it was gra- 
dually, and would soon almost entirely, supersede iron in 
the manufactures. Professor Greenwood then delivered 
his lecture, which was of a most interesting nature. He 
concurred with the president as to the great future of 
steel, which he proceeded to define, by taking it to include 
all those malleable forms of commercial iron containing 
iron and carbon produced from a state of fusion into a 
malleable ingot. He described at great length the different 
kinds of ateel, and the methods of manufacture, and at the 
close of his remarks answered some questions put to him 
by some of his audience. The lecturer was listened to with 
great attention by a large gathering of persons connected 
with the cages trade in Gloucester. Mr. Platt hav- 
ing thanked Professor Greenwood for his lecture, the pro- 
ceedings terminated. 


When Professors Ayrton and ig first applied the 
pesnge: 4 system to research work in Japan, many years 
ago, they could hardly have foreseen the great develop- 
ment of their — which has since taken place. In 
every technical cog gd now in existence in this country 
it is the practice to let the pupils themselves carry out 
the experiments under the general control only of the 
professor, and new laboratories on the same plan are 
constantly being inaugurated. The latest addition to the 
ranks is the engineering laboratory recently put down at 
Dulwich College, under the care of Mr. F. W. Sanderson, 
M.A., who is about to give a series of ten lectures on the 
theory of the steam engine, commencing on Thursday 
evening, the 17th inst., at from 7.30 to 9.30. Each lecture 
will last one hour and will be followed by a class for the 
remainder of the evening. The different points will be 
illustrated by experiments on the laboratory engine which 
has been specially designed for experimental purposes. 
The fee for the course is 2/. 2s., and intending students 
should communicate as early as possible with Mr. 8S. H. 
Wells, Engineering Laboratory, Dulwich College, 8.E., 





from whom further information may be obtained, 
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HOPPER SUCTION DREDGER “LIBAWA” FOR THE PORT OF LIBAU. 
CONSTRUCTED BY MESSRS. THOMAS FIGEE AND CO., ENGINEERS, HAARLEM, HOLLAND. 
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In May last the Imperial Russian Harbour Com-| Repeated charges were taken from different places | strong. The hull is subdivided by water-tight bulk- 
mission contracted with the firm of Messrs. Thomas | between the piers and nearer the shore with the same | heads in such a manner that the ship is practically 
Figee and Co., of Haarlem, Holland, for the building | favourable result, the average time for filling being | unsinkable, and is, therefore, classed with the circle in 
of a hopper suction dredger, to be used in deepening | eight to ten minutes less than the specified forty-five | addition. 


the entrance of the port of Libau. | minutes as per contract. . | The Libawa is a vessel of the following dimensions : 
This dredger, the Libawa, which we illustrate on| Steaming along the measured mile a mean speed of 7 

our two-page plate and also above, was completed in | 6.51 knots was obtained with the full cargo on board, | Leasth het dical ft. in. 
October of last year, and successfully tried at Hoek | while the speed when light was ascertained to be| Beoeith ound pean iculars os = ; 
van Holland and on the River Lek, before proceeding | 7.38 knots per hour. | Depth a ee, 

et ; 7 | . P * epth moulded to main stringer wa 12 4 
to her destination. These trials took place beforea| On the River Lek, where another series of trials was Net register tonnage 218 tons 
Commission of Russian authorities in the presence of a | held, the time for loading 500 tons of sand was on an Draught of waterloaded.. |. |. 11 ft. 
party of interested gentlemen, and gave the following | average twenty-five minutes, owing to the greater | Cubic capacity of cargo hold _... ... 9000 cub. ft. 
highly satisfactory results : | specific gravity of the sand, by which the loss of stuff | Dredging depth ... he aa aa 40 ft. 


At Hoek van Holland, the vessel being anchored in caused by incomplete precipitation, was greatly re- | 
28 ft. depth of water, the suction pipe was lowered | duced. During the trials the vessel proved to be a| The crew, consisting of thirteen hands all told, is 
and the pump started, a moderate swell running at | good sea boat in the light and loaded condition, and accommodated in the fore part of the ship where there 
the time. In thirty-five minutes after starting, the | answered promptly to the helm, the engines all the | are separate cabins and a large mess-room for four 
hopper space, containing 500 tons of stuff, was filled time running smoothly and without any interruption. (officers handsomely got up and furnished. Steam 
with fine blue sand mixed with a small percentage of; Indicator diagrams taken, both when pumping and | heating, by Kérting’s patent stoves, is employed 
clay, and the engines being disconnected from the under way, showed that the force required for driving throughout in officers’ and crew spaces, each space 
pump and coupled to the screw, the vessel steamed out | the pump at 120 revolutions per minute was 240 indi- | having its own stove, Electric light is provided for 
to sea for discharging. This operation only took a few | cated horse-power, and 220 horse-power for driving | night work; the machinery comprises a dynamo 
minutes, in which time the 500 tons deadweight were | the vessel at the above-mentioned speeds. | driven direct by a vertical engine and feeding a 1000 
unloaded through the bottom doors, the vessel steam-| The Libawa is entirely constructed of Krupp’s mild | candle-power are lamp suspended from a gaff above 
ing continuously ahead during the discharging and the | steel and is built to the requirements of the Bureau | the middle of the vessel’s length, and lighting a circle 
shutting of the doors, |Veritas for iron, all scantlings thus being extra of about 1000 ft. in diameter. The electric plant has 
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been supplied by Messrs. Willem Smit and Co., of 
Kinderdijk, 

Further, the vessel is provided with a ballast tank 
in the fore peak containing 15 tons of fresh water for 
supplementary boiler feeding; the air space on the 
starboard side is also arranged to be filled with water 
to enable the inspection of the connections of the 
suction pipe with the ship’s side without docking or 
putting the vessel ashore, 

The main engines are of the compound inverted type 
with cylinders 20 in. and 32in. in diameter respec- 
tively, and 18in. stroke. They may be readily 
coupled either to the pump shaft or to the screw shaft ; 
this coupling consisting in a cast-iron clutch keyed on 
either end of the engine shaft and fitting in another 
clutch fixed to the pump and screw shafts, respec- 
tively. The outer surface of the inner clutch is of 
octagonal form for about two-thirds of its breadth, 
the ‘remaining third being round and fitting in the 
outer ring. A sliding wedge is screwed tight between 
one of the octagon sides and the outer ring, thus 
giving eight positions in which either of the shafts 
may be coupled or disconnected. 

The engines are Hg ow with steam at 75 lb. pres- 
sure by two marine boilers having a total heatin 
surface of 1400 square feet, the piping being arrange 
to work each boiler independently if required. 

The dredging apparatus consists of a large centri- 
fugal pump of special design, having a direct driven 
fan 6 ft. 3 in. in diameter rotating in a casing of 
plates and angles with cast-iron covers lined with 
steel face-plates. The fan itself is a steel casting and 
has four parallel blades. The pump covers are in 
halves to facilitate inspection and repairs to the pump 
and fan. The suction pipe is 24 in. in diameter, the 
two discharge pipes, running along the cargo hold, are 
20 in. in diameter’and have doors to regulate the fill- 
ing of the hold according to the trim of the ship. The 
connection between the ship’s side and the suction pipe 
consists in a leather pipe having wrought-iron hoops 
rivetted inside ; the leather is secured to the iron pipes 
by means of screw hoops. This flexible joint permits 
of a dredging depth of 40ft., and at the same time 
allows the pipe to be raised above the load water-line 
when the vessel is going to discharge. 

Four steam winches, each having two large drums, 
are fitted on the deck for manceuvring the vessel, 
lifting the suction pipe and shutting the doors in the 
ship’s bottom. ‘There are twelve of these doors, six on 
each side of a stout box keelson; each door has a set 
of chains connected to a balance, from which balance 
a single chain is carried over a pulley and attached to 
a bar running all the length of the hold, one bar being 
on each side of the middle gangway. The bars have a 
tackle attached to their after ends, which tackle is 
brought to one of the after winches. For tightening 
the joints of the doors, each single chain has a special 
lid, in which a long and thin wedge is driven, resting 
on chocks bolted to the gangway side plates. By 
these means a fairly tight door is obtained, as, by 
pumping clean water alone, the hold could be made to 
run over in two minutes and a half after starting the 

ump. 

r Owing to its simplicity and great efficiency, this 
kind of dredger is of very special value for harbour and 
other dredging works, where the material to be raised 
is of a sandy nature, and will freely deposit itself. A 
number of these suction dredgers have of late been 
built in Holland for various ports abroad, and have 
given great satisfaction. The makers of the Libawa 
also make as a speciality a type of suction dredger for 
clay and other kinds of soil ; this is arranged to pump 
the mixed matter and transport it through floating or 
fixed tubes to very considerable distances. 

One of these dredgers now at work on the River 
Weser has actually transported clay and a mixture of 
fine sand and clay to a Cistance of over 2600 ft. with 
an engine power of about 200 indicated horse-power. 


FERRO-SILICON, AND THE ECONOMY OF 
ITS USE.* 
By W. J. Kerr, C.E., Detroit, Mich., and Epwarp 
Horton, Jun., E.M., Columbus, Ohio. 

Durine the past two or three years consumers of pig 
iron have been seeking more knowledge regarding the 
chemical questions involved in foundry practice. This 
desire has been increased by the papers of Professor 
Thomas Turner, of Mason College, Birmingham, reporting 
a series of tests made to show that silicon is a useful rather 
than a damaging element when present in proper quanti- 
ties in cast iron, and that by its use pig irons and scrap, 
which when used alone are totally unfit for foundry pur- 

»oses, may be made to give satisfactory results. Pro- 
ate Turner has shown that the strength of a cast iron 
depends on: : shes 

1. The amount of weakening impurities present ; 

2. The proportion existing between the combined and 
the graphitic carbon in the cast iron. 

He says that the tendency of combined carbon is to 
increase hardness and brittleness, while graphitic car- 
bon makes iron soft, malleable, and tough ; too much of 


* Paper read before the American Institute of Mining 
Engineers, 











either form is a disadvantage; the strength depends on 
the proportion. 

Strength being the thing most desired, irons having an 
excess of weakening impurities will not find a market, 
and therefore the only thing to provide for is the proper 
proportion between combined and graphitic carbon. 
Professor Turner shows that by a judicious use of silicon 
this proportioning can be accomplished exactly according 
to the wish of the founder ; an increase of silicon changing 
combined carbon to graphitic, and vice versd. hen the 
founder understands its use he may soften and toughen, 
or harden and strengthen his iron to snit his requirements ; 
but Professor Turner warns him against the use of silicon, 
without first understanding when it is needed ; for in an 
iron where the carbon is already graphitic, more silicon 
may weaken it and make it brittle. 

From the effects produced by the extensive use of high 
silicon irons for many years, and from the discussion 
of the subject during the past few years, silicon has come 
to be considered as a softening agent. 

Inthe United States for a number of years past many 
foundrymen have depended upon the irons made from the 
lean ores of Ohio and Kentucky as softeners to counteract 
the hardness of irons made from the refractory ores of 
Lake Superior and northern New York and the irons of 
the South; but it has only lately been generally under- 
stood that this softening quality is due to silicon. 

Upon examining the analyses of Ohio softeners made 
from native ores, it will be found that the percentage of 
silicon runs from 3 to 7 per cent., and that none regularly 
made previous to 1887 contained more than 7 per cent. 

As the process by which silicon accomplishes these 
desirable results has become better understood, the de- 
mand for high silicon iron has increased. In 1887 foreign 
irons containing as high as 10 per cent. of silicon were im- 
ported into the United States. These high silicon irons 
go under the name of ferro-silicon. As the call for this 
imported product increased, ferro-silicon containing from 
7 to 14 per cent. of silicon, and of avery high grade in 
other respects, has been produced in America to supply 
this demand. 

The question has naturally arisen, whether the use of 
irons containing such a high percentage of silicon is as 
economical as when the percentage is lower. This has led 
us tothe experiments and conclusions set forth in the 
——_ paper. We shall treat the subject under the 

ollowing general divisions: first, a comparison of the 
composition of foreign and American ferro-silicons ; 
secondly, the inquiry, whether the silicon in the pig is 
retained in the iron when remelted; and thirdly, the 
inquiry, whether the silicon in the pig is imparted to other 
irons during remelting, without loss of silicon. 

I. A Comparison of the Composition of Fereign and 
American Ferro-Silicon.--To make this comparison we 
have selected from the stock of irons in our possession, 
and with which we are familiar, having repeatedly tested 
them, the following examples : 

“Govan” ferro-silicon, from a prominent Montreal 
firm, the analysis being published by them. (Marked a, 
in Table I.) 

foreign ferro-silicon, obtained from a well-known 
New York broker, and analysed for our tests by Fleming. 
(221 in Table I.) 

The ferro-silicon used by Professor Turner in making 
his tests, the analysis being published by him. This 
iron we have not ourselves tested.) (Marked }, in 
Table I.) 

The only American ferro-silicon with silicon as high as 
10 per cent. that we have heard of as being made regu- 
larly, is the ‘‘ Pencost” brand, the producers of which 
kindly furnished us with all the metal that we needed 
for our experiments. 

Nos. 403 and 401 of the Table, representing American 
ferro-silicon, are of this iron, These irons were analysed 
for our tests by Mr. Orton and Professor Lord. 

We add, for purposes of further comparison, four 
analyses of two well-known brands of Ohio softeners, 
namely, ‘* Wellston” (c and d, analysed by Britton) and 
“Globe” (No. 178, analysed by Setterwall, and e, 
analysed by Orton). 

We could add analyses of other high-silicon irons, both 
foreign and American, that we have in our pussession ; 
but for the present purpose these will suffice. The fol- 
lowing Table gives the analyses referred to. 
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The points which attract attention in this Table are: 

1. The large proportion of combined carbon in the 
foreign irons. If this carbon remains in the combined 
state after the ferro-silicon is added to the foundry mix- 
ture, it will tend to harden the resultant casting. The 
carbon of the American ferro-silicon is in the gra hitic 
state, to begin with, and therefore such irons should be 
the superior softeners. 





2, Manganese in the foreign irons runs much higher 





than in the American. It is the general belief that man- 
ganese acts more powerfully than silicon and in an oppo- 
site direction, causing carbon to the combined 
state. If this is the case a large part of the silicon in the 
foreign irons would be needed to neutralise the effect of 
their contained manganese, leaving much less silicon to 
exert a softening influence upon the combined carbon of 
the hard iron which it is expected to soften, than would 
be the case if the manganese were absent. 

In the American silicon-irons the manganese is so low 
that the silicon is free to act directly on the combined 
carbon of the iron to which it is added. 

3. The foreign irons are nearly free from phosphorus, 
while ‘‘ Pencost” contains about one-half of one per cent., 
and the other American irons which we have mentioned 
contain about one per cent. 

We may remark that in most foundry mixtures phos- 
phorus will not run below one-half of one per cent., 
and therefore the effect of the phosphorus, added by the 
use of American ferro-silicon, will not affect the mixture. 
Such a small quantity of these high-silicon irons is needed 
to produce desired results that, if they contained no 
phosphorus whatever, this use could not reduce phos- 
phorus in the mixture one-tenth below its former amount. 

Again, perhaps a small percentage of phosphorus in 
a7 iron may do more good than harm. 

4. We observe the high percentage of silicon which 
these irons, both foreign and American, contain, as com- 

ared with the American softeners made in former years. 

his increase in silicon percentage has led to the name 
ferro-silicon. 

II. Is the Silicon in the Pig Retained in the Iron when 
Remelied ?—The high silicon irons are made in a furnace at a 
very high temperature, and it has been asserted that when 
remelted in the foundry, at a much lower temperature, 
the iron will drop much of its silicon, which will be carried 
off in the slag. 

The introduction of these high silicon irons has led to a 
discussion as to the relative value of softeners, with high 
or low silicon, and also as to the relative economy in the 
use of a 10 per cent. metal, as compared with an iron in 
which the silicon reaches only half that percentage. We 
wish it distinctly understood that we discuss in this paper, 
not the question whether the silicon is oxidised by the 
blast of the foundry cupola or not, or how much may be 
lost in that way; but simply whether remelting at a 
lower temperature will release a portion of the silicon, 
and, if so, in which iron, that is, high or low-silicon iron, 
the loss is the less. We have made a number of tests to 
arrive at the truth. 

We secured seven pigs of ‘‘ Pencost” ferro-silicon, con- 
taining silicon ranging from 4} to 12 per cent. These 
pigs (except the first one) were made at the same furnace 
and from the same stock, and under the same general 
conditions, which would insure a similar composition in 
each, except as to the silicon, and the change in carbon 
which the variation in silicon would produce. 

Sets of test.bars were made from each of these pigs and 
tested by ‘‘Keep’s Tests”; the crucible temperature 
being about the same as that of the foundry cupola. 
These test-bars were then again remelted and a second 
series of bars was cast and tested. Both the first melts 
and the remelts were then analysed, with the results 
shown in the following Table : 















































TaBLe IT. 
ex.gi, ge | lee [sa lsgul€e [Be 
Swes/S GE ls (68 | gu gesicc os 
SE 83 eh Sa ja gi Sie [Fa 
aa8o| 8, (Seu! Sa lf rcl aoe le sele-cle 
SE05 8 SES\ ee S55) 228 (223s eeis es 
tet mH) Oe Flies FAS tale 2am qaa saa gaa 
| | | 
| | . C, . C. 
4.36 | 397 4.385) 405 | 4.25 01 oak P99 O68 
6.76 | 398 | 6.75| 406 | 6.57 01 18 -14 | 2.66 
8.09 | 399! 8.07! 407! 7.99 02 08 24 -99 
9.42 400 | 9.27; 408 | 9.31 15 gain | 1.59 
10.34 401 | 10.29 | 409 | 10.24 .05 05 48 48 
11.64 402 | 10.83 | 410 | 10.76 52 -07 | 4.58 -64 
12-08 403 | 11.68 | 411 | 11.48; .40 -20 | 3.81 | 1.71 











An examination of these results reveals that on the 
first melting the irons having less than 10 per cent. of 
silicon lost on an average 0.55 per cent., while those con- 
taining 10 per cent. and over, lost 2.80 per cent. of the 
silicon held in the pig. 

On the second melting the losses are twice as great in 
the low as in the high percentages. From these observa- 
tions we conclude that though the absolute loss is greater 











in the higher numbers, it is still so small in all cases as to 
be unworthy of consideration. 

To further prove the question, whether irons high in 
silicon can hold their silicon when melted at lower tempe- 
TaBLeE III. 

Number | | Silicon in Silicon in Loss of 
ee, | Oat. =" First Melt. | Silicon. 
35 Silvery flaky .. 6.99 6.92 .07 
Sh. irk ate, omccts SKIS 6.80 .06 
33 | oo 9 +] 6.82 6.75 07 
36 | 99 (open) ..| 5.66 5.63 .03 
39 A.lfoundry .. 5.15 5.20 +.05 

87 |B.1(hot) § ../ 4.66 

88 B.1l(cold) ..| 4.05 4.00 .05 
40 No. 2 foundry ..| 3.64 3.44 -20 
41 No 1 mill 3.57 | 3.59 +.02 
42 — 1.97 | 1.98 +.01 








rature, @ series of pigs, from an Ohio furnace now out of 
blast, was tested, and the pigs and bars analysed. These 
pigs were all made from the same mixture of ores and 
represent all the grades of iron made at the furnace. The 
results appear in the above Table, 
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These tests show great uniformity in the losses of 
silicon, which are in all cases trifling. . 

A careful study of these two series of tests of Ohio 
silicon-irons, the silicon ranging from 2 to 7 per cent. in 
the ordinary softeners, and from 5 to 12 per cent. in the 
‘© Pencost” ferro-silicons, or, taking both Tables together, 
from the white iron, made so by low silicon, to the 
whitish iron produced by an excess of silicon, leads us to 
conclude : 

1, That silicon pig-iron loses practically none of its 
silicon in remelting, through being melted at a lower 
temperature. 

2. That there is practically the same actual (not pro- 
portional) loss from irons, with comparatively low silicon, 
as with high, and therefore one is as economical as the 
other, so far as the silicon is concerned. 

Before leaving the question of loss in silicon, due to the 
lower temperature in remelting, let us compare the losses 
in foreign with the losses in American ferro-silicons, In 
the following Table we exhibit the determinations of 
silicon in a 16 per cent. ferro-silicon (396), imported by a 
prominent New York broker; a 12 per cent. metal (213), 
imported by the same firm; and a 10 per cent. metal 
(214), imported by a Montreal broker. 

These samples are sufficient to represent foreign irons, 
and we introduce Nos. (403) and (401), as representing 
American ferro-silicons. 


























TaBLeE IV. 
| D » ny . 
3 | BIE id. || 8, 
| eei5 |se 9.3 
8 Kind of Iron. A= Ga am ea STA 
a 2 | §3| 83 bad fe 
Ze) 5 bo Ba mo ga gs 
| p. ent. |p, ent. 
896 Foreign (New York broker) 16.32 | 14.47 1.33 | 
213; ‘a »» | 11.99 | 10.84 9.60 
214) eo "Gara. --| 9.85] 9.81 .40 
| 
| 
403 American, ‘‘ Pencost” | 12.08 | 11.68 | 11.48 | 3.31} 1.71 
401) 99 ” 10.34 | 10.29; 10,24 48 .48 
| \ 








These results show distinctly that these foreign irons 
lose in remelting more than the American irons with 
which they are compared. We will not endeavour to 
account for this in the present paper. 

III. Js the Silicon in the Pig Imparted to other Irons 
without Loss?—That is, will ferro-silicon hold its silicon 
until mixed with irons deficient in silicon; and, for 
making such mixtures, will high or low-silicon iron lose 
most silicon ? 

To arrive at conclusions regarding these questions, we 





made four series of melts, Each series was composed of 


out excessive loss in silicon or excessive change in 
chemical composition. 

2. Ferro-silicons lose in remelting a little more silicon 
than do the softeners containing less silicon ; but the dif- 
ference is so small that commercial distinction is not 
possible. ee 

8. In alloying silicon irons with scrap or pig-iron de- 
ficient in silicon, the silicon is practically all retained in 
the mixture, and no economy in silicon results from the 
use of one class of American silicon-iron over another. 

4. American ferro-silicon, so far as we have investigated, 
is more economical than the imported, and probably, in 
most cases, softens to a greater extent, 

We think that we have accomplished what we set out 
to do. Our discussion is altogether from a chemical stand- 
point, and we have proved that the founder can produce 
a desired grade of casting by compounding suitable irons, 
as cheaply, if not more so, than by purchasing irons in 
which the combination is already what he desires. __ 

As soon as we can prepare a report upon the physical 
characteristics of these irons and the mixtures that we 
have made, we shall publish such results. 





ON THE DISTRIBUTION OF INTERNAL 
FRICTION OF ENGINES.* | 
By Ropert H. Tuurston, Ithaca, N.Y. 
(Continued from page 22.) 


Tue dynamometer was calibrated three times: (1) By 
attaching a brake to the same shaft, and comparing the 





This method was employed a number of times, and gave 
uniform results, the variations from the results of this 
trial and the first and third, as previously given, are 
believed to be errors incident to the use of the brake. 


Pull on a a Pulley. Ordinate Inches, 


0 ee ee ee ee ee 0.40 

5 ee ee ee ee ee 0.65 
10 0.80 
15 1.02 
25 1.33 
380 1.55 
35 1.80 
40 2.08 
45 2.32 
60 2.58 
60 3 08 
70 8.52 


The mean of these three results corresponds very closely 
to this last, and, where plotted, gives a straight line 
whose equation is 


Y=0.046+ 0.20, Y being expressed in inches and X in 
pounds, 


The diagram of the curvesis shown, and in interpreting 
the results was used instead of the equation. (See Fig. 3), 

The engines employed in the investigation to be de- 
scribed were of several types and of various sizes, styles, 
and proportions, The first was a small straight line 
engine, built in the — College workshops, but 
modified from time to time for purposes of experiment, 
in such manner that it represented the ordinary type of 





diagrams with the brake readings. (2) By direct pull with 
aspring balance against the springs of the dynamometer 
and thus obtaining the ordinate for a given belt-pull. 
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four casts and each cast of six sets of test-bars. We used 
for these a white-iron base (376), with 0.186 per cent. 
silicon and a grey-iron base (253), with 1.249 per cent. 
silicon ; and for adding silicon we used the first pig of 
* Pencost” (397), before spoken of, containing 4.36 per 
cent. of silicon, and the fifth pig (401), containing 10.34 
per cent. silicon. 

The first series was white (376) and 4.36 per cent. of 
ferro-silicon (397), 

The second series was white (376) and 10.34 per cent. of 
ferro-silicon (401). 

The third series was grey ‘‘FLM” (253) and 4.36 per 
cent. of ferro-silicon (397). 

The fourth series was grey ‘‘ FLM” (253) and 10,34 per 
cent. of ferro-silicon (401). 

The four numbers of each series were to contain re- 
spectively 1.5, 2, 2.5, and 3 per cent. of silicon. Having 
been weighed with great care, they were melted so as to 
avoid oxidation, and were cast into bars and tested, when 
each set of bars was analysed, with the results shown in 
the above Table. 

A careful examination of this Table reveals the follow- 
ing facts : 

1. Losses in silicon increase as the percentage of silicon 
in the mixture increases. That is, an iron deficient in 
silicon can have its silicon raised to 2 per cent. with less 
loss than if raised to 3 per cent. 

2. Losses are alightly higher when using the 10 per cent. 
than with the 4 per cent. iron ; but the losses are so small 
in all cases that no commercial discrimination can be 
drawn in favour of one class over another in the matter 
of economy of silicon. In the extreme case of melting a 
white iron and a 10 per cent. silicon metal together, to pro- 
duce a dark soft foundry iron, there was no excessive loss 
in silicon. 

IV. General Conclusions.—We may draw from the re- 
sults presented the following general conclusions : 





1, Pig-irons of any grade may be melted and cast with- 





(3) On the same principle as the first, but a spring balance 
was used to measure the brake weights instead of scales. 
The object of these calibrations was to obtain the ordinate 
corresponding to any given belt-pull. The following re- 
sults were obtained : 











CALIBRATION OF DYNAMOMETER, 
Comparison with Prony Brake. 
First Trial—Brake Pulling against Load of 52 lb. on Fairbank’s 
Scale. 
Pullon Dynamo-} Ordinate in 
Scale Load. | Brake Load. meter Pulley. Inches. 
Ib. 

2 50 67.1 3.10 
6 46 61.7 3.00 
11 41 55.0 2.90 
16 36 48.3 Lost 
21 31 41.6 2.06 
26 26 34.9 1.75 
27 25 33.5 Lost 
31 21 28.2 1.57 
36 16 21.5 1.30 
41 1l 14.8 1,25 

52 0 0. 0.4 

Second Trial—Brake Pull Measured by a Spring Balance. 

5 6.7 0.54 
10 13.4 0.92 
16 20.1 1.23 
20 26.9 1.55 
25 33.6 1.80 
30 40.3 2.16 











~The diameter of the brake pulley, including belt, was 23} in. ; 
the dynamometer pulley, including belts, was 17} in. 
CALIBRATION ON DYNAMOMETER. 

2. Method, by direct pull against springs of dyna- 

mometer. yer ea Yes ee 

* Read at the Scranton meeting of the American Society 
of Mechanical Engineers, October 15-19, 1888, 











directly connected engine with throttle regulation. It 
was tried, both with its usual balanced and with an un- 
balanced valve. Another engine was a traction engine, 
built by the Lansing Iron Works, with locomotive style 
of valve motion ; and others, by the same company, were 
of the automatic type, and compound and condensing 
engines, both the latter having balanced valves. 


Friction oF Straicnt Line Encing, 

The first engine tested was the 6 in. by 12 in. straight 
line engine built by Professor J. E. Sweet, while con- 
nected with Sibley College. This engine has been 

Table I.—Distribution of Friction. 
Straight Line Engine 6 in. by 12in. Log of Trial with Morin 
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modified for experimental purposes in many ways, but 
still retained the principal characteristics of the straight 
line engine. The valve gear is arranged for a fixed cut- 
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off at any part of the stroke less than five-eighths, and the 
valve can be changed by removing the pressure plate and 
fastening on a , from a balanced valve to an ordinary 


slide valve, 

For these tests the power was obtained from the water- 
wheel and main driving shaft in the Sibley College shops, 
the speed of which was not always uniform and was 
beyond the control of the investigators, The power was 
measured by passing it through the transmitting dynamo- 
meter, The speed was measured by a hand speed in- 
dicator and also by an attached tachometer, which had 
been carefully calibrated, The tachometer results could 
only be used to correct errors, as readings to single re- 
volutions could not be made. 

In making this trial, and all others, the engine was 
first heated up by steam, the steam-chest cover and cy- 
linder heads were removed to prevent pump action, then 
as quickly as possible the dynamometer cards were taken. 
These diagrams were generally taken with the engine com- 
plete, and then successive cards with part after part re- 
moved. The engine was turned by power applied to its 
main driving-wheel. The speed of the engine varied from 
200 to 244 revolutions, and the results were corrected in 
accordance with the law, known to be true for that 
engine, that the friction varied directly as the speed. 
This correction, however, did not seriously change the 
results. Twenty-nine successful dynamometer cards 
were obtained, each of which may be considered as the 
average of several observations. The practical condition 
of working of a plain slide valve, with steam on, could not 
be obtained in these trials, because the cylinder was open 
to the air, and the friction obtained is no doubt too high 
for that particular case, 

Table I. presents a record of the distribution of friction 
found in this engine, and all essential data from later 
comparisons with other results from tests of the various 
engines afterward employed. 

able II. exhibits the method of variation of friction, 


and Tables III. and IV. its computed amounts, 
Tas_e II.—Summary of the Log. Distribution of Friction. 
6 in. by 12 in. Straight Line Engine. 


Lansinc EncIne TRIALS. , 

Distribution of Friction, 12 in. by 18 in. Automutic 
Engine.—The remaining tests to be described were made 
at Lansing, Mich., and on the engines built by the 
Lansing Iron and Engine Works of that place. _ 

The first engine tested was a new 12 in. by 18 in. auto- 
maticengine. A series of trials to determine change of 
friction with change of load was first made, which gave 
us the average friction, 8.91 horse-power, whether loaded 
or light. “Considerable difficulty was experienced in 
attaching the dynamometer, and it is found impossible 
to obtain the friction on each distinct part of the engine. 
For this trial the springs of the dynamometer were 
flexed in the opposite direction from that adopted when it 
was calibrated; the results were taken as proportional, 
and the total made to agree with the previous trial. The 
highest speed attained was 68 to 70 revolutions; the 
normal engine speed was in the previous trial 190 revolu- 
tions. The friction horse-power in the last column was 
obtained by multiplying by the proper ratio. In any 
event the percentage would not change. 

Table V. exhibits the distribution of resistances ob- 
tained in this case. 


TABLE V.—Distribution of Friction Log of Dynamometer 
Trial. Lansing Iron Works, 12 in. by 18in. Automatic. 




















Rated 100 H.P. 
, a |g8 Se 
$/8./"7 (S3.| aa 
£/58| 38), pes g ry 
Condition of Engine. |.) % | wee =3 |3 Se ie 
32/28/89 lea) [28 
\2 $ 43 3s = 3) % as 
|| a o | H™ iD |} jg 
Engine in working condi-| | w. | m | | 
tion and hot os --|A 11,8! 45, 76.5 68 (2.96/8.8S 
Piston, crosshead, and con-| | | | | 
necting-rod dropped ..|/B) 6.7) 25. 42.5 68 (1.51) 4.58 
Valve and eccentric also| | | 
dropped +0 6.6, 10.75, 93.6 | 78 |1.40|8.70 


























of s 2 © a 
3 4 S a = Parts of the Engine Prod g 
| g hfe oi: Friction. 
n Az te < 
A { a ones 0.849 } Main journals. 
B 82 0.922 Eccentric strap and main jour- 
{ 33 0.966 0.044 { nals. 
Cc 36 0.972 0.972 Crank-pin and main journals, 
30 | 1.122 ) i 
D 41 1.195 Crosshead and pin, crank-pin, 
43 1.195 if eccentric and main journals. 
45 1.149 1.165 
40 1.758 \ 
42 1.867 
23 1.925 
24 1.844 Plain slide valve, crosshead and 
E 2h 1.728 pin, crank-pin, eccentric and 
26 1.752 main journals, with steam on. 
27 1,868 
28 1,690 
$1 1,732 1.796 | 
f 43 1.195 ( | gn * with me 
F Pr > \| Valve and pressure a 
{| 6 | 1.189 | 1.192 )|  gaded. Pp 
aj 7 1.200 { | Condition F, with steam pres- 
U| 44 1,222 1.211 sure, 
f . 1.710 Engine “3 with balanced 
H | 2 1.822 { valve. o steam pressure, 
\ |; 8 1.822 1.785 (| but engine hot, 
: f 4 1.122 {| —, P, —~ balanced 
n "sRO valve » but pressure 
\ 5 1,159 1,140 | plate off. 


TasLe III.—Computation. Distribution of Friction. 
6 in, in by 12 in. Straight Line Engine. 








Combination of Conditions. 
————_————| Result | _ Individual Part to 
Algebraio Arithmetical H.P. | which Friction is Due. 
Work. Work. 
A .849 0.849 |Main journals. 
B—A -944—.849 0.095 |Eccentric strap. 
C—A -972—.849 0.123 |Crank-pin. 

D-—C [B—A) |1.165—.972—.095| 0.098 |Crosshead and pin. 
E—D 1.769—1.095 0.631 |Slide valve, steam on. 
G—D 1.211—1.165 0.046 | Balanced valve, steam on. 
H-—F 1.785—1.192 0.593 | Piston and rod, 














* Symbol of condition in column of algebraic work explained in 
previous Table. Diameter of main journals, 3 in. ; weight in main 
journals, 1500 Ib. 

TaBLe I1V.—Percentage of Total Friction and of Rated 

Power, 
6 in. by 12 in, Straight Line .cngine, 20 H.P. 





























Engine with Slide Engine with 

Valve. Balanced Valve. 
Parts of Engine. | a eS ar Pr 
is legs 43. g 9sle3e 

$a |SASOLE| Fa OaZSSE 

| EM Soa Sse) Fa [Soa |Sse 

Main journals . 0.849} 85.4) 4.2 | .849| 47.1] 42 
Kocentric strap .. -/0,095) 4.0) 0.5 | .095) 53) 0.5 
Crank-pin . ./ 0.198] 6.1) 0.6 | 1123/ 6.8) 0.6 
Crosshead and wrist pin 0.098] 4.1) 0.5 | .098| 5.4) 0.5 
Valve (steam on).. --| 0.681} 26.4; 3.2 | 046 | 2.5; 0.2 
Piston androd .. -| 0.593 | 25.0; 3.0 | — $2.9} 3.0 
Total .. —..| 2.889 | 100.0 | 12.0 | 1.804 | 100.0 9.0 











Combination of Results. 





| Alge- | | Fric- |Per Cent. Per Cent, 
Parts of Engine. | brai Brees al tional | of Total | of Power 
\Work. | | H.P. | Friction, |of Engine, 








Main journals ... C 





| 3.70 3.70 | 41.6 8.7 

Valve and valve- | | 
gear, including, | | 
eccentric «.| B-—C! 4.53-3,70 83 9.3 0.83 
Piston, crosshead, | | | 
crank, and wrist- 
pins fl A-B 8.88—4.53) 4.35 49.1 | 4.35 

Total... | 8.88 | 100.0 | 8.88 





Distribution of Friction, 7 in. by 10 in. Engine—Locomo- 
tive Valve Gear.—The test was conducted in the same 
manner as the original Sibley College test, except that 
the power was supplied by a similar engine, and the 
dynamometer was located between the two. The engine 
was a traction engine used in thrashing grain; it had a 
common slide valve link and two eccentrics. It had been 
previously tested to find variation of friction with change 


TaBLe VI.—Distribution of Friction. 


Traction Engine— 
Locomotive Type. 


























7in. by 10in. Lansing Iron Works. 
| | 
= |e ja8 13 3 
B | ae 
S/(/ 5 | 3 AS | Ag | ae 
, |g & ig me | Wis 
Condition of Engine. |S | & 3 |°s a) = 3 
3./2,| & |ges| s2| 83 
2.2'5 a4 -_ | ome 
as| | 9 (888) 82/38 
BF| Be s am) Ee Ee 
Complete, hot, cocks open | A | 196 | 5.35 | 19.50| 1.47 | 1.50 
“a »» back head | | 
ee es ae --|B 202 | 5.68 | 20.25; 1.58 | 1.56 
Piston and rod out.. «-| © | 202] 4.86 | 14.75 | 114! 1.18 
Rod in, spider on, but } | 
piston rings out .. os oO 200 | 5.14 | 18.00; 1.40; 1.40 
Condition C, with 40 Ib. | | | 
steamonvalve .._..| E | 198| 54 |19.50| 1.49) 1.51 
Valve and valve rodoff ..| F | 190 4.3 | 14.25!) 1.05 | 1.10 
Remainder of valvegear off} G@ | 203 | 3.6 | 12.00; 0.94 | 0.93 
Condition G, with governor | | | 
OE ss Pe = --| H | 203 3.65 12.25 0.96 0.94 
Crosshead and pin off (con- | | 
necting- rod held by | 
attendant .. ee a 206 | 3.1 | 9.00, 0.71 | 0.69 
Main journals, tamin t J {io | 3.0 | 8.75, 0.67 0.67 
flywheel weight 320 Ib. 190 3.1 | 9.00) 0.66 0.69 
Main journals small fiy- 
wheel weight 70 lb. ie on 2.3 5.75 | 0.57 0 44 
t 





of load. During the test the engine was taken to pieces 
in a thorough manner, as originally planned, and the re- 
sults are in each case satisfactory. In the attempt to 
run with the connecting-rod disconnected from the cross- 
head, a machinist held the free end of the rod. A speed 
of 206 revolutions, however, caused him to exert some 
force, so that this result is unreliable, as the test shows 
the same friction as with the main journals alone. The 
friction on the main journals was measurcd with the usual 
flywheel, which weighed 320 lb., and with one that 
weighed 70 lb., to note variation in journal friction. 

Table VI, shows the method of variation of friction re- 
sistance in this case, as the engine was gradually dis- 
mantled ; and Table VIL. exhibits its distribution among 
the several elements of the machine, 


TaBLe VII.—Distribution of Friction. Zin. by 10in, 
Engine. 
Combination of Results.—Rated 20 H.P. 














Combination. e 3 33 
S29 142 cise 
Parts of Engine ; He 5 5 Fiat 
Causing Friction. | aivebraic fancy % g 38 ORs 
Work. — £q ssetisss 
Result. & Ay a 
ane per ng . a J 0.68 0.680 | 35.2 | 3.4 
rank-pin, wrist-pin 
and crossh e ut+G_y AY 868 0.255 | 13.1| 1.8 
i i E 
Eooentrics and links) p—S+H/  g1g5 [0.165] 8.2 0.82 
Slide valve and rod, 
no lead As. oe C—F 1.13—1.10 | 0.030 1.5 | 0.01 
Effectof40lb, ofsteam| E—C 1.51—1.13 | 0.380} 19.5 | 0.19 
Piston and piston-rod} D—C 1.40—1.13 | 0.270! 16.0 | 0.135 
A+B 
si) RMB os A+B_p 0.180 =| 0.180} 6.5 | 0.065 
Total .. 1.910 | 100.0 | 9.52 




















Norg.—In the column headed “ Algebraic Work,” the letters 
refer to conditions as denoted in preceding Table. 


(Zo be continued). 





OSNEY BRIDGE, OXFORD. 

THis bridge, which crosses the main channel and one of 
the back water streams of the River Thames, was opened 
for public traffic on Monday, December 31st. The bridge 
is in substitution for a narrow stone bridge of five arches, 
which was undermined and partly carried away by the 
floods three years ago. During the interval the road traffic 
had been accommodated by a temporary timber bridge, 
erected about 100 yards lower down the river. Owing to 
the ae negotiations between the parties interested, 
involving some legal proceedings, it was not until January 
last that the work of taking down the remains of the old 
bridge, preparatory to the erection of the present struc- 
ture, was commenced. 

The new bridge has one main opening of 60 ft., spanned 
by cast-iron arched girders, and there are two smaller 
stone arches over the back water. The cast-iron ribs are 
six in number, 18 in. deep at the crown, and increasing to 
22 in. at springing, the curvature increasing from an 80 ft. 


‘| radius at the crown, to a 40 ft. radius near the springing. 


Each rib springs from a strong cast-iron bed-plate, and has 
a rise of 7 ft. ‘The two outer ribs are ornamented by mould- 
ings, and the spandrels are open. Each rib is in three 
segments, with planed joints, bolted together with heavy 
ge peo bolts. The cross-bracing consists of six sets 
of light steel girders with steel end-plates, and one set of 
diagonal bracing near each end. 

he floor is Lindsay’s patent flooring, consisting of steel 
splay channels, each rolled in one length to the full width 
of the bridge, and reversed on each other, rivetted to- 
gether, and bolted down to the top flanges of the cast- 
iron ribs. The corrugations of the fiooring are filled with 
cement concrete, which is brought to a uniform level 
2 in. above the upper surface of the steel, and coated with 
4 in. of asphalt, to receive the road metalling. 

The parapet railings are of an ornamental geometrical 
pattern, each railing having in the centre a shield, bearing 
the arms of the Local Board on each face, and the end 
pillars are surmounted by cast-iron columns and lamps. 
The railings and lamps were manufactured by Messrs. 
Macfarlane and Co., of Glasgow. 

The weight of cast iron in the main span is about 69 
tons, of wrought iron 14 tons, and of steel 20 tons, and the 
total dead weight imposed upon the main abutments 
(including road metalling and paving) is calculated at 
about 210 tons. The greatest live weight which could be 
added would be about 100 tons. 

The abutments and wing walls are built in coursed 


—-— | rubble work, the stone being mostly that taken from the 


old bridge; the main abutments are rock faced, with 
tooled ashlar quoins and strings, and the parapets are in 
solid ashlar. The whole of the ashlar and the rock facing 
of the abutments is in Matlock stone. The wing walls 
and theend pillars are built to a curved batter. 

The foundations are entirely encased in 6-in. sheet 
piling driven through the gravel into the Oxford clay. 
and the pileheads cut off several feet below the river bed, 
The space between the piles was excavated to a depth of 
3 ft. 3 in. below the ee heads, and filled in with cement 
concrete. Great difficulties were met with in this por- 
tion of the work, owing to hard concretions in the gravel 
through which the piles were driven, and to heavy flood- 
ing with subsoil water from the course of one of the 
main sewers which syphons under the river close by the 
bridge. A delay of at least two months was due to these 
causes. 

The overflow weir adjoining the bridge was recon- 
structed, and three openings, 4 ft, 6 in. wide, by 9 in. deep, 
were made in it, and provided with sluice boards, for the 
better discharge of flood water from the main river. 

The approaches, which were formerly very steep near 
the bridge, have been 0 modified as to give a uniform 

radient of 1 in 26 up to the crown of the bridge. 

he clear width of the bridge, between the parapets, 
is a? divided into a 20 ft. carriage way, and 5 ft. 
Z. 

The engineer for the works was Mr. W. H. White, 
M. Inst. C.E., the contractors for the ironwork being the 
Horseley Company, Tipton, and for the abutments and 
remainder of the works, Mr. W. J. McKenzie, of 5, Vic- 
toria-street, Westminster. The total cost of the works, 





including the temporary bridge, was approximately 4500/., 
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Comprtep By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 

The number of views given in the Specification Drawings is stated 
in each ped after the price ; none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at 88, Cursitor-street, 

Tanto lane, E.C., either per: iy, or . i 

amount rice and postage, addressed to H. Reaper Lack, Esq. 

San of ie adartanoeee a the acceptance 

fication is, in each case, given after 

sealed, when the date of sealing is given. 

—— may at any time within two months ¢ 

advertisement of the acceptance of a com: spec, . 
ive notice at the Patent Office of opposition to the grant of a 
atent on any of the grounds mentioned in the Act. 

FURNACES. 


14,750. W. Lloyd, Wednesbury, Staffs. Improve- 
ments in the Lining or Fettling of Puddling and 
other Furnaces Employed in the Manufacture and 
Heating of Ircn and Steel. [6d.] October 29, 1887.—The 
improved fettling consists of limestone or quicklime, with or with- 
out an admixture of ordinary fettling of oxide of iron. (Sealed 
November 9, 1888). 


15,189. F. J. Thompson, Hartford, Chester. Im- 
prov: ts in Fur for Use in the Manufacture 
of Salt, or in the Generation of Steam, or for other 
Purposes, (8d. 7 Figs.] November 8, 1887.—F is the salt pan, 
S is a space at the lower end of the grate bars to allow of the egress 
of the ashes from the fire, and for the admission of air. When the 
furnace is in operation the space S§ is filled with ashes and the 
burning fuel rests on the hooked bars b. Fresh fuel is thrown 
on the coking plate d, and the space m is filled up with fuel. 

















The heat from the fire on the bars causes the fuel on the lower part 
of the coking plate to coke, and the gases so produced are con- 
sumed in passing over the fire. As the fire burns it settles down 
to the lower end of the bars 6, and the coked fuel from the 
coking plate d falls on the bars, fresh fuel being added in the 
space m and the ashes raked out through the space S. The fire 
passes in the usual way over the bridge E through the flues O on 
to the chimney. (Sealed November 16, 1888). 


16,346. H. B. Scott, London, and W. Gentiles, St. 
Helens, Lancaster. Improvements in Tuyeres for 
Blasts of s and for Agitating Molten Ma- 
terial. (6d.] 3 Figs.) November 28, 1887.—A is the pipe sup- 
plying the blast of air or other fluid which may be heated. This 
pipe terminates in a central jet orifice a and has a removable plug 
a' for giving access to clear the pipe. B is the central tube of the 
tuyere inclosed in a casing C of larger diameter so that there is an 




















annular space D surrounding the central tube. A pipe E with 
branches F, F communicating with tubes G, G within the space D, 
is supplied with air, steam, or water, which is directed in jets 
against the end of the space D, and returns to passages H leading 
into the central tube B. By the heat to which the casing C is sub- 
jected the air or steam is superheated or the water is vaporised, 
cooling the casing, and the heated air or steam issuing from the 

assages H joins the central jet from @ and mixes with the blast. 
Sealed November 16, 1888). 


16,347. H. B. Scott, London, and W. Gentles, St. 
Helens, Lancaster. Improvements in the Smelting 
of bow yay and Lead Ores and Arrangement of Fur- 
naces for that (8d. 1 Fig.) November 28, 1887. 
—A is a cupola which is charged with the ore and the necessary 
fuel and fluxes, and has its contents subjected to a forced hot oxi- 
dising blast, the blast being heated by means of a regenerative 
stove B. From the cupola A the molten metal along with the slag 





and other impurities is run off into the well C which gradually | 





becomes filled. The slag is run off into slag trucks T, and the rich 
skimmings are returned to the cupola. When the well C is full of 
metal, the blast of the cupola is slackened, and the well is tapped. 
The stream of metal flows along an inclined shoot D into the smelt- 
ing furnace E. As the molten material reaches the furnace E at a 
high temperature, comparatively little fuel is required and little 
time is lost in giving it the heat necessary for treatment in E, by 
which the material is rapidly concentrated. The product or regulus 





is then run by an inclined shoot F into the roasting furnace G, 


which is at a still lower level, and in this furnace the concentration 
is carried up to a higher degree. The material still in a fused con- 
dition is run by an incline shoot H into the refining furnace I 
where the treatment is completed, By thus arranging the furnaces 
at successively lower levels, the fu mate! can run by gra - 
tation from each to the next, so that all the labour of charging 
and discharging the furnaces by hand is avoided, and as each re- 
ceives its charge nearly at the heat required for treatment in it, 
the consumption of fuel required for reheating in the usual way is 
almost entirely dispensed with. In the course of each of the in- 
clined shoots D, F, and H, there is a conical mould or pot M, in 
which the heavier metals, such as lead, silver, or gold, are inter- 
cepted. These metals sink to the bottom of the mould and appear 
as small buttons which can be separated from the solidified casts 
when MN latter are removed from the mould. (Sealed November 
16, 1888). 


16,987. E. B. Ellice-Clark and L. Gages. London. 
Improvements in Apparatus for the Production of 
Oxygen and Nitrogen Gases from Atmospheric Air. 
8d. 4 Figs.) December 9, 1887.—This invention relates to im- 
age apparatus for carrying out the process described in Patent 

0. 157 of 1885, granted to A. Brin and L. Q. Brin. Figs. 1 and 2 
illustrate the improved apparatus with retorts arranged horizon- 
tally in the firebox of a boiler of the ordinary portable or locomo- 
tive ty The retorts A which contain the barium oxide pass 
through sleeves N extending from the sides of the firebox through 
the water space to the outside of the said space. The ends of the 
retorts are secured into the inner sides of chambers C situated at 
a short distance from the skin of the water space and common on 
each side to all the retorts. To prevent settlement of the barium 
oxide in the retorts in such a way that the air, pumped in by the 
pumping engine H I, to peroxidise the barium oxide passes along 
the space left between the surface of the barium oxide and the 
upper part of the retort instead of passing through and in contact 
with the whole of the barium oxide, the retorts may be placed at 
an incline to the horizon. In the apparatus shown in Figs. 3 and 
4 two such boilers are arranged side by side with their smoke- 
boxes connected in such a way (as by the pipe P, Fig. 4) that com- 


r : i 
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munication between them can be readily closed by a damper p. 
The furnace of each boiler is heated by burners B for a 
gaseous fuel and air (as in Figs. 1 and 2). Leading out of eac 

furnace is a flue, provided with a damper Q to convey products of 
combustion to a heating chamber R common to both furnaces, 
As barium oxide gives up the oxygen it has absorbed most readily 
at a temperature considerably higher than that at which it best 
takes it up, only that furnace in which are the retorts containing 
the barium oxide being deoxidised, is therefore heated, and the 
products of combustion from this furnace, after having deprived 
them of a certain amount of heat in the first boiler are passed 
through the tubes or flues of the other boiler by opening the 
damper p in the passage P, so as to maintain the retorts in the 
furnace being per-oxidised, at the proper lower temperature. 
From this furnace they pass by the flue Q to the heating chamber 
R in which they circulate around and heat a coil r through which 
air is drawn or forced for supporting combustion of the gaseous 
fuel in the furnaces, and around a coil r? for heating the feed 
water for the boiler. From this chamber R the products of com- 
bustion pass up the chimney T. Pipes S, provided with dampers 
8, lead from each smokebox to the heating chamber R beneath. 





(Accepted October 20, 1888). 
17,809. F. ud, Paris. Improvements in Fur- 
naces for Smel Zinc and other Ores, (8d. 3 Figs.) 








December 27, 1887.—A is a cupola or smelting furnace of ordinary 
construction, provided with tuyeres T and closed at the top by a 





feed hopper B provided with a valve to prevent escape of gases. 
By the hopper B which is situated on a platform there are from 
time to time fed into the cupola the ore, flux, charcoal, or coke in 
suitable proportions. From the bottom of the cupola A, but 
above the hearth C, is carried an inclined shaft D which has at 
the top a pipe E, partly inclined and partly vertical, the vertical 
soe terminating in a feed hopper F on platform d, this hopper 
aving a valve c to prevent escape of gases. By the hopper F is 
introduced charcoal or ccke charging the inclined shaft D. From 
the pipe E a lateral branch G leads to a dust receptacle H having 
valve é, and thence through a washer K to a recipient chamber L. 
The inclined shaft D is preferably made of refractory segments 
formed with annular grooves + having channels leacing into a 
general conduit K which dipsinto a receiver M. In the operation 
of the furnace, the non-volatile molten metals and the slag collect 
on the hearth C, and the combustion gases with vapours of the 
volatile metals pass up through the carbonaceous material in the 
inclined shaft D. The vapours of the less volatile metals become 
condensed as they ascend in D and trickle down in a molten con- 
dition into the channels r, and thence by the conduit K into the 
receiver M. The gases, which, by passing through the carbona- 
ceous material in D, are rendered entirely reducing in their 
character, protect from oxidation the volatile metals which ac- 
company them or which are deposited from them. After passing 
through the dust collectors, washers, and through condensers if 
nece for effecting plete deposition of the metals, the 
gases may be utilised as fuel. (Accepted October 27, 1888). 
17,843. J.G. Galley, Forest Gate, Essex. Improve- 
ments in Furnaces. (8d. 5 Figs.) December 28, 1887.— 
This invention relates to an improved grate comprising a number 
of square longitudinal shafts e, revolving in bearings f and g at 
the front of the furnace and at the back of the grate respectively. 
These shafts are arranged parallel to one another and on them 
are fixed a number of discs i which may be arranged opposite to 
each other as shown, or they may have their edges extending 
between the discs upon the adjoining shafts. A small space is 
left between the edges of the opposing discs which are kept apart 



























by means of a cylindrical projection h formed on the side of each 
disc ¢. All the discs are caused simultaneously to revolve slowly, 
either continuously or at intervals, by means of ons m applied 
to and connecting the outer ends of the shafts ¢. Fuel is supplied 
to the upper side of the revolving sets of discs i, and as the latter 
revolve the air spaces between their sides and edges are kept 
clean and the formation of clinker is prevented. The lower part 
of the discs may, if desired, be made to revolve in a vessel con- 
ease water by which they are kept cool. (Accepled November 
). 


17,899. B. Wilcox, London. (M. Perret, Paris.) Im- 
ae Furnaces or Fireplaces for B 
verulent Materials. (8d. 8 Figs.) December 29, 1887. 
—The improved furnace is constructed with walls M of brickwork 
inclosing a series of shelves or horizontal partitions A, A! and an 
ashpit B at the lower part. The front wall is provided with 
openings C, C!, C? formed in a cast-iron plate P and capable of 
being closed by hinged doors. The fuel is introduced through 
the opening C and placed on the upper shelf, whence it passes to 
the lower shelves in ion; the resulting ash being received 
in the ashpit at the bottom. Each shelf with the exception of 
the bottom shelf A! is perforated with openings a through which 
the pulverulent fuel falls and forms upon the shelf next beneath 
it a corresponding number of separate heaps with sloping sides. 
The openings a are arranged so that each opening corresponds 
with a solid } The effect of this arrange- 
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part on the shelf below, 
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ment is that on each shelf there are formed as many separate 
heaps as there are openings or holes in the shelf above, and each 
heap assumes a conical form, as indicated in Fig. 3. Another 
result of the arrangement is that the air or gas mp prom com- 
bustion is caused to circulate around the heaps on all sides and to 
impinge against them and consequently to deeply penetrate the 
combustible material which under these conditions burns more 
actively than it would do if the air simply glided over its surface. 
The vertical distance between the shelves is greater at the upper 
| and gradually diminishes towards the lower part. The 
urnace is surrounded by an outer casing E forming a heating 
chamber D in the space between this outer casing and the sides 
or walls M of the furnace. The air required to support combus- 
tion is introduced through and the supply is regula by doors 
adapted to the 4 pa ©, Cl, C?, the air circulating from one 
shelf to another by passing through openings V arranged alter- 


nately at opposite ends of the furnace. The products of combus- 
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tion escape at the upper part of the furnace through a flue T, and 
- y ash ¥ withdrawn through the opening C2. (Accepted October 
27, 1888). 


MANUFACTURE OF CHEMICAL PRODUCTS. 


13,647, C. Heinzer’ , Zurich, Switzerland. Pro- 
cess for Separa’ Chlorine from Gas Mixtures. 
[4d.] October 8, 1887.—The gas mixture is led through cold water 
to form a crystalline composition or chloric hydrate from which 
the chlorine may be liberated by heat. (Sealed October 19, 1888). 


13,695. C. Huggen' , Chemnitz, Soomane.. Pro- 
cesses for Obtaining itrites, Chromates, Manga- 
na , Permanganates, and Arzeniates. [6d.) October 
10, 1887.—This invention relates to a process for obtaining nitrites 
and salts of the oxygen-acids of chromium, manganese, and arsenic 
from the lower oxygen compounds of these elements, by heating 
these compounds with nitrates and with bases which are capable 
of neutralising the nascent oxygen-acids of these elements. The 

roportions are such that the oxygen liberated by the tion of 
the nitrate to nitrite is at least sufficient for converting the lower 
oxygen compounds of the chromium, manganese, and arsenic into 
the oxygen-acids, and that the latter meet with the quantity of 
~~~\ a necessary for their neutralisation. (Sealed October 18, 
1888). 


11,879. C. D. Abel, London. (C. Wachendorf,, Ocestrich 
a/ Rhein, G .) Production of Compounds of Anti- 
e@ with Alkaline Fluorides and the 

plication thereof and of known Combinations of 

a ces to Dyeing and Printing. (6d.) 
September 1, 1887.—Oxide of antimony is dissolved in hydro- 
fiuoric acid, and carbonate of potash is added. The solution is 
evaporated, and the crystals are treated as well known. The 
application of these anti y I ds is the same as that of 
the costly tartar emetic. (Sealed September 28, 1888). 


14,602. C. Netto, Dresden, Germany. Improve- 
ments in the Manufacture of Sodium and Potassium 
and in Ap) atus therefor. (8d. 1 Fig.) October 26, 1887. 
~—According to this invention fused caustic soda is thrown upon 
a column of incandescent coke or charcoal. Sodium vapour is 
produced and collected, and the caustic soda is regenerated by 
any suitable process and introduced again into the retort upon 
the heated charcoal or coke. a is a furnace, b the retort which is 
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cover c through which is passed a funnel d for the introduction 
of the caustic soda into the retort. ¢ is a receptacle in which the 
caustic soda is ee and which is arranged in a flue a' of the 
furnace, so that it will be heated to ——— high temperature 
to melt the caustic soda, The receptacle e is provided witha 
cock f for — the flow of the liquid caustic soda into the 
retort. g is the condenser, which may be readily removed when 
it is desired to lift the retort out of the furnace. (Accepted No- 
vember 3, 1888) 


14,653. W. F. R. Weldon, London. (4. &. Pechiney, 
Salindres, France.) Improvements in Spperatas Suit- 
able for Preparing chloride of Magnesium. (8d. 
2 Figs.) October 27, 1887.—The improved apparatus comprisesan 
annular sheet-iron vessel A resting on rollers a, a. A pinion c 
gearing with the wheel b gives a continuous slow rotary motion to 
this vesseh, Three two-armed stirrers C, D, Eare rotated from the 
shaft f by means of a bevelled wheel gearing with a bevelled wheel 
on the shaft of the central stirrer D which also carries a spurwheel 
pearing with two spurwheels on the shafts C and E. The fast and 
ose pulleys B and B', driven by a band, give motion to the whole 
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To e oxychloride of magnesium this appa- 
ratus is put in motion, and then by means of a pipe a boiling con- 
centrated solution of magnesium chloride is put into the vsssel A. 
The necessary quantity of powdered magnesium is then added. 


_— 





hi fant 





By the movement every portion of the material is succes- 
sively brought under the action of the stirrers C, D, E, which mix 
it rapidly. At the end of some minutes th: combination ns to 
take place and the mixture, which was at first quite liquid, 
gradually thickens till it is completely solidified. The pieces of 
solid oxychloride thus produced may then be taken out of the 
apparatus. November 16, 1888). 


14,700, L.A, Groth, London. (V. Rouf and E. Rouf, 
Pars.) Improvements in the Manufacture of Chro- 
mium and its Alloys. [6d.) October 28, 1887.—Chromate of 
soda, potash, or lime, with silica and carbon, is heated toa red 
heat ina crucible. The reaction produces silicate of soda, oxide 
of carbon, and metallic chromium in a spongy state. By adding 
oxides of metals to the original mixture pure alloys of chromium 
= rt id state are obtained at one operation. ( December 

, 


17,255. D. Herman, St. Helens, Lancaster. Im- 
vements in Condensers and Towers for the 
adensation of Acids and Corrosive Gases. [8d. 

2 Figs.) December 15, 1887.—a are glass pipes formed at the top 
with external flanges b and at the bottom with internal flanges c. 
The lower end of one tube fits within the upper end of the tube 





beneath. d are glass grids resting on the internal flanges c. The 
interior of the tubes is filled with coke or bits of broken glass. ¢ 
are cross-bearers built into or carried by the walls of a tower. f 








are curved blocks resting on the cross-bearers and furnished at 
their ener ends with strips of india-rubber g which fit under the 
external flanges b of the tubes and so sustain them in position. 
Accepted October 20, 1888). 


MACHINE TOOLS, 


15,549. J. T. Hill and E, L. W. Bellhouse, Sheffield. 
Improvements in Machines for Cutting Files and 
other like Articles. (8d. 2 Figs.) November 14, 1887.—A 
file blank is fixed upon the cradle O, and the bed being drawn 
down to the required distance for the first cut of the chisel, the 
pinion V2is put into gear with the wheel V3 by means of a movable 
slide block V operated by a handle V!, The file blank is held down 
by the presser F operated by a handle F!. The cutter E is fixed 
in one end of a helve or arm D free to oscillate about the axis I. 
The power-driven revolving cam C presses down the tail end of the 
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helve D and raises the cutter E at the same time compressing the 
aoetes M, and when the highest point of the cam Cis d the 
reaction of the spring forces down the helve, and the impact of 
the cutter produces a tooth upon the file blank. The action of 
the feed motion now gives the winding block X a slight turn and 
the metallic tape Y draws up the sliding bed H the required dis- 
tance for the next stroke of the cutter, the operation being re- 
— until the file or other article is completely cut. (Sealed 
ovember 23, 1888). 


15,181, S. Fox, Leeds, Yorks. Improvements in 


Machinery or aoe to be Used in the Manufac- 
ture of Flanged Metallic Articles, such as the End 


Ae 























Plates of Steam Boilers, Frame Plates for Rolling 
Stock, and er similar Articles. [lld. 8 Figs.) No- 
vember 8, 1887,—This invention relates to improved means for 





cutting to the proper size the flanges of heavy flanged metallic 
articles. The improved machinery comprises a table or platform a 
provided with castors or rollers b, capable of adjustment in height 
above the table according to the breadth of flange required. Upon 
the table is mounted shearing mechanism d having a fixed blade e 
arranged at one side of the flange c to be operated upon, and a 
movable blade f at the other side ; this latter is attached to a slid- 
ing ey g and operated intermittently by hydraulic pressure 
applied through a toggle arrangement ht. When the flange isin 
position and bearing against the fixed blade, the movable blade is 
caused to advance and to cut off a portion of the superfluous.and 
irregular part of the flange and then retire, after which the article 
is turned or moved upon the castors so as to place another portion 
of the feoge between the shears ready for another cut, whereupon 
the movable blade is again caused to advance and take off another 
portion of the superfluous part of the flange, and so on until the 
entire flange has been passed between the shears and been reduced 
to nearly the required and of a uniform breadth. The flange can 
be afterwards trimmed in a suitable machine that will cut in the 
longitudinal direction and make a smooth finish ready for use. 
(Sealed November 23, 1888). 


MISCELLANEOUS, 


16,862. E.J. Balland B. H. Brough, London. Im- 
——- in Appliances for Am ating Auri- 
erous and Argentiferous Substances. (8d. 2 Figs.] 
December 7, 1887.—The material to be treated is fed or flows into 
a distributor B (a cup-shaped receptacle provided with perfo- 
rations b), or direct on to the uppermost cone A mounted on a 
vertical spindle C. After passing over the surface of the cone A, 
it falls on to an inverted cone F open in the centre, and so on to 
the cones Aj, F), Ao, &c. The cones A, Aj, Az, &c., and distri- 
butor B are attached toa vertical shaft C, supported at D, and 








guided at E, and revolved, if desired, by means of a worm and 
wheel. The inverted cones, F, F;, &c., are supported by an outer 
frame G. The material after passing over the cones is caught in 
a chamber H situated at the bottom of the apparatus. Through 
the pipe I a current of water is delivered to keep the particles in 
the chamber H in motion. Sweepers K, K!, &c., are attached to 
the underside of the lowest cone for keeping the fine material in 
motion and preventing itfromsettling. L is tie discharge orifice. 
(Accepted October 27, 1888). 


17,102. G. A. Schleber, Greiz i/v., Germany. Im- 
provements relating to the Bleaching, Dyeing, and 
8 Treatment of Cloth ana other Fabrics and 
to A atus therefor. [8d. 3 Figs.] December 12, 1887. 
—Within the dye bath A are arranged two frames R, which can 
be adjusted parallel to each other by means of right and left- 
handed screw spindles D extending transversely through the 
receptacle. The frames R are supported by rollers 7 running on 
rails §', $2, and carry within the bath A a group of pulleys C, 
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which serve to guide the chains B. These chains are also guided 
at their admission and discharge ends by guide bars E, F’, con- 
nected by joints with the frames. The chains are guided outside 
the bath by suitable means and are actuated by toothed wheels 
P, Q, and driving ayer T. The fabric to be treated passing at d 
into the machine is seized at its two edges by the chains B. As 
the chains pass the bars E, the fabric is gradually stretched, and 
is guided in the stretched state through the bath, to be eventually 
cooled by a spray from a tube J and then to be laid together by a 
folding device t, (Accepted October 27, 1888). 


UNITED STATES PATENTS AND PATENT PRACTICE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of nt law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 





ErraTuM.—Patent 15,593 in our last issue, entitled 
“LL. Graham, Hanover, Germany. Improvements re- 
lating to the Production of Aluminium and Compounds or 
Alloys containing the same, and Apparatus therefor,” 
should read “‘L. Grabau, Hanover,” &c. 
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THROUGH THE SOUTH SEA ISLANDS 
IN A MAN-OF-WAR. 


By Guns. 


Fate having led me out to the Pacific, and for- 
tune having decreed that I should make a trip from 
the extreme northern portion of the station through 
the Pacific Islands to the extreme south, I have 
taken advantage of the opportunity thus offered to 
collect such information as I could, not as to the 
manners and customs of the people, for these have 
been dealt with by many abler hands than mine, 
but rather as to the produce, resources, &c., of the 
different places at which we called. The localities 
which I have selected as the subject of my remarks 





present great variety, and may be taken as very fair 


whatever distance may be most suitable for her 
guns, and proceed to knock down the storehouses 
and dock engine-house, Steps are being taken to 
remedy this, and an elaborate scheme for the 
defence of the place has been sent home, and, I 
believe, approved by the Imperial Government. 
For convenience of fortification, Port Moody, 
situated up Burrard Inlet (at the mouth of which 
is Vancouver, the present terminus of the Canadian 
Pacific Railway), would be far superior, for the 
mouth of the inlet once blocked, the place would be 
perfectly secure. Still, as regards harbour accom- 
modation, depth of water, and convenience for 
supplies, nothing could be better than Esquimalt. 
Looking at the chart, Fig. 2, which includes 
Esquimalt and Victoria harbours, it will be seen 
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representatives of the types to which they belong. 
Thus Esquimalt represents the colonial naval roe. ESQUIMALT 
station ; Honolulu, the independant native kingdom VICTORIA. 
on the verge of being overrun by the white man ; 
Washington Island, a copra - producing island ; Fig. 2. 


Christmas and Penryhn, pearl fisheries; Atin, an 
independent native state following an exclusive 
policy ; Rarotonga, a fruit island, and soon. In 
fact it is a peculiarity of the places touched at 
during this cruise, that almost every one has an 
individuality of its own, and it is this individuality 
which I have endeavoured to depict ag briefly as 
possible, and more or less from a commercial or 
statistical point of view. 

The annexed general chart shows the places 
visited, the track giving the general direction fol- 
lowed, and the halting places being numbered con- 
secutively in the order in which they are mentioned. 
The starting point is Esquimalt, at present our only 
naval station on the Pacific; how long it will remain 
so, now that Vancouver is coming so prominently 
to the fore, is quite a question. There is no doubt 
that there are grave objections to Esquimalt as a 
naval depdt, looking at it from a belligerent point 
of view, since from the peculiar position of the 
place it is very hard to defend, and, as at present 
situated, the dockyard and dock are especially open 





to attack, a ship having only to lie comfortably at 


















how many advantages the former possesses. Its 
land-locked position, its depth, varying from 4 to 
6 fathoms all over its area, the road connecting 
it with Victoria, the centre of civilisation of these 
parts, and added to all these, its snug position in an 
inland sea of its own (Fig. 1). It is within sixty 
miles, either by rail or sea, of Nanaimo (also on 
Vancouver Island), where very good coal can be 
obtained in any quantity. 





At the village of Esquimalt there is to be found 
a good harbour, adockyard, dock,* a naval hospital, 
ample coal supply, an abundance of good water laid 
on, splendid river and sea fishing, shooting (pheasant, 
grouse, quail, and deer, with occasional bears), and 
last, but not least, a climate which, for nine months 
in the year, can scarcely be equalled in the world. 
The other three months include a fairly steady 
downpour of rain from December until February, 
generally interrupted early in February by about 
a fortnight of cold weather with snow and ice. 
After this things begin to mend again until at 
the end of March the weather is all that could be 
desired. 

Of course all these advantages are shared equally 
by Victoria, the capital of British Columbia, which 
is three miles distant from Esquimalt, the latter 
being really the port of Victoria, whose own har- 
bour, though large enough in extent, is wanting in 
depth. There are very good iron works at Victoria 
(the Albion), also sawmills, carriage and piano 
manufactories, &c. The exports are coals, furs, 
lumber, fish, precious metals, and fish oil. The 
imports are of every description for use and con- 
sumption. The total value of exports in 1886 for 
Victoria was 1,787,105 dols. ; of imports, 2,934,130 
dols. I may remark here that Victoria and the 
neighbourhood are dependent on California for most 
of the food supply. Doubtless, as the country is 
opened up, this will cease, as the soil is good though 
shallow. 

The average yearly number of vessels entering 
Victoria and Esquimalt is about 369. The popula- 
tion of Esquimalt in 1881 was 614, and I doubt if 
there has been much increase since that date; 
Victoria has somewhere about 8000 inhabitants. 
The means of communication with this district are 
good. With San Francisco there is communication 
by steamer weekly (the steamer leaving Victoria 
on Saturdays), and now that the railway between 
San Francisco and Tacoma is complete there is an 
alternative route by the steamer which leaves daily 
for Tacoma, calling at Port Townsend and Seattle 
en route. Tacoma is at present the Pacific terminus 
of the Northern Pacific Railway. 

Communication with the Canadian Pacific Rail- 
way is daily (except Monday) by steamer running 
to Vancouver, a trip which she accomplishes in 
about six hours. There is also, as we have said, 
island railway communication with Nanaimo, and I 
understand this line is to be extended. There is 
also telegraphic communication vid Valdes Island 
and Point Gray, Canadian Pacific Railway, and an 
alternative route vid Port Angeles and Puget 
Sound to all parts of the world. The dry dock, 
which was only opened in July, 1887, can take a 
vessel 480 ft. long with 90 ft. beam and 27 ft. 
draught. 

Such is the rough sketch of our port of starting 
—Esquimalt with its mother town Victoria—as 
they appear at the present time. As regards its 
future, opinions are very diverse. For many years 
Victoria has been the dominant power in all 
matters relating to British Columbia. The Rocky 
Mountains presented a barrier on the east side, 
Alaska, barren and deserted, stood on the north, 
and Oregon on the south, so that the only outlet 
was through Victoria. Small wonder that her folks 
got into the way of taking things easily, and satis- 
fying themselves with the best of everything. But 
suddenly all is changed! The Canadian Pacific 
Railway cuts through the Rockies and opens a gate 
to Canada ; the magnificent harbour at Vancouver, 
at the entrance of Burrard Inlet, makes direct com- 
munication with the terminus more easy than by 
going through Victoria. Already we see direct 
communication with China, Japan, and the Ame- 
rican ports. The Americans, also, having run their 
railway to Seattle, Oregon would be glad to tap the 
Canadian trade; in fact, the general tendency of 
the Canadian Pacific Railway seems to be to draw 
trade away from Victoria, and she must take her 
place in the ranks and fight for her position if she 
wants to hold it. As for Esquimalt, the dock 
should rather better things for them, but that 
noble village has been in statu quo for many years, 
and doubtless will remain so until merged into 
Victoria. 

It was from this port that my cruise commenced. 
Taking advantage of the offer of a passage made by 
the captain of H.M.S Black Duck, I embarked on 
board that sloop, and early one morning in Sep- 





* Description of dock with capacity will be found in 
FINGINEERING, vol. xliii., page 150, and vol. xlvi., pages 
56 and 87, 
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tember we commenced our trip. Her Majesty’s 
ships have what is termed an economical speed ; 
that is to say, a certain speed at which the maxi- 
mum distance may be covered at the minimum ex- 
penditure of coal. This speed is ascertained by 
experiment in calm weather, and runs generally 
from 4 to 6 knots, and, unless specially ordered, 
this economical speed has to be maintained when- 
ever it is necessary to use steam. I mention this 
to show that passages in men-of-war are not of the 
quickest, as steam is not allowed to be used even at 
this speed unless the wind will not permit of going 
more than 4 knots under sail. 
(To be continued. 





THE AMERICAN SOCIETY OF 
MECHANIOAL ENGINEERS. 
(From our New York CoRRESPONDENT.) 
(Concluded from page 30.) 

Fiow or SteaM THROUGH TUBES. 

Proressor C, H. Peasopy, of Massachusetts In- 
stitute of Technology, presented a paper entitled 
‘* Flow of Steam in a Tube.” The tube was of brass 
with an internal diameter of 0.275 in. and 8 in. long. 
It had at the entrance end a plate 14 in. in diameter 
with a rounded orifice so as to avoid contraction. 
The tube discharged into an iron pipe 6 in. in 
diameter and 2 ft. long, which formed a chamber 
in which the steam came to rest, and from which 
it was led to a surface condenser. The iron pipe 
was capped on the outer end, and a plate hold- 
ing the experimental tube was secured between 
two flanges on the inner end of this pipe. The 
whole apparatus was lagged on the outside, the 
plate holding the tube being covered on both sides 
with about 4 in. of asbestos, Steam was supplied by 
a lagged pipe 1 in. in diameter, and led away by a 
pipe of the same size, each of these having a 
stop valve near the apparatus. In making an ex- 
periment, the supply valve was opened wide and 
the discharge valve was regulated so as to maintain 
the desired difference of pressure on the two sides 
of the plate. A steam gauge and a thermometer 
cup were attached to the iron pipe. The exhaust 
steam was conducted to a surface condenser, con- 
densed and weighed before taking observations ; 
the apparatus was operated until the action became 
8 


y. 
The following Table shows the results obtained, 
and it may be noted that the steam had 14 to 2 per 
cent, moisture ; this was subsequently reduced to 
1 to 14 per cent., although in calculating this Table 
the moisture was assumed to be 2 per cent. 
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A New CaLonmerer. 

Professor Peabody also read a paper on ‘‘A 
Simple Calorimeter.” This was made as follows : 
A piece of pipe, 6 in. in diameter and 10 in. long, 
was capped at each end. Into the upper end was 
fitted a 4-in. pipe bringing the steam to be tested, 
a thermometer cup, and a steam gauge. From the 
lower cap a l-in. pipe led away the exhaust steam. 
The supply pipe brought steam from the main 
steam pipe nearly overhead. Near the calorimeter 
was & + which formed a pocket, witha drip at the 
lower opening, and a branch from the side opening 
leading toan angle valve in the upper cap of the 
condenser. The pipe further was well wrapped with 
hair felt, and it was assumed that the steam had 
the same quality as in the main pipe. The calori- 
meter itself was wrapped in asbestos board and hair 
felt. and covered with Russia iron. 

_Two other calorimeters have been made, which 
differ from the first only in size. One is made of 
a piece of 2-in. pipe, 8 in. long, and the other of a 

iece of 4-in. pipe of the same length. The only 

ifference in the action of these three calorimeters 
appears to be that the smaller ones are more sensi- 





tive, i.e., they respond more quickly to any change 
of condition. 
The results appear in the Table below : 
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Tue LacKAWANNA CoaL AND IRON CoMPANY. 

It was thought best to devote the afternoon to 
an inspection of the extensive works of the Lacka- 
wanna Coal and Iron Company. These works 
were pretty fully described in ENGINEERING, 
April 15 and 22, 1887, at the time of the visit 
of the Mining Institute, so it is only necessary to 
note the two new sets of blowing engines for the 
steel department in course of erection. These were 
from designs by W. F. Mattes, and were being 
built by the Dickson Manufacturing Company of 
this city. They are of the horizontal type with 
54 in. blowing cylinders and 50 in. steam cylinders, 
and have a5 ft. stroke. As Scranton has thousands 
of tons of culm, every one who can use it as fuel 
doesso. The cost is about 20cents per ton includ- 
ing hauling. At these works about 5000 tons are 
used monthly. To do this rocking grates are used 
under the boilers and an air blast is let into the ash- 
pits, and by maintaining their fires they are readily 
cleaned. 

That evening there was a very interesting recep- 
tion tendered to the Society at the house of the 
Young Men’s Christian Association. Although it 
rained, yet the reception was a brilliant one, and 
Scranton showed that, like most American cities, 
its beauties were not confined entirely to landscapes. 

After this respite the scientific forces were mus- 
tered in the morning for their encounter, the open- 
ing of hostilities being the paper of Messrs. Powel 
and Cheney, entitled ‘‘ A System of Worm Gearing 
of Diametral Pitch.” 


Worm GEARING. 

The authors proposed to avoid the confusion in 
shops using both circumferential and diametral 
pitches for spur and bevel gearing by making all 
such gears of diametral pitch, and by making 
worm gearing also of diametral pitch. In the latter 





case they proposed to cut the worm -thread to a 
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fractional pitch corresponding to one of the dia- 
metral pitches now in common use, make the tooth 
of the same length in worm gearing as is now used 
in spur gearing of diametral pitch, and make no 
change as to clearance on the top and bottom of 
the thread if there is any allowed, although 
they think there should be some clearance and no 
backlash. They propose to thread the worms by 
means of a pair of transforming gears put into the 
train of change gears of any ordinary lathe, but 





since many small and medium-sized lathes are 


made with the change gears in line, some provision 
would have to be made for compounding. This 
can be done in a great number of cases with very 
little expense by making the larger of the trans- 
forming gears ‘‘dished,” or with the rim offset 
outwards, and also making a new intermediate 
stud long enough to take the smaller of the trans- 
forming gears together with the gear which would 
be put on the spindle in ordinary screw cutting. 
In this arrangement the larger transforming gear 
would be put on the spindle. 

By the proposed changes they expect to do away 
with odd sixty-fourths and thousandths in the 
diameter of worm gearing, making their diameters 
come in even fractions; getting even figures in 
centre distances between worm-gear shaft and 
wormshaft or their bearings ; doing away with con- 
siderable work in calculations in the drawing office, 
in which there is always a chance for errors ; and 
if in addition to using the diametral pitch and 
length of tooth, the worm gears are made straight 
across the face, which, in most cases, seems to be 
practically as good as the more expensive way of 
making the points of the gear teeth follow the 
shape of the bottom of the worm-threads, the lathe 
man need not know whether the blank he was 
turning was to be a spur or worm gear. 


Conep Step PULLEys. 

The next paper was ‘‘An Improved Method for 
Finding the Diameters of Cone and Step Pulleys,” 
by C. A. Smith. This is one of those papers it is 
impossible to give an abstract of. It contained 
graphical and mathematical methods, and from the 
diagrams and equations it contained, the writer has 
no doubt it was an ‘‘improved method,” provided 
the old method contained more than this one. 


Tue STRENGTH OF Cast Iron. 


‘¢ Tests of the Strength of Cast Iron,” by Pro- 
fessor Lanza, of Massachusetts Institute of Tech- 
nology, followed. This paper consisted of experi- 
ments on various pieces of cast iron, and was 
accompanied by a series of Tables. It, of course, 
cannot be presented in abstract, and there were no 
conclusions drawn from it other than those shown 
in the Tables. 


ON THE IDENTIFICATION OF Dry STEAM. 


Probably one of the most interesting, if not the 
most remarkable paper presented, came next. It 
was by Professor J. E. Denton, of the Stevens 
Institute. 

The professor stated if a boiler could be made to 
generate steam which is a few degrees superheated, 
then by drawing off steam at the end of a pipe of 
sufficient length, the loss of heat by the pipe may 
be made to so nearly equal the superheating, that 
the steam will issue from the pipe in exactly the 
saturated condition. The description of the appa- 
ratus was as follows : 

A 30 horse-power Harrison steam boiler was used, 
which, when not forced to its utmost steaming 


capacity, superheated its steam from 6 deg. to 
12 deg. Fahr. To the top of the steam space of this 
boiler an inch pipe a a a(see diagram) about 40 in. 
long, was attached as shown in the figure. This 
pipe led to a 1} in. tee b, to which were connected 
the several outlets used and the thermometer and 
steam gauge A. At B was a stop valve, and at C0 
another thermometer and steam gauge. All of the 

ipe a a up to the tee was heavily protected against 
oss of heat by asbestos paper, 2in. of hair felt, and 
canvas, When the thermometer C showed 8 deg. of 
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superheating, the loss of heat from the pipe would 
make the thermometer A show 2 deg. of super- 
heating, both steam gauges A and C showing exactly 
the same pressure. Thermometer B was graduated 
to degrees, a space of ; in. being devoted to one 
degree. Thermometer C was equally coarse in its 
scale, but the graduations were at intervals of 2 deg. 
The steam gauges were graduated to pounds. 

By raising the water in the boiler to the top of 
the gauge glass and increasing the quantity of steam 
generated by the boiler, the superheating at thermo- 
meter A could be made to vary from 2 deg. Fahr. 
to zero, and the steam referred to herein as dry 
steam, was such steam as flowed through the pipe aa 
when thermometer A showed less than two, but 
more than zero degrees of superheating, with refer- 
ence to the pressure common to the gauges at A 
and C respectively. 

As the steam escaped from the jet, an instan- 
taneous photograph was taken, the author asserting 
that steam jets show unmistakable change of appear- 
ance to the eye if the steam varies less than 1 per 
cent. from the condition of saturation either in the 
direction of saturation or superheating. If the jet 
is transparent close to the orifice, or even greyish 
white, it is so nearly dry that no calorimeter could 
measure the moisture in it. 

Part II. of the same paper consisted of a series 
of mathematical expressions showing the instru- 
mental errors of condensing calorimeters for testing 
the quality of steam. These showed on investiga- 
tion that such error does not interfere with the 
measurement of 1 per cent. in the heat of saturated 
steam. He stated a common brass cock could be 
used as an orifice, but should be set into the steam 
drum of the boiler if possible, and never further 
away from the latter than 4ft., when the immediate 
reservoir or pipe should be well covered. 

From the discussion in Part II. Professor Denton 
drew the following conclusions : 

‘*T, That for weights of condensing water from 
300 lb. to 51b., and weights of condensed steam from 
25 lb. to #1b., the instrumental errorcannotgive rise 
to discrepancies in duplicate tests greater than 2? per 
cent., and the probable error isabout $ per cent., pro- 
vided that temperatures are determined to one-tenth 
degree Fahr., steam pressures to 3 lb. per square 
inch, weight of condensing water to ;45 1b., and the 
weight of condensed steam to one-fourth per cent., 
and that the weight of condensing water is not 
more than thirteen times the weight of steam con- 
densed, or the range of temperature not less than 
85 deg. 

‘*TI, That for the above conditions the mag- 
nitude of the several partial errors are as follows : 


Error due to weight of condensed steam... +0.35 


as initial temperature of water.. +0.15 
fe final “ ‘o ... —0.32 
ne weight of condensing water.. —0 06 
a steam pressure aaa +024 


‘* TIT, As the ratio of the weight of condensing 
water to the weight of steam condensed exceeds 13 
to 1, the errors due to the temperatures are propor- 
tionately increased—all other errors remaining 
sensibly constant. 

‘* Consequently the lower the range of tempera- 
ture in the calorimeter the greater the error ; for 
example, for a range of 5 deg. the condensing 
water must be 239 times the steam condensed, and 
the errors of final and initial temperatures would be 
289 =18 times the amount in II, The most general 
law is therefore that the total error is a minimum 
when the range of temperatures in the calorimeter 
is greatest.” 

The discussion on this paper showed the marked 
interest in its statements, and Professor Denton 
may be congratulated on the success of his efforts 
aad their appreciation by the members generally. 


Non-ConpDENSING ENGINES. 


Following this came a paper by Mr. Charles E. 
Emery on ‘‘ The Cost of Power in Non-Condensing 
Engines.” The conclusions of this distinguished 
author were as follows: That economy should be 
secured by the use of high steam pressures in non- 
condensing engines, equal to that obtained at some- 
what lower pressures with condensing engines. It 
would undoubtedly, however, require the use of com- 
pound, triple-compound, and possibly quadruple- 
compound engines to secure results approximately 
as low as the better ones shown, and it will pro- 
bably be more economical in all cases to limit the 
expansion in any one cylinder of a compound engine 
to 2$times. There may be doubts as to the accu- 
tacy of results computed for pressures as high as 








300 lb. to 500 Ib. based on experiments carried 
only to 1001b. He further concluded that : 

The recorded attempts at economy by compound- 
ing high speed non-condensing engines, appear only 
to have brought the cost of the power nearly down 
to that of the better class of automatic cut-off 
engines operated at moderate speeds, but the ex- 
pense of compounding high-speed engines is appa- 
rently warranted, as such results are better than 
can be obtained with single engines in which the 
steam is distributed with customary valve gear. 


Excursions. 


After all the hard work of brain, and possibly of 
ears also, for it happens on some occasions that it 
is fully as difficult to listen as to talk, the party 
were in a humour for relaxation, and as it was rain- 
ing pretty hard, decided to make an excursion 
around Scranton. The first place visited was the 
works of the Dickson Manufacturing Company, 
where the party had a chance to see locomotive 
boiler heads flanged by hydraulic pressure, and, 
further, to see a fine erecting shop and a good 
foundry. Quite a large Wheelock engine was noted 
as one of the sights, and was examined with much 
interest. 

As the Pine Brook breaker was considered one of 
the model ones of this vicinity, and as it is right 
in the city, many visited this, and some went 
down the shaft about 300 ft. deep. Those of us 
who had at various times done this thing pro- 
fessionally were perfectly satisfied to know it was 
300 ft. deep, and looked exactly like a great many 
similar shafts, if not more so. 

After leaving here the party went to see the 
Scranton Packing Company’s works, where they 
had a refrigerating machine which was being tested 
to determine its efficiency, and, strange to say, by 
the engineers of rival processes. The proprietors 
of this plant were Hendricks and Simpson, two 
very genial and substantial men of Scranton. They 
are men who know a result when it was reached, 
as either satisfactory or not, without being exactly 
able to tell why. From this point a long muddy 
tramp brought us to the wheel works of Colonel 
Boies. The writer remarked to the colonel that it 
was very fortunate he had a fuel pile so convenient 
to his works. In point of fact, these works are 
located at the foot of an immense hill of culm 
which is used in the furnaces and will supply them 
for many years to come. On entering the shop the 
visitor is at once impressed with its compactness 
and completeness. The various tools were greatly 
admired, especially a cutter, which trimmed three 
faces at once. The wheels are simply put together 
in this place, the tyres and plates being delivered 
here. The steel plates are put into a hydraulic 
press after being heated to a red heat and a pres- 
sure of enormous amount forms the hub and a 
flange, then by means of the machine with the 
three cutters above noted, the hub is trimmed 
inside and out and the flange brought to a true 
face. The steel tyre, which comes from the 
Standard Steel Company, one of the best establish- 
ments in this country, is heated and put on by 
means of hydraulic pressure, after which the two 
steel plates are bolted together and the wheel is 
completed. These works turn out twenty-five 
wheels daily, and they guarantee them to run 
350,000 miles. This completed the day’s pro- 
gramme, and the evening found the engineers 
patiently waiting for more papers. 


OVERHAULING OF A MECHANICAL PowER. 


Two by Professor F. Burkitt Webb, of Stevens 
Institute, were read. The first one was on the 
‘* Overhauling of a Mechanical Power.” This paper 
was extremely radical in its propositions, and seemed 
to be rather an ‘‘overhauling” of Professor Ball, 
who had been rash enough to state a ‘ principle.” 
This would naturally seem to settle the question, 
but Professor Webb announced that he proposed 
to show there was ‘‘no such law as that pro 
by Professor Ball or its converse.” This statement 
he proceeded to prove by means of some diagrams 
and mathematical reasoning, and probably he did so, 
at least it may as well be presumed he did, untll 
we hear from Professor Ball. The ‘‘ principle” 
denied was: ‘‘ Whenever rather more than half 
of the applied energy is uselessly consumed by 
friction the load will remain suspended without 
overhauling.” 

The converse, also, denied by Professor Webb, 
was: ‘‘ That to prevent overhauling more than half 
of the applied energy must be wasted in friction,” 








As stated, he, no doubt, proved his case. The 
other paper of Professor Webb was called ‘‘ The 
Mechanics of the Injector.” 


STEEL. 


The balance of the evening was given to steel 
and its conduct. From the evidence submitted, 
one would be led to think that all the perversity of 
inanimate things had centred in steel, and the 
writer was quite prepared to believe, at the con- 
clusion of the remarks, that the original apple of 
paradise was beyond doubt asteel one. 

One expert declared that machinery steel could 
not be hardened to any certainty by the usual 
methods; he had noted bars that would break like 
cast steel, and yet within a short distance from the 
break, bend double when cold. Another stated 
the lowest tensile strength he had observed was 
42,000 Ib. to the square inch, and this was open- 
hearth steel made for horseshoe nails. He had 
tested thirteen samples of watch-springs and found 
they varied in tensile strength from 300,000 1b. to 
375,000 lb. per square inch. 

Another member submitted a drill which had 
been used roughly during the day and yet broke at 
night when not in use. Various other experiences 
were related, but no reasons were given, and the 
whole discussion assumed the phase of a series of 
conundrums, which every one gave up. Captain 
R. W. Hunt came nearer to a solution than any 
other speaker ; he attributed much of the failure of 
steel to bad manipulation in the manufacture, and 
showed that some of the very best steel rails, those 
of olden time, had a chemically inferior composition 
to that of the present day, and this he accounted for 
in a great measure from the fact that the steel was 
worked at a lower temperature. At the conclusion 
of these remarks the party was invited to take a 
moonlight ride on the Scranton Electric Railroad. 
The writer had tried this railroad and the railroad 
had tried his watch ; hence on this account, coupled 
with the fact the meetings were held in the 
Young Men’s Christian Association building, where 
vigorous expression of one’s thoughts might be 
out of place, he declined the moonlight trip, 
but he understood from those who went that, 
with the exception of the absence of the moon, 
and the fact that oneof the cars decided to remain all 
night three miles out of town, the excursion was a 
great success. 

Excursions. 


Thursday was devoted to a most delightful ex- 
cursion over the Erie and Wyoming Railway, and 
the party were in just the humour to enjoy the 
trip, and the country through which the route lay 
was of acharacter to inspire one. The road fol- 
lowed the winding of a river considerably below 
the track, while on the opposite side of the ravine 
were trees of every colour due to the autumn tints. 
After a most romantic ride, Hawley was reached, 
and the party stopped to visit a silk mil]. This 
mill was run by water power derived from a 
rocky stream which came over a beautiful fall. 
Again, taking our train, we arrived after an hour’s 
ride at White’s mills, where we visited a cut-glass 
manufactory owned by Messrs. Dorflinger and Son, 
thrifty Germans, as their name implies. The blow- 
ing of the glass and pressing into moulds was nothing 
new, but the cutting and engraving with various 
patterns, showed skill and taste to a remarkable 
degree. It was also quite a puzzle to see exactly 
what result would be evolved from the cutting. It 
seemed to the bystander to be more or less arbitrary 
and to follow no law. If the design, which was 
developed by pressing a glass against a rapidly 
revolving stone, failed in one place from too much 
grinding, the manipulator could easily change the 
pattern and develop something else of a totally 
different character. If in the cutting of a beau- 
tiful bouquet of flowers there was an error, it could 
readily be turned into a likeness of a presidential 
candidate. The examination was extremely in- 
teresting. and all regretted the short time at 
our disposal, but we had to say good-bye, for 
that inward and unerring monitor had been 
reminding each member for some time that dinner 
was to be served at Honesdale at 1 P.m., so we re- 
embarked, and were soon at that point. A hungrier 
party had seldom been entertained at the hotel, but 
the proprietor was equal to the occasion, and so was 
his larder, although it took two hours and a half to 
satisfy our needs. It seems that in 1847 the ‘‘ Stour- 
bridge Lion ” was kept at this place, and the hotel 
clerk told the party that he had many a time 
clambered over the engine in the days when Horatio 
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Allen had run her. This seemed almost like a link 
between ancient and modern days when this old loco- 
motive was contrasted with the elegant and effective 
engine of the present day. The one, for instance, 
which had brought in our ten cars at a speed of 
50 miles per hour with the greatest ease. But 
there was no time for these reflections, since the 
Delaware and Hudson Company had a trip for the 
party over, around, and under the Moosic Mountains, 
so we were hurried into narrow gauge cars and 
hauled up a series of inclines, at the summits of 
which we were dismissed to seek our level, which 
we proceeded to do at the rate of 40 miles an hour. 
As stated, at each summit we ran to the foot of the 
next, sometimes in parties of two cars, and at others 
to the number of seven cars. And it may be noted 
that there certainly was far more danger on the 
aged road than on that operated by the cable. 

he writer was constantly on the watch as we 
whirled around a sharp curve for fear that some 
sociably inclined cow or horse would endeavour 
to take a seat in our car; in point of fact, we did 
miss, by no great margin, several little episodes 
of this kind ; in one instance it was that of a horse 
and wagon at a road crossing. Having once got 
upon our track, the horse seemed to be struck with a 
reflective humour, and stopped there to meditate, but 
the driver caught sight of the approaching train in 
time to hurry the beast over and miss us by a few 
feet. When one remembers there is absolutely no 
means of signalling by whistle or bell, since there is 
no locomotive, and that we were an ‘‘ extra” train, 
he will appreciate how every one used to railroading 
realised the dangers of our trip, and drew a long 
breath of satisfaction at our arrival at Carbondale, 
after a run of some 30 miles among the summits of 
the mountains. 

The trip nevertheless wasa great success and was 
thoroughly enjoyed. As an indication of the mag- 
nitude of the coal interests in this region, the 
following Table may be studied, which is taken from 
the report of the Scranton Board of Trade : 


Coal Shipped from Lackawanna- Wyoming Valley. 


tons. 
1880 11,419,279 
1881 13,951,383 
1882 13,971,371 
1883 15,604,492 
1884 15,677,753 
1885 16,236,470 
1886 17,031,826 
1887 19,684,929 


The output for the Wyoming region thus far for 
1888, according to the Scranton Board of Trade, 
is 16,141,451 tons, being now 2,000,000 tons a 
month. At this rate the output would be over 
25,000,000 tons, or fully two-thirds of the entire 
anthracite product for the year. Every strike in 
the Lehigh and Schuylkill regions has helped 
Scranton. To mine this coal over 50,000 men and 
boys are furnished steady work the year round, 
and the companies pay out fully 4,000,000 dols. 
cash each month in wages. With such a steady 
flow of wealth circulating through the arteries of 
this valley monthly, is it any wonder that its 
capital city must grow? The magnitude of the coal 
trade is more easily seen by reducing it to daily 
proportions, During the month of September 
there was sent out from the Wyoming Valley each 
working day 156,653 tons, equal to 522 trains of 
20 cars each of 15 tons capacity. The increase has 
averaged about 1,750,000 tons yearly. 


STRAINS ON AN ANNULAR Lip. 


That evening the last session was held, and but 
two papers were considered. The first was by our 
genial and wideawake secretary, Professor Hutton, 
entitled ‘‘The Strains on an Annular Lid Resisting 
Internal Pressure.”” The paper was illustrated b 
several diagrams, and some equations through which 
subscript accents and a few Greek letters had 
been thoughtfully sprinkled togetier with a dis- 
cretionary amount of integral signs, and there 
was every ‘‘internal” evidence that the ‘‘ strains ” 
in question had met a justly deserved fate, so no 
pity will be wasted over their untimely end. The 
occasion of the paper was stated by Professor 
Hutton to be due to the fact he was called upon to 
decide upon the strains in an annular casting, to 
which a flexible diaphragm was secured, when fluid 
pressure came normally upon the latter. A large 
cylindrical vessel, 73 in. in diameter, had to have a 
lid which could be easily opened, and should be 
light. It was therefore decided to make this lid of 
copper sheet, gin. thick, and to rivet this copper to 
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Sectional Areas Tensile Strength. 
Metal. , ? | Ponds Position of Fracture. 
At Weld. Of Bar. | nana Square Inch 
: | in Bar. 
q sq. in 8q. in, | 
Wrought iron 2.39 1.77 79,640 | 45,070 8} in. from middle of weld, 
” 1.17 1.21 57,900 | 49,500 t weld. 
” 7.85 7.85 42,690 | 54,380 3 in. from weld, 
” -408 -408 20,100 49,260 At weld. 
” -562 -408 21,820 53,480 3 in. from weld 
” .513 .408 21,810 53,480 At weld 
” -602 .408 22,240 54,510 2} in. from weld 
” 555 -408 21,780 53,380 3.7 in. a 
” oe .196 12,520 63,880 
” se .196 11,160 56,940 At the grip, 
” ee 196 10,520 53,670 
” -189 186 7,690 39,230 At weld 
” 283 .196 10,260 52,350 1} in. from weld. 
Octagonal steel “4 .360 45,800 127,220 
” ” oe 360 45,670 126,860 At face of grips. 
” ” .860 .360 27,500 76,390 At weld, 
” ” 872 -369 22,900 63,610 ” 
” ” | Soe .860 82,550 90,420 At end of enlarged section of weld. 
ee o- .s alk ae | aan .360 37,800 105,000 ” ” ” ” 
- »  andwroughtiron ..|  .332 .828 17,100 52,130 In iron, 3 in. from weld. 
” ” o o .442 iron 3828 17,070 52,040 » 28in, 9 
” ” ” ” --| 466 828 16,950 51,680 a . 38 in, 2 
Copper . a 113 .109 3,210 29,450 At weld, 
oe . ost | Se .109 3,590 82,940 } in. from weld. 
“ei .-| 204 .109 3,540 32,480 | 3 in. a 
” «| .196 -109 3,570 82,750 -85 in of 
Brass . +-| 110 .110 4,490 40,820 At weld, 
” oo] wae 110 5,250 47,730 2 in. from weld, 
” e-{ 196 -110 5,270 47,910 7 in. 99 
9s oe + oe wet -196 -110 5,270 49,910 -80in. ,, 
», and wroughtiron .. } | Brass { 110 1,920 17,450 At weld, 
” ” ”. ee | -110 3,690 33,550 
Steel and German silver .. +-| 086 .049 1,980 40,410 ” 
Copper sa : | 112 .109 3,520 32,290 He 
Wrought iron 363 196 11,420 68,370 1.3 in, from weld. 
a .885 .196 10,410 53,110 —— 
Steel .. -203 198 15,300 77,270 At or near weld. 








a cast-iron ring, which would give the necessary 
stiffness to secure a steam-tight joint when bolted 
to the flange of the cylinder, and would allow of 
arranging a convenient hinge structure. Finding 
that the strain in the ring could not be determined 
by simple arithmetical methods, he had them in- 
— analytically and exhaustively on a higher 
plane. 
Exectric WELDING, 


The final paper of the meeting was one of great 
interest and came from Mr. C. J. H. Woodbury, of 
Boston, it was entitled ‘‘ Electric Welding.” This 
is accomplished by causing currents of electricity 
to pass through the abutting ends of the metals to 
be welded; the point of contact becoming the point 
of greatest resistance, the greatest heat is here 
generated, and pressure is applied while the metals 
are at a welding heat. .Since the heat is first de- 
veloped at the interior of the metals it is claimed 
that this part of the joint is as efficiently welded 
as the exterior, but a further investigation has 
shown that metals can be welded by this proceas, 
where heretofore solder had to be employed, and 
again that one metal can be welded to a different one. 
As one of the most difficult metals to unite, it may 
be said that cast iron has been welded. Samples 
of the work were exhibited by the author, and cer- 
tainly their appearance was all that could be wished, 
while the Table given above shows their tensile 
strength, as determined by the United States Ord- 
nance Department at the Watertown Arsenal in the 
Emery testing machine. 

It is claimed the machines can be used for con- 
tinuous wirework, axles, tyres, cotton bale ties, &c., 
making T joints or Y joints in pipe or elsewhere. 
The time required for a small joint is almost in- 
appreciable, but for a large size it requires a few 
seconds. As the current is completely under the 
operator’s control, and as the joint is not covered, 
there is no danger of burning the metal. It was 
also stated that, by making the ends of the butt 
weld convex, the union commenced at the centre 
and proceeded toward the circumference. One 
sample shown was a bar of metal which was put 
through a hole in a flat piece of wood and burrs 
raised on both sides of the wood. This last was 
done so quickly the wood was not charred. A sample 
of lead pipe was also exhibited welded so that its 
interior was not obstructed nor its exterior ex- 
panded. An axe also was shown where the cut- 
ting edge was welded to the body, and many other 
samples, some curious and some useful, but all 
interesting. Another point brought out in the 
discussion was the absence of any impurities in a 
weld coming from the fuel, such as those de- 
rived from sulphur or coal. A study of the Table 
will show pretty conclusively what the tensile 


strength of an electrical weld is, and it may be 
stated that Professor Dolbear reported that he had 
made tests of a hundred bars electrically welded, 
and could say positively that the weld could be 
made as strong as the rest of the bar in the case of 
iron and steel, and the appearance of the fracture 
is fibrous for iron and granular for steel, in some 
cases the strength of the steel rising to 125,000 Ib. 
per square inch. These machines are built by the 
Thomson Electric Welding Company, of Lynn, 
Massachusetts, and have been described by us ina | 
recent number. 

It only remained to pass our votes of thanks to our 
kind hosts and hostesses, and to assure them how 
much the Society had enjoyed its stay in their 
beautiful city and how comfortable the Westminst«r 
Hotel had proved. The invitation from the Scran- 
ton Steel Company to visit their works was accepted. 
This is a very complete Bessemer plant, and is 
believed to be one of the best in the United States. 
The Society did not go there in a body, but indi- 
vidual members made small parties of their own, 
and all who went expressed themselves as greatly 
pleased. 

The next meeting will occur in May at Erie, 
Penn., and on its adjournment it is hoped the 
Society will embark on their own steamer and 
accept the cordial invitation of your Mechanical 
Engineers to hold a meeting in London and in Paris 
with them. The announcement of this invitation 
was received with enthusiasm, and a committee has 
the matter in charge. The report of such committee 
will be made very shortly, when the Council of the 
Society will at once take action, and then your 
readers will meet in social life the men whose in- 
vestigations and discussions they have read. That 
our welcome in your hospitable land will be a 
cordial one, all who have visited it are prepared to 
assert. The writer knows well that he has never 
found truer friends than among English engineers. 





THE WESTINGHOUSE ELECTRIC SYSTEM. 
In a recent Note (see page 18 ante) we called atten- 
tion to the wide area of scientific and commercial pui - 
suits over which the activity of Mr. George Westin; - 
house, Jun., is spread. We mentioned that the last 
subject which he has taken up was that of electric 
lighting, and that within a couple of years the com- 
pany, of which he is president, had designed, cor - 
structed, and erected 117 central station plants, with 
a capacity of 318,560 lamps of 10 candle-power, besides 
70 isolated plants. We now propose to give illustra- 
tions of the principal apparatus used for station light- 
ing, the subject being rendered the more interesting by 
the fact that the Metropolitan Electric Supply Com- 
any has ordered a considerable amount of Westing- 
ome machinery for one of its London stations. 
The Westinghouse system provides for the distribu 
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tion of high-tension currents, and their local reduc- 
tion to a lower potential by aid of transformers. This 
method of working is well understood, and has been 
followed by different inventors. It was first intro- 
duced on a practical scale by Messrs. Gaulard and 
Gibbs, whose patent is now before the Appeal Court, 
having been annulled by the lower court. 

The engravings on page 54 represent a 1500-light 
alternate-current Westinghouse dynamo, with its ex- 
citer; thearmature is shown separately to a larger scale. 
The frame carries a large hollow cast-iron cylinder, 
made in halves, and bolted together. From the interior 
of this cylinder project the cores of the field magnets, 
which are cast with the cylinder. On each core there 
is slipped a metal bobbin wound with a coil of insu- 
lated wire. Each bobbin is secured by two screws 
and can be rapidly removed in case of accident, the 
cylinder being first divided and the upper part lifted 
off. Ifthe damaged coil is in the lower half the arma- 
ture must also be lifted out. The field magnets are 
excited by the small dynamo seen to the left. This 
may be driven independently, or by a belt from a 
pulley on the end of the main dynamo spindle. Each 
machine can be drawn along its bedplate by a screw 
and handwheel to tighten its belt. 

The armature, as shown in the detached view, is of 
novel design. It consists of a cylinder made up of 
extremely thin iron discs separated by discs of paper. 
These discs are held between strong cheek plates 
keyed on the spindle, and screwed up to tightly em- 
brace the built body betweenthem. To keep the core 
cool, provision is made for a rapid circulation of air 
through it. Each disc is pierced with six large and 
symmetrically placed holes, and the end cheeks are 
similarly pierced, the holes being so placed as to pro- 
vide air ways through the core. At one end the 
entrances to these holes are covered with a dished 
shield or casing with an opening at its centre, which 
provides an annular passage for the entrance of air 
around the spindle. At the other end there is an 
arrangement which is practically a small suction fan. 
A dished plate is bolted at its centre to the cheek of 
the core; its flared edge, seen to the right of the 
armature, stands at a little distance fram the cheek, 
and between the two there are radial vanes. The air 
which enters at the opposite end of the core is drawn 
through the passages and is emitted into the fan, by 
which it is thrown outwards, thus keeping up a con- 
stant and effective circulation. 

The winding of the armature is very simple. In 
forming a coil a narrow thin strip of non-conducting 
material is fixed on the circumference of the core, 
parallel with the shaft. A small piece of insulating 
material is also fixed on each end of. the core, the result 
being the same as if the original strip had been a little 
longer than the length of the core and its ends had 
been bent over at right angles and fixed to the two 
end faces. The wire is then laid along one edge of the 
strip, and bending over the corner of the core, goes 
round the end piece and up again to the other side of 
the strip. It lies parallel with this for its entire length, 
and then passes round the other end piece, and up 
again to the side of the strip on which it started. The 
second convolution is laid outside of and parallel to 
the first, and the third outside that, and so on. There 
are as many coils on the armatures as there are poles 
in the field, each coil consisting of a single layer of 
wire laid backwards and forwards lengthwise of the 
core, as just described. The wire is insulated from 
the iron beneath it by sheets of mica, and when the 
wrapping is completed the convolutions are covered 
with mica, and the whole is fixed in place by circum- 
ferential bands of wire. 

These dynamos are made in the following sizes, 
rated in 16 candle-power lamps : 


ft.in. ft. in. 

No. 0, 500 lights; floor space ... 4 2by5 0 

o1, 750 ,, ” ” 52,,5 8 

NO Settee 5 8 yy 74,74 0 

No, 3, 3000 _,, ” ” 80,7 6 
They are all arranged to give a current of 1000 volts 


electromotive force. 

The current from the central station is distributed 
by mains, which in America are generally carried on 
poles just as telegraph wires are supported in this 
country. Wherever a building, or a group of build- 
ings, is to be supplied, one or more transformers, or, as 
they are called by the Westinghouse Company, con- 
verters, are connected with the main or primary con- 
ductors, and the secondary or service mains are led 
into the buildings, as shown in the diagram on page 
55. The converters are usually fixed to the same 
poles which carry the wires, the main conductors 
running above them, and the service conductors below 
them. The external appearance and the internal parts 
of a converter are shown by Figs. 3 and 4, while the 
peg are more clearly illustrated in Figs. 6, 7, 8, 

Within the cast-iron case of the converter are two 
coils, the primary P and the secondary S, lying side 
by side, and surrounded by a mass of iron plates. 
Each coil is wound separately into a form like a hank 








(Fig. 7), and the two are placed together, after which 
the iron plates are laid in position. Each plate a is of 
the form of the letter E with three tongues of equal 
length, and is coated on one side with a non-conducting 
material, such as paper. When the coils are ready the 
first plate is set in position with its middle tongue in 
the centre of both coils, and its outer tongues inclosing 
them. The next plate is inserted from the opposite 
side, so that the two completely inclose the coils. 
Successive plates are inserted alternately from each 
side until the entire central space of the coils is filled, 
when strong end plates H are added and the whole 
tightened by bolts h. 

n Figs. 8 and 9 the parts just described are shown 
inclosed in a case, which is also to be seen in the 
perspective view, Fig. 4. This case is formed in 
two parts, one of which is designed to be secured to the 
cross arms of the pole. The other carries two project- 
ing compartments, the upper designed to receive the 
terminals of the primary coils of the converter, and the 
lower to receive the terminals of the secondary coil. 
These compartments have glass faces covered with 
sliding metal doors. They each contain a switch plug 
and afusible bridge. The converters are made in four 
sizes ; No. 2,10 ampéres ; No. 4, 20 ampéres ; No. 6, 
30 ampéres ; and No. 8, 40 ampéres. 





FIRST TWIN-SCREW STEKN-WELL 
DREDGER. 

On Tuesday, the 15th inst., Messrs. William Simons 
and Co., Renfrew, launched the patent twin-screw 
stern-well hopper dredger Otter, which is of special 
interest, as it is the first of the type yet built. It has 
been constructed to the order of Mr. Walter Peace, 
agent for the Natal Harbour Board. The Otter is a 
bucket ladder dredger of £90 tons hopper capacity. 
The hull is built of Siemens-Mavtin steel, and is divided 
into ten water-tight compartments by steel bulkheads 
extending to the main deck. The decks are of iron, 
and are sheathed with wood. The following are the 
principal dimensions : Length, 170 ft. ; breadth, 32 ft. ; 
depth, 14ft. In the forward part of the dredger are 
fitted two pairs of independent compound surface- 
condensing engines of 500 indicated hozse-power col- 
lectively, each pair driving its own line of propeller 
shafting. Dredging operations can be carried on by 
either pair of engines, and each is capable of raising 
400 tons of ordinary material per hour. Steam is 
supplied by two steel boilers, which work at a pressure 
of 100 lb. per square inch. Auxiliary donkey boilers 
and steam pumping engines are provided for circulating 
the water when steam is being raised in a cold boiler. 
This is to provide against unequal expansion and con- 
traction. The engine room, which is very spacious, 
is provided with Blackman’s ventilating fans,and has 
telegraphic communication with the bridge and with 
the dredging gear aft. 

As already indicated, the distiuctive feature in this 
dredger is that the ladder-well is abaft, instead of in 
the fore part of the vessel—an arrangement which 
allows of the vessel being as perfect inits construction 
as an ordinary sea-going steamship, and therefore 
better able to withstand heavy seas than a vessel with 
the bow divided for the projection of the ladder. The 
stern well also gives a better distribution of weight for 
steaming and renders the hull of stronger construc- 
tion. In this connection another improvement has 
been adopted in the form of Brown’s traversing gear, 
by which the bucket ladder can be moved forward 
or backward independent of the vessel, and can 
thus be made to project beyond the stern of the vessel 
and cut its way into and through sandbankswhere there 
would not ordinarily be sufficient water to float in. In 
the suspension of the bucket ladder another improve- 
ment has been effected by hanging the bucket ladder on 
a separate steel shaft from that holding the top tumbler, 
which may be therefore taken out without disconnect- 
ing the bucket ladder. Spring buffers are fitted at 
the top bearings of the ladder, so that when the vessel 
is rising and falling in a swell during the operation of 
dredging, the risk of breakage to the ladder shaft 
bearings is reduced to a minimum. The buckets, 
which will have a capacity of about half a ton each, 
are of somewhat novel form and an improvement 
upon those now in generaluse. Each bucket is made 
in two parts, viz., a tough cast steel back and a hard 
steel body, which are interchangeable without in any 
way ne the bucket chain. Thus at any 
time should a bucket body break, a spare body may be 
fitted on the same back. No rivetting is required in 
connection with this operation as the buckets are 
otherwise secured. Kipping claws are provided for the 
disintegration of hard material and can be substituted 
for, say, every third bucket. These claws have been 
found very successful in dealing with such material. 
They can be fitted into the heals backs above men- 
tioned upon the removal of the body, 

The Otter was launched complete with its engines, 
boilers, and machinery on board, as is the usual 
custom of the builders, and after being tried on the 
Clyde will be partly dismantled and prepared for the 
voyage to the colony. 





The builders, it may be mentioned, have in a for- 
ward state of completion, for the same owners, a hopper 
dredger named Beaver. This dredger, instead of a 
bucket ladder, will have two very powerful centrifugal 
sand pumps to raise 1000 to 1200 tons of sand per hour. 
It will be fitted with twin screws and similar engines 
to the Otter. Both dredgers have been constructed 
from the specifications of Mr. C. W. Methven, M. 
Inst. C.E., resident engineer to the Natal Harbour 
Board, and the practical inspection of them in this 
country has been in the hands of Mr. D. Macallister, 
assisted by Mr. John Stewart. The engineers of 
the Board have been led to adopt this type of 
dredger owing to the fact that rough seas are often 
encountered and danger would attend the towing of 
barges and the loading of them alongside the dredger. 
By the adoption of the hopper dredger these dangers are 
obviated. Besides, the full employment of barges 
depends on the nature of the ground dredged. A 
sufficient number of hopper barges must be provided 
tc keep the ordinary dredgers fully employed while 
dredging in soft material, and consequently when hard 
material is being lifted—the quantity naturally being 
less—some of the barges and their crews must remain 
idle, 





THE HOPCRAFT FURNACE. 

Tuts furnace is designed with the object of burning 
dust and small coal; it has been applied to the two 
furnaces of one of the Victoria Steamboat Company’s 
old boats, the s.s. Lotus, and we had an opportunity 
last Friday to see it in operation. The grate is cir- 
cular ; it consists of a number of concentric rings about 
Zin. thick and 3 in. deep, supported on the arms of a 
cross, having concentric air spaces of about fin. width. 
The centre ring is about 10 in. in diameter, and through 
it the small coal is forced upon the grate continuously 
by a conveyor, while the grate itself is kept revolving 
at a slow rate, making one revolution in about two 
minutes. The grate is placed on the incline, dipping 
towards the back of the furnace, where some ordinary 
short firebars join the dead plate in which the grate 
revolves, and upon these bars the clinkers are de- 
posited, owing, we are told, to the combined action of 
rotation and incline, so that stoking in the ordinary 
sense is quite dispensed with. The coal supply pipe 
entering, as already described, the grate in the centre 
with an easy bend, is connected at its other end to 
a hopper, into which the small coal is shot. Toenable 
this system of furnace to be fitted into existing flues 
it is of course necessary, owing to the reduced flue 
area, to supply forced draught by means of a fan, and 
toclose the furnace. The combustion on the grate is 
good, and according to some experiments conducted by 
Mr. D. K. Clark very satisfactory results have been 
obtained. 

Although the revolving action of the grate and the 
system of forcing the coal into the grate by a con- 
veyor necessitate some mechanical complication, there 
is no reason why, if well designed, these should give 
any trouble. We hope on a future occasion to return 
to this subject. 





New Sream Yacut ‘‘ Aprrana.”—Messrs. A. and J. 
Inglis have just completed at their establishment at 
Glasgow a screw yacht for Mr. Henry Bubb, of Ben- 
dyffryn, North Wales. This craft, like the many that 
have preceded it from the Pointhouse yard, is of extreme 
beauty of form, having a cleanly-cut clipper bow, with 
the figurehead in teak of Shakespeare’s heroine, while her 
lines aft run into a hollow counter with the sweep of a 
racing yacht. Being schooner-rigged, with Oregon polacre 
masts, having a long rake and being heavily sparred, she 
presents the appearance rather of a racer than of a plea- 
sure craft. She is built entirely of steel, and, unlike a 
yacht, has a double bottom, with water ballast capacity 
for 30 tons to preserve the trim when the coal is getting 
exhausted. Here it may be parenthetically noted that 
there is bunker capacity for 65 tons of coal, enabling 
her to steam 3500 miles. The yacht is 152 ft. long, 21 ft. 
beam, and 14 ft. deep, and is, according to Thames 
measurement, 307 tons. Internally she is magnificently 
furnished. In addition to rooms forward for thirteen of a 
crew, accommodation is provided for fourteen persons in 
large state rooms, principally upholstered in crushed 
velvets. The dining saloon is aft, and the drawing room 
forward. The propelling machinery is of the triple-expan- 
sion type, with direct-acting vertical inverted cylinders 
11 in., 18 in., and 30 in. in diameter respectively, with a 

iston stroke of 2 ft. The condensing surface is 504 square 
eet. Steam is supplied from one steel single-ended boiler 
11 ft. in diameter and 8 ft. 8 in. long, with two furnaces 
each 3 ft. in diameter. The grate surface is 30 square 
feet, and the tube surface 665 square feet, the tubes being 
3} in. in diameter and 5 ft. 6 in. long. The propeller is 
8 ft. 6 in. in diameter, and has a  ~ of 11 ft.6in. On 
her speed trials on the Clyde on Thursday, the 3rd inst., 
the craft went fully 11} knots an hour with the engines 


working at 110 revolutions, under a bviler pressure of 
160 lb. to the square inch, the indicated horse-power es 
400. The yacht is intended for cruising not only aroun 
the British coast, but up the Mediterranean, the owner 
having a residence in Italy. She will be commanded b 
Captain Mackintosh, and will be manned by a Scotc 
crew 
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WATER GAS PLANT AT THE LEEDS FORGE, 
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At the works of the Leeds Forge Company, Limited, 
there has been erected a water gas plant, which we 
understand is the first which has been got to work on 
a commercial scale in this country. The gas is used 
for various purposes in the works, such as furnace 
heating, welding, and lighting, and has completely 
displaced the town’s gas which was formerly employed 





on a very extensive scale, and also the Siemens pro- 
ducer gas. It is of a high calorific intensity and will 
heat a furnace so rapidly that thirty charges of steel | 
may be obtained per week, as against eleven charges 
with producer gas, It does not give a luminous flame, | 
and when applied to lighting purposes it is made to | 
play upon a comb of magnesia rods which become | 
highly incandescent and glow with a pure white light. | 
It is impossible to raise magnesia to this temperature 
with ordinary gas except by aid of a chimney of un- 
wieldy length. 

On the present page we illustrate a water gas 
generator and scrubber, and a Fahnejelm incandes- | 
cent magnesia comb, and will now proceed to de- | 
scribe the process of manufacture. Water gas is 
a fixed non -condensible mixture of carbonic oxide 
and hydrogen with a little carbonic acid, there bein 
95 per cent, of combustible material. It is peedanet 
by blowing steam through incandescent fuel ; in its 
passage the watery vapour becomes decomposed, the 
oxygen combining with carbon from the fuel to form 
carbonic oxide (CO), and the hydrogen being un- 
touched. Both the carbonic oxide and the hydrogen 
are combustible, the former combining with more | 
oxygen to form carbonic acid (CO,) and the latter | 
forming water. The process of dissociating the steam | 
has a rapid cooling action on the fuel, which quickly | 
ceases to glow. The admission of steam is, therefore, | 
only continued for four minutes, and at the end of that 
interval it is stopped. The combustion of the fuel is | 
then urged by an air blast for ten minutes to bring it 
back to its original incandescent state, whereupon the 
air is turned off and the steam on. The course of the 
air is upwards and that of the steam downwards 
through the fuel. During the time the air blast is in 
action large volumes of producer gas are given off, and 
may be conveniently utilised in driving the boiler | 
which provides the steam, or in any other way. The | 
whole of the valves are arranged to be operated by | 
one lever, and by it they are opened and closed in their | 
proper order ; a bye-pass is opened and reclosed each | 
time to permit of the escape of the small amount of | 





air or gas left in the ae after blowing or gas- 
making, thus removing the least risk of explosion. 

The gas passes from the generator through ascrubber, 
which extracts the dust, into a gasholder. When used 
for lighting purposes a purifier, containing oxide of 
iron, is interposed between the gasholder and the 
pipes. No alteration is required in the fittings, even 
the ordinary burners being used with the addition of 
the magnesia comb. With a consumption of 5 cubic 
feet per hour a light of 22 candles is obtained. At 
the end of 100 hours the comb requires to be renewed 
ata cost of 14d. The light is extremely white and 
pleasant to work by, while the products of combustion 
are so innocuous that plants thrive among them. 

The construction of the gas-producing plant at the 
Leeds Forge was commenced on September 29, 1887, 
and finished on March 29, 1888, and since that time 
the entire ne has worked without the slightest 
difficulty. It is capable of producing 40,000 cubic feet 
an hour, there being a complete run every 15 minutes, 
during which time each generator yields about 17,500 
cubic feet of producer gas and 5000 ft. of water gas. 
One ton of fuel will produce 30,000 cubic feet of water 
gas, and with fuel at 8s. per ton, and labour at 3s. 6d. 
per day, it is found that the gas costs about 44d. 
per 1000 ft., exclusive of fixed charges. The con- 
suinption of fuel is about 10 cwt. per hour per generator 
when in full work. 

Mr. Samson Fox, the managing director of the com- 

any, now uses water gas throughout the works, and 

he estimates that the saving amounts to 10,0001. a 
year, as compared with the time when lighting gas 
was employed for welding the tubes of corrugated 
furnaces and for other purposes. 








HIGH-SPEED ENGINE. 

Tue Richardson high-speed engine, illustrated on 
the opposite page, has been specially designed for 
dynamo driving, direct or by belt or ropes; it is also 
adopted for driving centrifugal pumps, fans for forced 
draught, and for any purpose where great powerand high 
speed is required in a small space. It has been con- 
structed to run at high speeds with safety and economy 
and without excessive wear. The crank is made of mild 
steel and carefully balanced ; the cylinder and upright 
are cast in one piece ; the cylinder is steam-jacketted, 
and is fitted with a liner which, with the valve face, 
can be at any time renewed, The piston rings and 
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valve are of phosphor-bronze. All bearings are extra 
long and are made of phosphor-bronze or best gun- 
metal. The crankshaft bearings are fitted in square 
with wrought-iron caps. The glands are specially 
constructed for tightening whilst running without the 
risk of jamming on the rods, The governor is of the 
high-speed class and can be adjusted whilst running. 
All forged parts, bolts, studs, and nuts, are made of 
mild steel. Engines of this class can be fitted with 
automatic expansion arrangement if required by the 
maker, Mr. A. W. Richardson, Stretford-road, Man- 
chester. 





HORIZONTAL CORLISS ENGINE. 

On pages 59 and 62 we illustrate a horizontal 
Corliss engine, which was shown by the makers, the 
Airdrie Iron Company, at the Glasgow Exhibition, 
where its neat design and capital workmanship 
attracted considerable attention. The cylinder is 
16 in. in diameter by 3 ft. stroke, and is fitted with a 
Buckley piston and rings. The rod is packed by me- 
tallic packing supplied by the United States Metallic 
Packing Company. 

Figs. 1 and 2 are respectively elevation and plan of 
the engine; Figs. 3 and 4 show the cylinder, which is 
steam jacketted ; Fig. 5 is a section and elevation of 
one steam valve, while Fig. 6 shows similarly an 
exhaust valve. Figs. 7 and 8 are elevation and plan 
of the pillow block ; Figs. 9 and 10 show the metallic 
packing ; Figs. 11 to 13 are details of the valve gear, 
Figs. 14 and 15 the steam supply valve-rod and grab- 
claw, and Fig. 16 the exhaust valve-rod. All the 
details are so clearly shown in the engravings that 
further explanation is unnecessary. 





GkRMAN Pic.—The production of pig iron in Germany 
in the first eleven months of last year amounted to 
5,874,618 tons, as compared with 3,547,497 tons in the 
corresponding period of 1887, showing an increase of 
327,128 tons last year. 

Tue SANITARY INSTITUTE.—At a meeting of the Council 
of this Institute, held 9th January, G. J, Symons F.R.S., 
in the chair, it was decided to hold two courses of twelve 
lectures to sanitary officers. The first course to com- 
mence in March, and the second in October. Sixty-four 
members and associates were added to the register, and 
twenty applications read for election at the next meeting. 





Tue GOVERNMENT AND PetROLEUM.—At the request of 
the military authorities Mr. Charles Marvin will deliver 
two lectures on “ Petroleum: its Supply, Transport, and 
Utilisation,” at the School of Military Engineering at Chat- 
ham, on the 30th and 31st instant. The lectures, for 
which a Government grant is assigned, will be copiously 
illustrated by means of the lime light, and will embrace 
an account of the supply of oil in various parts of the world, 
the methods of boring for it, the pipe line and bulk systems 
of transport, and the various uses to which it is applied 
for military, naval, and other purposes. We believe this 
is the first time that petroleum has engaged the attention 
of the English military authorities. 
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RICHARDSON’S HIGH-SPEED ENGINE. 
(For Description, see opposite Page.) 











CONSTRUCTED BY THE AIRDRIE IRON COMPANY, ENGINEERS, AIRDRIE. 


Fig.9. 
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DETAILS OF CORLISS ENGINE. 


(For Description, see opposite Page.) 
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LAUNCHES AND TRIAL TRIPS. 

On Wednesday, December 19, there was successfully 
launched from the shipbuilding and engineering works of 
Messrs. Oswald, Mordaunt, and Co., Southampton, a 
screw steamer of 3200 tons, named the Rock Light, and 
built for Mr. G. Croshaw, of London. Her dimensions 
are as follows: Length, extreme, 323 ft.; breadth, ex- 
treme, 40 ft. 3in.; depth of hold, 29 ft. She has been 
specially constructed on the builders’ plans to carry petro- 
leum in bulk. The pumping arrangements for the oil and 
water ballast tanks are of the most complete description ; 
three large Worthington pumps being fitted, and so 
arranged that two pumps may be pumping out the oil, 
and the third pumping in the water ballast. There are 
nine outlets on the vessel’s sides and stern, five of which 
may be used either for filling or discharging through. 
The engines, by Messrs. Oswald, Mordaunt, and Co., are 
of the triple-expansion type, having cylinders 224 in., 
37 in., and 61 in. in diameter, with 39 in. stroke, fitted 
with Joy’s valve gear and Dickinson’s crankshaft. There 
are three single-ended main boilers fitted with Purvis’s 
flues, and arranged for a working pressure of 165 lb. 
per square inch. The Rock Light has been built under 
the inspection of Messrs. Flannery, Baggallay, and 
Johnson, of London. 


The twin-screw steamship Colchester, which Messrs, 
Earle’s Shipbuilding and Engineering Company, Limited, 
of Hull, have recently constructed for the Great Eastern 
Railway Company’s passenger service between Harwich 
and Antwerp, was taken on her official trial trip on 
Thursday, a distance (70 miles) being accomplished 
at an average speed of 15 knots per hour. The 
engines worked most satisfactorily throughout the day 
and were never stopped or eased down during the 
whole run. The vessel will very shortly leave Hull for 
Harwich, where she will be handed over to the Great 
Eastern Railway Company, and at once be placed by them 
on the Continental service between Harwich and Antwerp 
and will no doubt be as great a favourite with passengers 
as her sister ship the Cambridge and the other vessels 
built by Earle’s Company for that service. 





The s.s. Mariston, built by Messrs. Ramage and Fer- 
guson, Leith, for Messrs. Bellamy and Co., Plymouth, 
went on her speed trials on the Forth on Thursday, 
January 3, when she attained a speed of 11} knots. The 
engines are of the triple-expansion type, with cylinders 
1S in., 30 in., and 51 in. in diameter with a piston stroke 
of 39 in., and steam is supplied from two steel boilers 
working to 160 lb. pressure. The vessel is 263 ft. long, 
37 ft. beam, and 19.5 ft. depth moulded, with a tonnage of 
= tons. The vessel will load in London for Philadel- 
phia. 





There was launched at Kiel, from the Germania Yard, 
on the 15th of January, a powerful steam dredger, built 
for the North Sea and Baltic Canal. The dredger is 
built entirely of German steel, and is designed to dredge 
400 tons per hour from a maximum depth of 42 ft. Her 
dimensions are: Length, 120 ft.; breadth, 24 ft. 3 in. ; 
Depth, 11 ft. 6in. The engines, which are constructe 
at the same company’s engine works at Tegel, are of the 
triple-expansion type and will indicate 150 horse-power. 
They are so arranged that they can act direct on the pro- 
peller shaft, and will drive the dredger at a rate of about 
5 knots. Thedredger was christened Holtenau, which is 
the name of the station on which she will be placed. A 
second dredger of the same dimensions will be launched 
in about two months’ time. 





NOTES FROM THE SOUTH-WEST. 

South Wales Coal and Iron.—The shipments of coal 
from Welsh ports in December were as follows: Cardiff— 
foreigu, 727,765 tons ; coastwise, 84,584 tons. Newport— 
foreign, 145,846 tons; coastwise, 77,097 toas; Swansea— 
foreign, 76,742 tons ; coastwise, 58,355 ,tons; Llanelly— 
foreign, 10,236 tons ; coastwise, 5590 tons. The aggregate 
shipments for December were accordingly: Foreign, 
960,589 tons; coastwise, 225,624 tons. The exports of 
iron and steel from the Welsh ports in December were : 
Cardiff, 3390 tons; Newport, 7998 tons; Swansea, 316 
tons ; Lianelly, 410 tons; making an aggregate of 12,714 
tons. The exports of coke in December were: Cardiff, 
3332 tons ; Newport, 17 tons ; Swansea, 103 tons ; making 
an aggregate of 3452 tons. The exports of patent fuel in 
December were: Cardiff, 18,171 tons; Newport, 7538 
tons; Swansea, 21,051 tons; making an aggregate of 
46,764 tons. The aggregate shipments of coal from 
the four ports for the whole of 1888, were: Cardiff, 
9,760,822 tons; Newport, 3,430,156 tons ; Swansea, 1,631,507 
tons; Llanelly, 206,306 tons, making an aggregate of 
15,028,791 tons. The exports of iron and steel for the 
whole of 1888, were: Cardiff, 58,430 tons; Newport, 
146,032 tons ; Swansea, 7789 tons; Llanelly, 5960 tons ; 
making an aggregate of 218,211 tons. The exports of coke 
for the whole of 1888 were: Cardiff, 53,947 tons; New- 
port, 5426 tons; Swansea, 4539 tons; Llanelly, nil, 
making an aggregate of 63,912 tons. The exports of patent 
fuel for the whole of 1888 were: Cardiff, 193,644 tons ; 
Newport, 59,832 tons; Swansea, 257,227 tons; Llanelly, 
nil, making an aggregate of 510,703 tons. 


Welsh Blast Furnaces.—In the last quarter of 1888 one 
furnace was pulled down, at the Pyle Works (Limited), 
Glamorganshire, while in Caermarthenshire two furnaces 
are being built for the Anthracite Iron and Steel Com- 

any (Limited) ; in Glamo: hire one each for the Pyle 
Works (Limited), Messrs. Crawshay Brothers, and the 
Llynviand Tondu; and in Monmouthshire one for the 
Blaenavon Company (Limited), and two forthe Tredegar 
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Iron and Coal Company (Limited). Tne Dowlais Iron 
Company is also rebuilding two of its furnaces. 


Burry Port.—What are known as the Ashburnham Tin- 
Plate Works are about to be proceeded with. The first 
sod is to be cut this month, and the works are to be com- 

leted before July. Ten acres of land have been secured 
in a suitable spot adjoining the docks and railways, and 
three mills, which when in full work will give employment 
to about 500 persons, are to be erec 


The Bristol Channel.—On Wednesday a deputation, 
representing mercantile and shipping associations of 
Bristol, Cardiff, and Newport, waited on the Swansea 
Chamber of Commerce with the view of soliciting its 
co-operation in a movement initiated for the provision of 
a harbour of refuge and naval and military station at 
Lundy for the protection of life and property in the 
Bristol Channel. The deputation explained the defence- 
less position of the Channel, and the ease with which 
an armed cruiser could enter it and destroy all the docks, 
through which a fourth of the trade of the kingdom 
passes, The great use of a harbour of refuge was also 
pointed out. ‘The Swansea Chamber promised co-opera- 
tion, if the Government were allowed to select the site. 


The Telephone in the West.—A special meeting of the 
Bristol, South Wales, and Western Counties Telephone 
Company (Limited), was held on Wednesday, at Bristol, 
Mr. Mark Whitwill in the chair. The chairman explained 
that the meeting was called to consider a propoval to 
raise 30,000, additional capital for the purpose of extend- 
ing the company’s system. | The company had power to 
raise the sum named, and instead of paying interest at 
the rate of 6 per cent., they proposed giving 5 per cent. 
He congratulated the shareholders on the steady progress 
which the company’s systam was making. In Bristol, in- 
cluding private line renters, the company had now more 
than 500 subscribers; at Plymouth 300; and at Ports- 
mouth and Bournemouth 200. The proposal to increase 
the capital by 30,000/. was unanimously adopted. 


Cardiff.— Steam coal has maintained its price, the 
demand having been quite equal to the supply. The best 

ualities have made 133; good dry coal, 12s.; and best 
Tenmouthshize, lls. 6d. per ton. The house coal trade 
has shown little change. Patent fuel has continued in 
good demand. Inthe manufactured iron and steel trades 
prices have remained at about their former level. 


The Electric Light at Swansea.—The Swansea Harbour 
Trustees decided on Monday to light their docks, ware- 
houses, and offices by electricity. 


Shipbuilding at Cardif.—The Bute Shipbuilding and 
Engineering Company (Limited), recently contracted for 
the construction of two steamers, one for Messrs. Morel 
Brothers and Co. (Limited), and the other for a London 
firm. The construction of the first steamer is now being 
pushed forward with rapidity. Her floor is laid in, and it 
is expected that the framing will be completed in a fort- 
night. This steamer will have a carrying capacity of 
2700 tons. The frames for the other steamer are being 
turned, and her keel will in all probability be laid in the 
course of the next few weeks. The carrying capacity of 
the vessel will be close upon 4000 tons. Both steamers 
are to be constructed of steel by the Dowlais Iron Com- 
pany. 

Erratum,—In referring to the new blast furnaces of the 
Dowlais Company in our last issue the name of the con- 
tractors was given as Messrs, Headrington, of Stockton- 
on-Tees, it should have been Messrs. Head, py an 
and Co. The blast engines are being supplied by Messrs. 
Kitson, of Leeds. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—There was a further improve- 
ment in the warrant market last Thursday, the closing 
quotation for Scotch iron being 14d. per ton over that of 
the previous day, thus making a recovery of 7d, per ton 
on the two days. The reduction of the Bank rate had a 
favourable effect on prices. Cleveland iron hung heavy, 
and closed $d. per ton under Wednesday’s close, Hema- 
tite iron, however, was stronger, and the price rose ld. 
perton. The closing settlement prices were —Scotch iron, 
4ls. 74d. per ton; Cleveland, 33s. 9d.; hematite iron, 
44s, 74d. per ton. The reduction in the Bank rate, which 
caused a slight improvement in the inside circle on Thurs- 
day, seemed to have no effect with outside investors in 
warrant iron on Friday, on which day there was a drop of 
a per ton in the price of Scotch iron. Cleveland iron was 
also weak, and prices receded 14d, per ton, and hematite 
iron fellin price 24d. per ton. Atthe close the settlement 
rices were—Scotch iron, 41s. 3d. ; Cleveland, 333. 74d. ; 
enatite iron, 44s. 44d. per ton. There was a quiet tone 
in the market on Monday, and although the week’s ship- 
ments were reported to be fairly good, the increase to 
stocks had a depressing effect. Scotch warrant iron de- 
clined in price 34d. per ton—making a jrop of 1s. per ton 
from the opening of the year, Cleveland iron was equally 
weak, and fell 24d. per ton in the forenoun and 2d. fur- 
ther in the afternoon—making a drop of 8d. per ton since 
the year began. The price of hematite iron receded 4d. 
per ton on the day—making in all a drop of 10d. since the 
~~ began. The settlement prices at the close were— 
cotch iron, 41s. per ton; Cleveland, 33s. 3d.; hematite 
iron, 44s, 8d. per ton. Yesterday’s market was firmer in 
tone, owing, in great measure, to the movement in pro- 
eg amongst the miners for a further advance of wages, 
he price of Scotch iron, which was stead 
noon, rose 14d. per ton in the afternoon. 


y in the fore- 
Cleveland iron 


recovered 2d, per ton, and hematite iron 24d. per ton. At 
the close the settlement prices were— Scotch iron, 41s. 14d. 
per ton; Cleveland, 333, 4}d. ; hematite iron, 443. 4 


d. 


per ton. The market was very dull this forenoon, but with- 
out much alteration in prices. At first there was a slight 
improvement in prices, in consequence of the probability of 
an advance being made in miners’ wages, but the prices 
soon fell away for want of support, the close being 41s. 
cash per ton for Scotch warrants, 333. 44d. for Cleveland 
iron, and 44s. 4d. cash per ton for hematite iron. No 
business was done in Cleveland or hematite iron in the 
afternoon, and the closing cash pene for Scotch iron was 
403. 11d. per ton cash. During the past week one furnace 
was again blown in at Ardeer Iron Works, and one was 
damped out at Gartsherrie, so that there are still 78 in 
actual operation, as compared with 84 at this time last 
year. Some of the makers of special brands report that 
there is an excellent demand, both on home and on foreign 
account. Advices from America, however, are said to 
exceedingly dull. There is on many hands a want of con- 
fidence in the condition and prospects of the market, but 
all the same a large amount of iron is being consumed in 
the malleable iron works, in the foundries, and in the 
manufacture of steel. igi 
from all Scotch ports amounted to 6050 tons, against 5686 
tons in the corresponding week of last year. They in- 
cluded 750 tons for the United States, 275 tons for India, 
655 tons for Australia, smaller quantities for other coun- 
tries, and 3965 tons coastwise. The stock of pig iron in 
Messrs. Connal and Co.’s public warrant stores yesterda 
afternoon stood at 1,032,585 tons, as compared with 
1,032,123 tons yesterday week. 


Shipments of Machinery. d&c.—The shipments of ma- 
chinery, &c., from the Clyde reported last week, included 
the following : locomotive engines for Bombay, Calcutta, 
and Japan, of the value of 14,319/.; sugar crushing, paper- 
making, and other machinery, valued at 25,0007. ; slabs, 
billets, plates, bars, and other steel manufactures, of the 
value of 12,0007. ; pipes and other castings, malleable iron 
tubes, bars, sheets, plates, and miscellaneous iron manu- 
factures, valued at 38,000/. 


Malleable Iron Prices.—Some further advances in the 
price of malleable iron have been made during the week, 
notably in the case of railroad iron, which is 5s. per ton 
up. Steel plates and angle bars, on the other hand, havein 
some cases been reduced 5s. per ton. 


The Coal Trade.—The coal trade of Lanarkshire and 
adjoining counties is reported to be active in almost 
every quarter. A very good business is doing in the export 
department, almost the only drawback being the scarcity 
of vessels. Prices are well maintained all round. For 
main coal 7s. 3d. per ton can readily be got at the Glasgow 
Harbour Terminus. The demand for furnace coals is 
again upon the same footing as it was before the New 

ear’s Day holidays. On account of the mildness of the 
weather the house department is quiet, but merchants 
are not over-plentifully supplied. 


Further Advance in Miners’ Wages.—The executive of 
the Lanarkshire Coalmasters’ Association met in Glasgow 
this afternoon to receive the report of the official accountant 
with regard to the prices of coal during the month of 
December. This report showed that the rise in prices 
had been sufficient to admit of a further advance of 5 per 
cent. baing given to the colliers. The advance takes effect 
from yesterday, the 15th inst., and it makes a total rise 
of wages of 174 per cent. since October last to the men in 
the employment of the associated masters. The slidin 
scale has certainly done very well. The men have h 
by its means a very substantial increase of pay, without 
the necessity of a strike. Mr. Archibald Russell, the 
well-known coalmaster, in the middle ward of Lanark- 
shire, advanced the wages of his miners 6d. per day at the 
beginning of the week, without any regard to the pro- 
spective action of the associated coalmasters. 


Imports of Spanish Iron Ore at the Clyde.—Twenty-six 
steamers, having 37,289 tons of iron ore, arrived in the 
Clyde from Spanish ports during the month of December 
last. This quantity was 4461 tons more than was imported 
in December, 1887, and 12,235 tons (or nearly 50 per cent. ) 
more than was received in December, 1886. For the year 
the total landings amounted to 416,244 tons, which was 
9397 tons over the landings in 1887, and 123,158 (or 42 per 
cent.) over the imports in 1886. Of the vessels engaged 
last month in this service, 9 belonged to Glasgow, 6 to 
Cardiff, 3 to London, 1 each to Leith, Liverpool, New- 
port, Sunderland, Middlesbrough, Hartlepool, and New- 


castle. There was only one foreign vessel, which belonged 
to Spain. The returns are: 
Month. Year. 
Vessels. Tons. Vessels. Tons. 
1885 24 30,159 282 354,147 
1886 19 = 25,054 247 293,086 
1887 24 32,828 325 406,647 
1888 26 37,289 318 416,244 


Shipbuilding Order for a Leith Firm.—Messrs. Ramage 
and Ferguson, Leith, have recently received an order from 
Messrs. James Currie and Co., of the same port, for the 
construction of two large steamers of upwards of 1200 tons 
each, for their Continental trade. One of them is to be 
specially constructed for carrying cargo only, and the 
other is to have accommodation for passengers also. 


Address by Sir Frederick Bramwell.—Last Thursday 
night Sir F. J. Bramwell, Bart., F.R.S., President of the 
British Association, delivered the inaugural address of 
the Heriot-Watt College, Edinburgh. At the outset he 
made some remarks on George Heriot and James Watt, 
whose names the college bore, and in the latter connec- 
tion he spoke of the revolution which Watt had accom- 
plished in the steam engine, and of the improvements 
which were still being attempted upon it with the view of 
saving fuel. He subsequently devoted some attention to 





the var‘ous modern methods of applying power, and inci- 


Last week’s shipments of pig iron | }, 





dentally he had something to say on legislation in regard 
to electric lighting. 

Royal Scottish Society of Arts.—A meeting of this Society 
was held on Monday evening in the Royal Scottish Society 
of Arts hall—Mr. Weston presiding. Mr. John White- 
law read the report of the Committee on Mr. Bruce’s 

aper ‘‘On Manholes and Disconnecting Chambers.” 
Thre Committee commended Mr. Bruce’s system of man- 
holes on the ground that they had few joints, and also 
his disconnecting chambers, provided they were put 
a in a manner so as to prevent leakage. r. 

illiam Penman read a paper ‘‘ On Level Traverse Cor- 
rections,” in which he sought to show how his system of 
level corrections would produce almost accurate results. 
A discussion followed, in which the majority of those who 
spoke generally criticised the system as too elaborate. 
Dr. Sang gave some particulars of the manner in which 
levellings were taken in his early days, and the instru- 
ments which were used. By the mode which he followed, 
levellings could be taken to the thousandth of a foot, and 
e had ceased to take levellings before railways began 
to be constructed. He gave illustrations of the necessity 
for accuracy, and like other speakers, dwelt on the neces- 
sity for using good instruments. r, Penman was 
awarded a vote of thanks for his paper. 

Methil Dock.—It is stated the Methil Dock, which was 
opened for traffic within the last couple of years, and 
which has been sold by Mr. Wemyss to the North 
British Railway Company, has changed hands at the price 
of 225,000. Leven Harbour, however, is included in the 
purchase. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
large attendance on Change and the tone of the market 
was cheerful. Telegrams from Glasgow showed lower 

uotations in the Scotch centre, and prices here were a 
little weaker. For prompt delivery of No. 3 Cleveland 
pig iron there were merchants ready to accept 33s. 9d. 
per ton, but makers held out for their quotation of 34s. 
for this quality. The inquiries for pig iron from the Con- 
tinent are very numerous, and makers are sanguine 
that there will be a large trade done during the year. On 
Monday night Messrs. Connal and Co., the warrant 
storekeepers, had in stock at Middlesbrough 249,612 tons 
of pigiron. This is a decrease on the week of 450 tons. 
In Glasgow the immense stocks are not decreasing at all, 
Messrs. Connal now holding in the Scotch centre no less 
than 1,032,485 tons. It is gratifying to notice the slow 
but steady decrease in stocks in the Cleveland district. 
The manufactured iron trade is more lively than ever. 
All the available mills and forges are now in operation, 
while orders are plentiful and prices are improving, 
Steelmakers are very busy and prospects are bright and 
cheering. The production of steel blooms by Messrs. 
Bell Brothers, at Port Clarencc, Middlesbrough, is a great 
success. Prices are firm, the ascendancy being upwards. 


Engineering and Shipbuilding.—Throughout the North 
of England engineers and shipbuilders are very actively 
employed. In the marine shops and bridge building de- 
partments there is a great deal of work going on, and 
shipbuilders are so well supplied with orders that few 
firms will now contract to supply a vessel before the end 
of this year. During the past few days two or three fine 
ships have run very successful trial trips, 


Engineers’ Wages.—The members of the Amalgamated 
Society of Engineers employed by the firms on the Tyne, 
Wear, and Tees, and at the Hartlepools have given 
notice to Mr. John Haswell, Sunderland, the secretary 
to the Employers’ Association, of a claim for an advance 
of 2s. per week in their wages. The notice will take 
effect on the 4th prox. It applies to fitters, turners, pat- 
tern-makers, smiths, finishers, coppersmiths, slotters, &c. 
The engineers in the repairing shops at South Shields 
have been out since Monday morning for an advance of 
23, i week. The works affected are stated to be those 
of Messrs. Edwards and Robinson, the Tyne Dock Engi- 
neering Company, Mr. George Robson, and Mr. A. 
Proud. Another firm is reported to have conceded the 
advance. The dispute does not extend to men engaged 
upon new work, 


Shipbuilders’ Wages.—A conference of Wear and Tyne 
shipbuilders and representatives of the men has just been 
held at Sunderland. After a long discussion the follow- 
ing settlement was arrived at: Five per cent. advance 
on —— and 1s, advance on time wages, to commence 
on February 1, and a similar advance to take place in the 
first week in July. This concession in the end will be 
tantamount to an increase of 10 per cent. on piece wages 
and 23. per week on time wages. It is expected that a 
similar settlement will be arrived at on the Tees and at 
the Hartlepools. 


The Coal and Coke Trades.—The fuel trades are steady, 


with a good demand for all classes. Prices are tending 
upwards, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Chesterfield and Midland Counties Institute of Mining 
Engineers.—The general meeting of the members of this 
Institute was held on Saturday last at Derby, when there 
was a large and influential assembly. Mr. Geo. Lewis 
occupied the chair, and congratulated the association upon 
the agen 4 small wave of prosperity now coming 
across the country. If it would only increase its force as 


it approached the various industries in which those pre- 
sent were engaged it would bo very acceptable, as there 
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was certainly room for improvement. The Stephenson 
Memorial Hall, at Chesterfield, having been taken over 
by the Corporation of that town, a committee was 
sppcrtee to watch the interests of the Institute in it. 

r. G. Elmsley Cook reported that the average attend- 
ance at the coal-mining course of lectures at the Univer- 
sity College, Nottingham, had been 25.5. The lectures have 
taken place on each Wednesday, the professors giving one 
hour and Mr. Cook another hour. Thenext subject on the 
agenda was the amalgamation of institutes, a proposition 
to which effect will be brought before a meeting of dele- 
gates to be held at Sheffield on the 30th inst. It is proposed 
that the amalgamation of the institutes be confined tothe 
following points: (a) publishing; (5) experimental re- 
search ; (c) communication with the Government in case 
of contemplated legislative action of a scientific character 
affecting mining interests. It was further proposed that 
if this course were adopted each member should receive 
a short abstract of each paper to be read at the general 
meeting of each institute and also a copy of the paper 
when B nvoexenany every member to have access to the 
general meeting of such of the amalgamated institutes as 
took part in the discussion. It was also proposed that a 
general council should be elected from the amalgamated 
institutes, and it should elect a president and vice-president 
for the purpose of allowing all subjects to be discussed 
which could affect the amalgamated institute. A general 
feeling in favour of amalgamation was expressed, several 
papers were read, and the proceedings concluded with a 
vote of thanks to the chairman. 


The Coal Trade.—The official return of coal sent from 
Yorkshire collieries to Hull during December was 164,032 
tons, against 151,688 in December, 1887. For the year the 
weight was 1,795,392 tons, against 1,791,728 in the pre- 
vious year. There is a falling-off in the export trade, and 
with the new tariff imposed by the railway companies, it 
is feared there will be a further decrease. The colliery 
proprietors are now in sore straits—they have conceded 
10 per cent. advance in wages to the men, have raised the 
= to the railway companies on new contracts, and 

ave been met by the latter with a tariff which will prac- 
tically prevent their supplying their coast customers, as 
they will be cut outin price. The trade in house coal is 
also falling off, and thousands of tons are being stacked, 
which, when sold, will barely realise the price of nuts. 
Best Silkstone house coal, at the pit banks, ranges from 
8s. 6d. per ton, and Barnsley from 6s. 6d. 


The Coalmasters and the Railway Companies.—Y esterday 
a large and influential meeting of the coalowners of South 
Yorkshire was held at the King’s Hotel, Barnsley, when 
the following resolution was adopted: ‘‘ That this meet- 
ing of South Yorkshire coalowners protests in the strongest 
manner against the action of the railway companies in 
withdrawing the rebate of 3d. per ton on coal for ship- 
ment at Hull, at Grimsby, which has been allowed for the 
last eighteen months, and has done so much to foster and 
to increase the export of coal from the district. The in- 
crease is the more to be deprecated as no increase of rate 
has been made to the competitors of South Yorkshire in 
the western part of the county, nor in Northumberland 
and Durham. The meeting most urgently calls upon the 
railway companies to reconsider their decision, as the 
South Yorkshire collieries, even without the rebate, are 
placed at great disadvantage with competing districts.” 





MISCELLANEA. 

THE new pneumatic dynamite gun cruiser Vesuvius on 
her trial trip outside Delaware Breakwater yesterday, on 
a two-and-a-half mile course, made 21.64 knots, the con- 
tract only requiring 20 knots. 


The Walton-on-the-Naze Improvement Commissioners 
have selected Mr. R. F. Grantham as their engineer, to 
prepare plans and estimate for the construction of a sea 
wall and groyne along the frontage of the town. 


In view of renewing the race to Scotland next summer 
the London and North-Western Railway Company are 
engaged in the construction of some exceptionally large 
express locomotives, 


On the approaching retirement of Admiral Sir Arthur 
W. Hood from the post of Senior Lord of the Admiralty, 
he will be succeeded by Vice-Admiral Sir Richard 
Hamilton, whose place as Second Sea Lord will, it is 
expected, be taken by Rear-Admiral Sir F. W. Richards. 


A Bill has been introduced into the American Congress 
for the building of another dynamite cruiser of the same 
type as the Vesuvius, which is to cost 90,000/., and also 
for the construction of a 3500-ton cruising monitor to cost 

, 0007. 


It is said that the cartridges for the Lebel rifle, about 
which the French Government maintain such a mystery, 
can be bought for 5/. a piece without much difficulty. The 
case is solid drawn copper and the bullet of type metal 
with a thin coating of steel. 


The gross receipts of the twenty-three principal railways 
in the United Kingdom for the week oneeee anuary % 
amounted, on 16,0083 miles, to 1,090,222/., and for the 
corresponding period of 1888, on 15,9254 miles, to 
1,074,807/., an increase of 822 miles, or 0.5 per cent., and 
an increase of 15,415/., or 1.4 per cent. 


A Piece of an Indo-European cable covered with 

ooper’s composition, which was laid down in 1868, was 
recently examined. Though immersed for twenty years 
it seemed to be in nearly as good a state as when new, 
the resistance of the insulation being 4000 megohms per 
knot at the ordinary temperature, 


‘ The Admiralty are about to establish a testing station 
or the Brennan to o at Garrison Point Fort, Sheer- 
ness. It was here that the experiments were carried out 





that led to the purchasing of this torpedo, Between thirty 
and forty of these torpedoes arein course of manufacture, 
and they will be distributed to various points on the 
coasts of the United Kingdom. 

A royal decree has been issued by the Spanish Minister 
of Public Works making the use of continuous brakes 
compulsory on all railway trains in the kingdom. If the 
speed of atrain at any part of its journey exceeds 31 miles 
an hour the brakes must also be automatic. The regula- 
tions of the decree must be complied with on all lines 
within two years’ time. 

For some months past boring operations have been 
carried out on Walney Island, Barrow, with a view of 
ascertaining if coal existed in the neighbourhood. The 
first borehole was unsuccessful, but in the second hole a 
splendid bed of salt has been found, at a depth of about 
300 ft. Its extent has not been fully ascertained, but it is 
reported to be about 70 ft. thick, half of it being ina 
crystallised state. The discovery has occasioned con- 
siderable excitement in the town. 


An order has been received at Portsmouth from the 
Admiralty for all ships having bottoms jin. thick to be 
docked for examination every six months, while ships 
the bottom plating of which exceeds this thickness are to 
be annually examined by a diver as to the condition of 
their protective composition. This new regulation is to 
apply to all new steel-bottomed ships, but is not to affect 
the ships in the Reserve or those which are at present in 
commission. 


It has just been arranged that Professor H. G. Seeley, 
F.R.S., will deliver a course of lectures in Holborn Town 
Hall, Gray’s Inn-road, every Wednesday evening during 
February, at eight o’clock. This course is given at the 
request of the London Geological Field Class. The 
lectures will relate to the strata to be seen in the coming 
summer excursions of the class. A comparison will be 
made between the geological structure of localities to be 
visited and the conditions of the same strata in other 
parts of England or the Continent. 


The demolition of the village of Llanwddyn, the site of 
which is to be occupied by Lake Vyrnwy, has been com- 
pleted. Most of the buildings, including the parish 
church, have been blown up by dynamite, and up- 
wards of 100 human skulls and remains have been re- 
moved and reinterred in new burial grounds. Some fine 
old yew trees in the churchyard have also been uprooted 
and removed. Lord Powis having granted leases to most 
of the householders before selling the land to the Liver- 
pool Corporation, they have received compensation for dis- 
turbance. There is now no inn in the neighbourhood, but 
an hotel is being built by the Corporation. 


The new surveying vessel Research underwent her 
official steam trials off Sheerness on Thursday, the 10th 
inst., to determine the acceptance of her machinery from 
the Naval Construction and Armaments Company, of 
Barrow-in-Furness. The trials were highly satisfactory. 
The results were as follows: Pressure of steam, 80 lb. to 
the square inch; vacuum, 25tin. ; revolutions per minute, 
40.85 ; indicated horse-power, 541 (17 per cent. in excess 
of the power contracted for). The vessel was designed to 
steam 9.5 knots, and the speed attained at her measured 
mile runs was 10.95 knots. The fresh water distillers and 
the circulating engines were also tested with very success- 
ful results, performing 40 per cent. more work than was 
required of them. 


A passenger lift has just been completed at Beaufort 
Mansions, Queen Anne’s Gate, by Messrs, Archibald 
Smith and Stevens, which on trial carried its ordinary 
working load 62 ft. high in 9 seconds, or at the rate of 
413 ft. per minute. But as the first and last 10 ft. sections 
were utilised for gradually starting and stopping respec- 
tively, the remaining 42 ft. were actually run at the 
rate of 540 ft. per minute. Notwithstanding this rate 
of speed, the cage was under the complete control of an 
operator travelling with it. When adjusted for ordinary 
running the maximum efficiency was found to be 76 per 
cent. ‘Che actual maximum was however 84 per cent., 
the difference of 8 per cent. being sacrificed to obtain a 
quick descent of the empty a The machine was one 
of the now well-known ‘‘ Reliance” type, constructed 
under Stevens and Major’s patent. 


Messrs. Harland and Wolf, of Belfast, have had an 
uninterrupted career of success with the White Star 
liners constructed at their yard. This line, it will be 
remembered, was the first to go in for high speeds across 
the Atlantic, and the Britannic, after fourteen years’ 
service, crossed the Atlantic last March in 7 days 94 hours, 
the fastest passage she has yet made. That this speed 
should have been obtained with what is a comparatively 
old vessel, speaks well for the design of the boat and her 
machinery. The Germanic, a fifteen years’ old boat, after 
crossing the Atlantic 280 times, is making the passage 
on an average of five hours less time than when new. 
Both these vessels have compound engines, the coal con- 
sumption being 100 tons daily. The Teutonic, the new 
White Star boat now being built at Messrs. Harland and 
Wolf’s, will be launched this month, and will be fitted 
with triple-expansion engines. Two cargo boats, the 
Cufic aa Runic, also with triple-expansion engines, have 
been added to the White Star fleet. 


Captain May, in command of the Impérieuse on the 
China station, has reported to the Admiralty the sub- 
stantial disablement of her auxiliary armament of 6-in. 
breechloaders. It appears that, while engaged at prize- 
firing at Port Hamilton, the locks in the breech-blocks 
fitted so badly that they were constantly being blown out. 
None of the crew were seriously hurt, but there were 
several narow escapes. The defects eventually became 
so alarming that the captain suspended the prize firing, 
and continued to fire by means of the electric circuit, the 





gun crews lying down in the mean time. Several rounds 
were fired with crusher gauges attached to the blocks, 
when it was found that the pressures developed by the 
explosion of the charges were greatly in excess of what 
ought to be the case with slow-burning powder. This 
report is very interesting in view of the opinion expressed 
in our Note last week on the bursting of the Admiral 
Duperre 13 5-in. gun, to the effect that the accident 
might have occurred through deterioration of the powder. 


The Leamington Town Council have resolved to give 
the Midland Electric Light Company twelve months’ 
notice to determine the contract for lighting the streets 
of Leamington ed electricity. Mr. Fell, in moving the 
resolution, said the light had proved a miserable failure. 
Mr. Bright said that when he supported the introduction 
of the electric light, he thought they would have a light 
superior to gas, but instead they had received a- light 
which was much inferior. Several other members spoke, 
all agreeing that the electric light had proved a complete 
failure as a street illuminant, and the resolution was 
adopted unanimously. This decision of the council bears 
out the opinion entertained by many engineers that the 
small candle-power incandescent lamp is unsuitable for 
street lighting. It is possible that more success might be 
obtained with sunbeam lamps of 500 to 1000 candle-power, 
and there is no doubt whatever that streets can be lighted 
successfully by arc lamps if the question of expense is laid 
on one side, 


The sixth ordinary meeting of the present session of 
the Liverpool Engineering Society was held on January 9, 
1889, at the Royal Institution, Colquitt-street, when the 
chair was occupied by Mr. Charles H. Darbishire, Assoc. 
M. Inst. C.E., the President. The routine business 
having been transacted, Mr. A. W. Brightmore, M.Sc., 
read a paper on the ‘‘ Application of Atmospheric Air to 
Produce Motive Power.” After giving a short account 
of the thermodynamics of gases Mr. Brightmore showed 
that the efficiency of a steam engine was limited by the 
loss of temperature between the gases in the furnace and 
the water in the builer. Some hot-air engines were open 
to the same objection, and others that had not this defect 
lost efficiency by insufficient expansion, In the gas 
engine—a species of air engine, the working substance 
being air, to which heat was applied in the most direct 
manner by the combustion of gas—the amount of expan- 
sion obtained was greater than in the air engines. The 
gas engine, therefore, worked between wider limits of 
temperature, and was consequently more efficient than 
either the steam engine or the hot-air engine. A brief 
discussion ensued, and the thanks of the meeting were 
given to Mr. Brightmore for his paper. 


Another new fast cruiser has been added to theactive list 
of the Royal Navy by the completion for sea of the 
Narcissus, which was recently built for the Government 
by Earle’s Shipbuilding Company of Hull. The Narcissus 
is sister ship to the Orlando and Australia, and was built 
of steel from the designs of Sir N. Barnaby, K.C.B., late 
Director of Naval Construction. She is 300 ft. in length, 
56 ft. in breadth, and has a mean load draught of 
22ft. 8in. Her engines are of the triple-expansion type, 
and at her trials off Sheerness developed 8574 horse-power, 
with a speed of between 18 and 19 knots. The armament 
of the Narcissus consists of two 9.2-in. 22-ton breechload- 
ing guns, mounted on Vavasseur central pivot fittings ; 
ten 6-in. 5-ton breechloading guns, and sixteen 3-pounder 
and 6-pounder quick-firing guns. She is also supplied 
with machine guns, and fitted with a torpedo armament 
both above and below the water line. She has a coal- 
carrying capacity of 900 tons, and with full bunkers is 
capable of steaming 8400 knots at a reduced speed of 
10 knots. The Narcissus is fitted with the electric light 
and all the latest improvements in shipbuilding science. 
She will be placed in the first division of the Medway 
Steam Reserve, and will probably be commissioned in the 
spring to take part in the forthcoming naval manceuvres, 


The ingenious electric bleaching process of Mr. Her- 
mite, which is now in operation at the paper works of 
Messrs. Evans and Owen, Cardiff, consists in electrolys- 
ing a solution of chloride of magnesium. The water 
and the salt are simultaneously decomposed, the nas- 
cent oxygen combining with the chlorine and produc- 
ing an‘unstable but very powerful bleaching agent. The 
hydrogen and magnesium are liberated at the negative 

ate, the former passing off into the atmosphere, but the 
latter combines with oxygen, producing magnesia. If 
now a vegetable colouring matter is introduced into the 
solution it is immediately bleached by the oxygen chlorine 
compound, with the production of hydrochloric acid, 
which in turn reacts on the magnesia, forming again the 
original chloride of the metal in question. The cycle 
can then be repeated. In carrying out the above prin- 
ciples in practice, the solution of magnesium chloride is 
kept constant by circulating through a series of elec- 
trolytic cells in which the decomposition is effected. 
Each cell consists of a galvanised iron box fitted with 
electrodes of zinc and platinum, and the solution 
enters through an orifice in the bottom of the cell, 
and s out at the top, with the oxychlorine com- 
+ aca in solution, into a cement tank from which it is 
pumped into a tank above, and can then be passed through 
the electrolysers again according tothe arse a required. 
From this tank the solution is pumped into the bleachin 
mill, and when its bleaching is exhausted it is return 
by a pipe to the tank from which it cclahenlly snenee 
ready to pass through the electrolyser again. e plant 
at omen Evans and Owen’s has been erected by Messrs. 
Paterson and Cooper, and comprises three Pheenix shunt- 
wound dynamos, each capable of giving a current of 1000 
to 1200 amperes, with a terminal potential difference of 
40 volts, The cost of bleaching by this method is said to 
compare very favourably with the old proces, 
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HORIZONTAL CORLISS ENGINE. 
CONSTRUCTED BY THE AIRDRIE IRON COMPANY, ENGINEERS, AIRDRIE. 
(For Description, see Page 58.) 
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FRIDAY, JANUARY 18, 1889. 
RECENT ECONOMY IN OCEAN 
TRANSPORT. 

THERE is no phase of the great problem of 
transportation that appears to excite more surprise, 
or to be more truly remarkable, than the very 
much lower rates that are now quoted for the con- 
veyance of both passengers and goods than were 
usual a few years ago. This is a feature common 
to land transport and to water transport alike. 
But itis, on the whole, more astonishing, and more 
considerable, in reference to water transport. Only 
a few years ago, it was customary to charge 100 and 
even 150 guineas for a passage to Australia in a 
good vessel. Now-a-days, the most luxurious 
accommodation is provided for one-half that amount 
and even less. A voyage to India formerly never 
cost less than 70 to 80 guineas for cabin passengers. 
Now, the P. and O. Company are taking pas- 
sengers there and back in their very finest 
steamers for 85/, A trip to the United States 
formerly occupied three weeks to a month, 
and cost at least 30 guineas. Better accom- 
modation is now provided for 18 and 20 guineas, 
and come of the leading companies even issue re- 
turn tickets, exceptionally if not regularly, for 25 
guineas. It has been the same in regard to the 
transport of goods and merchandise. Speaking 
broadly, it is not too much to say that ocean 
freights have been reduced by one-third, and in 
many cases by one-half, during the last few years, 
while they are not more than a fourth of what they 
were a generation ago. It is difficult to exaggerate 
the importance of this movement. With the rates 
and fares in vogue half a century ago, or even 
within the last twenty years, the business of the 
world could never have assumed its present dimen- 
sions. Ocean traffic, like railway traffic, grows by 
what it feeds on, but it is absolutely necessary that 
the conditions of its growth should be healthy, 
reasonable, and stimulating. The first condition is 
speed, the second is economy. The first preceded, 
and has had much to do with the fulfiment of the 
second. 

In the days of sailing ships it was all but impos- 
sible to get up more than eight knots an hour, and 
even that speed could seldom be maintained con- 
tinuously over a long, or even over a compara- 
tively short voyage. The voyage was determined 
by the wind and the weather. The voyager was 
entirely at their mercy, and seldom knew to a week, 
certainly never to a day, when he would arrive at 
his intended destination. Under these circum- 
stances people were compelled to restrict their inter- 
course. The terrors of the sea are at any time sufti- 
ciently serious to act in restraint of ocean travelling. 
But now-a-days we can depend with tolerable cer- 
tainty that we shall, within a reasonable interval 
of the advertised time, reach our destination. Then, 
however, the danger of being ‘‘ becalmed” and of 
the ship’s stores giving out was always to be appre- 
hended, and was not infrequently experienced. 
Wind-propelled ships, for these reasons, were not, 
and are not now, always the cheapest. The daily 
expenses of a large steamship may now be taken at 
about 6d. per ton registered, steaming at the rate 
of 16 or 17 knots per hour. is means in actual 
results that between North America and Europe, a 
distance of 3000 to 3400 miles, according to the port 
of debarkation, traffic is carried at the rate of .04d. 
per ton per mile. Coasting voyages, however, are 





= expensive, averaging about $d. per ton per 
mile. 

It is not, perhaps, so generally known as it should 
be that shipping companies are now able to carry 
much cheaper than formerly, with an equal margin 
of profit, in consequence of the greater speed with 
which voyages are made, and the economies that 
have been introduced in the working of both sailing 
ships and steamers. The first isa function of the 
improvements that have been introduced by the 
naval architect and engineer ; the second is a pro- 
duct of wider scope. Half acentury ago it was not 
believed that a steamship could make a voyage in 
less than three months to Australia, or under three 
weeks to America. The highest performances re- 
corded in the most modern vessels then constructed 
was 8 to9 knots per hour. The great majority of 
steamers were content if they made 6 to 7 knots. 
Now we see steamers that regularly make 18 to 20 
knots, while 15 to 16 knots is a customary range of 
progress. But what is equally remarkable is that 
this higher limit of speed has been attained with a 
greatly reduced, and not with an increased, consump- 
tion of fuel. In locomotive theory and practice one 
of the most inexorable of all rules is that the higher 
the speed the greater the consumption of fuel. In 
land transportation, this fact is so potent a factor, 
that whereas express trains are run at the rate of 
45 to 50 miles an hour, goods and mineral trains 
seldom exceed 25 miles, and are often under 20. 
In ocean transport the same rule obtains, but its 
limitations are not quite the same. Upto a certain 
point, a steamer that has the most perfect type of 
boilers and engines may be driven at a high rate of 
speed without any appreciable increase in the 
quantity of fuel consumed. In 1835, Dr. Lardner 
took great pains to prove to the savants of the 
British Association that a steamer could not cross 
the Atlantic with a less consumption of coal than 
12 lb. per indicated horse-power per hour, assuming 
an average rate of about eight knots. Now, how- 
ever, ships are engaged in the Atlantic trade that 
regularly accomplish double that speed with an 
average consumption of 14 lb. or 1} lb. of coal. 
The rate of speed has been fully doubled, while 
the consumption of coal is only about one- 
seventh. This remarkable revolution has been 
accomplished partly by the introduction of triple 
and quadruple-expansion engines, partly by the 
adoption of steel for hulls and boilers, partly by the 
higher pressures of steam thereby permitted, partly 
by the adoption of a larger size of vessel, and partly 
by other minor improvements which we need not 
stay to particularise. It is difficult to compare one 
period with another in reference to the economy 
that has thus been brought about. But it would 
certainly be within the mark to say that, as com- 
pared with twenty-five or thirty years ago, the cost 
of navigating a steamship for any given distance has 
been reduced by fully one-half. 

It is less difficult to measure the economy that has 
taken place in the personnel of a vessel under given 
conditions. The Board of Trade keeps a full record 
of the number of hands employed in our mercantile 
marine, distinguishing sailing from steam vessels, 
and the tonnage employed in the home, the foreign, 
and partly in the home and partly in the foreign 
trades. From this valuable record, it appears that 
between 1854 and 1887, the total British tonnage 
employed in the home trade increased from 748,714 
tons to 957,123 tons; that the tonnage employed 
in the foreign trade increased from 2,759,120 tons 
to 6,017,447 tons; and that the tonnage partly 
employed in the one and partly in the other, fell 
from 221,259 to 169,527 tons. In all, the tonnage 
on the register of the United Kingdom advanced 
during the period from 3,729,093 tons to 7,144,097 
tons. 

These statistics are necessary in order to com- 
prehend the remarkable economic movement that 
has been in progress during the period in question. 
It would naturally, and properly, be supposed that 
this increase of tonnage had proceeded pari passu, 
with a corresponding, or at any rate considerable, 
increase in the number of hands employed to navi- 

ate the vessels. But the very contrary result has 
ppened. The absolute number of hands has 
increased, but the relative number has diminished 
in a very astonishing way. The decrease has been 
most marked in the case of the steamships employed 
in the foreign trade, which employed 7.69 hands 
er 100 tons in 1854, and only 2.47 in 1886, show- 
ing within about thirty years a decrease of about 
70 per cent. In the case of the home trade, the 
decrease has been less notable. There were 7.11 
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hands employed to each 100 tons in 1854, and 5.79 
in 1886, showing an economy of less than 20 per 
cent. It is manifest from these figures that the 
home trade has not advanced to the same extent as 
the foreign. This is no doubt attributable to the 
fact that larger vessels are generally employed in 
long voyage traftic, and there is not the same amount 
of handling and harbour work to do. But both 
have achieved an amount of economy of labour that 
would not have been deemed possible a few years 
ago. The process has been asteady and gradual one, 
but it appears to have been most marked about 
the years 1870 to 1875. 

Another of the surprises which a study of ship- 
ping matters reveals is that there has been a 
very considerable, though not an equally large 
economy of labour in sailing vessels over the 
period under review, as regards the foreign 
trade, while there has been an increase in the 
number of hands required to navigate a given 
tonnage in the home trade. In other words, the 
latter rose from 4.97 hands to 5.06 hands per 100 
tons, between 1854 and 1886, while the former fell 
from 3.97 to 2.00. It appears, therefore, that at the 
present time a vessel engaged in the home trade 
requires 24 times the number of hands for a given 
tonnage that is employed in the foreign trade. This 
is no doubt a result that could easily be traced to 
the smaller size and inferior character of the craft 
employed on home service. In the business of 
navigation, as in that of mining or manufacturing, 
it is necessary to work on a large scale in order to 
secure the best economic results. In vessels destined 
for foreign ports, and especially far-distant ports, 
care is usually taken to see that the vessels are 
large enough to comply with this requirement. 
There is, however, no good reason why coasting 
ships should not change their character in this 
respect. It is well worth while making the attempt. 
The coasting trade may not, in any case, be able to 
work with such a limited number of hands, rela- 
tively to the tonnage employed, as the foreign 
trade ; but if it succeeded in coming within half a 
hand per 100 tons, a large economy would result. 

It is a remarkable fact that if the number of 
hands required to navigate our steamships in 1886 
had been the same as in 1854, we should have re- 
quired 120,000 to 130,000 more men than were 
actually employed in the former year, and if we 
assume that each hand employed cost, for victuals 
and pay, an average of only 501. a year, this would, 
of course, represent a net gain of 6,500,000I. ster- 
ling, or thereabouts. The total number of hands 
employed in our merchant service as a whole was 
204,470 at the end of last year. Fifty years ago 
the same amount of work would have involved the 
employment of more than double that number. 
This is one way of expressing the benefits that 
marine engineers and naval architects have con- 
ferred upon society, while it also expresses the 
main cause of the great change that has occurred in 
regard to the cost of ocean transport. 

There is, kowever, one feature of our marine 
which we may briefly allude to, that is not by any 
means 80 satisfactory. Our merchant fleet is being 
manned by an increasing number of foreigners. In 
1852 there were only 3.7 foreigners employed to 
every 100 British-born subjects. In 1883 the 
number of foreigners was 164 per cent. of the whole 
number employed. Over the last five or six years 
we have had from 25,000 to 28,000 foreigners work- 
ing on British ships. Many of these are Lascars or 
other Asiatics, who can stand the heat of the stoke- 
hole better than the average British tar, but many 
have also come in and displaced Jack at more 
seaman -like occupations, by virtue of greater 
sobriety, steadiness, and capacity, or contentment 
with a lower rate of wages. 





THE WEATHER OF SOUTH-EAST 
ENGLAND IN :888. 

** WairakEr’s Almanack” states, page 528, that 
‘*it would be very desirable to compare the extra- 
ordinary weather of the past year with that of a 
typical year,” and that ‘‘ it could only be attempted 
by confining attention to the results from some 
one observatory.” It is proposed todo this using 
the meteorological data furnished by the observa- 
tions made at the Royal Observatory, Greenwich. 
These data apply particularly to the metropolis, and 
generally to the surrounding counties, embracing 
the whole of south-east England. As this populous 
district has a larger number of inhabitants than 
some European States, as Sweden, Norway, Den- 





mark, Holland, Belgium, such a comparison cannot 
be without interest. It will be advisable to take 
in the two Jast months of 1887, as the agricultural 
year may be considered as beginning with No- 
vember and ending with October. 

The following monthly results have been com- 
puted from the Greenwich observations as published 
in the Registrar General's weekly returns of births 
and deaths : 
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The data for a typical year are furnished by the 
following results deduced from series of observa- 
tions made at Greenwich: 
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November, 1887. On the 3rd 1.01 in. of rain 
fell; on the 16th the maximum temperature was 
only 29.2 deg., and the minimum 21.7 deg. ; from 
the 6th to the 24th inclusive, easterly winds pre- 
vailed. The monthly mean temperature was 2 deg. 
below the normal value. The month has not been 
so cold since 1879, when the temperature was 
38.5 deg. The coldest November, 34.7 deg , was 
1782. The rainfall was excessive. The duration 
of bright sunshine was below the mean value, as at 
present ascertained. 

December, 1887. The temperature was 3.4 deg. 
below the normal value. December 1886 was even 
colder, 36.6 deg. The coldest December, 29 deg., 
was 1788. Rainfall wasless than usual. The dura- 
tion of sunshine was normal, although none was 
registered from the 19th to the 25th. 

January, 1888. From the 6th to the 19th there 
was no sunshine. The wind attained the force of 
17.5 lb. on the square foot on the 26th. The tem- 
perature was 1 deg. colder than a typical January. 
The rainfall had not been so small since 1880, when 
it was only 0.26 in., the least on record for the 
month. Sunshine was very deficient, being the 
smallest duration registered, except in January, 
1879. 

February, 1888. On the 2nd the minimum tem- 
perature was 18.4deg. From the 14th to March 1 
north-easterly winds prevailed. The temperature 
was 4.7 deg. below the normal. The month was 
colder, however, in 1886, and coldest, 29.1 deg., in 
1855. The rainfall was very small, though 0.53 in. 
in 1887 was smaller, and 0.04in. in 1821 is the 
smallest on record. Sunshine was very deficient, 
the duration being the least recorded for the month. 

March, 1888. From the 9th to the 30th only two 
days were without rain. On the 11th the wind 
attained a force of 311b. on the square foot. The 
temperature was 3.5deg. below the normal; but 
1887 was slightly colder. The coldest March, 1845, 
was 35.2 deg., or rather 1814, 35.1 deg. The rain- 
fall was excessive ; no March has been so wet since 
1862, 3.55 in., though the wettest, 1836, had 3.78 in. 
Sunshine was greatly deficient, the duration being 
the smallest recorded for the month. 

April, 1888. The 16th had 11.6 hours of sun- 
shine ; the 30th, 11. The temperature was 3.8 deg. 
below the normal. April, 1887, was even colder, 
42.8deg. The coldest April, 38.7deg., was 1771. 
The rainfall was seasonable. Sunshine was less 





than the average duration, but April, 1884, had less, 
87.9 hours ; the least, 71.8, occurred in 1877. 

May, 1888. The 17th was the only day without 
sunshine ; the 9th had 12.6, the 13th 13.3, the 23rd 
14.6 hours of bright sunshine. Nevertheless the 
temperature was only slightly above the normal 
value. The rainfall was very small and fell on 
five days only. May, 1880, was even drier, 0.50 ; 
the driest May, 0.15in, was 1844. The month was 
the finest of the year, and had the most sunshine, 
though May, 1882, had more, 237.8 hours. 

June, 1888. The 13th had 12.7, the 23rd 12.5 
hours of sunshine. The winds from the 16th to the 
25th were north-easterly. The 26th had 1.7 in. 
of rain. The temperature was below the normal. 
June, 1886 was colder, 57.7 deg. The coldest 
June, 53.1 deg., was1816. The month was wetter 
than any June since 1879, 4.29in. The wettest 
June, 5.39 in., was 1860. The duration of sun- 
shine was the same as in June, 1882, the smallest 
recorded. 

July, 1888, had only five days without rain; the 
24th had twelve hours of sunshine ; the 30th 2.49 in. 
of rain. The temperature was 4.7 deg. below the 
normal value. A colder July has not occurred since 
1860, 57.6 deg.; but the coldest, 54.5 deg., was 
1816. The rainfall was very excessive ; no wetter 
July has occurred since 1834, 7.01 in., the wettest 
onrecord ; 1875 had 5.28 in. ; 1867, 5.81 in. ; 1853, 
6.02 in. ; 1828, 6.43 in. Sunshine was remarkably 
deficient, the smallest duration recorded, and in 
striking contrast with July, 1887, which had 277.1 
hours, the largest on record. 

August, 1888. The Ist had 1.44 in. of rain; 
from the 7th to the 19th there was no rain. The 
7th to the 10th was the hottest period ; on the 10th 
the maximum temperature was 87.7 deg. The 
month was warmer than July, though 2.8 deg. below 
the normal value. August 1885, 586 deg., was 
colder. The coldest August, 55.4 deg., was 1817. 
So wet an August has not occurred since 1881, 
which had 3.87 in. of rain. The wettest August, 
5.38, was 1878, though 1879 was nearly as wet, 
5.19 in. There was more sunshine than in July, 
the duration being normal. 

September, 1888. No rain to speak of fell from 
the 11th to the 23rd. From the 13th to the 28th 
north-easterly winds prevailed. The 20th had 9.5 
hours of sunshine. The temperature was 1.8 deg. 
below the normal value. September 1887, 54 deg., 
was colder. The coldest September, 51.3 deg., was 
1786. So dry a September has not occurred since 
1865, 0.16 in., the driest on record ; though 1887 
was very dry, 0.82 in. Sunshine exceeded the 
average duration. The most sunshine in September, 
131.6 hours, was in 1886. 

October, 1888. From the Ist to the 6th the mean 
daily temperatures were from 10 deg. to 15 deg. 
below the normal values; the weather continued 
cold until the 25th ; on the 27th the mean tempe- 
rature exceeded the normal by 12 deg., and the 
rest of the month was warm. From the 5th to the 
27th no rain fell. Onthe 8th the minimum tem- 
perature was 27.9 deg., on the 27th 56 deg.! On 
the 2nd the maximum temperature was 45.3 deg., 
on the 27th 68.4 deg. ! It wasa cold month, though 
there have been many Octobers colder ; the coldest, 
43.9 deg., was 1794. The rainfall was small. The 
sunshine was the longest recorded for the month. 

November, 1888. From the 3rd to the 14th the 
winds were south-easterly, 15th to the 27th south- 
westerly. Onthe 7th the maximum temperature 
was 37.5 deg. ; minimum, 34.1 deg. ; mean, 9.2 deg. 
below the average ; but the 16th was 13.2 deg. ; 
23rd, 11.4 deg.; 24th, 11.3 deg. ; 25th, 12.8 deg. 
above the average. Since 1771, only November 
1806, 1818, 1821, 1822, 1852, and 1881 have been 
warmer ; the warmest, 49.2 deg., was 1818. So 
much rain has not fallen in a November since 1861, 
5.06 in. ; the most, 5.66 in., was in 1852. The 
duration of sunshine has only been less in one year, 
November, 1886, 29.3 hours. 

December, 1888. The mean daily temperature 
on the 5th was 10.4 deg. above the average; on 
the 10th, 11.7 deg. below ; on the 11th and 13th, 
10.3deg. below; on the 18th, 9.9deg. below; on 
the 21st, 8.5 deg. above ; on the 24th, 7 deg. above. 
The temperature for the entire month was season- 
able. From the 9th to the 20th no rain fell. The 
rainfall was very small. The driest December, 
1829, had only 0.08in. of rain. The duration of 
sunshine has only been exceeded by December, 
1881, which had 36.1 hours. 

The winter of 1887-8 was the coldest since 1880, 
though the previous winter was nearly as cold. It 
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was very dry, as was 1880, both having had the} 


same amount of rain. Sunshine was greatly de- 
ficient; 1880 had twice as much. The winter of 
1879 had even less sunshine, was much colder, yet 
had a larger rainfall than 1888. 

The spring of 1888 was cold, though 1879 was 
colder and 1887 colder still. The rainfall was 
nearly the average, owing to the wet March; the 
spring of 1880 was rather drier, 1879 much wetter. 
Sunshine was deficient, but not so much so as in 
1877 and 1879. 

The summer of 1888 was cold, very wet, and 
wanting in sunshine. It was the coldest since 
1879, and had the same mean temperature. It 
was wetter than 1879, and the sunshine was even 
less. 

The autumn of 1888 resembled very closely that 
of 1879, mild, wet, and stormy. 

The principal feature of the year’s weather was 
the marked deficiency of sunshine ; no year has 
had less sunshine since 1879. The mean tempera- 
ture of the year was 2 deg. below the average. The 
rainfall was slightly above the average. As a 
general rule, not, however, without exceptions, 
dry winters are cold, wet winters are mild; dry 
summers are hot, wet summers are cool. 





THE PITTSBURG STEEL CAST GUN. 

Since this gun came to grief at the first service 
round, various theories have been presented to 
account for the disaster, and suggestions have been 
made that the United States, in its desire to invite 
explosion, used some high explosive in the place of 
powder in the charge. Such insinuations, how- 
ever, are not only scandalous, but unnecessary, for 
the physical tests of the metal taken while the piece 
was under construction, fully pointed out the 
unsuitability of at least this piece of Bessemer 
unforged steel for high-power ordnance. Since our 
last issue the official report of the trial has been 
made public, and is an interesting indorsement of 
what we have already published. It was made by 
Lieutenant Austin M. Knight, who is in charge of 
the Annapolis Proving Ground, and was as follows : 

‘*In preparing for the test, a hydro-pneumatic 
carriage, which had been in use several years ago in 
firing with the earliest 6-in. breech-loading rifles, 
was adapted to this gun, and tested by firing a 
standard 6-in. gun. The gun and carriage were 
mounted on a velocity platform. A shelter was 
constructed about the gun of heavy yellow pine 
timbers 12 ft. by 12 ft. by 20 ft, Of theseadouble 
row was erected on each side of the gun, and 
two layers were placed over the top inclosing 
the gun, but leaving sufficient space on either side 
for working. The shelter was about 16 ft. wide by 
8 ft. high and 28 ft. long. It was also strengthened 
by shores and struts. Otherwise all preparations 
were made for a rapid-firing test, as in the case of 
the statutory tests given to the 5-in., 6-in., and 
8-in. guns. The gun was carefully star-gauged. 

‘*There were present at the trial the president, 
superintendent, secretary, and treasurer of the 
Pittsburg Steel Casting Company ; also the super- 
intendent and many officers of the Naval Academy, 
together with several representatives of the press, 
most of whom came at the request of the manu- 
facturers of the gun. Before the firing began, I 
was asked by Mr. Hainsworth if I was willing to 
fire a preliminary round with reduced charge to 
heat the gun, as he attached much importance to 
the temperature of the metal. To this I replied 
that a preliminary round would be fired to insure 
the fitting of the gas-check. He then asked fur- 
ther that an interval of fifteen minutes should be 
allowed to elapse between the round and the 
beginning of the test, in order that the heat might 
penetrate throughout the mass of the gun. To this 
Tassented. In addition to the shelter above the 
gun, already described, all possible precaution was 
taken to guard against accidents, if the gun should 
fail, and every one was required to take secure 
cover. The president and superintendent of the 
Pittsburg Company were so placed that, while 
entirely secure, they could watch the gun with a 
mirror. 

“* At 2.20 p.M. the first round was fired from the 
gun to fit the pad. The charge used was 36 lb. of 
brown prismatic powder, O.P., with a common 
shell 100 lb. in weight. The record of the powder 


charge from previous firing was initial velocity of 
1700 ft. per second, and pressure of 10.5 tons. 
The performance of the gun, 


carriage, breech 


‘* After the delay of fifteen minutes, requested by 
Mr. Hainsworth, the test was begun, it being pro- 
posed to fire ten rounds as rapidly as possible with 
charges of 48} 1b. of brown prismatic O.P.C. The 
record of this powder shows for this charge an 
initial velocity of 2000 ft. per second, and a pres- 
sure of 15 tons. At the first round the gun burst. 
Twenty large pieces were recovered. The breech 
was torn off in an almost perfect ring, 6 in. long, 
and blown to the rear, a distance of 130 ft. The 
breech plug remained in this piece locked, and was 
unlocked and withdrawn exactly as usual, without 
any effort. The pressure gauges were not injured. 
Their record is as follows : 

32,690 lb. 

31,170 ,, 

31,010 ;, 
The muzzle and forward chase of the gun, in a 
single piece, was thrown 10 ft. to the front. A 
large fragment weighing about 600 lb. escaped from 
the shelter and fell 90 ft. away. The shelter was 
destroyed, though it sufficed for its purpose, and 
the roof of the velocity battery was completely 
wrecked. The appearance of the fracture is, in 
many cases, very peculiar. Only two flaws have 
been detected, but there is a striking lack of 
uniformity in the granulation at different points. 
An attempt will be made to illustrate this clearly 
by photographs. The projectile has not yet been 
found. It was at first thought to have entered the 
butt some 10 ft. above the point aimed at, but this 
is found not to have been the case, and I am dis- 
posed to think that it passed either over or to the 
left of the butt, and fell in the water. It may, 
however, be found in the butt.” 

The Navy Department of the United States may 
be congratulated on the speedy demise of this gun, 
one of a type which the American Congress is 
trying to force upon its ordnance bureaus against 
all example, reason, and justice. 


\ average 31,623 lb. = 14.1 tons. 





THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 

Tue first meeting of this Society under its new 
title was held on Thursday, the 10th inst., when 
Mr. Graves, the retiring president, presented the 
prizes awarded for papers read during the last 
session. He then vacated the chair in favour of 
the new President, Sir William Thomson, who pro- 
ceeded to deliver his inaugural address on ‘‘ Electri- 
city, Ether, and Ponderable Matter,” prefacing it, 
however, with some remarks on the growth of the 
Society since he filled the presidential chair fourteen 
years ago. At that time there were 570 members 
only, whilst now there were 1550, Whilst they re- 
flected with pleasure, Sir William said, on this de- 
velopment, they had also to mourn the loss during the 
period of its founder, Sir William Siemens, and of 
two of its presidents, Mr. Scudamore and Sir Charles 
Bright, who had contributed so much to the deve- 
lopment of telegraphy. The first Atlantic cable 
made the speaker acquainted with both Sir William 
Siemens and Sir Charles Bright, and the success, 
such as it was, of this undertaking was very largely 
due to the enthusiasm and energy of the latter. 
As the Society had grown in membership it had 
also extended its province. Formerly the sole 
industrial applications of electricity were to tele- 
graphy and electro-metallurgy, whilst now it was 
applied to telpherage, the transmission of power, 
electric haulage, and tramcars, to naval and military 
purposes, and last, but not least, to electric lighting. 
Fourteen years ago he had tried to impress on 
architects that they should also be engineers, for 
without a knowledge of construction they failed to 
do their duty to their clients. It was unnecessary to 
emphasise a similar fact with regard to members of 
the Institution, for they fully understood that they 
must be engineers first and electricians afterwards. 
Nevertheless many youths who had made electrical 
machines appeared to think that electrical engineer- 
ing was all ether and electricity, and he had had to 
impress on many anxious mothers the fact that this 
was not the case. Young aspirants ought to learn 
mathematics and dynamics, but must learn engi- 
neering. For his own part he was convinced that 
a competent engineer could learn electricity in a 
few months, though it was doubtless true that the 
field was boundless. 

The demand fora mechanical explanation of elec- 
trical phenomena was not a new one, the President 
continued, but it was ever increasing in intensity. 
The recent meetings of the British Association had 





mechanism, 


&c., was in all respects normal. 


brought this out very prominently. Past-presidents 


of the Society had touched on the subject. Mr. 
Preece in his presidential address had referred to 
Maxwell’s electro-magnetic theory of light, and in 
1883 Mr. Willoughby Smith had described his ex- 
periments with regard to the screening effects of 
metal plates on electro-magnetic induction. This 
question about the same time was worked out mathe- 
matically by Mr. Horace Lamb in a paper to the 
Royal Society, and Mr. Niven had also dealt with the 
subject. Professor Hughes again, took up the ques- 
tion of the constitution of the ether, and though 
certain of his expressions had been criticised by 
mathematicians, these very criticisms had done much 
to advance the subject. One of the earliest problems 
on induction was that of submarine telegraphy. The 
problem presented itself in a very puzzling way. 
The only kinds of induction then known were 
electro-magnetic induction discovered by Faraday 
and Henry, and electrostatic induction also dis- 
covered by Faraday. At the 1854 meeting of the 
British Association at Liverpool, Cromwell Varley 
made some important advances, and then came 
forward the great Atlantic cable question. The 
speaker was led into the subject in a somewhat 
curious manner. A son of Sir William Hamil- 
ton came to him with an electrical problem, 
but as the speaker had to hurry off to catch 
a boat, he referred him to Professor Stokes, and 
in the course of correspondence with Professor 
Stokes, the first theory was worked out. In it 
electro-magnetic induction was neglected, but 
owing to the length of the cable, this did not 
affect the result, being negligible in comparison 
with the electrostatic induction. Afterwards the 
speaker had worked the problem out more fully 
in connection with the Mediterranean cable, as 
from experiments in Germany on short lengths 
of cable, it was feared that the electromag- 
netic induction would have great influence, but 
this he proved was not the case. Within the last 
forty days, however, he had returned to the ques- 
tion and completely solved it, simply for his own 
satisfaction, because Mr. Oliver Heaviside had 
recently shown that electro-magnetic induction was 
beneficial, helping the current along in a way that 
might be illustrated by the following analogy : Sup- 

se two similar logs floating in a viscous fluid, one, 
owever, being ten times as heavy as the other. Then 
if both were started with the same velocity, the 
heavy log would go much farther, its mass, so 
to speak, helping it along. Electro-magnetic in- 
duction played the same part as the mass did to 
the log. With this induction in the circuit it took 
more to start a current, but when started it kept 
going better. Heaviside explained in this way 
the fact — well known to old telegraphists—that 
three or four good leaks in a cable rendered the 
signals more distinct. This question of clearness 
depended mainly on preventing the wave corre- 
sponding to one signal merging into the wave of 
the preceding. Inthe mathematical theory there 
were two points to be considered in reference to 
this ‘‘ distortion,” as Heaviside called it: (1) the 
retardation of phase; and (2) the diminution 
of amplitude. In the case of sound through 
air, the amplitude diminished very rapidly with 
distance from the origin, but both it and the 
retardation of phase were the same for all notes, 
and hence successive sound waves did not merge 
into each other and music was perfectly transmitted. 
Now Heaviside had pointed out that electro- 
magnetic induction tended to equalise the retarda- 
tion of phase for all potentials. The telephone 
illustrated this point very well, for with it the 
frequency of the signals is such that electro-magnetic 
induction became very important, and there seemed 
to be no doubt that the clearness with which 
speech was reproduced was largely due to this 
fact pointed out by Mr. Heaviside. Combining 
this with Lord Rayleigh’s work on the comparative 
susceptibility of iron and copper to small magnetis- 
ing forces, it was easy to understand the fact, cited 
by Mr. Bennett, that there is considerably less clear- 
ness in the speech transmitted when iron wire is 
used instead of copper. The whole of this question 
was now in very capable hands, and he thought 
they would soon know all that was to be known on 
the subject. 

To take another practical application. Suppose 
two copper wires, parallel to each other, and tra- 
versed by an alternating current. Then if the wires 
were far apart as compared with their diameters, 
the distribution of current in the wire was indepen- 
dent of outside conditions, and was arranged, with 








reference to its density, in cylindrical layers. This 





66 


ENGINEERING. 





[Jan. 18, 1880. 








arrangement depending only on the frequency of the 
alternations. Taking these as 80 per second, then the 
resistance of a wire 2cm. in diameter would be 8 per 
cent. greater for alternate than fora steady current. 
For a wire 4 cm. in diameter it would be 63 per cent. 
greater, for one 10cm. in diameter, it would be 
four times as much for an alternating as for a 
steadycurrent, and fora wire 100 cm. in diameter it 
would be 17 times as great. From 10 cm. upwards 
the resistance for alternate current varied sensibly 
as the circumference of the conductor. With quad- 
ruple frequency of the alternation the figures would 
be halved, the resistance being 8 per cent. greater 
for a wire 1 cm. in diameter, and so on. This fre- 
quency of 320 alternations per second was about what 
occurred with telephones, The moral of the above 
was that the conductors should be properly shaped. 

There was a very fine analogy between the known 
laws of electro-magnetic induction in the form given 
by Maxwell, and the equations to the motion of a 
viscous fluid first given by Professor Stokes. Mr, 
Heaviside had well said that this analogy was very 
useful, Consider a tube, very long as compared with 
its diameter, filled with a viscous fluid. Let each 
end be fitted with frictionless pistons, to keep the 
fluid from running out. Then give the whole tube a 
simple harmonic motion in the direction of its 
length. If the liquid inside were a perfect fluid it 
would not follow the tube, but a viscous fluid 
would, the motion of the fluid decreasing as the 
centre was approached. Another analogy was that 
of the variation of underground temperature due 
to external changes. In each case there was a pro- 
pagation inwards of a wave motion of diminishin 
amplitude. Inthe nextcase, however, the therma 
analogy would fail. Taking the tube, give it an 
alternating rotation about its axis, and there 
would again be a wave propagated inwards with 
diminishing amplitude. This corresponded to the 
flow of electro-magnetic induction through the 
space inclosed by a solenoid, when the latter 
was traversed by an alternating current. To com- 
plete the analogy different metals should be repre- 
sented by fluids of different densities, but all having 
the same viscosity, and non-conductors such as air 
by inertialess fluids. The analogy thus sketched 
could not be considered in any sense a physical one, 
and it should be pointed out that it was not the 
velocity of the viscous fluid which corresponded to 
the electric current, but the rate of change of the rate 
of shearing of the fluid. To make this clearer, said 
the speaker, consider a steady flow through the tube. 
Then, according to Stokes’s theory, the fluid next 
the walls would be stationary, and the velocity at 
the centre of the tube would be greatest, decreasing 
according to a parabolic law as the wall of the tube 
was approached. Hence shearing would take place 
between concentric tubes of fluid. This shear itself 
varied as one passed from the centre of the tube 
outwards, and the rate at which this change took 
place was the analogue of the electric current in the 
electro-magnetic induction case. 

There was another line of thought which he 
entered on in 1846, and on which he was still at 
work. This might be called the elastic solid 
theory. If electricity were a viscous fluid, and 
the ether a solid body impervious in places but 
porous in others, it would do all he wanted. 
Take the case of a solenoid with a copper 
core, there could be no doubt that the electric 
current did exercise a tangential drag on the ether. 
This drag either pulled the ether round and round, 
or strained it through a certain angle, and with 
copper either of these cases might explain the 
phenomena, but when an iron core was introduced 
the analogy would no longer hold. Somehow or 
other the iron increased the torsional strain. He 
would, however, show a model of the ether, which 
would answer the purpose. A substance was wanted 
that could be translated freely in any direction, but 
which resisted torsional stress, toking only a tor- 
sional strain, and not rotating bodily, Consider a 
rectangle built up of a meen, O 8 of small squares, 
each connected together with elastic wires. Let 
each little square be fitted with a gyroscope, then 
if the angular momentum of these was very large, 
each separate little square would be rigid against 
a turning force, but could be freely translated 
in any direction. If then a torque was applied 
to the exterior of the large rectangle, its sole 
effect would be to stretch the elastic wire con- 
necting the corners of the little squares, each of 
which would individually be rigid against torsion. 
The rectangle as a whole would then take a torsional 
strain proportional to the couple acting on it. The 








little squares would not even commence to turn 
till the time integral of the twisting moment 
exceeded twice the angular momentum of the fly- 
wheels of the gyroscopes. Proceeding to three 
dimensions, the ether could be considered as built 
up of little cubes, each with three gyroscopes with 
axes parallel to the faces of the cube. With this 
structure the angular momentum of the gyroscopic 
ether in iron must be considered as enormously less 
than the momentum in copper. Even yet there 
still remained enormous difficulties. How was one 
to explain the fact that this medium exercised 
magnetic forces so great that a piece of copper 
dropped between the poles of a magnet might 
continue its flight with an acceleration of only a 
quarter of a centimetre per second, and yet this 
same space was traversed quite freely by other 
substances? As yet they could not even imagine a 
finger-post pointing the way to the elucidation of 
such difficulties, but in 50 or 100 years’ time some 
progress might be made. 

At the conclusion of Sir W. Thomson’s address, 
a vote of thanks was carried to Mr. Graves for his 
conduct in the chair during the past year, after 
which Professor Forbes rose to move a vote of 
thanks to Sir W. Thomson for his address, and to 
ask him to allow it to be printed in the minutes of 
the Society. 





NOTES. 
Boat TRACTION ON CANALS. 

Actine under instructions from the French 
Minister for Public Works, M. Maurice Levy has 
recently carried out some experiments on his 
scheme for boat traction by the telodynamic cable 
at Joinville. Stated briefly, M. Levy proposes to 
erect at distances of from 4 miles to 64 miles apart, 
stationary prime movers, either steam or hydraulic. 
These machines will work telodynamic cables 
running along the banks of the channel, and 
kept constantly moving, the boats hitching on to 
them when ready to start. The plan was found 
to be thoroughly workable, though the details of 
the method for attaching the boat to the cable had 
to be altered from the original plans. The boats 
were hauled at a rate fully one-third greater than 
that obtained with horse traction, whilst the ex- 
pense of haulage is said to be reduced to nearly 
one-half. 


THE ILLUSTRATED OFFICIAL JOURNAL (PATENTS). 

Since the commencement of the year the publica- 
tions of the Patent Office have appeared in a new 
form. The Official Journal, the Illustrated Journal, 
and Reports of Patent, Design, and Trade Mark 
Cases are now issued together, under the somewhat 
misleading title, ‘‘ The Illustrated Official Journal 
(Patents).” The price is only 6d., and each section 
is on independent sheets, so that they can be sepa- 
rated for binding, which is a capital arrangement. 
An index of subjects has been added to the Official 
Journal, and will be of service, but is a very poor 
substitute—at least, for persons resident in London 
—for the manuscript subject-matter index which 
used to be kept at the Patent Office. Now, if an 
inventor wishes to know what patents have recently 
been applied for in his own subject, he must search 
eee the weekly journals for months back, 
whereas he could formerly find all the names and 
titles properly indexed. The economy effected by 
the suppression of the manuscript index is very 
small, while it entails great labour on intending 
patentees. 


Foreign STEAM NAVIGATION. 

The Messageries Maritimes has just launched at 
Havre a steamer of 3600 tons burthen, named the 
Dordogne. The Dordogne is 390 ft. long by 43 ft. 
beam, and will be employed on the company’s 
line from Bordeaux to Brazil and La Plata. She 
will provide accommodation for 600 passengers or 
emigrants, and she will be fitted with triple-expan- 
sion engines working up to 2000 horse-power. The 
Spanish Compania Transatlantica has just added 
to its fine fleet a steamer of 4600 horse-power 
burthen, named the Reine Maria Cristina, 406% ft. 
long, by 48? ft. beam, and 32}ft. depth. She is 
similar to the Alfonso XIII., launched three 
months since, and is fitted with hydraulic apparatus 
in lieu of steam capstans. She will be supplied 
with triple-expansion engines, which are expected 
to develop a speed of 13 knots per hour; and the 
vessel can be utilised by the Spanish Government 
as a cruiser. The Victoria-Augusta, a twin screw 
steamer af 10,000 tons displacement, 480 ft. long, 
by 563 ft. beam, has just been launched at Stettin 








for the Hamburg-American company. Her hull is 
divided by eleven water-tight bulkheads, and the 
engines will work up to 12,000 horse-power. 


EMMENSITE. 

The new explosive emmensite, which is now 
attracting considerable attention, is prepared by 
dissolving at a moderate temperature an excess 
of picric acid in nitric acid of a density of 
from 50 deg. to 60 deg. Beaume; an operation 
which can be performed without danger if the 
temperature is kept low. On evaporating the 
liquid afterwards, fine rhombic crystals of a bright 
alow colour are first deposited, which are followed 
by others of a lighter hue, and finally by a preci- 
pitate of a light grey colour, the whole of these 
three being probably isomers, though their com- 
position has not as yet been determined with accu- 
racy. It has, however, been recognised that they 
contain more hydrogen than picric acid, and a quan- 
tity of oxygen insufficient for complete combustion. 
To provide this missing quantity, Dr. Emmens, the 
inventor of the explosive, employs ammonium 
nitrate, the mixture being effected by melting 
together five parts by weight of the above crystals 
with five parts of ammonium nitrate over a paraffin 
bath ; when completely fused six parts of picric 
acid are added and thoroughly incorporated, after 
which the whole is poured out into suitable moulds. 
These operations involve no danger if the tempe- 
rature is kept below 200 deg. Cent. Thus prepared 
emmensite is an amorphous solid of a bright yellow 
colour, completely odourless, but having a bitter 
taste. It has a spongy texture, and its specific 
gravity is 1.7. Microscopic examination tends to 
confirm the opinion that it is a chemical compound, 
and not a mere mixture. The explosive is made in 
several degrees of strength, some of the qualities 
resembling dynamite, whilst others can be used for 
firearms. It is but slightly sensitive to shock, and 
No. 1 emmensite can be heated without exploding, 
but Nos. 3 and 4 detonate slightly when raised to a 
high temperature. 


BatouM AND THE RoTHSCHILDS. 

The recent refusal of the local authorities at 
Batoum to grant permission to the Rothschilds to 
lay down pipes from their oil cisterns to their tank 
steamer jetties is likely to be overruled by the 
Imperial Government, being contrary to the pre- 
cedents sanctioned by the latter. The deadlock 
admits of an easy explanation. Five years ago, 
when no tank steamers were running on European 
waters, and the export of oil from Batoum, then in 
its infancy, had to be accomplished by means of tin 
cases and barrels, a number of speculators started 
factories for manufacturing the one and wharves for 
storing the latter. The tinning factories were in 
particular successful and flourished exceedingly for 
a time. Then came the rush of tank steamers, and 
the tin case and barrel industries found themselves 
exposed to severe competition and depression. It 
was only natural, therefore, as both were strongly 
represented on the local board at Batoum, that they 
should do their best to obstruct the bulk system of 
transport. Accordingly, when the Rothschild firm, 
after the visit of Alphonse Rothschild to Batoum, 
acquired a considerable area of ground and sought 
permission to lay down pipes, thence to the tank 
steamer jetties, the local board promptly rejected 
application. Having, however, granted the same 
privilege in all previous cases without demur, no 
grounds exist for the present refusal, which will no 
doubt be squashed by the Imperial Government. 
All the same, itis well to note the fact that the pre- 
dominent position the Rothschilds are acquiring in 
the petroleum industry in Russia is looked upon 
with extreme disfavour, both by the press and the 
Government. The semi-official Kavkay, of Tiflis, 
and the Novoe Vremya, at St. Petersburg, are con- 
stantly making attacks upon the petroleum opera- 
tions of the firm, and these attacks are assuming 
every week a more venomous character. Formerly 
it was the Nobel firm that came in for abuse ; now 
that Ludwig Nobel is dead the invectives are 
directed against the Paris Rothschilds. In the 
former case the iniquity of the Nobels being 
foreigners was mitigated by the fact that they were 
Russian subjects; in the latter the crime is 
heightened by the fact of the Rothschilds being 
Jews. Charges are freely made that the Roth- 
schilds are filling Baku with Jews, and in response 
to a local agitator the governor excluded all Jews 
from the place on the occasion of the last Central 
Asian fair a few months ago. This attitude is 
neither to the credit nor to the advantage of Russia, 
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for Baku cannot be developed without foreign 
capital, and the Rothschilds have already invested 
two millions sterling in the Russian petroleum in- 
dustry. 


THE AUSTRALIAN IRRIGATION COLONIES. 

On page 14 ante we gave a general account of the 
Australian Irrigation Colonies, Mildura and Ren- 
mark, and in the present issue we publish engravings 
of a set of engines by which the water is to be raised. 
To show with what energy the enterprise is being 
pushed we add some particulars taken from a letter 
just received from an engineer who visited both 
colonies in November last. The country he passed 
through on his way from Melbourne was, he said, a 
vast howling wilderness, owing to the drought, which 
is the worst experienced for 30 years. There was not 
a green leaf except where artificial watering had 
been practised, and where the floods from the river 
had reached. The land was as bare and hard as a 
metalled road, the sheep were dying by thousands, 
and so were the rabbits. This last was the only 
satisfactory feature. After such a journey the 
thriving infant colony, with its vines, fruit trees, 
vegetables, and cereals formed a most refreshing 
picture. At Mildura the rush of pecple has been so 
great that the temporary pumping plant has not been 
adequate to the demands upon it. It comprises, at 
present, a Tangye 20-in. pump, delivering 8000 
gallons a minute; this is mounted on a steamer 
in the river, and is driven by one of the vessel’s 
engines. Another Tangye 20-in. pump is driven 
by two stationary engines. Both pumps deliver to 
the 30 ft. level through wrought-iron pipes. The 
foundations for the engines we illustrate are being 
laid, and a handsome engine-house is being built at a 
cost of 1000/. Three sets of steam ploughing tackle, 
and traction engines are at work ‘‘ stumping” and 
preparing the land. Six thousand acres have 
already been sold, and some has changed hands 
at twice and thrice the original price of 201. 
an acre, Eight hundred persons were settled in 
November, and the number was increasing daily. 
Most of them were housed in galvanised iron and 
wood, but a brick works is in operation, selling 
bricks at 24s. a thousand. The town is on high 
ground, 60ft. or 7Oft. above the river; the 
principal avenue is 66 yards wide, and all the 
land on it is sold for five miles back from the 
river. The other settlement, Renmark, is making 
eolid progress, but its advance is not so rapid. 
Water is supplied by two Tangye pumps, and a 
third is being fixed. A further plant is being con- 
structed by Messrs. Tangye. Mr. Geo. Chaffey, 
one of the promoters, lives on the opposite side of 
the river to the settlement, and has his garden 
watered by asmall pump. Ourcorrespondent says: 
‘*Such grapes, apricots, nectarines, peaches, and 
vegetables I never saw before.” The climate is hot 
and dry, the principal inconvenience being the 
dust, which will be lessened when the roads are 
completed. 


MINERAL PropucTions OF CANADA. 

The mineral productions of Canada, as sum- 
marised in a report by M. Costi, the mining 
engineer to the Geological Survey, amounted in 
1886 to 10,529,361 dols. In 1887, as reported on 
the same authority, the valuation equals 15,000,000 
dols., or 3,000,000/. sterling. This includes : 


dois. 

Coal . 2,368,891 tons 4,758,590 
Coke... ‘in 40,428 ,, 135,951 
Gold 66,270 oz. 1,178,637 
Silver... me -- 49,330 
Copper ... ... 3,260,424 Ib. 342,345 
Antimony ore ’ 584 tons 10,860 
Arsenic ... ee 1,200 
Tron ore ... cs EQS... 146,197 
Iron, malleable ... 31,527 ,, 1,087,728 
Iron, pig 24,827 ,, 366, 1 
Steel 7,326 °, 331,199 
Manganese ore 1,245 ,, 43,658 
Platinum 1,400 oz. 5,600 
Pyrites ... 38,043 tons 171,194 
Asbestos 4,619 ,, 976 
Gypsum... 154,008 ., 157,277 
wre bc, 22,083 lb. 29,816 

etroleum 763,933 perky ) 595,868 
Phosphate of lime 23,690 tons 319,815 
Salt si ee 0,173 ,, 166,394 


Of the coal production, 1,871,338 tons were raised 
in Nova Scotia, on the extreme eastern seaboard of 
the Atlantic, and 413,360 tons in the Vancouver 
Island mines on the Pacific waters on the western 
verge of Canada, the balance being from the interior 
collieries in the North-West Territories. Singularly 
enough, the gold production is again principally 


from the extreme eastern and western provinces, 
Nova Scotia producing 21,212 oz, and Briti 
Columbia 40,856 oz., the total being 10,608 oz. less 
than in 1886. Silver is almost entirely from the 
mines on Lake Superior, although valuable silver 
mines exist in British Columbia, and in the 
northern part of Ontario. Arsenic, of which only 
30 tons were shipped, against 120 tons the previous 
year, was altogether from the Deloro Mine in 
Ontario. This mine was started as a gold mine, 
but the large quantity of mispickel or arsenical 
sulphuret of iron made it difficult to amalgamate, 
and the production of gold was too expensive. 
There was a large falling off this year in the pro- 
duction of copper, of which ore 40,800 tons were 
raised, which was principally due to one of the 
largest producers in the eastern townships con- 
structing an entirely new mining plant. Of the 
ore raised, 38,773 tons was from Capeltown, in 
Quebec, the principal part of which went to the 
United States. Petroleum, the fourth item in 
value on the list, shows an increase during the year 
of 22 per cent. The total production of refined oil 
for the year was 7,905,666 imperial gallons, which, 
at the yield of 38 gallons of refined to 100 gallons of 
crude, corresponds to 20,804,384 imperial gallons of 
crude petroleum raised. The production of pyrites 
for the manufacture of sulphuric acid shows a 
decrease for the year of 4863 tons, accounted for by 
the same firm, Messrs. Nichols and Co., of the 
Albert Mines, the stoppage of whose operations 
caused the decrease in the export of copper ore, 
being occupied in the construction of new plant for 
the manufacture of sulphuric acid, as well as for 
crushing and concentrating the copper ore. The 
export of pyrites is exclusively to the United 
States, and the trade grew from 10,812 tons in 
1881, to 47,410 tons in 1886. Thus Capeltown 
pyrites for that year formed 43 per cent. of the 
entire American consumption. There are immense 
deposits of pyrites in the same district, but, so 
far, none of it has been exported to Great Britain, 
which consumes about 600,000 tons per annum in 
the manufacture of acid. 








NEW GREAT WESTERN ROAD BRIDGE, 
GLASGOW. 

For many years the bridge which carries the 
Great Western-road, Glasgow, across the River Kelvin 
has been found inadequate for the ever-increasing 
traffic, and the joint committee appointed by the 
municipal authorities chiefly interested have decided 
upon the demolition and removal of the existin 
bridges and the construction of a new bridge, designe 
by the committee’s engineers, Messrs, Miller and Bell, 
M.M. Inst. C.E. Glasgow and Westminster, under 
whose direction and superintendence the work will 
now be carried out, The committee received thirteen 
tenders, and after consideration decided to select the 
lowest—that of Messrs. Morrison and Mason, Glas- 
gow, for the masonry, in conjunction with Messrs. 
William Arrol and Co., for the iron and steelwork. 
The total amount of the accepted tender for the new 
bridge and for the removal of the old structures, 
together with the construction of a temporary timber 
bridge, is 32,9487. We hope later on to give com- 
plete details, with plans of the structure, and mean- 
while will only mention one or two of the leading fea- 
tures. But before doing so it might not be uninte- 
resting to briefly refer to the previous bridges. 

Prior to 1838, the communication across the Kelvin 
at Glasgow was by means of a bridge 16 ft. wide, 
placed at a very much lower level than the roadway. 
It was a roughly built structure of four low archways 
each 204 ft. wide, the roadway being about 14 ft. 
above the bed of the river. The structure is now ina 
very dilapidated condition. This bridge in its day 
was sufficient for the traffic, which was purely rural, 
there being no houses west of the Kelvin River, an 
Glasgow had not come within a mile of the west bank. 
In 1838, however, the Great Western-road was ex- 
tended and broadened, necessitating the construction 
of a new bridge, which was 27 ft. wide. The pro- 

ress of Glasgow then and since soon made this 
Cae also — for dwelling houses along the 
road and in the fenny grounds beyond, became ver 
numerous. In 1850, on the introduction of Loc 
Katrine water to Glasgow, the bridge was widened by 
13 ft., making the total width 40 ft., to carry the pipes 
across. This broadening was effected upon the north 
side by cast-iron arches springing from an extension 
of the stone piers and of the same radius and span as 
the stone arches. This width, however, was a great 
deal less than the Great Western-road itself, which is 
about 70 ft., so that the inconvenience caused can be 
easily appreciated. The carriage and tramway traffic 





westward is very considerable, the Great Western- 


d| firmly established as it was mo | 





coad being the main thoroughfare to the residential 


ish | suburb of the city. 


The new bridge will consist of two arches of 91 ft. 
span each across the River Kelvin and two land arches 
of 34 ft. span. The abutments, piers, and wingwalls 
are to be of stone, the latter terminated by octagonal 
newels, and the arches of the bridge to be of cast iron 
in a series of nine arched ribs spaced about 7 ft. 
6 in. apart. The platform beams are to be of 
Siemens steel with brick jack-arching tied together 
with wrought-iron tie-beams, and supporting the road- 
way, which will consist of a carriage-way, paved with 
granite setts and with granolithic pavements on either 
side 12 ft. wide. The total width between the para- 
pets is to be 60 ft., and the level of roadway at the west 
end of bridge will be raised 3 ft. higher than the pre- 
sent structure, thus easing the steep gradient of the 
road to a certain extent—an improvement that is 
much required. The elevation of the bridge is very 
handsome, 








WATER GAS. 
To THE Epitor or ENGINEERING. 

Sir,—In your issue of last week, your ‘‘ Notes from 
South Yorkshire” contain a reference to the use of “* water 
gas” at the Kelham Rolling Mills, Sheffield. 

As your correspondent has been somewhat misinformed 
as to the nature of the gas, perhaps you will kindly allow 
me to correct the paragraph in question, by saying that it 
is not ‘‘ water gas” that is being used at the above works, 
but gas from my water-bottom gas-producer, and there- 
fore continuous in action in place of being intermittent. 

Yours very truly, 
EDWARD Brook. 
Rashcliffe, Huddersfield, Jan. 15, 1889, 








ENGINEERS AND TECHNICAL EDUCATION. 
To THE Epitor oF ENGINEERING. 

Sir,—This topic was, some months ago, discussed in your 
most important paper, the discussion arising, as I am 
informed, on a malignant statement made in the House 
of Commons by the worthy member for Northwich, Mr. 
John Tomlinson Brunner, as regards the skill of British 
mechanical engineers. Seeing that up to the present no 
opinion has been offered by your numerous friends on this 
side of the Channel, I, for one, avail myself of this oppor- 
tunity to express the strongest dissent from my name- 
sake’s views. 

I am well aware this is a delicate matter to deal with, 
and if I dare claim the qualities to speak on the matter, it 
is on account of having travelled a great deal and seen an 
uncommon amount of mechanical engineering in every 
civilised country, while my cosmopolitan feelings exclude 
- national Chauvinism and prejudice. 

vidently the worthy member of Northwich, who, I 
understand, is carrying on large chemical works (in which 
Sunday work is the rule), has very obscure notions of me- 
chanical engineering, and his faculty of judgment as re- 
gardsthe a mone of engineers may therefore be looked upon 
as equally obscured, requiring no comment ; Mr. John Tom- 
linson Brunner, however, seems also to be of opinion that 
in the country of his adoption technical education is inferior 
as compared with Continental custom, and this involves 
a greatand widely spread mistake, which should be cor- 
rected. The opinion that in England the empirical or 
“rule-of-thumb” method is predominant in Seslening 
machinery, certainly prevails on the Continent to a great 
extent, and the system of scientific training, as pursued in 
German, French, and Russian polytechnical schools is 
much praised. This may be, theoretically speaking, all 
very well, but as the proof of the pudding is always its 
eating, let us look at the results of such training from a 
point of view of the amount of knowledge imparted. 

Some twenty-five years ago, when I went through the 
shops and drawing offices of great oguens establish- 
ments in Glasgow, Manchester, and London, my mates 
were as well up in mathematics and general theories as 
any éléve of a Continental engineering university ; on the 
other hand, I have often met with people very proud of 
their happy college years, but very poor in their technical 
attainments. It is not the amount of science, stored up 
in a professor’s brain, that makes the clever scholar, but 
the useful knowledge picked up by the latter, and this 
will always depend upon his individual aptitude and 
exertion. But the opportunities for acquiring superior 
technical education are certainly in Great Britain as good 
and as manifold as anywhere else. 

The supremacy of British engineering, which is now as 
and more years ago, de- 
pends in the first place, as is well known, upon an immense 
practice. Besides a very pronounced natural aptitude, it is 
such great practice which fosters, in English engineers, self- 
consciousness and self-dependence, the prime motors to 
success. Thus English-built machines show as a rule a 
straightforwardness of design and a soundness of work- 
mansbip which can only emanate from long study and the 
best | management. Exceptions only confirm the rule. 
In the higher spheres of mechanical engineering, as in 
locomotive and marine engineering, the pre-eminence of 

our engineers is universally acknowledged. Weneed only 
Took at the present locomotive race from London to Edin- 
burgh, 400 miles in eight hours, or at Thomson’s splendid 
triple-expansion engines of the — of New York, indi- 
cating 20,000 horse-power, and at other Clyde-built quad- 
ruple-expansion marine engines, burning but little over 1b. 


of coal per horse-power per hour. Hundreds, nay, thou- 
sands lunneian of modern British engineering triumphs 
could be added. 


Another convincing proof of British engineering skill is 
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the technical press, which, like your political press, is the 
best in the world; while your engineering societies and 
meetings are admirably well conducted, conferring a great 
benefit upon all concerned. It is precisely this prevailing 
happy accord between theory and practice, that is so 
eminently conducive to prosperity. 

And so Mr. John Tomlinson Brunner, M.P., may con- 
sole himself, Let other nations strive hard for commercial 
and military excellence—the noble art of engineering will 
be led by Britannia as long as her engineers remain true 
to glorious traditions and to their own sterling qualities, 

I am, Sir, yours, faithfully, 


A, BRUNNER. 
Munich, January, 1889, 





SHIPS’ LIGHTS. 
To THE Eprror oF ENGINEERING. 

Sm, — There are practical objections (which I am sure 
Mr. Middleton will see upon reflection) to his suggestions 
in your issue of the 4th. Need I appeal to the intelligence 
of your readers to bear me out that there is no impossi- 
bility in the matter of placing side lights at a uniform 
distance apart and at a given distance from the stem in 
all seagoing steamers, even if, to use Mr. Middleton’s 
figures, their beams range from 15ft. to 50ft. or even 
7Oft., and their lengths from 100 ft. to 500 ft. Suggestions 
are no doubt often valuable, but I am inclined to agree 
with Mr. Terry that the main point is to urge the advisa- 
bility of having a rule made to enforce steamers’ mast- 
head and side lights being placed in the same vertical 
plane, and to obtain this object I am quite willing to sink 
my own ideas. 

In spite of your wide circulation there has not been a 
single substantial objection to the proposition, and from 
this fact it can only be concluded that none can be made. 

Iam, Sir, your obedient servant, 
V. DE MICHELE. 

14, Delahay-street, January 15, 1889. 








PORT AND HARBOUR DEFENCE. 
To THE EpIToR OF ENGINEERING. 

Sir,—Ino your article of the 1]th instant, I have ob- 
served the following expression : ‘‘ We cannot make every 
inch of our long coast-line absolutely safe any more 
than we can build a ship that will be absolutely im- 

rvious to attack.” Do you know I doubt both the 

act and the goodness of the simile. How can it be said 
that we cannot make every inch of our long coast line 
absolutely safe, when we have kept it so through so many 
long wars? Of course we could not do it from the shore, 
and for that reason we never tried it. But working on 
the sea we have been able to do it for centuries, and why 
should we not go on doing as we always havedone? Then, 
as tothe simile, we may not be able to build a ship which 
cannot be hurt if attacked, but we have always been 
accustomed to build a ship which another ship of less 
force was afraid to attack at all. We always built line-of- 
battle ships that frigates fled from ; and it is the merest 
question of money to maintain a fleet which will keep all 
our coasts absolutely safe, because every one will be afraid 
to attack them. 
Your obedient servant, 
P. H. Cotoms. 
97, St. George’s-road, 8.W., January 12, 1889. 








THE INSTITUTION OF CIVIL ENGINEERS. 
To THE EpiToR OF ENGINEERING. 

Srr,—I observein the enumeration of members of this In- 
stitution, contained in your issue of the 4th instant, that 
the total number of ** Associates” is given as 3003, in other 
words, the Associate-Members and Associates are classed 
together under the one title. May I just observe that this is 
hardly fair to those constituting the former category, who 
are corporate members of the Institution, while the latter, 
Associates properly so called, are merely affiliated with 
the professional element of that body, and not entitled to 
vote at its meetings? This distinction is one which 
appears to need carefully bearing in mind, having regard 
to the fact that large numbers of Associate Members 
occupy that nominally secondary position, instead of 
being ‘‘ Members,” not b of any deficiency in their 
training, capabilities, and experience, but because of the 
absurd classification and nomenclature which were adopted 
some ten years ago, when the.status of the whole body 
was revised. For myself, I may say that I have never 
been ab!e to grasp the distinction which is set up, or pro- 
feased to be set up, by the official statement of qualifica- 
tions for the respective positions of Member and Associate 
Member, and would commend that problem to the serious 
consideration of others than myself. So long, however, 
as the otherwise shadowy distinction is emphasised, as it 
now is, by the use of a hybrid title, often misleading and 
always perplexing, the proper application of that title is 
obviously a matter to be desired. 


Tam, &c, 
January 7, 1889. 





A Country Associate MEMBER, 

[The tabular statement on page 20 of our issue of the 
4th inst. to which our correspondent refers, is an official 
one issued by the Institution, and we are not responsible 
for the classification adopted.—Ep. E.] 





ON THE FLOWAGE OF WATER IN PIPES. 
To THE Eprror oF ENGINEERING. 

S1r,—In the article on the above subject published in 

ore issue of January 4, Mr. Airy assumes 0 82 as a pro- 

ble coefficient of contraction at the entrance of a pipe. 

Now it occurred to me that Eytelwein’s empirical 

formula, which he transcribes on page 2, might yield a 





probable value for this coefficient, applicable to such cases 
as those upon which the formula was founded. 

If H be the head which would produce the velocity v 
(in that formula), when both friction and the contraction 
at the entrance are neglected, and J the extra head which 
would be required to produce the extra velocity in the 
contracted part of the stream; also if V be the velocity 
due to the head H+J, and k the coefficient of contraction, 


then 
H+J_V?_1 ie 1-k\_ v? 
ah ha and J =H (“=a 
Now from Eytelwein’s formula 
2500 dh 
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also 
v2=2gHandH=” . 
29 
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h-H —v? (L+ 50d) _ v4 
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Thus 


ae iad 14,4 v3 (2) 
2500 d 3220 

But h —H is the total loss of head due to friction and 
contraction of the stream, and the first term on the right- 
hand side of the equation is of the approximate form in 
which the head lost in friction is often expressed ; 
further, if k be assumed to be constant, it is independent 
of d and J, so that the probable loss of head due to con- 
traction will be given by the second term, 

Equating this term to the value of the loss of head 
given in equation (1) 


v? { 1-—k?) _ 14.4 x? 
RE pesca = ~; whencek=0.88. 
guint a= 

From this it would appear that the coefficient of con- 
traction should be higher than the value 0.82, which is 
based on the assumption of the coefficient being the same 
as that for a short opening. 

It seems to me that this assumption is incorrect, as the 
retardation due to friction in the pipe would, I think, by 
increasing the pressure against which the water enters 
the pipe, tend to increase the coefficient of contraction. 

Of course if this latter view were correct k would no 
longer be constant, but would increase as the ratio of 
— head to total head diminishes, its limiting values 

ing : 
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° when this ratio=1, k=0.82 
b —_ 


” ” =0, k=1. 


ON THE DISTRIBUTION OF INTERNAL 
FRICTION OF ENGINES.* 
By Rosert H. Tuurston, Ithaca, N.Y. 
(Concluded from page 48.) 
DIstTRIBUTION OF FRICTION. 

Engine, Condenser, and Air Pump.—Diameter 21 in., 
stroke 20in. This engine, 21 in. by 20 in., in connection 
with an engine 12in. by 10in., made a compound con- 
densing engine which drove the Thomson-Houston dy- 
namos, used for the electric lighting of the city of Lansing. 
A complete test for friction, with change of load had pre- 
viously been made of these engines, separately and com- 
bined. This engine being larger than could be driven 
by power transmitted through the dynamometer, the plan 
was adopted of utilising the connecting shaft between the 
high and low-pressure engine, and of measuring the power 
necessary by indicator cards on the high-pressure engine. 
Metallic paper and a fine brass point were used instead 
of the usual paper and pencil employed in taking indi- 
cator cards. Two dynamos were allowed to run light 
during the whole of this test, being driven by the high- 
pressure engine, this friction being eliminated in the final 


result. 

The method adopted was to take indicator cards of the 
pi. ig Rare engine, and the load to be carried through- 
out the test; then to add successively the main journals 
in the engine to be tested, the condenser and air pump, 
the connecting-rod and crossheads, the valve and valve- 
rod, and finally the piston and piston-rod. 

The plan was in great part successful, but could not 
be entirely carried out.t 

Table VIII., subjoined, shows the distribution of the 
friction in this series of trials. 

here were several conditions during this test that 
were not uniform throughout; nor were they normal. 
For instance, in cases C, D, and E, cards 7 to 15, the 
valve or piston of the engine or both was in motion, and 
it was impossible to lubricate the valve, although the 
piston was lubricated without difficulty. The results in 
both cases, C and D, can be considered as relative only, 
not absolute. Again, in case E, it was found impossible 
to prevent the action of the air pump on the piston ; the 
work done was, however, shown by the vacuum gauge, 
and was equivalent, respectively, to a pressure of 9.82 ib., 
10.3 lb. and 103 1b., in cards 13, 14, and 15, or a work 
equivalent to 69.26, 61.12, and 61.12, with an average of 
63.8 horse-power, over and above that due to moving the 
engine. The average of a large number of previous trials 
gave 7.13 horse- power as the total friction of this engine, 
together with air pump and condenser, and this fact 
must be noted in considering cases C and D, 


TABLE VIII.—Distrisution oF FRIctIon, 
Condensing Engine. 


21 in. by 20 in. built by Lansing Iron and Engine Works. 
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However, it would probably be quite accurate enough 
for all practical purposes to assume that & is constant, 
and in such cases I think 0.88 would be nearer the mark 
than 0.82, since the value of the coefticient must lie be- 
tween 0.82 for a very short pipe and 1 for an infinitely 
long horizontal pipe, the mean being 0.91, 

The explanation of the law of uniform flow of a vertical 
pipe which occurs in the middle of the first page of your 
new volume does not seem very clear. 

Would it not be better to consider what the internal 
pressures at different points in the water are? For 
instance, the difference between the pressure at a point a 
little above A (see Fig. 1, page 1, ante) and at a point 
a little below A is=pressure due to head L B, the pres- 
sure at L=pressure of atmosphere= pressure at B, which 
hardly seems to agree with the explanation referred to. 

In an inclined pipe an addition to the length may 
diminish the discharge, but does it follow that the dis- 
charge continually diminishes as the pipe is indefinitely 
lengthened ? 

On the contrary, will not the discharge reach a mini- 
mum value and remain constant for any further increase 
in the length of the pipe? 

Yours faithfully, 
G. H. HamItton, 

Lovaine-place, Newcastle-on-Tyne. 

January 9, 1889. 








RuopeE Istanp Locomotives.—The Rhode Island Loco- 
motive Works, of Providence, Rhode Island, have com- 
pleted the first of three locomotives which they are build- 
ing for the Western Railroad of Alabama. The same 
establishment is building 15 locomotives for the Chicago, 
Burlington, and Quincy Railroad, 


Combining these various observations, we get the fol- 
lowing results: Friction on main journals equals 


B—A3H.P. 


Engine complete, air pump at work, case E, gives 113.88 
horse-power ; without piston, air pump and unlubricated 


TaBLe [X.—Distritution of Friction. Condensing 
Engine, 21 in. by 20 in. 
Summary of Results. 
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7.13 | 100 





valves as before, gives us case D, 48.60 horse power. The 
differences 65.28 horse-power, includes work of air pump 

* Read at the Scranton meeting of the American Society 
of Mechanical Engineers, October 15-19, 1888. 

+ A serious accident was barely escaped after the air 
pump had been attached, and while the connecting-rod 
was detached from the crank-pin. The vacuum caused 
by the working of the air pump, drew the connecting-rod 
toward the rapidly revolving crank ; the meeting of the 
two was heralded by a sudden and violent pounding. The 
ye fl of the motion prevented any serious damage, 
until the connecting-rcd could be safely put out of the 
way. 
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and friction of piston androd. The work of the air pum 
is 63.8 horse-power, leaving for friction of piston and r 
1.48 horse-power. 

The difference between the total friction and that 
on the parts already fcund, is the sum of the friction for 
cases C and D, which must be divided in the proportion 
indicated by the observations. Table IX. is a summary 
of the deductions from this set of trials of a condensing 
engine. 

COEFFICIENT OF FRICTION. 

The coefficient of friction can be deduced with cer- 
tainty only for the main journals of the engine; since 
there is a variation in pressure of piston rings, stuffing- 
boxes, and in angularity of the connecting-rod, which is, 
at least to a great extent, unknown. 

If we call f the cvefficient of friction, p the pressure on the 
bearings in pounds for the engine when light, and plus mean 
pressure on the piston for engines loaded, c the circumfe- 
rence of the nee 9 in feet, n the number of revolutions per 
minute, f p c n will thus equal the ‘‘ lost work” of friction; 


TaBLE X.—Coeffcient of Friction for lhe Main Bearings 
of Steam Engines. 
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* The 12in. by 18in. automatic engine was new, and gave, 
throughout, an excessive amount of friction as compared with the 
older engines of the same class and make, 


TaBLE XI.—Distribution of Friction. 
Summary of Results. 
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which has been determined in the previous experiments, 
and is expressed as horse-power ; this is reduced to foot- 
pounds by multiplying by 33,000. 


Hence, 
fepn = 33,000 H.P, 
f —33,000 H.P. 


Pp. Ce Te 

Table X. shows the value of this coefficient for the 
several engines tested; and Table XI. is a summary of 
all results, 

CoNcLUSIONS AND DeEDUvcTIONS. 

Tn each case the engine to be experimented with was 
first examined by the process which has been so fully 
described in the preceding papers on this subject, to de- 
termine whether its friction under varying loads was 
actually constant, as in the engines previously tested. 
This was found to be practically the case in every instance, 
and even the compound engine, contrary to the expecta- 
tion of the writer, exhibited substantially the same 
internal friction at all loads up to its full rated power, 
and with no load at all. The minimum friction was 
13.5 horse-power, the maximum 17.5 horse power, varying 
irregular] », With the character of the lubrication, pro- 
bably, andgiving the higher or the lower figure indifferently 
whatever the work done, and however the power might 
be distributed between the twocylinders. As this engine 
was non-condensing, the problem still remains to be solved 
with respect to condensing engines, unless, indeed, the 
few experiments thus far reported may be taken, as is 
very probably the fact, as indicating the truth of the 
general principle of constancy of internal friction for all 
engines, whether condensing or non-condensing. 

hese engines were also all tested to determine whether 
the previously reported increase of internal friction with 
_ were here to be accepted as correct. It was found 
that the several engines differed somewhat in this respect, 
but that the variation was in all cases slight, and in some 
instances insensible or even reversed, the friction decreas- 
It 
evident, for all the engines here con- 
18 Variation was so unimportant as to be 


ing in one case, observably, with increasing s . 
was sufficient] 
sidered, that t 











negligible. The figuree given in the several Tables 
which have been presented are therefore to be ac- 
cepted as not only correct and reliable, but also as not 
likely to be affected by the construction or method of 
operation of engine to such an extent as to be inapplicable 
to steam engines generally. The writer, in the light of 
existing knowledge, would assume that it isthe rule, with 
all the usual forms of engine, and under all common con- 
ditions of operation, that the internal friction of the 
machine is practically invariable with variation of useful 
work, and that it is very nearly independent of the speed 
of rotation and of piston, varying slightly, as a general 
rule, in the direction of increase with increase of speed. 
This latter principle leads to the conclusion that the fric- 
tion coefficient of the rubbing surfaces decreases with the 
load on the engine and with increase of pressure on them, 
a result confirmed by numberless experiments of the 
writer and others, independently. ith good lubrica- 
tion, the coefficient of friction gradually decreases with 
intensifying pressures, and to such an extent as to make 
the actual resistance to movement very nearly constant. 
It is now possible to study the reported data intelligently, 


_| and to deduce useful and reliable conclusions relative to 


the effect of these new facts upon the theory and upon 
the principles of designing and constructing as well as 
operating steam machinery. 

The last Table presented, summarising the work of the 
whole research, gives in most readable and intelligible 
form the data and the laws which it has revealed. The 
most important item of friction waste, in every instance, 
is that of lost energy at the main bearings. In every 
case it amounts to one-third or one-half of all the friction 
resistance of the engine, the higher figures being given by 
the condensing, the lower by the non-condensing engines, 
except that the first experiment, with the straight line 
engine, gives as high a figure as the condensing engines, 
a fact due, however, rather to the exceptionally low 
total than to exceptionally high friction on the main 
shaft. The second highest item is, in all cases ap 
parently, the fricton of the piston and rod, the rub- 
bing of rings. and the fricton of the rod packing. 
This is a very irregular item, as would a have 
been anticipated, and amounts to from a minimum of 
20 per cent. to some higher but undetermined quantity. 
The third item, in order of importance, is the friction of 


-| the valve, in the case of the engines having unbalanced 


valves, This is seen to be hardly a less serious amount than 
the frictions of the shaft and of piston. But it is further 
seen at once that this is an item which may be reduced to 
a very small amount by good design, as is evidenced by 
the fact that in the straight line engine it has been 
brought down from 26 to 2.5 percent. by skilful balancing. 
Ninety per cent., therefore, of the friction of the un- 
balanced valve is avoidable or remediable. The import- 
ance of this fact is readily perceived when it is considered 
that not only is it a serious direction of lost work and 
wasted power and fuel, but that the ease of working of 
the valve is a matter of supreme importance to the effec- 
tive operation of the governing mechanism in this class of 
engines. No automatic engine can govern satisfactorily 
when the valve is unbalanced, and is certain to throw 
much load on the governor. The frictions of crank-pin, 
of crosshead, and of eccentrics, are the minor items of this 
account; they are comparatively unimportant. 

Studying these facts with a view to further improve- 
ment of the steam engine, certain inferences are at once 
obvious. The improvement of the steam engine has 
to-day reached a point beyond which, in its thermo- 
dynamic relations, but little advance can be anticipated. 
Under usual conditions of operation of our very best 
engines, they are so near the efficiency of the ideal engine, 
working under precisely similar conditions, that the range 
of possible gain left to us is too small to permit us to look 
in that direction for rapid or important changes in further 
increase of efficiency and economy. Where the ideal 
engine would consume 10 lb. of steam per horse-power per 
hour, we have actually reached as little as 14 Ib., if the 
latest and best reports of the best of modern engines may 
be accepted as substantially correct ; and even this 30 per 
cent. margin is reduced by practical conditions restrict- 
ing expansion. If it were to be asserted that we may 
hope to bring the consumption of steam in good engines of 
the best type down to as low as 12 lb. per hour per horse- 
power, it is probable that the most experienced and best 
informed engineers would think it a somewhat rash state- 
ment ; but, in the opinion of the writer, that is what the 
tendency and rate of recent improvements would seem to 
promise for the immediate future, assuming that no very 

reat increase in pressures and temperatures of steam may 
t expected. Practically, also, itis now known that the 
highest duty is not the most desirable, nor, on the whole, 
the most advantageous condition of operation of the 
engine, and we are restricted to lower duties and reduced 
efficiencies whenever we consider financial relations. It 
is, nevertheless, the fact that the conditions of improve- 
ment are those which also give higher ratios of expansion 
for the best point of cut-off and most advantageous ratios 
of expansion. The duty to seek further means of im- 
provement and higher efficiency becomes all the more 
imperative when we study the practical conditions under 
which our engines must be employed. Having, however, 
as just remarked, so nearly reached the limit of possible 
gain on the thermodynamic side, it becomes advisable to 
seek the more carefully for opportunities of improve- 
ment in other directions. We have, in the work outlined 
in this paper, both the directions shown us and the specific 
method of procedure suggested. 

The real final efficiency of the steam engine, or of any 
heat engine, as has been somewhat fully shown in earlier 
papers by the writer,* and later by others, is composed of 

* On the Several Efficiencies of the Steam Engine,” 
Trans, Am. Soc, M.E., vol. viii., p. 86, 





the resultant of several distinct efficiencies, as the thermo- 
dynamic efficiency, the efficiency of the engine as a heat 
preserver and user, the efficiency as a machine, and the 
efficiency of a whole considered from a commercial stand- 
point. Of these several efficiencies, we have in this in- 
vestigation the means of studying the efficiency of the 
machine as a division of the whole within which to seek 
the best means of securing a gain of total efficiency. The 
rea] and final efficiency is certain to be increased if we can 
effect an improvement at this point, whatever the 
extraneous conditions of operation. Finding little chance 
of gain thermodynamically, it becomes our duty to ascer- 
tain what are the probabilities of securing progress else- 
where. It is at once seen that the difference here between 
the real and the ideal engine is greater than in the domain 
of thermodynamics, the best cases being in both instances 
taken. Those engines which are most nearly perfect 
thermodynamically are undoubtedly often least perfect, 
or at least of the least perfect types, when the efficiency 
of the engine as a machine is studied. Few of them have 
less than a total of 20 per cent. friction, while they are 
sometimes probably nearer the ultimate limit of improve- 
ment, practically, as converters of heat into work. We 
are now, for the first time in the history of the theory of 
the steam engine, in a position to say just where the losses 
of the machine are in detail, how we are to endeavour to 
reduce them, in what degree we may hope for such gain, 
and where it is to be found if effected at all. 

The first and most remarkable fact to be noted is the 
extraordinary amount, absolutely and relatively, of the 
friction of the crankshaft. This amounts to nearly one- 
half of the whole waste, and to from 5 to 10 per cent. of 
the whole power of the engine, in the cases here examined, 
It is remarkable not only for its amount, but also because 
of the fact that we had begun to believe that, under 
similar conditions of pressure, speed of rubbing, and of 
lubrication, it was perfectly practicable to bring down 
the coefficient to less than 1 per cent., and perhaps to 
as little as one-tenth of 1 per cent. Here, however, we 
find, on examination of Table X., that this coefficient 
rises, in the unloaded engine, to about 0.30 as a maximum, 
and, as a minimum, to at least 0.09, while it only falls to 
0.04 in the best case, with the increase of pressure on the 
bearings due to full load and power. This is the more 
astonishing when it is considered that, on the axle of the 
car wheel, it has been found often that the friction is a 
fraction of 1 per cent. and often as low as one-tenth per 
cent. Here is evidently the first place in which to seek 
further improvement. If this item can be brought down 
as low as in car-axle journals, the efficiency of the engine 
as a machine will be increased by about 5 per cent. in the 
very best cases, and by 10 per cent. in ordinary engines, 
How this is to be done can be best ascertained when it is 
found just what are the causes of this extraordinary and 
previously unsuspected loss. The only conditions appa- 
rent tending to exaggerate this waste are the continuous 
rotation in one direction and the unintermitted pressure 
of the journal in its bearing. It would appear probable 
that it is a case of commonly imperfect lubrication, 
Could the oil bath system in method and in results be 
secured here, it would seem probable that the friction 
might be enormously reduced. It would even in many 
cases, if not in all, pay well to have a thorougbly reliable 
system of lubrication by means of a forcing pump that 
poe insure the support of the journal upon a cushion 
of lubricant, thus making its action analogous to that of 
the “‘ palier glissant” of Giffard and the ‘‘ water bearing” 
of Shaw and of others. 

The second and most obvious conclusion is that the 
valve should be balanced and so connected as to cause the 
least possible waste by friction through its motion or that 
of its moving connections. There is evidently no probable 
line of improvement so certain to yield a large and profit- 
able result as this. The balancing of the valve has been 
accompiished, and frequently, during many years past, 
and so successfully that there is no excuse for neglecting 
this point in even the cheapest classes of engines. No 
engine can be considered as belonging to the best class 
which is not either provided with a balanced valve or 
which has not a system of valve gear as with some of the 
** drop cut-off” engines, in which the loss in this direction 
is rendered insignificant. Here lies an opportunity to 
raise the efficiency of mechanism of ordinary engines at 
least 5 per cent., and of the best of engines with un- 
balanced valves 2 or 3 per cent. It is evidently better, in 
many cases, to have a valve which is balanced, though 
slightly leaky at times, than to use an unbalanced valve, 
though absolutely tight at all times. The simple fact 
here revealed, that nine-tenths of this friction may be 
avoided, is very important. 

The third item in order of importance is the friction of 
piston and its rod. This is as great as that just referred 
to, and is vastly more variable with the class of engine, and 
probably in the same engine with differences in handling, 
and especially in setting up packing and springs, where 
they exist. The writer has often known the power 
of an engine to be sensibly affected by the carelessness 
or inexperience of the attendant, who had screwed up 
his packing in the rod stuffing-box too tightly, and 
has, on more than one occasion, had a similar experi- 
ence where the rings were set out too hard. The metallic 
packings and the unpacked pistons and rods now 
coming slowly into use, will unquestionably do much 
to remedy this defect of the average engine. Mean- 
time, with the older design, it is perfectly possible to 
keep piston and stuffing-box tight without wasting much 

wer, or by slowing down the engine by conversion of 

eat into work at points where the operation is likely to 
produce serious harm as well as waste. Rings are much 
oftener too tight than too loose, and a stufling-box should 
only be set up when the engine is running, and then onl 
with fresh packing and not more than is sufficient to chec 
any visible leakage. New packing in a well-made hox never 
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needs much compression, and when it becomes necessary 
to screw it down hard it is time to rep it by new. 
Any packing that compels severe compression when new 
should be promptly condemned. 

The remaining items are of minor importance as bear- 
ing upon the efficiency of the machine, and they are all 
obviously easily taken care of by a good designer and a 

ood engineer in charge. Here, if anywhere, it is the 
fact that freedom of lubrication is the essential considera- 
tion, and the more nearly absolutely the flooded parts 
can be, and the more absolutely certain lubrication can be 
made, the better, and irrespective, also, to a great extent, 
of the cost of the lubricant. Any lubricant freely used 
can be filtered and cleansed in such manner and so effec- 
tively, that its more or less free supply to the bearing is a 
matter of nu consequence as a matter of first cost, while 
the cost of wasted power and fuel, and of repairs due to 
excessive friction and wear, will usually enormously 
exceed any apparent gain in that direction. This latter 
consideratien has been very fully treated by the author 
elsewhere.* and is probably also too familiar to engineers 
of experience to make it advisable to extend the limits of 
this paper so as to include more of detail in this and other 
matters. The importance of the work of which this is 
the history is sufficient, however, probably, to justify the 
length to which the paper has already extended. 

By reducing the several items of waste and loss above 
enumerated to their minimum amounts, in the various 
ways pointed out, and by other less obvious expedients, 
it is evident that the efficiency of the machine may be so 
far advanced, in the case of the ordinary engine, as to 
give us the power of applying from 5 to 10 per cent. of 
the total indicated power of the engine to useful, instead 
of to wasteful purposes, and thus to effect a gain of no 
small amount by improving both sides of the account. 

Messrs. Carpenter and Preston have done other work of 
value, to which it may be possible to give attention later, 
and Professor Carpenter is independently pursuing the 
study of the internal friction of ny nog It is hoped that 
we may, in time, secure a very large body of valuable 
data, and especially that we may, after a time, be able to 
indicate the laws of its distribution with some accuracy 
for all types and styles of engine in common use, 





Mexican RarLtways.—The engineers of the Mexican 
Southern Railway have laid out the line as far as Tecoma- 
vaco, 58} miles south of Tehuacan, and the preliminary 
surveys have been carried as far as Puebla, where the 
new line will connect with the Inter-Oceanic and Mexico 
and Vera Cruz apt tg The contractors hope to begin 
active construction early in 1889, and they will complete 
1424 miles in eighteen months from the date of starting 
work. This will carry the line to Tecomavaco. The 
section beyond to Oaxaca will be carried on during the 
succeeding twelve months. The new line will carry the 
American and Mexican railway systems some 300 miles 
further south and will shorten the time from Europe and 
New York to South American and Pacific ports from a 
week to ten days in the former, and four to five days in 
the latter case. 





Tue Royat Acricutturat Socrety’s SHow. —The 
annual show of the Royal Agricultural Society of England 
will be held in Windsor Great Park on Saturday, June 
22, 1889, and will remain open for a week. This is the 
fiftieth anniversary of the founding of the Society, but no 
special rewards are offered to manufacturers of agricultural 
implements. Ten silver medals will be awarded for new 
implements for agricultural or estate use, but the imple- 
ment in question must, with a certain reservation, be 
really novel, and all implements capable of being tested 
will be tried before the award is made. The judges are 
also empowered to make special rewards of medals for 
efficient modes of guarding or shielding machinery from 
contact with persons attending to it while at work. The 
last day for entry is Monday, April 1, though by paying 
double fees post entries can be made up to the 6th of that 
month. Further information can be obtained from the 
secretary of the Society, 12, Hanover-square, London, W. 


SoutH KENSINGTON AND BETHNAL GREEN MusEuMs,— 
There has been a very marked increase in the number of 
visitors to the South Kensington Museum during the last 
year, the numbers rising from 788,412 in 1887 to 897,225 
in 1888. But this increase of 108,813 is quite put in the 
shade by that of 500,582 at the Bethnal Green Museum, 
which in its total of 910,511 for the past year has, as will 
be seen, distanced the parent institution, This great influx 
of visitors, more than double that of the previous year, 
was, no doubt, in great measure due to the exhibition 
there of Her Majesty’s Jubilee presents after they had 
been shown to the W st End at St. James’s Palace. But 
some part of the increase must be attributed to the fine 
collection lent by the Hon. W. F. B. Massey Mainwaring. 
The increase in numbers at South Kensington was not 
confined to the main museum but extended to the separate 
collections—the Science Museum and the India Museum 
—which are in the galleries at the west side of Prince’s 
Gate, and which are not open in the evening as are—on 
three evenings in the week—the collections in the main 
building on the east of Prince’s Gate 'and the Bethnal 
Green Museum. The numbers visiting the science collec- 
tions increased from 177,465 in 1887 to 258,796 in 1888, 
notwithstanding the fact that the galleries have been 
severed by the new road cut across the Horticultural 
Gardens, while the visitors to the India Museum increased 
from 116,574 to 152,911. The number of visitors are taken 
in all cases by turnstiles. 





* ** Friction and Lost Work in Machinery and Mill 


processes and those of industrial chemistry to divide 
certain liquids as fine as possible, in order to effect their 
minute distribution over a large mass; the methods 
hitherto used have been either very crude in their opera- 
tion and imperfect in their results, or else liable to be 
thrown out of adjustment very easily. The methods 
of comminuting liquids have been either by dividin 
them up into small streams, which are generally forme 


THE FISHER ATOMIZER. 


Ir is of great importance in various manufacturing 
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by boring a number of small orifices into a hollow ball, 
frequently termed a rose, or by means of an impact by 
forcibly injecting a stream of liquid against a deflector 
or dash-plate. Liquids have also been divided into 
spray by means of two very fine tubes at right angles 
to each other, through one of which a blast of air is 
forced dividing up the stream of liquid which is drawn 
out of the other tube, but the use of this method is 
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almost entirely confined to medical purposes, because 
where its use has been attempted on a larger scale, as 
for modifying the humidity of the air in , rales build- 
ings, the orifices would become stopped up by foreign 
matter in the water, even if the utmost care were taken 
in the filtration. 

The engraving above represents a device for com- 
minuting liquids, invented by Charles H. Fisher, M.E., 
of Massachusetts, U.S.A., in which centrifugal force is 
primarily used for dividing up the liquid, which is 
allowed to fall into a rapidly revolving cylinder whose 
edges are composed of sponge, loose felt, or some other 
material through which the liquid can percolate as it 
is forced outward by centrifugal action. The vanes 
attached to the lower part of the instrument agitate 
the air, and tend to expose a larger volume to the 
moistening effect. This apparatus has been used in 
mills for adding to the humidity of the air in dry 
times, and has also been used in the gauze room 
attached to woollen pickers for the purpose of steadily 
and uniformly throwing the oil upon the finely divided 
wool as it is thrown into the gauze room from the 
pickers. There are many other purposes for which 
this method is adapted wherever it is desired to throw 
out any liquid in a minutely divided form. 





Brriin.—The increase in the population of Berlin last 
year is estimated at 55,000 souls. 





ANOTHER Missouri Bripex.—The Sioux City bridge, on 
the Chicago and North-Western Railroad, recently opened 
for traffic, is the seventeenth — which has been 
thrown over the Missouri. The bridge is of the Pratt 
truss type. It is designed to carry a moving load of 
3000 lb. to the lineal foot, or a continuous train of the 
heaviest locomotives. It would ey five times such a 
strain to break down the bridge. he height of the span 
—54 ft. above the average water level—permits steam- 
boats to pass under it. The top of the span is 
574 ft. above the top of the piers. The total cost of 
the bridge was 275,000/. The bridge itself consists 
of an approach span on the east side of the river, 
and four main spans of 400 ft. each, all made wholly of 
steel and resting on one abutment, and five main piers of 
the best kind of granite masonry. The four west piers 
rest on pneumatic foundations, the east one on piles, 
The three river piers are each 144 ft. high. This is 10 ft. 
below the deepest pier previously built in the Missouri. 
The piers rest in gravel. They are 28 ft. by 60 ft. on the 
bottom and 9 ft. by 36 ft. at the top, They weigh 7300 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 31, 1888. 

THE general situation of the country commercially, 
financially, and in manufacturing is strong and steadily 
improving. The past year has been the banner year 
as regards the production of iron, steel, coal, lumber, 
and corn, Never before in the history of the country 
has so large a production been made. The iron trade 
is in good condition and is on the up grade. Con- 
sumption is increasing week by week, and prices 
remain firm. The total amount of railroad constructed 
is estimated by good authorities at 7120 miles as 
against 13,000 miles last year to same date. The corn 
crop aggregated 2,000,000 bushels. The manufacturers 
all over the country are enlarging their capacity and 
a to start the new year at full leeds the 

anger now is, that manufacturers in their anxiety to 
beat everybody else, will push forward and make too 
much, and thus overstock the markets. The steel rail 
trade is assuming a more satisfactory aspect, at least 
as regards makers, the quotations are now 28 dols. 
east, and 30 dols. west. anufacturers hold firm at 
these rates. A great deal of heavy machinery is being 
turned out. The other day at Pittsburg a shaft was 
turned out 20 in, in diameter and weighing 13 tons. 
The Government has contracted for 1,500,000 dols. 
worth of steel. Blast furnaces are being started at 
St. Louis. There will be an enormous increase of 
capacity in the ironmaking industry after January, 
and it is upon this fact that buyers base their expec- 
tations of lower prices, though manufucturers unite in 
saying that the increased consumption will wipe up all 
the increase. The metal market is in a healthy con- 
dition. Firm prices and fair demand. 





TRIPLE-EXPANSION CENTRIFUGAL 
PUMPING ENGINE. 
THE engravings on our two-page plate, and on page 
71, represent a triple - expansion engine having four 
cylinders of the following dimensions : High-pressure, 
164 in. in diameter, intermediate 244 in. in diameter, 
and two low-pressure cylinders 31 in. in diameter, 
all with 18 in. stroke. The cylinders are all steam 
jacketted and have steel liners. They are fitted with 
relief valves and cylinder, steam chest, and jacket, 
asbestos packed drain cocks. The general design of 
the engine was prescribed by Messrs. Chaffey Brothers 
to suit the requirements of their Australian irriga- 
tion colonies, an account of which appeared on 
page 14 of our issue of January 4. The details 
were worked out by the makers, Messrs. Tangyes 
(Limited), Birmingham. The engine was designed 
for an initial steam pressure of 140 lb. per square 
inch; an independent air pump and condenser is 
fixed at the back of the engine and is driven bya 
direct separate horizontal engine. The air pump 
is 13 in. in diameter by 18 in. stroke, while the steam 
cylinder is 10 in. in diameter by 18 in. stroke and is 
fitted with Tangye and Johnson automatic gear. The 
high-pressure cylinder of the main engine is fitted with 
expansion gear on Meyer’s system ; it is variable by 
means of a handwheel when the engine is running, and 
has an index graduated to the points of cut-off. The 
intermediate and low-pressure cylinders are fitted with 
trick slide valves to reduce the travel and permit of an 
early cut-off. The cylinders and covers are neatly 
lagged with sheet steel and felted to prevent radiation. 
The crankshaft is of steel 74 in. in diameter, with 
cranks and couplings forged solid, and is machined all 
over. At each end of the crankshaft there are coupled 
two centrifugal pumps (four pumps in all) having 
20 in. suction, and delivery pipes and discs 6 ft. in 
diameter. Two only of these pumps are shown in the 
perspective view, but they are all to be seen in the 
plan (page 71). Each pump is capable of delivering 
8000 gallons per minute toa total height of 35 ft. The 
speed of the engine and pumps is 180 revolutions per 
minute. The power of the engine being in excess of 
that required to drive the four pumps, pulleys are 
rovided for driving by belt other pumps which have 
ae previously supplied by Messrs. Tangyes. Owing 
to the great length of the crankshaft and spindles the 
end pumps are driven by means, of floating couplings on 
the principle of the Clements driver used on lathes, 
All the slide valve chests are turned to the front of 
the engine, a second motion shaft being fixed in front 
and driven from the crankshaft by steel spurwheels 
having the teeth cut from the solid. The piston rods 
are 4} in. in diameter, and the pistons are fitted with 
spring rings and a junk ring, secured by wrought-iron 
bolts having gun-metal nuts and pegs. The crossheads 
are steel, and are fitted on the conical ends of the 
iston-rods, where they are secured by cotters, A 
ies gun-metal slipper is provided. The crosshead 
ins are forged solid with two journals of large size. 
The connecting-rods are of the marine type, 4 ft. 6 in. 


The diameter of the 
for the intermediate and high-pressure cylin 


long from centre to centre. 
€ 10? in. 
e 
8} in. for each of the low-pressure cylinders. 


crank-pin journals is 7} in., the length bein 
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tons each, The two shore piers are rather smaller, 
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The cylinders are carried on massive cast-iron 
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standards of the box form, bolted to strong flanges at 
the cylinder and the bed ends; the front sides are 
steadied by bright steel columns having solid flanged 
ends and carrying at their lower ends the journals of 
valve motion shaft. A massive bed-plate is cast with 
the main bearings, the brasses being in three pieces 
with wedge adjustment. The eccentric straps are 
gun-metal and are lined with white metal, as are all 
the bearings and journals. A pair of barring engines 
to facilitate starting are fixed on the bed-plates ; these 
have cylinders 4} in. in diameter by 3 in. stroke, and 
are geared to the main shaft by means of a worm and 
wheel so arranged that the worm is thrown out of 
gear when the main engine starts. The whole of the 
engine and pumps are fixed on deep cast-iron girders 
planed on the top side, the under side of the engine 
and pumps being also planed, thus insuring the 
greatest accuracy and freedom of working. A sub- 
stantial platform is fixed round the engines; it is 
surrounded by a bright handrail, and is supported on 
cast-steel brackets. The platform is approached by 
steps in front and enables the attendant to have access 
to the oe part of the engine. The flooring is of 
chequered plates, except from A to B, where it is 
formed of bars. The engine is fitted with permanent 
indicating gear, special oiling arrangements to the 
moving parts for continuous running and sight feed 
lubricators to the steam cylinders. Steam air ejectors 
and ftap valves are fitted to the pumps for charging 
them with water before starting. 





SHIPBUILDING IN SCOTLAND IN 1888. 
_ Tue year 1888 was one of great industrial ac- 
tivity in Scotland, as in other parts of the king- 
dom. The enormous capacity for production in the 
numerous establishments on the Clyde—the greatest 
shipbuilding river in the world—places the northern- 
most part of the kingdom in the foremost position. 
Returns from the various builders in the Clyde, 
Forth, Tay, and other rivers, show that the output 
was much greater than it has been for two or three 
years. The total production in Scotland aggregated 
309,018 tons, as against 209,266 tons the previous 
year, showing an increase in favour of last year of about 
100,000 tons, The improvement is even more marked 
when compared with 1886, when the aggregate output 
was 185,304 tons, and in 1885, 215,969 tons. In the year 
preceding that, the last of the years of plenty, the 
tonnage was not much more, being only 14,000 tons 
greater. But in 1882 and 1883, when the shipbuilding 
industry was at its best, the output was fully 35 per 


cent. above that of the year just closed. Even the 


Clyde had a larger total in those years than had 





Scotland last year, the figure bein 
1883, and 391,934 in the year preceding. 

Taking the Clyde first, we find the total number of 
vessels launched was 302, aggregating 278,970 tons, 
steamers making up 227,783 tons, and sailing ships 


419,664 tons in 


51,187 tons. In 1887 the total production was 326 
vessels, aggregating 185,362 tons, including 203 
steamers: of 147,537 tons, and 123 sailing ships of 
37,525 tons. When compared with 1886 and 1885, 
last year’s total is found to show an increase of about 
100,000 tons ; but 1884 had a larger total to its credit 
by nearly 18,000 tons. In 1882 and 1883, however, the 
production was abnormally high, being 391,934 tons and 
419,664 tons respectively. If the average for the last 
fifteen years is placed alongside the total for the year 
just closed, it will be found that the comparison is 
not unfavourable to the past twelve months, the 
average being 246,044 tons, and the aggregate for 1888 
278,970 tons, 

At first sight it may seem as if the vessels built on 
the Clyde were small, owing to the large number, 
especially of steamers, but this is not so. Among the 
steamers are included about eighty small craft, ne 
senting in all only 2000 tons, while among the sailing 
ships are numbered several yachts. This applies to 
the previous year’s return as well ; indeed, 1887’s figure 
includes 187 boats which were each under tons, 
while last year there were about 100 such boats, The 
vessels under 100 tons are on a par—eighteen—but 
in all other respects the comparison is in favour of 
the past year; for instance, vessels over 4000 tons 
numbered last year nine, whereas in 1887 there were 
only six; between 3000 tons and 4000 tons, twelve 
as against six in 1887; under 3000 tons, seventeen 
against ten; under 2500 tons, seventeen, as compared 
with eleven; under 2000 tons, twenty-two against 
sixteen; and so on down the scale. One other 
gratifying feature is the almost entire use of steel, 
both for sailing ships as well as steamers. Out of the 
total vessels built on the Clyde, 237, of 268,403 tons, 
were of steel, leaving only about 4 per cent. of iron 
and wood, and several oF these were little launches 
and yachts. Considering the very decided advantages 
which steel has over iron, it seems strange that it 
has only now been entirely adopted. The progress, 
although slow, has been steady. In 1887, 20 per 
cent. of the vessels were iron or wood ; in the previous 
year, 314 per cent.; in 1885, 52 per cent.; in 1884, 
55 per cent.; in 1883, 69 per cent. 

he ge pacser. firm who occupies the coveted 
position of completing the largest quantity of ton- 
nage, is Messrs. Russell and Co., who have three yards 
in the Greenock district. For four years they have 
held this position; but last year their total out- 


_ Stripped that of any previous year. Indeed, it is ques- 
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tionable whether in any previous year any builder has 
completed the same quantity of work—certainly no 
Clyde firm has done it. In all twenty-three vessels of 
45,495 tons have been constructed. nlike their work 
in previous years this total is divided equally between 
steamers and sailing ships—twelve ships of 22,957 tons 
and eleven steamers of 22,538 tons, as against nine ships 
of 17,452 tons and six steamers of 9583 tons, or a total 
of fifteen vessels of 27,035 tons. The increase over 
1886 is 5652 tons, over 1885, 4629 tons, and 13,375 tons 
above the total in 1884. For the past six years this 
firm has built 137 vessels aggregating 205,969 tons. 
These are mostly cargo steamers, the vessels launched 
last year being for general trade, and two large steamers 
for carrying oil in bulk built for Messrs. Hermann 
Stursberg and Co., New York. Nor does the firm 
build engines for their steamers. That is done by 
separate engineering firms by nwe owed in Glasgow. 
Messrs. William Denny and Brothers, Dumbarton, 
completed during the year thirty-eight vessels repre- 
senting all hy It is somewhat unusual for them to 
have sailing ships figuring in their list; but last year 
they built four schooners for the River Plate and a 
number of barges for the Irrawaddy River, as well as 
several steamers. The tonnage of their sailing ships is 
8024, and other steamers 22,119 tons, with engines of 
36,980 indicated horse-power. They constructed two 
magnificent vessels for the Spanish mail service, and 
two fast paddle steamers for the Belgian Government. 
The year’s production is the largest in the history of 
the firm, the top figure before being in 1884, when they 
completed twenty-one vessels of 21,016 tons, while in 
1887 they had only eight vessels of 10,369 tons ; but in 
these were not included many barges, &c., built for 
the Irrawaddy River. Messrs. James and Geerge 
Thomson, Clydebank, although they only launched 
two vessels, should probably take first place when the 
character of these are considered. They were the 
Inman and International liners, City of New York 
and City of Paris, giving them a total tonnage of 
21,000 with 36,000 indicated horse-power. In 1887 
they turned out three vessels of 8200 tons and machi- 
nery aggregating 26,600 indicated horse-power, the 
latter including the engines for H.M.S. Archer. 
Messrs. Alex. Stephen and Sons built six steel steamers 
for the general cargo trade, aggregating 15,315 tons, 
and having engines of 7700 horse-power. This is the 
best total for this firm since 1883. In that year and 
the two years preceding the total was over 20,000 tons. 
The Fairfield Shipbuilding Company, as usual, take a 
prominent place, their work being of a high class and 
of a varied nature. They had two wood-sheathed pro- 
tective deck cruisers for the British Navy, two paddle 
steamers for the Channel trade, a magnificent yacht 
for the late Sir Wm, Pearce, and several other vessels, 








th 








/ 
\ j 
me oer ema Sete a ren ER RIT 








Seer names oa te 





72 





ENGINEERING. 


[JAN. 18, 18809. 











making up a total of 15,299 tons with engines of 15,721 
indicated horse-power. In this latter figure there is 
not included the horse-power of the machinery of the 
Magicienne and Marathon, built for H.M. Navy, the 
engines having been built by Messrs. Hawthorn, Leslie, 
and Co., Newcastle-on-Tyne. In 1885 the production of 
the firm was 9026 tons and in 1887 the total was 13,228 
tons, but the other years in the past decade were con- 
siderably above last year’s total, 1883 having 40,115 
tons, and 1884 32,250 tons. Messrs. D. and W. 
Henderson and Co., Partick, launched seven vessels of 
14,475 tons, two of 2222 tons being sailing ships. The 
horse-power of engines was 7485. With the exception 
of 1883, when the output was 17,740 tons, this is the 
best total for twelve years at least. In 1887 the 
total was practically the same, and in 1886, 2155 tons. 
Messrs, Charles Connell and Co., Scotstoun, have built 
six vessels of 13,803 tons, three of 4992 tons sailing, 
and three of 8811 tons steam. This is 6000 tons better 
than 1887. Indeed, only in 1882 was the total higher 
—20,796 tons, and in 188], 13,856 tons. Messrs. 
A. and J. Inglis, Glasgow, sent forth four vessels 
of 11,855 tons, one of them being one of those prettily 
modelled yachts for which the firm is noted. For 
equally satisfactory totals we have to go back to the 
years of prosperity 1881, 82, and ’83, and then 
the average size of the vessels was much smaller than 
those built by the firm last year. In addition to this 
work they re-engined the Madura, 1800 indicated horse- 
power, making their total 12,281 indicated horse-power. 
The London and Glasgow Company have built four 
vessels of 10,045 tons, and having engines of 1880 
nominal horse-power, The comparison with preceding 
ear brings out the result indicated in the case of 
nels Inglis. Messrs. Caird and Co., Greenock, as 
was the case in 1887, built two P. and O. steamers, 
but the newer steamers were not so large, hence the 
total is 9944 tons, with engines of 10,000 horse-power, 
as against 12,525 tons and 14,000 indicated horse- 
power. This firm, however, has now a large amount 
of work on hand, and the probability is that they will 
this year eclipse all previous annual totals. Messrs. 
Barclay, Curle, and Co., Whiteinch, completed four 
steamers of 9340 tons, having engines of 7800 horse- 
power. In 1887 the firm constructed three sailing ships 
of 4470 tons, but in preceding years the output was 
much greater. Messrs, A. M‘Millanand Son, Dumbarton, 
launched six vessels of 7737 tons, including a couple of 
composite steamers for the Newfoundland coast service. 
The engines of these vessels, totalling 5620 indicated 
horse-power, with others, were, with one exception, 
constructed by Messrs. David Rowan and Son, 
Glasgow. The tonnage compared favourably with the 
output of the three most recent years, but there are 
large decreases when it is placed alongside the produc- 
tion in the years of activity. Messrs, Scott and Co., 
Greenock, launched seven steamers measuring 7179 
tons, and having engines of 6070 indicated horse- 
power. In 1887 the production of this firm was 
very low, but in 1886 it was seven vessels of 13,198 
tons. Messrs. Robert Napier and Sons, Govan, 
built three steamers of 7047 tons, and they con- 
structed engines for these and other vessels, totalling 
17,900 indicated horse-power, including two sets of 
engines for Spanish war boats. Messrs. Robert 
Duncan and Co. completed five vessels of 6790 tons, 
two of 2950 tons being sailing ships. In 1887 the 
firm turned out four vessels of 7663 tons, The pro- 
duction is up to the average of the past ten years. 
Messrs. Aiken and Mansel, Whiteinch, constructed 
three steamers of 5682 tons, the engines of which, 
aggregating about 5000 indicated horse-power, with 
others, were constructed by Messrs. J. and J. Thom- 
son, Glasgow. The production of the firm was only 
exceeded in the four years prior to 1884, the output 
in 1883 being 16,890 tons. Messrs. Murdoch and 
Murray, Port-Glasgow, built three steamers of 5295 
tons, with engines of 2700 indicated horse-power. 
This is a much larger total than in the three preceding 
years, but is smaller than the years of activity ending 
with 1884. Messrs. John Reid and Co., Port-Glas- 
gow, launched four vessels of 5200 tons, one of which 
was a sailing ship. This compares very favourably 
with the production in previous years. Messrs. 
Napier, Shanks, and Bell, Yoker, completed five 
vessels of 4710 tons, while last year they only 
finished 1680 tons of work, and in 1886, 4247 tons. 
Messrs. Wm, Hamilton and Co., Port-Glasgow, con- 
structed three vessels of 4562 tons, including a sailing 
ship. In 1887 the firm did no work and in the two 
previous years only two vessels were built. Except- 
ing 1884, with 8273 tons, the total has not been so 
large for at least twelve years. Messrs. Lobnitz and 
Co., Renfrew, turned out seventeen vessels of 4364 
tons with engines of 3195 indicated horse-power, in- 
cluding ten barges for the Suez Canal and several 
hopper barges for the Panama Canal. Their output 
has not been so great for several years. Messrs. Wm. 
Simons and Co., Renfrew, have built ten vessels of 
3110 tons with engines of 3750 indicated horse-power, 
including a number of their hopper dredgers, as well 
as yachts, and one or two Matitsersann passenger 
steamers, This total is considerably above the pre- 


vious years. Messrs. Fleming and Ferguson, Paisley, 
also dredger builders, completed four vessels of 2980 
tons, with engines of 3750 indicated horse-power, 
while in 1887 they only built a yacht. The Ailsa 
Shipbuilding Company completed five vessels of 2870 
tons, including a steamer for the British India 
Steam Navigation Company, while in previous years 
the production was very small. Messrs. Alley and 
McLellan, Glasgow, constructed thirty-one ats, 
aggregating 2228 tons, three being steamers aggre- 
gating 134 tons, with engines of 39 indicated horse- 
power. In 1887 they built twenty-two boats, totalling 
1945 tons. The output of the other firms on the river 
is as follows : 























1888, 1887. 
No, |Tons.| No, | Tons. 
Messrs. Birrell, Stenhouse and Co. 1 | 1906 | 734 
» McKnight and Co. Pes 4 | 1806 2 899 
» 9. McArthur and Co. 8 | 1629 2 580 
» the Campbeltown Co. 1 | 1508 
» D. J. Dunlop and Co, 3 | 1500 6 724 
» John Fullerton and Co... 8 | 1071 7 560 
» Scott and Co., Bowling... Py ed. 744 2 168 
» the Ardrossan Shipbuilding Co. 2 611 
»  T. B. Seath and Co. oy 4 3 390 : 120 
»» Mechan and Sons.. 45 236 | 47 245 
» W.8. Cumming .. 7 225; 18 361 
»  D. McGill and Co. ss PS a | 165 2 187 
»» Hanna, Donald, and Wilson .. 1 83 5 376 
» Wm. Fyfe and Son 7 82 5 195 
»» Wm. Swan and Co, 1 54 





Messrs. Dunlop constructed engines of 1600 indicated horse- 
power, Mr. W, 8. Cumming of 340 indicated horse-power, and 
Messrs. Hanna, Donald, and Wilson of 1000 indicated horse-power. 
Several other small firms turned out craft aggregating 447 tons. 

Another way of comparing the quantity of work 
done is by the estimated value of the ships built. The 
vessels constructed in 1888 cost, in round figures, 
6,000,000/. sterling, 1,500,000/. over the estimated 
value in 1887, 2,000,000/. over that in 1886. In 1883, 
the year of prosperity, the figure was put at 10,000,000/., 
and in 1885 it was as low as 3,000,000/. It is interest- 
ing to note the number and tonnage of various types of 
vessels, As we have already indicated, steamers 
make up about two-thirds of the total. Ordinary 
merchant steamers number 107 of 199,547 tons, which 
is nearly double the tonnage in the previous year, 
although on that occasion the number of vessels was 
128, while in 1883, 208 steamers of 316,202 tons were 
completed on the Clyde. Paddle steamers number 26 
of 12,821 tons, including several very speedy vessels 
for the Channel service. This tvtal is about the same 
as in the last three or four years. In the construction 
of warships less has been done this year. There were 
only two wood-sheathed cruisers built at Fairfield and 
a first-class torpedo boat, at Paisley, three vessels of 
6003 tons, whereas in 1887 there were built three 
vessels of 10,040 tons, and in the ‘ig? Wei year four- 
teen vessels of 16,579 tons. The figures for 1889 
should make up a better total, as Messrs, Thomson are 
building at Clydebank several warships for the Britizh 
and foreign navies, while Messrs. Scott, of Greenock, 
have on hand two gunboats for the British Government. 
Of hopper barges and hopper dredgers twenty of 6876 
tons were constructed, principally for the Panama and 
Suez Canals and for several foreign and home govern- 
ments, In 1887, 33 similar vessels of 12,022 tons were 
built, Of cargo sailing ships 28 of 42,660 tons, which 
while slightly more than in 1887, is considerably less 
than in the preceding years. In this class of vessel the 
substitution of steel for iron is very marked; 124 
barges of 11,419 tons were built for South America, 
India, Burmah, and other places. This is slightly 
greater than in 1887. Yacht builders were also well 
employed, especially on steam yachts, 24 of 2151 tons 
being launched, being 626 tons more than in 1886. 
There was also a large number of small yachts built. 

Shipbuilders have themselves supplied 160 vessels 
with machinery, which represents an indicated horse- 
power of 172,160. But many of the vessels built were 
engined by independent firms of engineers. Such 
vessels numbered 166, and had engines of 86,305 indi- 
cated horse-power, so that the marine engineeering 
industry in the West of Scotland is represented by 316 
engines of 258,465 indicated horse-power. This total 
is in excess of last year by 157 engines and nearly 
60,000 indicated horse-power. Screw steamers were 
all fitted with triple or quadruple-expansion engines, 
while one or two dle steamers had also machinery 
of this type, so that the compound engine is now 
obsolete. 

The Table in the next column shows the production 
of the marine engineering firms, who only construct 
mar for vessels built by other firms on the Clyde, at 
Belfast, Londonderry, &c. 

Not for several years has the work on hand on 
the Clyde represented such a substantial total, the 
vessels now under construction representing about 
275,000 tons, which is 70,000 tons more than in 1887, 
when the work ordered also exceeded the year’s out- 
put. In 1886 the total tonnage in the yards was only 
117,675 tons; there will, therefore, be even greater 





activity in the Clyde yards during the present year, 

















1888. 1887. 
sax Indicated Indicated 

No.| Horse- |No.| Horse 

| Power. Power. 

Messrs. J. and J. Thomson .. 7 14,100 6 10,2¢0 

mA ir and Jack -| 11 | 11,780 9 8,950 

»» Hutson and Corbett -| 14} 10,800 5 3,600 

» James Howden andCo. ..| 6 7,600 4 6,850 

» Muir and Houston .. | aa 6,725 3 4,450 

»» David Rowan and Son | 8 6,170 5 7,460 

» Rossand Duncan .. --| 26 5,245 | 26 4,375 

» William KingandCo. ../ 4| 4,040 | 1 700 

»» Duncan, Stewart, andCo...| 3} 4,000 | 2| 2,450 

»» KincaidandCo._.. ee 4,000 8 800 

» Rankine and Blackmore ..| 4 3,840 4 5,640 
» Bow and McLachlan .| 18 2,790 
» M.PaulandCo, . 47 2,735 

» William Kem os sil, 2,530 2 900 

» Walker, Henderson, & Co. .. Aes 2 940 

166 | 86,805 | 72| 52,315 














In the Forth the same briskness has characterised 
the year’s work, as fifteen vessels aggregating 12,211 
tons were launched, while in 1887 the tonnage was 
5897 tons, and in 1886, 7967 tons. At Leith, Messrs. 
Ramage and Ferguson launched six vessels, one less 
than in 1887, but the tonnage — 6053 tons—is very 
much greater, Messrs. Hawthorns and Co. con- 
structed two coaling tugs for the Admiralty, and 
Messrs. R. and H. Maton several barges. These firms 
also supplied triple-expansion engines to a number of 
vessels, The Grangemouth Shipbuilding Company 
constructed five vessels of 4556 tons, and their engines 
indicated 3586 horse-power. This is nearly 3000 tons 
over the tonnage of vessels launched in 1887, and 2400 
tons over that of 1886. This firm has taken over the 
Alloa yard, which has been long vacant, and there 
they have been repairing ships. At Kirkcaldy 
Messrs. Scott and Co. launched three vessels of 1455 
tons, with engines of 4000 indicated horse-power. 

The production on the Tay is not so great as it was 
in 1887, only eight vessels of 11,197 tons having been 
built at Dundee, while in the previousyear fifteen vessels 
of 14,245 tons were built ; but in the two years preced- 
ing that the figure was very much less, The work on 
hand, however, is very much greater, making up a 
total of eleven vessels of 16,079 tons. Not since 1882 
has there been so good a a. Messrs. Gourlay 
Brothers and Co. launched two vessels of 4490 tons, 
Messrs. W. B. Thompson and Co., Limited, three 
steamers of 4190 tons, and Messrs. Alex. Stephen and 
Sons one sailing ship of 1992 tons. The marine 
engines constructed numbered twelve and totalled 
1770 nominal horse-power. Messrs. Gourlay con- 
structed three engines of 850 horse-power, besides 
converting a set of compound into triple-expansion 
engines; Messrs. W. B. Thompson and Co. have 
finished six sets of 795 horse-power; Messrs. Pearce 
Brothers three sets of 106 horse-power. 

At Aberdeen there has been a marked improvement 
in the trade during the year, nine vessels of 6640 tons 
having been constructed, as compared with six vessels 
of 1802 tons in 1887, and there are now in course of 
building nine vessels of 9110 tons, whereas at the 
beginning of last year there were only four vessels of 
5114 tons on the stocks. Messrs. Hall, Russell, and 
Co. built four vessels of 4570 tons; Messrs. A. Hall 
and Co. four vessels of 1270 tons; and Messrs. John 
Duthie, Sons, and Co. one steamer of 800 tons. It 
will, therefore, be seén that practically all along the 
line there has been great prosperity, and that it is 
likely to continue for at least another twelve months. 

Glasgow shipowners provided a very fair proportion 
of the work turned out on the Clyde—60,000 tors of 
steam and 14,000 tons of sailing vessels. Liverpool 
was a good second with 55,000 tons steamers and 
11,200 sailing ships; while London came third with 
30,000 and 3200 tons respectively. Of merchant 
steamers Spain had 13,000 tons built, India 8500 tons, 
Canada 7150 tons, New York 5840 tons, Japan 5500 
tons, Germany 4570 tons, Belgium 2200 tons, France 
1800 tons, South America 3000 tons, Newfoundland 
1520 tons, while of sailing ships Germany took 7255 
tons and France 2626 tons. 








Tue Nortu Sea Battio CANAL.—It has now been de- 
finitely settled that the connection between the town of 
Renzburg and the surrounding parts will be by an iron 
bridge for carriages and arth The high road to 
Kiel will not be altered. At Rabiskoo a ferry will be esta- 
blished. The railway will be carried across the canal on 
two single line brid The Eider sluice will be at 
Weskrinfeld ; it will be 15 ft. deep and 36 ft. broad. 


BaLpwin Locomotives.—In the couree of last year the 
Baldwin Locomotive Works delivered upwards of 700 
engines, The deliveries made in 1887 comprised 653 
engines. Last year’s deliveries comprised 50 locomotives 
for the Pennsylvania Railroad een and 60 for the 
Philadelphia and Reading Railroad mpany. Five 
locomotives were shipped to the Dom Pedro Segundo 
Railway Company, in Brazil, and 30 to the Provincial 
Railway Company of Buenos Ayres, 
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** ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
Comprtep By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 


The number of views given in the ifleation Drawings is stated 
pee yt dpe oo price; none are mentioned, the 
Specification is not illustrated. 


Where Inventions are communicated from abroad, the Names, 
é&e., of the Communicators are given in italics. 
ies of Specifications may be obtained at 88, Cursitor-street, 


wiae at the Patent O opposition al end , 
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DYNAMO-ELECTRIC MACHINES. 

16,603. A. J. Boult, London. (R. Weber, Leipsic, Ger- 
many.) Improvements in Electric Lamps and in 
Dynamos for the same for Velocipedes or the like. 
(8d. 8 Figs.) December 2, 1887.—This invention relates to the 
arrangement of an incandescent lamp in connection with a very 
small but very powerful dynamo worked by the revolving wheel 
of the velocipede. To construct the dynamo as small as possible 
the poles C of the electro-magnet B, which is in horseshoe form, 
are bent inwards over the winding A, and the bobbin revolves 
between these poles C in the interior of the horseshoe. This 


Es 
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bobbin consists of a series of double T plates of iron D and insu 
lated from each other, round which the wire E is wound length- 
wise and it is mounted on a spindle F running in bearings formed 
in brass supports M, N, fixed to the electro-magnet. On the lower 
end of the spindle is mounted the commutator G, against 
which press the brushes J and K, which are fastened to the pole 
ends of the electro-magnet but insulated therefrom. The bearings 
a and b of the spindle F are lubricated by means of capillary 
lubricators having their reservoirs d on the top of the casing and 
conducting the lubricant to the bearings through tubes e, i. 
(Sealed January 4, 1889). 


16,790. S. C. Hanberg, Kopenhagen. Improve- 
ments 0-Electric Machines. (6d. 2 Figs.) 
December 6, 1887.—The electro-magnet A is made as a horseshoe 
in one piece, the central portion of which forms the core for the 
coil and the ends the poles, which are hollowed outat a a to receive 
the armature B. Thedistance between the points b and b is equal 
to that between the surfaces oand c, so that the coil C may be 
wound direct on the body of the magnet A (with the usual insula- 


Fig.1. | 4 
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tion) by placing the magnet on a pivot and revolving same in a 
horizontal plane, care being taken that the axis of rotation is coin- 
cident with the axial centre of the part of the magnet on which 
the coil, &c., is to be wound. The horseshoe electro-magnet may 
be of one solid piece or of several layers parallel to the plane of 
the curve, and the bedplate D carrying the standards for the bear- 
ings of the armature may be made in one piece with the magnet. 
(Accepted November 10, 1888). 
ELECTRIC LIGHTING. 
17,155. T. A. Edison, Llewellyn Park, N.J., U.S.A. 
ovements in Incandescent Electric Lamps and 
Cut-Out Devices therefor. (8d. 2 Figs.] December 13, 
1887.—This invention relates to an improved form of cut-out for 
incandescent electric lamps designed to be used in series with one 
another and with currents of high tension. The improved cut-out 
is operated by the arc itself which is formed across the broken 
filament, so as to short-circuit the lamp and maintain the circuit 








of the lamps in series with it. A is the glass bulb, B the stem, and 
C the carbon filament of an incandescent electric lamp. D is the 
base of insulating material provided with a screw-threaded con- 
tact ring a, and a bottom contact disc or ring b. These make con- 
tact respectively with the screw-threaded band ¢ and bottom plate 
d of the socket E, to which the external circuit wires ¢, e extend. 
The leading-in wires f, f' extending to the filament C and sealed in 
the glass at g are cted respectively to the contacts a and b. 
The D is hollow below the lamp and carries within it a metal 
plate h, a chamber being left within the base below said plate. A 
fine wire 7 issealed in the end of the stem and extends up into the 
lamp between the sides of the filament. It terminates at its lower 
end in a small metal rod &, whieh passes loosely through the 
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plate h and extends close to, but not in contact with, the plate d of 
the socket. Surrounding the rod k, and attached to it at its lower 
end, is a spiral spring 7 which bears against the plate h, and 
which is connected by a short wire m to the leading-in wire /. 
When the rod kis in the position shown, the spring / is compressed 
and in readiness to force the rod down when it is released. Upon 
the breaking of the filament, when the arc forms across it, the fine 
wire i, being connected with one side of the circuit through wire 
m, receives so much of the heavy current as to fuse it, whereupon 
the rod & is released and the spring / at once forces it down pen st 
the plate d, whereby circuit isclosed between the wires e, e of the 
external circuit, through rings @ and ¢, wire m, spring J, and plate 
d, and the broken lamp is cut out and the circuit of the series 
completed. (Sealed January 4, 1889). 


13,008. J. W. Oldroyd, London. Improvements in 
Electric Incandescent Lamps with Interior Re- 
flectors. (6d. 2 Figs.) September 8, 1888.—A ding to this 
invention two or more highly polished reflecting rods are arranged 
within the lamp bulb @ so that the incandescent light emitted by 
the filament or filaments is reflected in all directions, thus increas- 
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ing the illuminating power of the lamp to a very great extent. 
When two reflectors /, /' are employed in connection with one 
filament e, the reflectors are preferably arranged laterally to the 
filament, so that a line drawn through the centre of the reflectors 
pd a right angle to the filament. (Accepted October 27, 


ELECTRIC LOCOMOTION. 

16,537. F. Wynne, London. Improvements in or 
Pertaining to Means or Apparatus Employed in 
the Application of Electricity to Propel Vehicles, 
Applicable also for other {ls. ld. 21 Figs.) 


December 1, 1887.—This invention relates to improvements on 
Patent No. 747 of 1887, granted to the present inventor. Re- 
ferring to Fig. 1, 9, 9, are insulated auxiliary conductors of com- 
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paratively small section, each of which is in electrical connection 
at one end with a solenoid 3, and is provided at its other end with 
a contact strip 10 that is adapted to make contact between the 
arm 6 and contact 4 of the contact maker located within the box 
to the rear of that containing the solenoid to which the one end of 
the auxiliary conductor is connected. 11, 12, and 13 represent 
diagrammatically a car contact or brush, a car motor, and 





“earth” respectively. Each armature 5 is wound with a coil 3* 
Zorming part of the auxiliary conductor 9 extending rearwardly to 
the next contact maker box, and is connected in series with the 
adjacent solenoid 3. Flexible conducting strips 5a serve to effect 
the electrical connections between the coil 3* and the solenoid 3 
and the auxiliary conductor 9, so as to permit of the movement of 
the armature carrying the coil 8*. When either of the cores 1* 
is excited by the passage of a current of electricity through the 
coil 3 surrounding it, a current will also traverse the coil 3* sur- 
rounding the corresponding armature, which will be polarised by 
such current and will be caused to act in a stronger and more 
certain manner. Where the vehicles to be propelled travel on 
rails, one of the lines of rails may be divided into lengths 
(Fig. 2) insulated from one another so as to serve in lieu of 
other road contacts, and one or more of the wheels of the vehicle 
to be propelled can be utilised as a car contact in lieu of a brush. 
In Fig. 3, 17 is an insulated return conductor employed instead of 
an earth return, Each vehicle to be propelled carries a leading or 
positive contact 11 and a return or negative contact 18. (These 
may be the wheels of the vehicle.) Both of the rails on which 
vehicles travel, and which serve as road contacts, are in the form 
of insulated lengths 1,1¢. The rails 1 forming the set at one side 
are each electrically connected with the main conductor 7 by the 
contact makers, the other set 1¢ being connec the return 
conductor 17 by insulated contacts 18* carried by the armatures 
5. Each contact 18* serves, when the armature which carries it is 
attracted by the polarisation of the mass 1* above it, to electri- 
cally connect the extremities of the conductors 19 and 20, which 
are connected r tively to a negative road contact 1¢ and the 
return conductor 17. The car contact 18 does not break connec- 
tion with the return conductor 17 by way of one of the contacts 
18* in a contact box to the rear until after the car contact 11 has 
made connection with the main conductor through a forward con- 
tact maker. The contact strip 5* is yoy | connected with 
the main conductor 7 by a conductor 3*, which passes through 
the armature 5. Fig. 4 illustrates the construction of a wheel for 
travelling on rails, and provided with a coil 1 of wire, which is 
arranged concentric with the wheel rim, and can be included in an 
electric circuit, and will then magnetise the wheel rim in such a 
manner as to increase its adhesion to the rail. (Accepted Novem- 
ber 3, 1888). 

10,524. B. J. B. Mills, London. (The Bentley-Knight 
Electric Railway Company, New York, U_S.4.) Improvements 
in Electric ways. [lld. 17 Figs.) July 20, 1888.—Re- 
ferring to Figs. 1 and 2, A and B are two supply conductors sup- 
a ee in a conduit in the ordinary way. P, P! are two contact 

evices adapted to extend into the conduit to maintain electrical 
connection with the conductors A and B ; they are supported by 
carriers N adapted to slide on transverse guides G hung by trans- 
verse pivots from hangers H, and adapted to be turned by a lever 
L connected to a lever L' under the driver’s control. D and D 
are contact shoes on the ends of bell-crank levers E, E, which are 
normally held in a vertical position by coil springs S on the pivots 
about which they turn. hese levers E, E are adapted to be 
turned, by lever L, to the position shown in dotted lines, where 
they will come in contact with the elevated conducting rails. 
One of those rails is shown at B', and is held in place by me- 
tallic clamp b, surrounding glass insulator c, which is supported 
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upon post C. The shoes D, D are ted to the corresponding 
contact devices by a branching conductor, leading from the hinge 
of lever E, which is of conducting material and stationary re- 
latively to the vehicle, and both are connected to the respective 
motor terminals. In Fig. 3, A is the motor. B is a framing 
extending from the yoke of the motor and supporting the arma- 
ture shaft D and the countershaft C. This frame is journalled 
on the axle E at H H, and has an extension K F projecting across 
to the journal boxes of the opposite axle E', and secured to them 
through intermediate springs 8, S', one in the line of upward and 
the other in the line of downward pressure of F. The motor is 
geared to the axle E, and being fulcrummed on one side of the axle 
and counterbalanced on the opposite side by means of the other 
axle, the axle E receives all the weight of the motor, and also a 


ty the weight normally falling on the gther axle. The car- 


y is — from the truck by springs in the usual manner. 
(Accepted October 27, 1888). 
DISTRIBUTING, &c., CURRENTS. 

15,217. W. Lowrie and C, J. Hall, London, and 
H. W. Kolie, Tulse ey Leo Improvements in 
Measuring Alternating Currents of Electricity. (8d. 
9 Figs.) November 8, 1887.—The improved method consists in 
differentiating the wave of potential so that there is a slight pre- 
ponderance upon one side of the neutral line over the other. The 
liff of potential is available for doing the work of measure- 
ment either by mechanical means or by chemical action. Fig. 1 
is a diagram of a circuit arranged in parallel with a constant 
electromotive force e, and a depositing cell d placed in the circuit. 
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The differentia! action of the current causes an electro-deposition 
of metal in the depositing cell, by the influence of the electro- 
motive force ¢ on the alternating electromotive force, which, being 
proportional to the amount of electricity passed through b, becomes 
a measure of thesame. Fig. 2 isa diagram of a converter circuit, 
where both primary and dary circuits are pled in 
parallel ; the primary circuit a' inducing currents in a secondary 


circuit a2 by means of a converter or secondary generator c. 
depositing cell d and a constant electromotive force ¢ are placed 
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in the secondary circuit a®. Fig. 3 ig a converter series arrange- 
ment, having the electromotive force ¢ in the primary circuit 
a', and depositing cells in the several secondary circuits a? ; the 
differentiation of the elect tive force produced by e being re- 

duced in the dary circuits by the converters c, c. (Accepted 
November 10, 1888). 

17,807. F. L. Rawson, London. (C. Wirt, New York, 
U.S.A.) Improvements in the Constru nm of Rheo- 
stats or similar Electrical ents. (8d. 3 Figs.) 
December 27, 1887.—Insulated wire is wound first upon a varnished 
ow cylinder. The paper cylinder E with the wire on it is then 

attened for some hours een sheets of soft ‘rubber. The flat 

late of paper and wire, so p , is then bent overand attached 
the drum A of the rheostat, by being tightly bound over its whole 
surface by thread F. The surface of the wire is stri around 
the periphery of the drum in a suitable path for the brush D to 
make contact thereon. The brush D rests on two supports H, H. 











Fig.1. 




















The wires forming the brush D press by their own transverse 
elasticity tangentially upon the stripped portion of the wire- 
covered resistance drum, The other terminal L is connected to 
the socket of the handle C, which is electrically connected with 
the metallic cylinder A, and thence to one end of the resistance 
wire, which is soldered to the cylinder. The other end of the 
resistance wire remains free. The drum A is mounted on a central 
axis B, and is capable of rotation by the handle C, and a pointer is 
affixed, to denote the value of the resistance introduced, in pro- 
portion to the degree of rotation, by means of the usual fixed 
contact brush D, (Accepted November 10, 1888). 


7805. H. J. Allison, London, (C. LE. Fritts, New York, 
U.S.A.) Improvementsin the Method of and fa aed 
ratus for the Production, Transmission, and Distri- 
bution of Electric Currents. [lld. 17 Figs.) May 29, 
1888,—Referring to Fig. 1, M M are the field magnets of an alternate 
current generator; A the armature. To the poles P', P? are 
attached conductors, leading to the nearest armature of the con- 
densers K' and K5 respectively. To the other armatures of the 

re are c ted two circuits; one is the working or 
external circuit, divided into four sections by the condensers K2, 
K3, K4, as shown; the adjacent terminals of each section being 
electricaliy connected to the respective armatures of the condenser 
between them. The other is the field-magnet circuit, and extends 


Fig ]. 
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between K' and K®°, passing through an apparatus S¢ for straighten. 
ing alternating currents, the adjusted or straightened currents 


circuits are connected with the trunk wires through suitable 
double-pole switches. The illustration shows only the left-hand 
half of the system ; the right-hand half being exactly similar in 
arrangement. A! is a continuous current generator driven by an 
engine B'. a, b!, b2 are adjustable resistances ; 8, S', T!, T2 are 












































switches ; C!, C? are alternate current generators; E' is a switch- 
board ; d, dare incandescent lamps for indicating the operation 
of the corresponding hines; C, C are converters. (Sea 
September 28, 1888). 
BATTERIES AND ACCUMULATORS. 

39. E. Tyer, London. An Improvement in Voltaic 
Batteries. (8d. 4 Figs.) January 2, 1888.—This invention 
relates to an improved method of insuring uniformity in the action 
of a voltaic battery, and consists in dividing the negative element 
into several groups, ted separately to a commutator 
whereby any one of these groups can be included in a circuit, 
while the others remain in repose. Z is the positive clement (a zinc 
cylinder) within a porous pot P (Figs. 1 and 2), Around the pot 
within the jar J are arranged a number (twelve) of carbon bars C 
in three groups, each group constituting the negative element. 
These groups are connected respectively to rings R', R2, R3, 
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From these rings three separate conductors L, L?, L* are led up 
to a commutator which, as well as the positive element, is con- 
nected to the outer circuit by conductors M,N. The commutator 
(Figs, 3 and 4), comprises a conducting cylinder from which pro- 
jects three blades B!, B2, B*, and which has at one end a disc D. 
Under it are in a base of insulating material four troughs con- 
taining mercury in metallic connection with the conductors L', 
L?, L’, and M respectively, As the cylinder is rotated on its axis, 
one or other of its blades B becomes immersed in the mercury 
below it, whilst the disc D always remains immersed, and thus 
one or other of the negative element groupsis brought into circuit, 
ot _— being fora time leftinrepose. (Accepted October 27, 

1 lo 
13,341. P. Scharf, Vienna. Improvements in Gas 
Batteries. [lld. 4 Figs.} September 15, 1888.—The improved 
gas battery consists of a hermetically closed receptacle A in which 
porous electrodes c are arranged in such a manner as to form, in 
combination with suitable kings and insulations e, f, air-tight 
cells 1, 2, 8, 4,5...., and intermediate spaces w, The cells serve 
for the separate reception of two different gaseous or vaporous 
bodies under pressure, or one gaseous or vaporous and one liquid 
y under pressure, and the intermediate spaces w serve for the 





proceeding through the field-magnet coils M, M of the g tor, 
thence through St to the condenser K5, The field-magnet coils 
may be arranged in series with the external circuit as shown in 
Fig. 2. Fig. 3shows them in a continuous circuit between the 

les. Fig. 4 represents a revolving circuit breaker B whose sur- 
‘ace is equally divided into conducting and non ducting spaces. 
The spaces on the left are connected to the positive generator pole, 
the right with the negative pole. As B revolves, the current is sent 
first into one set of condensers, then into the other. (Sealed 
September 21, 1888). 


7852. W. P. Thom » London. (G. Westinghouse, 
Jun., Pittsburg, Pa, U.S.A.) Improvements in or Re- 
lating to Central Station Apparatus for System of 
Electric Distribution by Alternate Currents, (8d. 
2 Figs.) May 29, 1888.—Four dynamo-electric generators are 
employed, having their field-magnets supplied by currents from 
two separate exciters, each provided with its own driving engine. 
The field-magnets are ted tiple arc with their re- 
mee exciters, and the g tors are i dently regulated. 

e exciters may be of such capacity that either one may serve to 
supply the currents necessary for the entire system of alternate 
current generators. Suitable switch and circuit controlling devices 
are employed for ing the iting generators in multiple 
are with each other, for the purpose of supplanting either one by 
the other. The several alternate current generators are connected 
with their work circuits in yo ge arc or parallel circuits, and 
each has its own ter and voltmeter for determining the 
current. Each alternate current generator is provided with a 
switch whereby it may be thrown into and out of circuit, and 
each has a double-pole or two-way switch for connecting with 
either of two sets of feeders or main lines. Preferably also each 
generator is provided with a single light connected in the 
secondary circuit of a converter, the primary of which is connected 
across the poles of the generator, and this light is used as an indi- 
cator or pilot light. The distributing wires leading to the work 




















reception of a liquid conductor. For example, illuminating gas 
and air are produced or collected separately, and each of the two 
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gases p parate reservoir, where they are kept under 
constant pressure. From these pressure reservoirs each of the 
two gases is ducted tely and under pressure to the 
battery. Every second 8) that is, the space between every 
two cells, is completely filled with a liquid conductor such as 
acidulated water. ¢ is the inlet and i the outlet for the acidulated 
water, gis the inlet and g! the outlet for the illuminating gas. 
h is the inlet and A! the outlet for the air. All the cells of even 
numbers, 2, 4,6.... contain the one gas, and those numbered 
1, 3,5... . contain the other gas. All the electrades forming cells 
for the same kind of gas are connected together by conductors. 
(Sealed December 28, 1888), 
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11,967, W.Clarko, J.B, Furneaux, and C. Dowsen, 
Gateshead-on- e,. Improvements in Steam or 
Power Pumps. [lid. 25 Figs.) September 3, 1887.— This in- 
vention relates to an improved construction and arrangement of 
steam or power pumps in which suction and delivery valves are 
dispensed with, the pistons or plungers being formed with cavities 
for the of 'water, the arrangement being such that the 
suction tot Givey to and from one cylinder in a duplex pump 
take place transversely through the other cylinder and through 
the cavities in the plunger. 1 and 2 are a pair of pump cylinders, 
each of which is provided with six ports. Of these, port O leads from 
the centre of cylinder 1 to the bottom of cylinder 2, where it ter- 
minates in port O!. P isa suction port at the centre of cylinder 1. 
Q is a delivery port at the centre of cylinder 1. R isa port lead- 
ing from the centre of cylinder 1 to the top of cylinder 2 where 
it terminates in the port R'. Sisadelivery port in cylinder 2. 
T is a port leading from the centre of cylinder 2 to the bottom of 
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cylinder 1, where it terminates in the port T'. Y is a port leading 
from the centre of cylinder 2 to the top of cylinder 1, where it ter- 
minates in the port Y'. W is a suction port at the centre of 
cylinder 2. X and Zare the inlet and delivery openings respec- 
tively. Each plunger (Figs. 4, 5, and 6) comprises three cylin- 
drical ports a, b, c, connected together by transverse webs d, e, 
arranged at right angles to each other so as to form four cavities 
A, A', B, B'. The length of the central portion b of the plunger 
is about equal to the length of the ports in the cylinders, and the 
thickness of the transverse webs d and e is somewhat less than 
the distance between two adjacent ports in the cylinders. 
As the plungers are reciprocated in the cylinders (the transverse 
webs being arranged to work on the portions of the cylinders 
separating the ports), opposite and adjacent ports in each 
cylinder will be alternately brought into communication with 
each other through the cavities in the plungers. (Sealed Novem- 
ber 2, 1888 


14,674. A. Anderson and G. Robertson, Glasgow. 
Improvements in Spanners. (8d. 10 Figs.) October 28, 
1887.—The fixed part of the spanner contains a groove and a hole 
in which are inserted the loose jaw C and a loose block D re- 
spectively. The serrated upper edge of the block D may be caused 
to engage the serrated lower edge of the loose jaw C by rotating 
the oval or cam-shaped spindle G by means of the handle K so as 


to move the block D towards the jaw C (Fig. 3). When the spindle 
G is in the position shown in Fig. 2, the block D is in its lowest 
position, and the loose jaw C may be moved freely nearer to or 
away from the fixed jaw. The handle K is provided with a projec- 
tion N, which fits into a recess P (Figs. 4 and 5), and serves to 
retain the handle K in the position in which the movable jaw C is 
adjusted for work. (Sealed November 23, 1888), ° 


15,474. H. Hobson, Stoke-upon-Trent, Staffs. Im- 
provements in appereses for Pulverising Minerals 
and other Hard Substances and Materials. [8d. 4 
Figs.) November 12, 1887.—The improved apparatus comprises a 
strong circular chamber or drum a containing a heavy loose grind- 
ing bali g and capable of being rotated at a high speed in bearings 
b, b, fitted with antifrictional rollerse. At the inlet side A of the 
drum is a pipe j and a feed-hopper k. At the outlet side Bisa 
pipe J leading to a fan m which is connected with a settling 
chamber(not shown). The feed or inlet side of the drum a is also 


connected by the pipe j with this settling chamber. The fan m is 


driven by a belt passing over pulley p. The drum ais rotated by 
a belt ing over a portion of its periphery i. The fan being 
sta at the same time as the revolving drum a, a current of air 
isset up through the drum and through the pipes Zand j and into 
and from the settling chamber. As the drum revolves the heavy 
ball g rolls over and pulverises the materials fed into the drum at 
a from the hopper k. The fine particles are carried by the draught 
into the settling chamber, and the air which has carried them 
forward returns to the revolving drum through the eonduit j and 
thus circulates unceasingly. (Sealed November 30, 1888). 


UNITED STATES PATENTS AND PATENT PRACTICE. 

Descriptions with illustrations of inventions patented in the 
United of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford 
street, Strand. 
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KIOTO AND LAKE BIWA OANAL. | 

THE Japanese Government are at present giving | 
their serious attention to the question of water | 
supply for the large towns of their country. 
Yokohama has lately received a constant service, 
and other towns are being surveyed with the same 
intention. | 

The works for the supply of Kioto, the ancient | 
capital of Japan, have been designed principally | 
with a view of introducing water for manufacturing 
purposes and the irrigation o! rice fields, although 
there is nothing to prevent its use for domestic 
purposes as well, the water of Lake Biwa being 
sufficiently pure to be so utilised. At any rate, 
it is much more suitable for drinking than the well 
water hitherto used by the inhabitants of Kioto in 
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the canal works are being carried out for the supply 
of fresh water to the city—principally for manu- 
factories—but it is also the intention of the autho- 
rities to use the canal for’ the passage of boats so as 
to bring the produce of the shores of Lake Biwa 
into Kioto, and by means of existing canals on to 
Osaka, a large manufacturing centre. This we ven- 
ture to think is a mistake if it is eventually intended 
to use the water for drinking purposes. 

The works consist of a main canal varying in 
width from 19 ft. to 28 ft. by 6 ft. deep, extending 
from the lake at Otsu to a point marked A on the 
plan, Fig. 1, situated on the hillside at a level of 
138 ft. above Kioto; from this point a subsidiary or 
branch canal 8 ft. wide by 44 ft. deep conducts the 
water along the hillside to supply the canals at 
present existing in the city. The quantity of 
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common with other Japanese towns, and for which 
the average Japanese has an extraordinary predi- 
lection, however contaminated with sewage the well 
may happen to be from which he draws his supply. 

Up to the present time Kioto has depended 
entirely on its well water for domestic use, while 
the water for manufactories has been taken from 
the River Kamogawa and its tributary the Koya- 
gawa, both very indifferent sources of supply in 
summer time. When it is considered that Japanese 
towns are totally devoid of any system of drainage, 
it can be quite understood that nearly all of the 
cholera epidemics so prevalent in Japan are clearly 
traceable to the inconsiderate use of water from 
contaminated wells. In connection with this 
question, it may be remarked that Mr. W.°K. 
Burtin, professor of sanitation in the University of 
Tokio, lately drew attention to the fact that, 
although the greater portion of the subsoil of that 
city was literally saturated with sewage, the 
majority of the inhabitants were entirely dependent 
on well water for domestic uses. 

Lake Biwa is the largest sheet of fresh water in 
Japan, having an area of 500 square miles, its 
waters finding an outlet to the sea at Osaka through 
the Yodogawa (River Yodo). Its surface is about 
280 ft. above sea level and 150 ft. above the level 
of the city of Kioto and is distant therefrom in a 


water to be conveyed is calculated at 300 cubic feet 
per second at a velocity of about 3 ft. per second. 

Between the points A and B, Fig. 1, it is in- 
tended to lay down an incline with a fall of 1 in 
15 for caissons to carry boats down to the lower 
main canal so as to gain access to the city. At or 
near the point A it is proposed to hereafter con- 
struct a reservoir from which mains could be led 
into the city for water for the use of the inhabitants. 

As the level of Lake Biwa varies considerably— 
rising as much as 10 ft. above its normal level after 
a wet season—it has been found necessary to con- 
struct a lock at Otsu for the passage of boats into 
the canal, and a bye-pass with sluices for the regu- 
lation of the water supply; the average head of 
water in the lake against the outer gates being 23 ft. 
in ordinary circumstances. The works have in- 
volved the construction of five tunnels on the main 
canal, and two on the branch canal, the former 
being 16 ft. by 14 ft., and the latter 6 ft. in dia- 
meter ; the length of the longest tunnel being 
about 8000 ft. from end to end. There is also one 
short aqueduct of brick and cement arching on this 
last canal, see Fig. 2. 

The material pierced on the principal tunnel has 
been quartz, porphyry, hornblende, slate, clay, 
and some sand, some water having been encountered 
in the latter. The lining of the tunnel consists 





direct line about five miles. As already remarked, 





partly of granite with clay puddle backing and 


partly of brickwork, three rings being used for hard 
rock and four rings for soft rock and clay. The 
bricks are made close to the site of the works, and 
have the appearance of being of good quality. Two 
shafts were sunk in the line of the tunnel, as 
indicated on the plan. That furthest from the 
western entrance is intended to assist in the future 
ventilation of the tunnel. 

Up to January of last year not much water had 
been met with, but since that date considerable 
——— have had to be dealt with, causing some 

elay in the prosecution of the work. The cost of 
this tunnel is stated to have been 180 dols. per 
lineal ken (about 5 ft. 114 in.), and poset = 
(30 dols. per foot, being 118 dols. for brick lining) 
50 dols. for excavation, and 12 dols. for timbering ; 
the Japanese yen or dollar is nominally equiva- 
lent to 4s. silver or 3s. 17d. in gold at the present 
rate of exchange. 

Bricks cost 3.75 dols. per 1000 delivered at the 
tunnel, their size being about the same as London 
bricks, while cement costs 4.30 dols. and 5 dols. 
per cask, the former being native cement made at 
Osaka, and the latter of English manufacture. 
The Osaka cement is not found to be uniform in 
quality, the engineers in charge of the work 
requiring to test every cask before it is used. 

It may be interesting for the sake of comparison 
to quote the wages paid on these works. Labourers 
get 18 sen (Japanese sen = ;}5 of a yen or dollar). 
Carpenters 30 sen, and masons 50 sen. Taking the 
yen at its nominal value of 4s., the rate of exchange 
having of course no effect on the scale of wages in 
Japan, these rates are equivalent to 8}d., 1s. 24d., 
and 2s. respectively. This compares very favour- 
ably with the cost of European labour at first sight, 
but when it is considered that the amount of work 
done by a Japanese workman is not more than one- 
half, and sometimes only one-third of that done by 
the average English workman, the discrepancy is 
not so apparent. It may be remarked that wher- 
ever large works are undertaken in Japan the price 
of labour invariably has an upward tendency. 

In visiting works carried out entirely under 
Japanese supervision, such as those now referred 
to, what strikes an English engineer very forcibly 
is the extreme paucity of plant employed in their 
construction. This is perhaps due to the fact that 
labour is apparently so low in price, and also per- 
haps because Japanese engineers have not as yet 
had sufficient experience in the carrying out of 
large works to recognise the immense advantage to 
be gained in the employment of labour-saving ap- 
pliances. On these works, for instance, costing over 
at least 250,000/., the sum total of plant employed 
would not amount to 25001. at English prices, per- 
haps not one-tenth of the value of plant that an 
English contractor would have employed on a 
similar job. 

Almost the whole of the work is being carried out 
by manual labour, and even this is not applied to 
advantage, as it may be noticed that such a thing 
as a wheelbarrow is not employed by the average 
labourer in Japan. 

The total cost of the work is estimated at one 
and a quarter million yen (1,250,000 dols.), and the 
completion of the work is looked for in November, 
1889, the work having been set out in March 1885. 

In conclusion, we may state that these works 
have been designed and carried out entirely under 
the supervision of a young Japanese engineer, al- 
though we understand that the plans received 
the approval of a European engineer before the 
works were commenced. This, however, does not 
detract from the credit due to Mr. Yanabe, the 
engineer in question, the more especially so as his 
training in the profession has been carried out solely 
in Japan. The fact that works of such magnitude 
as the Kioto and Biwa Canal being intrusted to the 
charge of a young engineer with what we should 
consider very little practical experience, speaks 
volumes for the desire of the Japanese Government 
to encourage native talent, and we are glad to say 
that this confidence does not appear to have been 
misplaced, so far as the present case is concerned. 
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ness sake, hoping for nothing,” esteeming wisdom 
as riches, and, like Socrates, praying for treasures 
‘* such as none can carry away save one who is of 
sober mind.” Those who knew William Denny 
will admit that such was the man, and those who 
were not acquainted with him, if they read the 
story of his life, will readily recognise how faith- 
fully he recognised those principles—we might al- 
most call them the mottoes of his life. Books of a 

ersonal character—biographies, reminiscences, 
ives, memoirs, &c.—form an increasingly large 
proportion of our literature ; but many of those 
works have only a passing interest. Valuable and 
lasting, however, is the book recording the work of 
any man who, by his research or skilful labours, 
has served the world in the advancement of science 
or art, or indeed of any beneficial movement. Such 
books amplify contemporary history. ‘‘The Life of 
William Denny” is such a work and will therefore 
be welcomed. He rendered service to science as a 
naval architect. He was also a social economist, for 
the improvement—morally, socially, and physically 
—of the people in all stations of life might be 
termed his alternative life work. This therefore 
explains, no doubt, how it comes that a professor 
in a divinity college, with no technical knowledge 
of naval construction, appears as the author of the 
memoir of one of the leading shipbuilders of his 
day. Students of engineering history, who hope to 
find the subject treated from a distinctly technical 
point of view, may be disappointed ; but the lay 
reader will find the manner of treatment adapted 
to a meagre acquaintance with the science of ship- 
building. Once and again there is a slight dip into 
technicalities, and altogether the subject is intel- 
ligibly treated. The author admits his indebted- 
ness to Mr, F. P. Purvis, chief of the scientific 
department in the Leven shipyard, to Mr. Robert 
Duncan, shipbuilder, Port-Glasgow, an intimate 
friend of Denny, and a colleague on the Load 
Line Commission ; to Mr. B. Martell, to Mr. W. 
H. White, and to several others. 

In the treatment of the non-professional part of 
the subject Professor Bruce has succeeded very 
well, e knew the man thoroughly and was there- 
fore well qualified to write his life story from a 
general point of view. In such books, of course, 
there is always much that is common-place, and in 
this case several letters, &c., might have been left 
out without affecting the tout-ensemble. There are 
one or two repetitions in ideas, too. If by the 
omission of these the work could have been pro- 
duced at a popular price the gain would have been 
great. 

The book is divided into five parts, dealing with 
the subject under the headings of youth, adminis- 
trator of labour, naval architect, philanthropist and 
social reformer, and pioneer in the development of 
navigation on the River Plate and its tributaries. 
We naturally turn first to that section of the work 
dealing with the naval architect. 

The one general principle which characterised Mr. 
Denny’s work was that shipbuilders ought to occupy 
the position of professional advisers, as well as that 
of manufacturers. The world, he believed, needed 
advice quite as much regarding the building of ships 
as in the case of bridges, docks, and railways. He 
had contempt for men who built ships according to 
the prejudices of owners or the antiquated rules of 
controlling bodies, so as to secure abundant orders. 
pay. f instances could be given of how he carried 
out this idea, From the time steel was first used — 
in 1879 in the building of the Rotomahana, a vessel 
which afterwards proved the ductility of the metal 
—he consistently refused to build vessels of iron. 
He argued the question of efficiency in a paper 
read at the spring meeting of the Institution of 
Naval Architects in 1880. The principle of cellular 
bottoms was another case in point, but it is unneces- 
sary to multiply them. 

tt is not claimed for him that hv was an inventor. 
The fact that he was not an advanced mathemati- 
cian—a deficiency which he always regretted and 
advised other people to supply in their cases—told 
against him in this respect, but ‘‘ he was sagacious 
to discern quickly the value of a new suggestion 
or invention, prompt to give it generous recognition, 
energetic and enthusiastic in taking it up and de- 
veloping it, until it had gained a secure place in 
general thought and practice.” No better exempli- 
fication of this could be given than the energy with 
which he carried out the practice of progressive 
speed trials. It is not necessary here to refer at 
ven length to the efforts he made in this direction, 
culminating in the establishment of an experi- 





mental tank—constructed in 1883—to experiment 
upon models on the principles laid down by Froude. 
Since it was opened ‘‘ some 20,000 experiments have 
been made on models of ships previously built and 
tried on the measured mile, or of ships in process 
of design, or of ideal ships conceived for the pur- 
poses of experiment.” This tank, it may be re- 
marked, is the only one in the possession of a private 
firm. Mr. Purvis, who is the chief of the staff, is 
no doubt responsible for much of the information 

ublished here regarding it, while from Denny’s 
etters, of which there are a large number in the 
book, interesting facts are given as to the use of the 
tank andits value. Principal among the communica- 
tions is one to the naval authorities at Washington. 
This letter, it is stated, went into the matter of 
cost, and as the publication of this would have 
been of much value to those who may be willing to 
consider the relative profit to be gained, one 
cannot but regret that the information is sup- 
pressed, more especially as Mr. Denny so much 
desired that the practice of tank tests should be ex- 
tended. 

The conflicts with Lloyd’s are fully detailed. 
The principle of double bottoms, introduced (on 
the bracket system) by Messrs. Austin and Hunter, 
Sunderland, had in Denny a strong supporter, and 
he fully developed the principle and fought Lloyd’s 
on the question of measurement. He also had a 
campaign against the Board regarding its constitu- 
tion, desiring representatives on it of the shipown- 
ing, underwriting, shipbuilding, and marine engi- 
neering interests, as well as of the sailors’ and 
officers’ institutions ; and his discussion on Lloyd’s 
numerals is well known. In the course of his re- 
ference to the latter subject, the author writes 
with an eloquence which might be envied by even 
a typical Hibernian orator : 

To the uninstructed layman Lloyd’s numerals are very 
mysterious entities, but all can understand and appre- 
ciate the importance of the practical issue raised ; freedom 
for improvement in design within safe limits ; unhampered 
by arbitrary rules; and all can sympathise with the 
ardent young shipbuilder bent on progress following in 
the wake of science, and groaning under the strangulation 
of individual thought and action in the boa-constrictor 
coils of the omnipotent Register Society. 

It is not necessary here to detail the many contri- 
butions Denny made to the transactions of the 
technical societies of which he was a member. 
Suffice to say that he never failed to express his 
opinion on any subject in which he had a direct 
interest, brought before the institutions, and as a 
consequence, during the seventeen years of his 
public professional life, he spoke, it might be said, 
in season and out of season, in favour of a scientific 
and less haphazard application of the principles of 
ship construction. Nor is it requisite that his 
services on the Load Line Committee should be 
dealt with here. These subjects are all written of 
in the work, although, perhaps, not with that ful- 
ness that some might desire, for only a little more 
than one-fifth part of the book is given up to the 
study of William Denny, the naval architect. 

Denny’s views on industrial questions are full of 
interest. To secure reasonable prosperity for both 
masters and men, and to make their mutual relations 
just and humane, he believed in ‘‘efficient labour 
with hand and brain ; resident employers, realising 
their responsibilities, and bent on something higher 
than making money; and permanent conference 
between masters and men in reference to all matters 
of common interest.” These conferences he had 
just started before he left on his last voyage, and 
it is to be hoped that the idea may be taken up by 
some one and continued until the effect is tried. 
The first important utterances on the industrial 
question were in a lecture to the Dumbarton Philo- 
sophical Society in 1876—eight years after he be- 
came:a partner of the firm. The subject was ‘‘ The 
Worth of Wages.” It was written, Mr. Denny 
admitted afterwards, during ‘‘the heat of a little 
struggle we had in Dumbarton.” We make one 
extract : 

It is a grievous and mean thing to see men, otherwise 
good and upright, slinking back to work at benches they 
have been neglecting for perhaps a good part of an hour, 
with a shame that is but ill concealed in searching for 
tools that are cold from the want of their hands. This is 
asight I could show a stranger almost any day in our own 
yard, and it is the curse and degradation of time wages 
which alone makes it ssible. You need not judge these 
men harshly, for I think days’ wages so direct a tempta- 
tion to carelessness and dishonesty that some excuse may 
be made for them. 

Piecework was started in all departments in the 
yard. It must not be supposed that Denny was the 


first to adopt it ; but he carried it out to a greater 
extent. He considered that it reduced the cost of 
manufactured articles and made employer and em- 
ployed more secure against competition, and, over 
and above, affected the prosperity and intelligence 
of the workman. Eight years after he wrote 
it, Denny criticised his own work, and admitted 
that there were many views expressed in it which 
he regarded as partial, and stated that if he 
had ‘‘to re-write the work probably one-half 
of it would not now be written.” At the very 
outset he was wrong in presuming that rates 
would regulate themselves. In ironwork, and even 
in carpenter work, prices can be and are in many 
cases, Classified to a certain extent, but in joiner 
work, where a squad of men will agree to complete 
a saloon, there cannot be any classification. It 
therefore came about in the process of self-regulat- 
ing prices, that when one squad, perhaps by con- 
stant and vigorous work, earned a very large wage, 
it was considered proper to reduce the contract price. 
The work on the next occasion might be done by 
less active but possibly more painstaking men, 
who might produce more substantial work yet 
having taken a greater time secure a less wage. 
This, in effect, was the cause of contention, and 
the subject of difficulty. We do not say that this 
applies to any one establishment; probably it is 
general. The practice was described by Denny in 
a letter to a gentleman in London as follows : 

We have found in testing such piecework that the best 
method is to compare the earnings made by these piece 
workers in a given period with the time wages which they 
would have received for the same period; and it is the 
duty of one of our partners to control this section of the 
work, and he does it almost invariably to the advantage 
of the men. Our idea is that the men should be able to 
average from 25 to 50 per cent. more wages on such piece- 
work within a given time than their time wages would 
amount to. There are occasional and exceptional cases 
where the results are less or more favourable. Where 
they are less favourable we consider them to be not only a 
loss to the men, but disadvantageous to ourselves; and 
our reason for this is very clear, as unless the men feel 
that their exertions produce really better wages, and that 
increased exertions and better arrangements of work will 
produce still further increases of wages, there is an end to 
all stimulus to activity or improvement. 

There are often contentions amongst members of 
the squads too, and a rather serious objection has 
been raised to the effect that piecework deteriorates 
the standard of the trade in respect that the same 
care is not now taken, as was the case formally, to 
show the apprentices the intricacies of their trade. 
The natural desire to make big wages predominates, 
while the apprentices themselves, when they get to 
a certain stage, are more eager to produce work of an 
easy, perhaps routine description, than to work in 
the direction of acquiring experience. Denny’s 
summing up of the whole question is as follows : 

The method of piecework is one which cannot either be 
approved or condemned absolutely, but is dependent upon 
the spirit and the way in which it is carried out for the 
verdict which should be passed upon it. It is imperative 
in such kinds of piecework as by their nature cannot be 
reduced to regular rates. that either the employer should 
take the responsibility of safeguarding his workmen’s in- 
terests, or that the workmen themselves should, by such a 
method as I have suggested, obtain an effective control 
over them. 

The method described was : 

When the heads of a business are absentees or indiffe- 
rent, the most effective way in which the workmen can 
control such piecework would be by taking care that the 
standard of time wages was always kept perfectly clear 
and effective, and that regular comparisons between this 
standard and their earnings per hour on piecework were 
made. Suchcomparisons would ime a them 
to arrive at a correct conclusion as to whether the prices 
paid them were sufficiently profitable. 

Technical education had in Mr. Denny an ardent 
advocate. Foreign competition ir. his opinion was 
not to be met by longer hours and lower wages, but 
by a development of head work. Let men, he said, 
work not only with their heads, but, and above all, 
with their brains, and so increase indefinitely the 
efficiency of labour. The attempts at technical 
education are thus described in a letter to Sir Bern- 
hard Samuelson : 

(a) Rules as to the admission by examination of appren- 
tices and others into the shipyard offices ; (b) the same for 
our engine works ; (c) rules for the Awards Committee to 
guide them in rewarding the workmen for inventions or 
improvements. A similar scheme of awards has been 
begun in our engine works. Our attempts to stimulate 
the intelligence of our employés have developed in two 
forms corresponding to the main divisions of those 
employés. First, by examinations, we have tried to secure 
a supply of a prentices and others for our offices, elected 





for ability and steadiness, and with some knowledge suit- 
able for the careers before them. Second, we attempt by 
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rewards to stimulate the minds of our workmen directly to 
invention and to a continual criticism of the methods of 
work, tools, and machines employed by them. 


We will only make one other quotation, and that 
is from a letter to Lord Ravensworth, in which Mr. 
Denny says : 

Believe me, the common people are sound at heart. If 
they were only led by men inspired by the sense of duty, 
and honour, and sympathy, they would _little by little free 
themselves from their faults and sins. But nine-tenths 
of our employers, and their wives even more than them- 
selves, are devoted heart and soul to the merest wealth- 
getting and tuft-hunting, when dominant inany character 
— of the most disruptive and revolutionary causes of the 

ay. 

In this quotation is given a fair idea of Denny’s 
views on social questions, so that it is quite un- 
necessary to go into the subject further. His 
literary pursuits were characterised by “‘ impulsive- 
ness, too great quickness of sympathy and action.” 
Thus we find him extolling Tennyson as a king of 
poets, and then dethroning him, admiring Carlyle 
and then criticising him. But, after all, the spirit 
of the Chelsea sage can be traced in his writings 
and speeches on social topics. Of his religious 
views much, perhaps too much, is said, but it is not 
suitable here to refer to them. Politics, too, is 
forbidden ground. One hundred pages are given 
up to the story of his life in South America, with its 
tragic close. Interesting tit-bits of information as 
to the country are given, but space prevents us 
noticing these, and of his death we care not to write. 
Like him, as he wrote to his betrothed, we care 
rather for ‘‘ the echoes of old relationship, old asso- 
ciations ; they make the heart poetry of our lives.” 





Reminiscences of Foreign Travel. By RoBert CRAWFORD, 
M.A., M. Inst. C.E., lately Professor of Civil Engi- 
a in the University of Dublin, &c. London and 
New York: Longmans, Gréen, and Co, 

This isa tale of an engineer’s experience in foreign 

countries when engaged in the occupation of his 

profession, and while in search of recreation or the 
restorative effect of genial climates on a constitution 

impaired by overwork. The book opens with a 

singularly modest preface, almost preparing the 

reviewer for a sample of the pride which apes 
humility, but on further investigations this first 
impression proves to be entirely groundless, for 
there is a remarkable absence of the almost in- 
separable egotism which most narratives of travel 

and personal experience carry with them. It is a 

simple, manly story, told in a plain straightforward 

way, and in its simplicity lies its chief charm. 
The earlier portions of the book are devoted to 

a relation of the author’s first experience of the 


arduous, though none the less alluring, practical | pH 


work connected with an engineer’s life in the back- 
woods. Canada is the country in which his lot is 
thrown, and there the wide changes of climate 
make the conditions of life very variable. In the 
incidents recounted, there are none particularly 
thrilling or dramatic, but from the graphic manner 
in which they are described, the reader—if at any 
time it was his lot to be so similarly situated—may 
almost fancy he can detect the odour of the forest 
and hear the rippling of the streams. Having left 
Canada, the author leads us in an entertaining 
manner through Austria, Germany, Sardinia, off to 
Egypt in a hurry and back again almost as quickly, 
to Turkey and back, and then to the scenes of the 
Franco-German War. In the description of the 
horrors of war the author shows a power of realistic 
and sympathetic writing which reflect equal credit 
to his oa powers and his compassionate 
feelings for the sufferings of others. From these 
scenes of human suffering and love we are led 
across the Atlantic to the sensuous beauty of the 
South American forests, and are shown the varied 
shades of life on the River Plate; even here war 
and strife fora while throw a gloom over the beau- 
ties of creation, for brief references are made to the 
struggle betwen Brazil, the Argentine Confedera- 
tion, and Uruguay on the one side and Paragua on the 
other, wherein we are told that “ mothers, wives, and 
sweethearts donned the soldier’s uniform and fought 
bravely in the ranks with those they loved ;” some of 
the after-battle death scenes portrayed are truly har- 
rowing. Several chapters aredevoted to a description 
of sport in the Argentine confederation, oak our 
practical engineer, realistic writer, transforms him- 
self modestly into a ‘‘ Nimrod” of no mean order. 
Eventually this A ae nese and entertaining record 
concludes with the description of a trip to Algeria 
in search of health, which we hope—though we are 
not informed—was speedily found, Throughout 








the book the humorous side of the author’s ex- 
periences are related with that keen relish of a joke 
which would almost betray the Hibernian origin 
of the writer did he not openly avow it. We par- 
ticularly recommend this book to the consideration 
of young engineers who are hovering in the border 
land of doubt between an exchange of the com- 
fortable firesides of home for the more varied and 
vigorous life to be experienced when constructing 
engineering works, in distant countries, frequently 
in the réle of pioneers to civilisation. 





Water Engineering; a Practical Treatise on the Measure- 
ment, Storage, Conveyance, and Utilisation of Water for 
the Supply of Towns, for Mill Power, and for other 
Purposes. By Cuas. Stace. London: Crosby Lock- 
wood and Son, 1888, (309 + x. pages). 

This little work purports in the modest compass of 

309 pages to deal with the vast subject of water 

engineering in those branches set forth in the title, 

and does indeed cover more than all that ground. 

The preface explains that it is a reprint (with 

additions and changes) of articles published in the 

Building News. This explains, probably, a lack 

of systematic arrangement, which causes the boo 

to be even now rather a series of articles than a 

treatise on a single definite plan, and detracts from 

its value in book form. 

Thus it is divided into thirty-one ‘‘ sections” 
(not ‘‘ chapters,” though the difference is not clear). 
The sources of water supply, instead of leading, 
come thus ; Rainfall, Section VIII.; Areas of River 
Basins, Section IX.; Rivers and Watercourses, 
Section XV.; Stream Gauges, Section VII. Again 
service reservoirs occupy Section XII. and XXIII. 
separated by several distinct subjects. 

The book seems to be written for those who prefer 
arithmetically worked examples, and rules stated 
in words, to algebraic work ; much space is required 
of course for this. In this attempted simplicity, 
some strange working occurs ; ¢.g., the rule given, 
page 78, for the cross-sectional area of a circular 
pipe is ‘‘the cross-sectional area of the pipe is 
equal to that of a triangle, the base of which is 
equal in length to the circumference of the circle, 
and the height to the radius, half of which multi- 
plied into the base is the area ;” this rule is, in 
fact, making a triangular stopper to fit a round 
hole ; is any simplicity gained over a simple state- 
ment > x (radius)? ? 

As a small practical treatise on water supply of 
towns, and on some applications of water power 
(water-wheels and turbines) the work is in many 
respects excellent, though unequal. The section on 
(velocity of) rivers and watercourses is not good. 
u Buat’s, Prony’s, and Eytelwein’s formule are 
relied on chiefly ; Kutter’s is given, but Buzin’s 
are not mentioned ; the American results are 
alluded to (page 125) in the phrase ‘‘ experiments 
which have been made of late upon the large 
American rivers;” now the Mississippi experi- 
ments were made before 1860. 

In the classification of domestic water supply to 
its several uses, the use for water-closets is de- 
scribed (page 218) under head of ‘‘ exceptional 
domestic use,” with the explanation ‘‘ say, used by 
lin 20 of the population ;” this is a strange de- 
scription for the state of the great towns. 
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LYNDE’S AUTOMATIC MACHINES. 

Tu use of automatic machines which, on the inser- 
tion of a coin of a certain value, automatically deliver 
ss is found to be of very ancient date. More than 

ears ago there were in use in certain temples 
vessels containing sacrificial wine, which flowed in 
limited quantities when a coin was dropped through a 
slit in the upper part of the urn. The action of the 
coin was to depress a lever, thereby temporarily rais- 
ing a valve, which allowed a small quantity of wine to 
be delivered. In another ancient form of automatic 
apparatus the coin was dropped into a small bucket 
suspended at the end of a balanced lever; the lever 
was in this manner actuated and in turn operated the 
valve. Modern inventors of automatic selling machines 
have, in almost all instances, followed this ancient 
method of utilising the weight of the coin to operate or 
to unlock the machine. But the power generated by a 
mb falling from a height of a few inches upon a 
lanced Jever, is so very limited that it is found in 
actual practice to be insufficient to perform the work 
required with certainty, and consequently the public 
oceasionally experience the disappointment of parting 
with their pence and getting no return. 

In the machines invented by Mr. Fred. C. Lynde, 
of 25, Cross-street, Manchester, this method of un- 
locking the mechanism by the weight of the coin 
has been abandoned, and in place thereof the coin 
is made to act the part of a key which is actuated 
by the hand of the intending purchaser, who can 
apply as much force as may necessary. The 
coin is placed in a strongly made brass slide, which 
is pushed into the machine by the user. In its pro- 

8 the coin comes in contact with a second slide 
to which the delivering mechanism is connected. The 
movement of the coin therefore directly effects the 
delivery of the goods. It is obvious that perfect 
certainty of action is guaranteed by this arrangement 
and that such a result cannot be assured by lightly 
balanced levers and springs. The chief desiderata in 
automatic machines are : 

1. To reduce the size of the machine without inter- 
fering with its supply capacity, so as not to be an 
obstruction to the public when fixed outside shops, 
and in public thoroughfares, and places of amusement. 

2. To so construct the machines that repairs and the 
attention of skilled workmen shall be rendered unneces- 
sary, and that the owner may be able to easily clean 
every part. 

3. That the machines shall automatically lock them- 
selves when empty to prevent the public losing their 


money. 

4. To prevent dishonest persons obtaining articles 
from the machines by inserting spurious coins, or discs 
of other materials which are frequently and specially 
made of the same size and weight as the proper coin, 
or by means of a coin attached to a thread, or by in- 
serting a piece of wire into the machine. 

5. To prevent the mechanism being fouled or de- 
ranged by persons putting into the machines pieces 
of oo card, tin, wood, wire, glass, buttons, and dirt. 

t is claimed by Mr. F. C. Lynde that his machines 
fulfil, in a complete and perfect manner, the whole of 
these conditions, and do not defraud the public of 
their pence, and having tested the mechanism and the 
simple but ingenious devices for ——— articles 
being obtained for spurious discs of lead, iron, &c., we 
are of opinion that this claim is justified. The machine 
never defrauds the public, and the public cannot 
defraud it, except by going to the trouble of procuring 
metal discs, which are practically pennies without the 
Queen’s head. 

It will be seen that the coin-testing slide, in which 
the coin becomes a key and the force of the operator 
is brought to bear upon the mechanism, is an im- 
portant feature of Lynde’s invention, and this slide 
may be utilised for all kinds of automatic vending 
and indicating apparatus. A very simple and attrac- 
tive weighing machine has been invented by Mr. 
Lynde, wherein the coin slide forms a main fea- 
ture. This weighing machine indicates the weight 
by means of an electric spark, instead of by a 
pointer, the spark being of temporary duration, 
remaining for about eight seconds, and then dis- 
appearing. The penny is placed in the coin-testin 
pyran slide, but no weight is recorded unti 
the user pushes the slide, when the coin is tested, and 
if a real one, it actuates a contact-maker, so that the 
electric circuit is completed and the spark appears at 
the required weight upon the dial, The effect of the 
prec tg ae generated in exchange for the penny, and 
not for its counterfeit, is extremely attractive, and 
the ap ce of a dial weighing machine without 
the ordinary pointer is not the least curious feature of 


th | this simple invention. 


We understand that some of Lynde’s patent auto- 
matic machines have been in successful operation for 
three years, and are still in good working order. 





Water anv Gas in Mexico.—An American company 
has obtained concessions from the Mexican Government for 
the introduction of water and gas into all the cities and 
Government buildings throughout Mexico, 
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Wr —— on this and the opposite pages engrav- 
ings of some important buildings which will form 
conspicuous features on the Esplanade des Invalides, 
The special interest attaching to one of these build- 
ings is that it will form the commencement of a 
permanent French organisation. The pavilion shown 
in the lower engraving annexed is for a_ health 
exhibition. It will be situated between the pavilion 
of the Minister of War and the Social Economy 
Pavilion. Within the facade is a long arcaded gallery, 
the roof of which is broken by three . mere of the form 
shown, and each about 65ft. high and 35 ft. in dia- 
meter. Side galleries under the centre of each dome 
will lead into the central hall and the side wings. The 
left-hand wing will be devoted to a mineral water 
exhibition; the front of the left-hand wing will be 
occupied by a large collection of sanitary exhibits 
shown by MM. Geneste and Herscher ; the central 
pavilion will be devoted to domestic hygiene, and the 
remainder of the right-hand wing and the back of the 
Exhibition will contain the exhibits of the Assistance 
Publique. The structure has been designed and 
executed by M. Girault, Architect of Public Civil 
Buildings, and is of extremely light and cheap con- 
struction, It stands on timber sills resting on the 
ground, and is formed of wood and plaster throughout, 
excepting the domes, which are framed of light a 
irons filled in with carton-pierre covered with asphalt 
paper. In the adjoining pavilion—that for social 
economy exhibits—will be collected a large number of 
models, plans, and documents concerning the numerous 
problems of city and rural life, and especially to the 
condition and well-being of the working classes in dif- 
ferent countries. Although a large proportion of the 
objects exhibited will consist of printed reports, 
books, and other documents, which will have but little 
attraction for the masses, the value of such a collec- 
tion is difficult to overestimate, and it will prove a 
mine of wealth to earnest workers for the public 
benefit. The contributions to this exhibition from 
this country will be principally documentary, as it 
is the design of the Committee having this work 
in hand, to obtain as large and complete a collection 
as possible of reports and statistics, illustrating the 
conditions of artisan life in England. Dwellings, 
schools, hospitals, saving banks, trade unions, benefit 
societies, working men’s clubs, and cafés, the relations 
between employers and employed, legislation for the 
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THE FRENCH COLONIAL PAVILION, 





THE HEALTH EXHIBITION, 


filled with similar exhibits, will be a veritable treasure | of members of the Senate, of colonial delegates, and of 
house, and will form an ample nucleus for the per- | persons elected by the Colonial Chamber of Commerce, 
manent institution that, it is intended, shall grow| This building will be surrounded by a number of 





from it. typical native huts and villages, and will doubtless 
The engraving at the top of the page shows the | form a considerable attraction. The architect of the 


protection of the life and health of workmen, will| French Colonial Pavilion, which will face the building | pavilion is M. Sauvestre. The Tunisian Pavilion, shown 
all receive due consideration at the hands of the Com- | of the War Department in the Esplanade des Invalides. | on the opposite page, was designed by M. H. Saladin, 


mittee. Besides such documentary exhibits, there will 
not be wanting models of schools and hospitals, as 


This will form the commencement of a French Colonial | who has skilfully combined some of the best examples 
Institute, intended to foster and develop the colonies | of Tunisian architecture into one harmonious building, 


well as others illustrating the sanitary work carried | of France, and countries under her protectorate. It|which will be occupied with bazaars, shops, and 
out in London and some of the large provincial towns. | is intended that this Institute should be subsidised by | restaurants. The Algerian Pavilion adjoining, and 
As the space allotted to this country is small, it may | the French Government as well as by the colonies | the minaret of which is a reproduction of the Coubba 





be imagined that the whole building, which will be | themselves, and that its governing body should consist | of Sid-ben-Arouz, will also constitute a large bazaar, 
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1882, for the building of a railway between the Nor- 
wegian border and Lulea. 

7. The company undertakes to pay in good time, and 
if required two months before each payment of interest, to 
Messrs. C. J. Hambro and Son, London, the amount of 
30,000/., required for the half-yearly payment of interest 
and so on, up to and inclusive of the interest, which falls 
due on January 1, 1892, and is thus payable on March 1, 
1892, 


8. The company undertakes, from the beginning of 
1892, at the end of each half-year, to pay to Messrs. C. J. 
Hambro and Son, London, 6s. for each ton of iron ore, 
which, during the previous half-year has been exported 
from Lulea or Ofoten. This payment Messrs. C. J. 
Hambro and Son shall, in the first instance, apply to pay 
the interest on the company’s debentures, amounting to 
2,000,000. at the rate of 4 per cent. per annum, and on 
the share capital of 1,500,000/., and what may remain 
over shall be used for the withdrawal at par, of the com- 
pany’s debentures, as they terminate, which amount is 
not to exceed 2,000,000/., and when all these are paid, to 
withdraw, also at par, the company’s shares, which have 
been issued subject to withdrawal at par on allotment. 
Debentures, as well as shares, shall be handed to the 
company for cancelling. 

9. At the end of year, when this withdrawal has been 
completed, the company transfers to the State the whole 
railway with all the stock belonging to the traffic, and 
houses, &c., but such stores of rails, sleepers, coals, oil, 
&c., which may be found at the time, have to be purchased 
by the State at the value at which they are booked. 
Buildings and other appliances, which have been built 
exclusively for the purpose of the breaking of iron ore, shall 
remain in the possession of the company. 

On account of a small portion of the railway (42 kilo- 
metres) being in Norway—and which in consequence 
ought to be handed over t» the Norwegian State—the 
company begs that the Swedish Government will make 
the needful arrangements with the Norwegian Govern- 
ment, 

In proof of the company being able to give up 6s. per 
ton of its profit on the sale of ore, as long as the company 
is the owner of the railway and thus need not to debit the 
ore more than the absolute cost of the transport and with 
no profit on the traffic, the company begs to enumerate the 
costs incurred for each ton of ore free on board vessel in 
Lulea harbour : 

8. d. 


Royalty to owner of mines ~ he 0 6 

Breaking, loading on to trucks, analyses 2 6 
Transport to Lulea and loading on board 

vessel ae ee sa ee ‘se 3 0 

6 0 

As the costs only amount to 6s. per ton, and the price the 
company obtains for ore f.o.b. is 123,, it will be evident that 
the above 6s, per ton can be given up for the purpose of 
paying interest on and paying off the debt. It will also 
appear from the above contracts, just referred to, that the 
quantity of ore already contracted for amounts to 
600,000 tons, but the demand is so great that this quan- 
tity could easily bs doubled many times, if so large an 
export were possible during the short time of shipment 
available at Lulea, 

When the whole line is completed to Ofoten Fjord, 
where an easily accessible, weil protected, and constant! 
open harbour, now called Victoriahavn, is to be found, 
as much ore can be exported a3 the railway can carry 
from the inexhaustible ore mines at Luossavara and 
Kirmmavara, The quantity of ore which can be carried 
of course depends upon the number of trains which can 
be daily despatched. 

very train carries 500 tons, and twenty trains a day 
can, without difficulty, be despatched, making 10,000 tons 
per day, or with 300 working days, 3,000,000 tons per year. 
It will not be long befora an export of this magnitude 
from these mines becomes absolutely necessary to satisfy 
the annually increasing requirements. From the official 
reports for the years 1879-1887, it appears that the export 
from Bilbao, which hitherto has been the chief port for 
export of iron ore, increases every year, and for the year 
1887 amounted to 4,170,422 tons, besides 260,000 tons used 
within the country. 

According to the latest reports from Bilbao the exports 
last year up to December 7 amounted to 3,381,130 tons, 
showing a decrease as compared with the previous year 
of 879,292tons. This decrease, which has probably arisen 
from the well-known fact that the output of good ore in 
that locality is greatly decreasing, will probably assume 
such important dimensions before the railway to Ofoten is 
completed, that the export, which will take place from 
Ofoten, even if it reached 2,000,000 tons, would only 
supply the demand which arises through a reduction of 
the output at Bilbao, 

It would also appear from this that this export cannot 
have any injurious effect upon the present iron industry in 
Sweden, since there cannot be produced from the ore from 
these mines aniron which can compete with the excellent 
iron from central Sweden. 

In order to show how soon the railway can clear its debt 
and thus be transferred to the State, a calculation has 
been made, founded upon an export of ore, which may 
be looked upon as a minimum. Soe this calculation it 
would appear that the transfer will take place in the year 
1904 at the latest, but the greater the export becomes, the 
sooner the time will come when this railway will become 
the property of the Swedish State without costing the 
excheguer anything. 

he company, which i: bound by the above terms, 
(Section 8) to pay 6s. for each exported ton of ore for pay- 
ment of interest and reduction of the capital, can neither 
delay nor hasten this reduction, as it entirely depends on 








the demand for ore which may arise, but as this demand 
is already, when the Bilbao mines yield over 3,000,000 
tons per year, so large that next year 1,000,000 tons 
could be sold if so much could be shipped from Lulea, it 
may be confidently anticipated that after 1892 the demand 
will be as large as the quantity which can be carried by 
the railway. Should war or other circumstances, not to 
be foreseen, make the export less than assumed in the 
calculations, it is evident that the paying off of the debt 
will be retarded without any blame attaching to the com- 
pany. Supposing only the minimum traffic continues 
after the Swedish State has taken over the railway, the 
State’s annual gross profit on transport of ore would alone 
amount to some 275,000/. to 330,000/. 

The company believe that the king will approve of this 
proposal, but as a number of very wealthy English 
bankers are ready to buy all the obtainable shares in the 
company, so as to secure for themselves the large profit 
which is now offered to the Swedish State, the company 
humbly requests the favour of the earliest possible answer 
whether the king will make this offer a royal proposal at 
the forthcoming Parliament. 

The company is prepared to forthwith sign a prelimi- 
~ ad agreement about this subject for the sanction of Par- 

lament, 





THE COLLAPSE OF MARINE BOILER 
FURNACES. 
WE have received the following interesting report on a 
case of collapsed furnaces in a new steamer : 


** Abstract of a Report made by Mr. Parker, Chief Engineer 
Surveyor to Lloyd’s Register, on the Collapsing of the 
Furnaces of a Boiler in a New Steamer. 

‘* The engines and boiler of this vessel, which were sur- 
veyed during their construction by the Society’s surveyors, 
are in all respects well constructed. The boiler is of the 
ordinary round multitubular form, 11 ft. 6 in. in diameter 
and 10 ft. long, fitted with two-ribbed furnaces 41 in. in 
diameter and 43 in. thick, constructed and stayed in 
accordance with the Society’s rules to work at a pressure of 
160 lb. per square inch. 

** On examination of the boiler it was found that the 
port furnace had collapsed in two places to the extent of 
14 in., and the starboard furnace to 3in. The whole of 
surfaces below the water line, including tubes, chambers, 
furnaces, and shell were covered with small cubical 
crystals, samples of which have been analysed and found 
to consist of nearly pure chloride of sodium (or common 
salt), there being only traces of other matter. 

‘* This is the first case of a furnace of this form collaps- 
ing, and looking to the peculiar appearance of the inside 
of the boiler the Committee considered that it should be 
investigated. 

‘* The vessel it appears is engaged in trading between 
Garston and Dublin, and had been at sea altogether only 
240 hours. The boiler was originally filled with fresh 
water, and the practice of the man in charge, according 
to his statement, was to pump the boiler up to what he 
called ‘ three-quarter glass’ when at Garston and Dublin, 
and when at sea to blow out 5in. of water each trip. 
When at sea the density of the water was measured by a 
salinometer, and was never found to exceed (in the 
language used by sea-going engineers) ‘three and a quarter 
thirty-twos,’ ‘one thirty-two’ being equal to 50z. of 
solid matter to each gallon, or the mean density of sea 
water. Any extra supply of water required was taken 
from the sea. This salinometer has been tested and 
found to be inaccurate, inasmuch as it shows 3 oz. per 
gallon short of the true density at a temperature of 
200 deg. Fahr., and when the density approaches 16 oz. 
per gallon, the density at which the engineer acknow- 
ledges the boiler was worked, the reading of the salino- 
meter becomes quite unreliable yg J to defective weight- 
ing, so that it was never known at what density the boiler 
was being worked. At times the water must have almost 
reached the point of saturation. 

‘* This is a case which shows the safety of furnaces of 
this form to resist collupse, even when neglected until they 
become highly heated. If they had been plain furnaces 
the collapse would probably have been accompanied with 
rupture, and a serious accident might have occurred. In 
their cold state it would have taken a pressure of from 
800 lb. to 850 Ib. to have collapsed them, but when hot 
they collapsed locally at 160 1b., the strengthening ribs 
keeping the remaining portions of the furnaces in their 
origina] position and preventing rupture taking place. 

“Tt is known that deposit takes place more rapidly 
with high pressures, and consequently high temperatures, 
than with low pressures. Theoretically speaking, by the 
process of converting water into steam, condensing it into 
water, and again converting it into steam, no loss what- 
ever should take place; but in practice there is a con- 
siderable loss from leaky pumps, cylinder glands, cocks, 
safety valves, condenser tubes, &c., and in an engine kept 
in good working order, all parts being, practically speak- 
ing, tight, and no loss from steam blowing off, &c., I find 
that for every thousand horse-power exerted, 1 ton of 
water per day has to be added to the boiler in the form of 
extra supply. If this water has to be taken from the sea, 
no less than 2 cwt. of solid matter must be deposited every 
day, and it can easily be seen how detrimental such treat- 
ment must be to boilers ong: on long voyages. 

** Tt is considered that ilers working at high pres- 
sures should have some means of making up this loss in 
the form of fresh water, either by carrying it in the vessel, 
or evaporating and condensing. 

“‘ In working marine boilers at the high pressures, now 
80 common, a great amount of ignorance is often displayed 
by the engineers to whose care they are entrusted, and it 
may be stated that nearly all the cases of colla fur- 
naces, leaky tubes, &c., that have come under the notice 








of the officers of this Society since the introduction of the 
high pressures, have been traceable to improper treatment, 
** Lloyd’s Register of Shipping, 
2, White Lion Court, Cornhill, K.C., 
January 2, 1889.” 





THE NEW WHITE STAR LINERS. 

Messrs. HARLAND AND WOLFF launched on Saturday 
last from their yard in Belfast the first of two twin-screw 
steel steamers built to the order of Messrs. Ismay, Imrie, 
andCo., of the White Star Line. It was originally intended 
to call the steamer Majestic, but this name is to be given 
to the second vessel, which is in a forward state of con- 
struction, and the vessel now launched is called instead 
Teutonic. There was, however, no naming ceremony. 
Large crowds gathered to witness the launch, the banks 
of the River Lagan and the ships building in the adjoin- 
ing yards being occupied with hundreds of spectators 
eager tosecure the best vantage points from which to 
view the imposing spectacle. On the deck of the sister 
ship there were gathered alarger number of guests of the 
builders’ firm. ‘The launch took place about half-past 
eleven, and the pace down the ways was unusually fast, 
much quicker than in the case of the City of New York 
or City of Paris, the vessels which, in point of size, com- 
pare with the Teutonic. 

Reverting to the past history of the White Star Line, 
in May, 1875, the Germanic, then the latest addition to 
their Atlantic fleet, took her station on the Liverpool and 
New York service of the company, and, with her sisters 
which had preceded her, completed a fleet unequalled then 
or since for uniformity in design and efficiency, the White 
Star Line retaining its position for several years as the 
swiftest on the Atlantic. As illustrating the regularity 
of their passages, it is worthy of note that in 1876 the 
Britannic, twin sister to the Germanic, averaged for six 
voyages outwards 7 days 18 hours 26 minutes, and six 
voyages homewards 7 days 20 hours 56 minutes, a con- 
siderable advance, asit appeared in those days, upon the 
ten or twelve-day passages which were then the rule. In 
1877, on her twenty-second voyage from Queenstown to 
New York, the Britannic crossed in 7 days 10 hours 
53 minutes, then the fastest passage ever accomplished, 
and she excelled this in 1887, when she travelled from 
New York to Queenstown on her hundred and seventeenth 
voyage in 7 days 9 hours 40 minutes. 

With steamers then so far in advance of their com- 
petitors, the White Star Line has remained quiescent 
since 1874, so far as their New York fleet is concerned, 
content with the type of vessel which they had adopted. 
They have seen the great fleets of the world rebuilt to 
attain greater speed, with ag Cremge upon the lines 
of the type laid down for the White Star Company in 
1868, by the skill and foresight of Sir Edward Harland 
and his firm (Messrs. Harland and Wolff). Formerly this 
type of ship with its long graceful lines, four masts, 
minute subdivision by water-tight compartments, saloon 
forward, near the centre, with revolving chairs, separate 
decks for the different classes of passengers, and accom- 
modation replete with comfort for all, was sui generis. 
Now, however, many competitors have equalled, and in 
the matter of speed outstripped this type of vessel. to an 
extent which has compelled Messrs. Ismay, Imrie, and 
Co., the managing owners of the White Star Line, to 
decide upon another forward movement, 

Eight years ago the outlines of a new and advanced 
type of ship were agreed upon, but for eight years the 
owners have held their hands, conscious of. the super- 
abundance of tonnage which was in the trade. But cir- 
cumstances in the meanwhile had changed, and showed 
conclusively that the time had arrived when, unless the 
company was prepared to see itself dropping behind its 
competitors, a long step forward must be taken and the 
work of construction commenced. The well-matured 
plans for twin screw steamers were therefore put in hand 
in the middle of 1887. It could scarcely be expected that 
so great an advance could be made a second time as that 
which was marked in 1870 with the Oceanic, whereby, as 
acknowledged by shipbuilders and naval architects, a new 
era of comfort, combined with enhanced safety and speed, 
in ocean travelling was inaugurated, which has reached 
such surprising developments to-day. But through the 
experience gained and the improvements which have 
taken place in marine architecture and engineering, much 
is hoped and expected from the Teutonic and her sister 
ship the Majestic, which will ~—t be launched. 

he length of these ships is 582 ft., constituting them 
the longest vessels afloat; breadth, 57 ft. 6in.; depth, 
39 ft. 4in., with a gross tonnage of nearly 10,000 tons. 
They are being built of Siemens-Martin steel, and will 
each be propelled by two independent sets of triple-expan- 
sion engines constructed by Messrs. Harland and Wolff, 
driving twin propellers with manganese bronze blades. 
In form and construction of hull they will possess all the 
distinctive beauty of outline and strength which charac- 
terised their predecessors, the Oceanic, Adriatic, Britannic, 
Germanic, &c., with the addition that, while they are 
as minutely subdivided by athwartship bulkheads, they 
are also constructed with a longitudinal bulkhead running 
fore and aft throughout the greater portion of their 
length, giving additional rigidity and strength to their 
structure, and greatly increasing the security of the 
ships in the event of collision. Though similar in 
hull and outline to the present White Star ships, and hav- 
ing two funnels only, the masting of the Teutonic and 
Majestic will be different. Three large taunt pole masts, 
entirely without yards, take the place of the familiar four 
masts with full equipment of square canvas, which did 
such good service in the earlier ships, the application of 
twin screws rendering the larger amount of sail power 
superfluous. There are, indeed, many nautical men who 
deem the ship provided with twin screws sufficiently secure 
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without the addition of masts at all, but the owners of 
the White Star Line, whilst they are conscious of the 
advantage in speed which might thus be gained, prefer to 
retain sail power tosupplement the engines and so reduce 
every possible risk to a minimum. 

These vessels are not intended to carry an éxcesssive 
number of saloon passengers. Their limit for that class 


will be 300, and provision will be made for all this number | G 


to dine at one time. There will also be accommodation 
for 150 second cabin passengers and about 750 steerage. 
In the general deck arrangements the characteristics 
which have so long successfully prevailed will be 
but little changed, while each class of passengers will 
find that nothing has been left undone which experience 
and forethought could suggest for their comfort. There 
will be the same separation of the saloon and steerage 
passengers by means of different decks. The single men 
of the steerage will be in the forward end of the ship, 
saloon passengers in the centre, the second cabin pas- 
sengers and the married people and single women of the 
steerage in the after end, each absolutely divided from 
the other, and enjoying their own promenade decks. In 
fixing the limit of saloon passengers at 300, Messrs. 
Ismay, Imrie, and Co. have been guided by the extent of 
the seating accommodation in the saloon, so that all pas- 
sengers may be served at one sitting and the necessity for 
double meals thereby avoided. In treating of the accom- 
modation for this class perhaps the most noticeable feature 
is the arrangement by which the main saloon has been 
placed exactly in the centre of the ships. 

The hurricane or promenade deck will be 245 ft. long, 
with a clear width of 18 ft. on each side of the deck houses, 
and will be free of all obstruction, the boats being placed 
on an awning deck on top of this again, which will serve 
as a permanent shelter in place of the canvas now used 
for that purpose. 

On the promenade deck, besides the usual accommoda- 
tion for the commander, there will be good state rooms 
for passengers’ use having direct communication with the 
decks below. A pantry will be provided for the deck 
steward to facilitate his attendance on passengers who 
may be “under the weather;” also an entrance to the 
gentlemen’s smoke-room, lavatories, &c. 

Adjoining the main entrance is the library containing 
book-cases filled with a careful selection of literature to 
satisfy the most exacting. It will be panelled with light 
oak, the panels carrying a somewhat novel ornamentation 
produced by burning the design in a gilt ground, varied 
at short intervals by a tastefully carved panel with a 
figure in low relief after the best sixteenth century French 
and Italian work. The room will be lighted at the sides 
by windows covered by glass shuttera of Italianesque 
design, and will be luxuriously upholstered and arranged 
to afford the maximum of comfort to its occupants. 

Passing down through the main entrance to the next— 
the upper deck—one finds, in addition to the purser’s 
quarters, deck state-rooms for saloon passengers, furnished 
with baths, &c. Besides these rooms there will be on same 
deck, further aft, the gentlemen’s lavatory, the barber’s 
shop, and the first-class smoke.room. The last will be a 
somewhat special feature in these ships, an effort having 
been made to do away, as far as practicable, with the 
customary somewhat stiff seats of steamers’ smoke-rooms, 
and in their place to substitute comfortably upholstered 
couches. The walls of this room will be covered with 
richly gilt embossed leather, the design being a careful 
reproduction of one of the best patterns of the old Flemish 
** Cuir repoussé,” 

Retracing one’s steps to the main saloon and passing 
down to the next—the main—deck, the principal saloon is 
entered, which, apart from its size, will present many 
novelties both in design and construction. In general the 
decoration is of the Renaissance period, and the prevailing 
tones, ivory and gold. The walls will be pencilled out by 
a shallow moulded framework, highly enamelled and 
slightly relieved with gold, whilst the panels in this frame- 
work will be executed in a glyptic material in which 
Tritons, nymphs, and other oceanic symbols appear. 
The ceiling, like the walls, will be in ivory and gold, 
richly ornamented, the electric light being introduced 
into the ornamentation of the ceiling in place of the 
usual hanging lamp. Forward of the saloon and also 
immediately below it there will be the first-class state 
rooms, <A large proportion of these will be two-berthed 

rooms only, and so arranged that there will not be both 
upper and lower berth in the same room. Numerous 
rooms of large size for families will be provided, as well 
as rooms suitable for a single passenger only. In every 
state room an effort has been made to give an attractive 
and home-like appearance to its furniture by means of 
easy chairs, chests of drawers, hanging cupboards, &c., 
and, as is now almost universally the case, the electric 
light in each room will be under the control of the 
occupant and available at will. Ample bathand lavatory 
accommodation of the most modern description will be 
provided closely adjoining each section of the saloon 
quarters ; also a good baggage room easily accessible for 
articles wanted on the voyage. 

The rapid growth of the second-class section of the 
Atlantic passenger trade has necessitated considerable 
changes from time to time, and in the Teutonic and the 
Majestic an endeavour has been made to provide accom- 
modation of such a character as will beyond doubt compete 
successfully for this class of business. Comfortable state 
rooms in no way inferior to the old-fashioned first-class 
accommodation, a dining saloon on the upper deck, with 
smoke-room above, a promenade deck set apart for their 
own use, and good baths and lavatories, will all tend to 
popularise the = with the most critical of second- 
class passengers. e arrangements for steerage passen- 
gers have always been a special feature in the White Star 
steamers, and their excellence is sufficiently attested by 
the fact that in 1887 more steerage passengers were landed 


in New York by the steamers of this company than by any 
other British line. 

Such are the outlines of the two great ships, to which 
will be committed the maintenance of the prestige of the 
White Star flag, and were anything wanting to stamp 
the excellence of their qualities, the recognition which 
they have already obtained at the hands of Her Majeaty’s 
overnment should be alone sutticient. 

Addressing the members of the Institute of Naval 
Architects on March 30, 1887, upon the ‘‘ Merchant 
Service and the Royal Navy,” Sir N. Barnaby, late 
Director of Naval Construction, referred to the arrange- 
ment which had then recently been completed between 
the Admiralty and the White Star and other companies 
for the retention of their steamers for war purposes, and 
inted out that “‘this seed for which we have to thank 
r. Ismay, was planted at the Admiralty nine years ago ;” 
. ++... “the outcome of proposals made by Mr. Ismay 
as far back as 1878,” when he urged upon the attention of 
the Admiralty that a fast mail or passenger steamer may 
be as efficient a factor in a naval war as an ordinary war 
cruiser, and offered to make an agreement to hold at the 
disposal of the Admiralty upon terms then specified 
certain ships for the purposes of the State in time of 
war. The matter lay dormant until August, 1886, when 
Messrs. Ismay, Imrie, and Co. revived it by offering on 
behalf of the White Star Line to build two ships to be 
approved by the Admiralty of a speed and strength 
superior to any merchant ship afloat, with engines and 
boiiers below water, complete subdivision by bulkheads, 
fittings for guns built in during construction, and 
manned by half crews of naval reserve men. An agree- 
ment was come to and the plans for these ships were 
submitted to and approved by the Admiralty from their 
very inception, and the progress of the work has been 
watched by practical advisers of the Admiralty to the pre- 
sent time. When complete the Teutonic and Majestic will 
be soarranged that twelve guns can be mounted oneach ship 
forty-eight hours after arrival in port, and it is believed 
that, with their attributes of twin screws, high speed and 
great strength, and coal endurance, these two steamers 
will play an important part in realising the hope of many 
in times past of seeing the Royal Navy and the merchant 
service bound together in one common scheme for the pro- 
tection of our commerce and the defence of the Queen’s 
dominions, 








LAUNCHES AND TRIAL TRIPS. 

On January 15, the s.s. Hessle, built by Messrs. Craig, 
Taylor, and Co., of Stockton, for the Hudson Shipping 
Company, West Hartlepool, was taken on her trial trip off 
the Tees. The dimensions of the vessel are 270 ft. by 
37 ft. by 19 ft. 8in. moulded; she had on board over 
2600 tons deadweight, and steamed 9 knots on a small 
consumption of fuel. The machinery is by Messrs. West- 
garth, English, and Co., of Middlesbrough. Theengines are 
160 nominal horse-power, having cylinders 20 in., 33 in. 
by 54in. by 36in., with two - steel boilers. The 
indicated horse-power was 800. he trial trip was in 
every way satisfactory to those on board, and the vessel 
sailed direct for Calcutta. 





On the 16th instant, the new s.s. Oldham, built by 
Earle’s Shipbuilding and mor penny, bee pany (Limited), 
for the Manchester, Sheffield, and Lincolnshire Railway 
Company’s service, between Grimsby and the Continent, 
was taken on her official trial trip. his ship is 
240 ft. long by 30 ft. beam by 16 ft. depth of hold, 
and is built of iron to Lloyd’s highest class, with berth 
accommodation and spacious dining-saloon for 40 first- 
class passengers in the poop. She had been brought 
down to her load draught for this trial, and as soon as the 
compasses had been adjusted by Mr. Olsen, of Grimsby, 
she was steamed round to Withernsea for the measured 
mile test, where as a mean of four runs she developed a 
speed of upwards of 12? knots, or more than three-fourths 
of a kno tin excess of the contract, which was considered 
highly satisfactory. The vessel was then taken for a full- 
power run out to sea, and the average speed for two hours, 
as shown by the patent log, was also 12? knots. On her 
return to perpen she was placed in the Victoria Dock, 
ae! will next week make her first voyage in the Hamburg 
trade, 





The Presidente do Para, a sternwheel steamer, was 
launched on Friday, the 18th inst., at Seacombe, by 
Messrs. J. F. Waddington and Co., shipbuilders and 
engineers, the principal dimensions of the boat being: 
Length, 170 ft.; breadth, 25 ft.; depth to main deck, 
5 ft. Gin. ; depth to upper deck, 12ft. 6in. This vessel, 
which has been specially designed, built, and engined by 
the above firm for foreign service, is one of the largest 
sternwheel steamers ever constructed in this country ; 
she has three decks, the main deck being of steel, upon 
which are placed two large locomotive boilers to work at 
125 lb. pressure. The engines, placed at the stern, are com- 
pound jet-condensing of sufficient power to drive the 
vessel at a speed of eleven knots per hour. Messrs. J. 
F. Waddington and Co. will shortiy launch a steel twin- 
screw passenger and cargo steamer for the same owners and 
trade, and have, in addition to other vessels, a sternwheel 
steamer building which is guaranteed not to draw over 
1 ft. 3 in. of water. 





On Saturday the 19th instant the s.s. Rutherglen, built 
pe Messrs. Palmer’s Shipbuilding Company to the order 
of the Caledonia SteamshipCompany, Liverpool, wastaken 
on her trial trip on the measured mile off the mouth of the 
Tyne. The vessel is 312 ft. long, 40 ft. beam, and 27 ft. 
6 in. deep, and is estimated to load fully 4200 tons upon 
Lloyd’s freeboard. The engines are tri-compound with 





cylinders 234 in., 38 in. and 62 in. by 42 in. stroke. There 
are two cylindrical boilers giving steam at 160 lb. 
pressure, each boiler being 14 ft. 6 in. in diameter and 
constructed of steel. Amongst those present at the time 
were Mr. Flannery and Mr. Johnson, of the firm of 
Flannery and Blakiston, who have superintended the 
construction of the vessel. The engines were driven 
up to 94 revolutions per minute, and on the measured 
mile the observed speeds were 12.6 and 10.8 knots, giving 
a mean speed of 11# knots, which was considered highly 
satisfactory. The engines worked perfectly throughout 
the trial, and the vessel proceeded to her loading berth in 
the Tyne. 


The Fairfield Shipbuilding and Engineering Company, 
Govan, launched on Wednesday, the 23rd inst., a steel 
screw steamer named Miinchen, which they have built to 
the order of the North German Lloyd’s. She is 405 ft. 
long over all, 46 ft. 6 in. beam, 33 ft. deep, and is about 
5000 tons measurement. She is built of steel. Accom- 
modation is provided for about 40 first-class pas- 
sengers, 16 second-class passengers, and 2000 emi- 
grants. She will be lighted by electricity, two engines 
and duplicate dynamos, each furnishing power of about 
300 incandescent lights, being provided. The vessel 
is to be fitted with surface-condensing engines of the 
triple-expansion type, having three inverted cylinders, 
30 in., 50in., and 80 in. in diameter respectively, and 
4 ft. 6 in. piston stroke. Steam is supplied by two 
double-ended boilers of 14 ft. 6 in. in diameter, and 
17 ft. 6 in. long, and a single-ended auxiliary boiler of 
similar diameter. There are in all fifteen furnaces, 
twelve of Fox’s patent and three of John Brown and Co.’s 
ribbed furnaces. The crank and propeller shafts are 
made of Messrs. Vickers’ steel, the thrust shaft and the 
remainder of the tunnel shafting, which is also of steel, 
was supplied by Messrs. John Brown and Co., Sheffield. 
The propeller boss and blades are of Siemens mild steel, 
the tlades being covered at their backs by Johnson’s pro- 
cess. A sister ship to the Miinchen, named the Dresden, 
went on hertrial trip on the Clyde on a recent date, when 
during a six hours’ run, the vessel being loaded, a speed 
of 14 knots an hour was attained, with the boilers working 
to a pressuge of 150 lb., and the engines indicating 3000 
horse-power. On the voyage to Bremerhaven the Dresden 
maintained a speed of 134 knots per hour. The Fair- 
field Company are about to commence the construc- 
tion of two vessels of a similar type, but larger and 
with more powerful engines, for the North German 
Lloyd’s. 





Tue CosintH CaNAL.—The excavation remaining to be 
effected on the Corinth Canal is estimated at 3,917,000 
cubic metres. It was decided in June, 1887, to issue 
further 6 per cent. obligations to the extent of 1,200,000/. 
nominal. These obligations have, however, only been 
taken up to the extent of about 400,000/. 





Tacoma.—Negotiations which have been pending be- 
tween the Union Pacific, the Central Pacific, and the 
Northern Pacific for some time with reference to 
the entrance of the two former into Tacoma, have 
now been completed. Both the Union Pacific and the 
Central Pacific will come into the city under a traffic 
arrangement over the existing lines of the Northern 
Pacific, and will pay the latter company so much per car 
per mile for that privilege. The Union Pacific will come 
over the Cascade division, joining the Northern Pacific 
at Pasco. The Central Pacific will come in over the 
Pacific division, joining the Northern Pacific at Portland. 
A union depét is being built to accommodate the in- 
creased trattic anticipated. 


Sourn AustraLian Rattways.—The ratio of the work- 
ing expenses to the traffic receipts on the South Australian 
Government railways stood in 1887-8 at 48.92 per cent. 
The colonial railway commissioners consider it doubtful, 
however, whether so low a ratio can be maintained in 
future. The accounts for 1887-8 benefitted from the fact 
that the maintenance charges were low in consequence of 
a large extent of new line having been opened during the 
year. A considerable proportion of the rolling stock 
being new, the outlay for repairs was also comparatively 
small in 1887-8. At the close of June, 1888, there were 
1500 miles of line in operation in South Australia. The 
following lines were in course of construction at the same 
date : Coward Springs to Angle Pole, 178 miles; Palmer- 
ston to Pine Creek, 146 miles ; total, 324 miles. 





Case Raitways AT DENVER.— Denver's first cable rail- 
way is now in successful operation, The construction of 
the line was begun by the owners, the Denver Tramway 
Company, in May, 1888. It was built under the patents 
of Mr. H. M. Lane, of Cincinnati, who has been in charg’s 
of the work from the beginning. At present the system 
consists of three lines of about two miles of double 
track each, upon Fifteenth, Broadway, and Colfax 
Avenue, aggregating 12;°; miles of single track. All the 
lines are worked from a central power station, placed at 
the junction of the three streets, and each division is a 
direct and straight line from that point to its terminus, 
with the exception of the curves or loops at each terminus. 

he cost of the lines, including the power station, 
machinery, and equipment, has been about 113,000/. 
The power station alone, with the machinery it con- 
tains, cost considerably over 20,0007. ; it furnishes 1600 
horse-power, nearly three times the amount necessary 
to work the lines. The company owns thirty cars, all 
built in Denver. The speed allowed for running cars is 
| miles per hour through the heart of the city, and 





miles per hour on the suburban lines. 
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MOSELEY’S STRAIGHT FULL-WAY VALVE. 

In Moseley’s straight full-way valve the opening is 
closed by a circular slide valve which is made tight by 
being sprung into its seat. The seating is bored out 
cylindrical, and the valve is turned very slightly 
larger, so that it has to be somewhat contracted to put 
it into its place. The pressure is on the back of the 
valve, and consequently the acting surface is protected 


oO, 


SSN 


WWW 


bly Hy 
\ 


/p- YM). 


VATU TATTTTT ATS 


We 


UNUUV YY) 


ACen. 


MB AVI. 


n 


S 





from deposit of grit and dirt when the opening is 
closed, while any deposit which occurs when the valve 
is open is swept off at the first movement, The valve 
is moved by a screw, but for steam and hydraulic 
cranes it is worked by a lever, and is found to be very 
handy. The makers, Messrs. Allen, Harrison, and 
Co., Cambridge-street Works, Manchester, have 
supplied large numbers of these valves. 








APPARATUS FOR TAPPING MAINS. 

WE illustrate on the present page an apparatus 
designed and patented by Mr. G. H. Turner, for 
tapping mains under pressure. It consists of arectan- 
gular iron box under the cover of which works a slide 
having in its centre three packing glands through 
which pass respectively a drill spindle, a tap spindle, 
and ferrule spindle, These are brought into posi- 
tion by means of a traversing screw, the slide being 
kept against the cover by two springs. Each spindle 
works through a hole 24 in. in diameter bored 
through the bottom of the box, and the spindles are 
placed in position before the box is fixed to the 
main, the ferrule spindle having the stop-cock or 
ferrule screwed to it. The pressure for drilling is 
obtained from an arm pivotted to either side of the 
box, and so arranged as to drop out of the way when 
the hole has been bored through the pipe. The appa- 
ratus is made tight on the main by means of a rubber 
saddle-piece fitted into a recess round the hole in the 
bottom. The box is clamped to the pipe by a chain 
and hooked bolts, a glazed window on either side of 
the box allowing the whole process to be watched. 
The rubber saddle-piece is only required for pipes 
under 6 in. in diameter; for all larger sizes a plain 
one suffices. The ferrules can either be of the stop- 
cock or screw-down pattern, suitable ones having been 
made to pass through a 2} in. hole. Messrs. J. Tylor 
and Sons, of Newgate-street, are the sole manu- 
facturers. 








NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam coal trade has been active and 
in some cases as much as 14s, per ton has been paid 
for the best qualities. The rates generally current, how- 
ever, have been: Best coal, 13s. to 133. 6d. per ton; 
second-class coal, 12s. 3d. to 12s. 9d. par ton; and best 
Monmouthshire, 11s, 6d. to 12s, per ton. Household coal 
has advanced about 6d. perton. Patent fuel has been 
active, and prices have shown an upward tendency. Iron 
ore has been in good demand. The manufactured iron 
and steel trades have presented a fairly buoyant tone. 
Heavy section steel rails have made 4. 10s, to 4/. 12s, 6d. 
od ton ; and light section ditto, 4/, 17s. 6d. to 5/. 15s. per 

n. 


Rhymney Tron Company (Limited).—The directors of 
this eapety have issued their half-yearly report, which 
is brought down to September 30, 1888. The directors 
state the general results of the half-year’s working as 
follows: The improvement in the coal trade has continued 
with satisfactory results; but the condition of the steel 
rail manufacture has become worse. The production of 


steel for sale in the six months ending September 30, last 








APPARATUS FOR TAPPING WATER MAINS. 
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year, was 35,818 tons, as compared with 37,163 tons in the 
corresponding period of 1887. The directors consider that 
the difficulties attending the rail trade have to some 
extent increased, because on the one hand the price of 
steel rails has remained practically stationary at about 4J. 
perton. The cost of production has on the other hand con- 
siderably increased in consequence of the higher price of 
iron ore and the rise in freights. The directors are en- 
deavouring to secure some system of combination so as to 
obtain a reasonable profit upon steel rails. The quantity 
of coal sold by the company in the six months ending 
September 30, 1888, amounted to 104,376 tons, as com- 
pared with 102,991 tons in the corresponding period of 
1887. With a view to increasing the company’s output 
of steam coal, the directors have given instructions for a 
further sinking of the company’s Mardy pit, so as to 
reach and open out certain of the lower veins of coal. Out 
of 40 yards of sinking required to be carried out, more 
than half the distance has already been accomplished 
without any interruption of the ordinary output. 


New Tredegar.—A_new shaft started in November by 
the Powell Duffryn Company at Elliottown, New Tre- 
degar, has been completed down to the top of the rock. 
The contract for sinking it has been let to Mr. Piggott, 
who has recently completed a similar work for the Great 
Western Colliery Company. 


Railway Rates.—Ou Monday the Bristol Docks Com- 
mittee had again before it the question of the probable 
effect on Bristol trade of the Railway and Canal Traffic 
Act. It was decided to take no action, at any rate, until 
the publication of the railway rates, which is expected 
towards the close of the month. If mileage rates are 
insisted on, some branches of trade in Bristol may be in- 
judiciously affected. 


Vale of Glamorgan Railway.—A public meeting in sup- 
ort of the Vale of Glamorgan Railway Bill was held at 
ridgend on Saturday. A resolution approving the 

scheme was carried with three dissentients, 


Swansea.—Last week’s shipments comprised 25,980 tons 
of coal and 4445 tons of patent fuel. The shipments of 
tin-plates in the week amounted to 85,186 boxes, the 
receipts from the works being 57,391 boxes. The stock 








y EE 









































of tin-plates in hand is estimated at 109,075 boxes, as 
compared with 55,014 boxes in January, 1888. The tin- 
plate works have orders in hand which will keep them 

oing for some time, but comparatively little business has 
con secured during the last few days. 


Bristol and South Wales Railway Wagon Company 
(Limited).—The directors of this company at their Board 
meeting on Friday decided to recommend the payment of 
a dividend at the rate of 10 per cent. per annum, witha 
bonus of 6d. per share, free of income tax, for the half-year 
ending December 31, 1888. 


Cardiff Corporation'Water Works.—It willbe remembered 
that some months since Mr. Jones, the contractor for the 
construction of the Cantref (No. 2) storage reservoir in 
the Taff Fawr Valley, failed to carry out his engage- 
ments with the Cardiff Town Council, and that in conse- 
quence the works have been at a standstill. The council 
is now, however, in a position to accept tenders for 
the completion of the reservoir. The 8000/. which was 
= down by Mr. Jones as a guarantee for the due per- 
ormance of the contract is still held by the council and 
will remain in its hands until the work has been com- 
pleted. Whether any portion of that sum will be returned 
to Mr. Jones will depend upon the loss which the council 
may sustain through his inability to construct the reservoir 
in accordance with the terms of his contract. 


Railway Enterprisein the West.—Mr. Errington Barnes, 
of Dorchester, has projected a line between the Severn 
Tunnel junction and Hereford, which it is stated will 
effect a saving of 18 miles in distance, and 45 minutes in 
time between Bristol and Hereford as compared with the 
route vid Newport and Pontypool-road. It is further 
contended that the proposed line would accelerate postal 
and northern traffic from Bristol vid the Severn tunnel, 
by placing Bristol, Liverpool, and Manchester within four 
hours of each other. 





CANADA AND JAPAN.—Three Canadian Pacific Railway 
steamers, together conveying 5,250,000 lb. of tea, and 
760 bales of silk, besides general cargoes, have lately 
arrived at Vancouver after about 14 days’ average pas- 
sage from Yokohama. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—The market was rather 
firmer last Thursday, and an impression arose to the 
effect that the advance in the cost of coal would lead to a 
reduction in the output of pig iron. The price of warrant 
pig-iron became firmer, and by the close Scotch iron 
showed a recovery in price to the extent of 14d. per ton, 
or a half of Wednesday’s decline. No business was re- 
ported in Cleveland iron, and prices closed as on the 
previous day. No sales of hematite iron were recorded, 
but the quotations at the close showed buyers 14d. per 
ton above their price on Wednesday. The settlement 
prices at the close were—Scotch iron, 41s. per ton ; Cleve- 
Jand, 333. 3d.; hematite iron, 44s. 3d. A touch of ex- 
citement was shown in the market on Friday, partly 
owing to the bold position taken up by the miners in regard 
to the question of wages. This was evidently favourable 
to the “bulls,” and the ‘‘ bears” had to buy in to cover 
sales, Scotch iron closed 34d. per ton dearer ; indeed, there 
was a recovery all round, the closing settlement prices 
being—Scotch, 41s. 3d.; Cleveland, 33s. 6d.; hematite 
iron, 443. 6d. per ton. Monday’s market was very sensi- 
tive, and warrants, after opening flat, became firm, and 
flattened again near the finish. Scotch iron lost on the 
day ld. per ton, but Cleveland iron closed strong, as at 
the end of last week. The settlement prices at the close 
were—Scotch iron, 41s. 3d. ; Cleveland, 33s. 6d. ; hema- 
tite iron, 44s, 3d. per ton. There was a quiet tone in the 
market yesterday forenoon, but a better feeling was shown 
in the afternoon, and prices recovered an early loss of 1d. 
per ton. Cleveland and hematite warrants were offered 
at 14d. per ton down in the forenoon, and sellers recovered 
in the afternoon. The settlement prices at the close were 
the same as on the previous day. Business at the fore- 
noon meeting of the “fring” to-day was dull, and 
prices were rather weaker if anything, though the clos- 
ing quotation for Scotch iron showed no change. In 
the afternoon business was done in Scotch iron at 
4ls. 3d. per ton cash, in Cleveland at 33s. 74d. and 
in hematite iron at 44s. 74d. per ton cash. e Con- 
tinent has made a good beginning for the year in 
buying Scotch iron. Orders have lately been booked 
from several quarters, but just at present most encou- 
ragement comes from Italy. Last year that country took 
a little iron from Scotland, stocks having been well 
replenished in the year preceding in view of the advance 
in import duties. The accumulations would now seem to 
have been well wrought off, as buyers are again in the 
market here. During the past week one blast furnace has 
been relighted at the Coltness Iron Works, making 79 in 
all for Scotland, as compared with 82 at this time last 
year. | Last week’s shipments of pig from all Scotch ports 
amounted to 9399 tons, against 6795 tons in the corre- 
os weck of last year. They included 820 tons for 
the United States, 500 tons for India, 992 tons for Aus- 
tralia, smaller quantities for other countries, and 6227 
tons coastwise. The stock of pig iron in Messrs. Connal 
and Co.’s public warrant stores stood at 1,033,345 tons, 
as compared with 1,032,585 tons yesterday week, thus 
showing an increase for the week of 760 tons. 


Shipments of Machinery, &c., from the Clyde,—The 
oe and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following: 
Locomotive engines, valued at 12,160/.—three for Calcutta 
and two for Bombay ; tea-preparing, sugar-crushing, and 
other machinery, of the value of 10,600/.; sewing machines, 
valued at 8150/., for Rouen, Antwerp, Valencia, Mar- 
seilles, &c. ; blooms, billets, plates, bars, and other steel 
manufactures, of the value of 11,000/.; pipes and other 
castings, plates, sheets, bars, tubes, and other iron manu- 
factures valued at 22,600/. 


Basic Steel Trade.—The resumption of operations at 
Glengarnock Steel Works for the manufacture of basic 
steel from Scotch crude iron is an encouraging feature for 
the future of the local trade. There is an extra good 
inquiry reported for basic steel, and one large contract 
for home consumption has been placed with Messrs. 
Merry and Cuninghame, the proprietors of those works, 


Large Contract for Messrs, William Arrol and Co.—It 
is stated to-day that Messrs. William Arrol and Co., 
Glasgow, builders of the Tay and Forth Bridges, have 
secured the contract for the construction of all the bridges 
and viaducts necessary for the Manchester Ship Canal. 
It has not yet been fixed how many bridges will be needed, 
but it is anticipated that there will be at least five viaducts 
and half a dozen bridges. The importance of this con- 
tract will be appreciated, when it is stated that some- 
thing like 8000 tons of iron and steel will be used in the 
construction of the bridges, 


Malleable Iron Trade.—The manufacturers of malleable 
iron experience very considerable difficulty in coming *‘ up 
to time” in the delivery of the goode which they have 
contracted for, the volume of work on hand being so 
abnormally large. Purchasers seem to ve holding back a 
little, owing to the high range of prices nowcurrent. The 
outlook is encouraging, and makers are looking forward 
with confidence to a busy and remunerative year. Sheet 
and plate mills continue actively employed, with order 
books well lined for future delivery. The following are 
the current quotations: Common bars, 5/. 12s, 6d. per 
ton; best iron, 6/.; rivet rods, 5/. 12s. 6d.; nut bars, 
5l. 7s. 6d. ; angle bars, 5/. 128. 6d. ; sheets, 7/. 12s. 6d. ; 
plates, 67. 2s. 6d, per ton—all subject to the usual dis- 
count of 5 per cent. 


Prices of Siemens Steel.—The quotations for Siemens 
steel this week are as follow: Angle bars, 6/. 10s. per 
ton ; ship-plates, 7/. 10s.; boiler plates, 8/.; rivet rods, 
7l. per ton—all less the usual discount. Makers are very 


busy, and prices, as recently advanced, are firmly main- 
tained. 


Institution of Engineers and Shipbuilders in Scotland.— 
The fourth ordinary meeting of the thirty-second session 
of this Institution was held last night—Dr. A. C. Kirk, 
C.E., President, in the chair. The discussion on Mr. 
Dyer’s paper ‘‘ On the Horse-Power of Marine Engines,” 
was brought to a close by a few remarks from the Presi- 
dent, who expressed bimself strongly against continuing 
to use the term nominal horse-power. A paper by Mr. 
David Joy, ‘On the Joy Valve Gear and its Results,” 
was by the secretary, and some remarks were made 
on the subject by Mr. 8. G. G. Copestake, Glasgow 
Locomotive Works, and the President. A paper ‘*On 
the Designing of Dynamos,” by Professor Jamieson, was 
held over, as was likewise one by Mr. Henry Dyer, 
entitled ‘‘ Notes on some Recent Steam Engine Trials.” 
Two new members, one associate and three graduates 
were elected. 


James Watt Anniversary Dinner.—The annual dinner 
to commemorate the birth and work of James Watt was 
held last Saturday (his natal day) in the Grand Hotel, 
under the auspices of the Institution of Engineers and 
Shipbuilders in Scotland and the Philosophical Society of 
Glasgow. Dr. J. B. Russell, president of the last-named 
Society, occupied the chair, and the vice chairs were filled 
by Professor Jamieson, Mr. Dyer, and Mr. Mollison, 
Lloyd’s engineer surveyor. Dr. Russell proposed the 
toast of ‘*The Memory of James Watt,” in a very 
thoughtful speech ; and amongst the other speakers there 
were Mr. Robert Duncan, shipbuilder, Port-Glasgow; 
Mr. T. B. Seath, shipbuilder, Glasgow; Mr. D. Cowan, 
of Carron; :Bailie M‘Ouie, engineer, Greenock (Watt’s 
birthplace), Mr. Holmes, locomotive superintendent North 
British Railway, and others. Thespeaking was generally 
of a high average character. 


Watt Anniversary Lecture.—The anniversary ‘‘ Watt” 
lecture given under the auspices of the Greenock Philo- 
sophical Society was delivered last Friday night by Mr. 
Henry Dyer, C.E., M.A., who discoursed on the steam 
engine since the days of Watt, tracing the leading stages 
in the improvements made upon it. 


The Glasgow Tramway Company’s Exhibition Trafic.— 
From a statement which has been issued by the Glasgow 
Tramway Company, it appears that during the six months 
that the Exhibition was open the company ran 138 cars, 
having a carrying capacity per single journey of 5520 pas- 
sengers, and an average daily number of 20 omnibuses 
and brakes, with capacity for 600 passengers, were run 
to and from the Exhibition. The number of miles run by 
the company’s vehicles was 2,656,088. The gross receipts 
for the same period were 144,029/., being an increase of 
32,6337. over that for the same period of the preceding 
year, while the number of passengers carried was 
27,889,689, or 5,678,140 over the same period of the pre- 
ceding year. For the six months ending December 31, 
1888, the increase in the company’s receipts was 26,1001. 
The following is a note of the passengers carried during 
the six months of the Exhibition : 

Cars and omnibuses running direct 
to Exhibition ~ NF is 
Cars not running directly to Exhi- 
bition... ae se ca ae 


14,489,276 
13,400,413 


27,889,689 


Royal Society of Edinburgh,—At last Monday’s meeting 
of this Society an interesting paper by Mr. Omond was 
read by Professor Tait, in which was described a remark- 
able fog-bow seen on Ben Nevis on December 4 last, 


Ship Towed 4000 Miles.—The ship Ardencaple reached 
Greenock during Friday night, having been towed by the 
Liverpool tug steamer Stormcock from Fernando Noronha, 
on the south coast of Brazil. While on the passage from 
Liverpool to Calcutta with 2000 tons of salt, the Arden- 
caple came into collision with the ship Earl Wemyss off 
Brazil, the latter vessel sinking. The Ardencaple was 
able to make the port of Fernando Noronha, and the 
Stormcock was engaged to bring her to the Clyde to be 
discharged and repaired. The two left on December 15, 
calling at St. Vincent and Las Palmas to coal. The 
Ardencaple is owned by Messrs. Edmiston and Mitchell, 
Glasgow, and was built in the yard of Mr. Stephen in 
1884. This is the second longest tow on record, the 
longest being from St. Helena to the south of England 
by one of Messrs. Donald Currie and Co.’s steamers, the 
tug on that occasion being also the Stormcock. 


The Low-Level Observatory at Ben Nevis.—A meeting of 
the directors of the Ben Nevis Observatory was held in 
the office of the Scottish Meteorological Society, George- 
street, Edinburgh, last Friday, at which plans of the 
low-level observatory to be erected at Fort William were 
submitted by Mr. Sydney Mitchell, architect. After 
careful consideration the meeting approved generally of 
the plans, and resolved that tenders for the work should 
be invited, and the erection of the building proceeded 
with as speedily as possible. The site of the observatory 
is a little to the south-west of the public school. With 
the equipment the Society here has no concern, for that is 
to be undertaken by the Meteorological Council in London. 
At the same meeting there were shown some interesting 

hotographs of St. Elmo’s fire and clouds taken at Ben 

Vevis under various conditions, such as at midnight in the 
height of summer, when clouds lying near the horizon in 
the north are lighted up by the sun. Some of the photo- 
aphs were of clouds taken at various distances in the 
andscape on which objects analogous to the spectra of 
the Brocken, “‘ glories,” and other phenomena were shown, 
as well as clouds of very special meteorological interest, 
owing to the fall of rain, snow, or hail upon them, at the 





time, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’Change, but there was a holiday 
aspect about the gathering owing to the preparations for 
the visit of the Prince and Princess of Wales, and very 
little business was transacted. No. 3 Cleveland pig iron 
was quoted 34s. per ton, but there were makers who 
refused to book orders excepting at a slight advance on 
these figures. On Monday night Messrs. Connal and Co., 
the warrant storekeepers had in stock at Middlesbrough 
246,462 tons of pig iron. This is a further decrease cf 
3150 tons on the previous week. In Glasgow they hold a 
stock of 1,033,025 tons. The manufactured iron trade is 
very brisk, all the mills and forges in the North of 
England being in full operation. The hematite trade is 

more brisk and quotations are firm. 


Engineering and Shipbuilding.--Both these industries 
continue very busy, and although there have been several 
very fine large steamers recently launched there are still 
a number on the stocks on the Tyne, Wear, Tees, and 
the Hartlepools, The wages questions at the engineering 
establishments and shipyards are being amicably settled, 
although there is a stoppage of work at Stockton and the 
Hartlepools. At Middlesbrough Messrs. Raylton, Dixon, 
and Co., of the Cleveland Dockyard, one of the largest 
establishments in the North of England, have conceded an 
advance of 74 per cent. in wages. It is expected that 
work _— the North of England will quickly be re- 
sumed, 


The Steel Trade.—The whole of the steel works are fully 
employed. On Monday the National Steelworkers’ 
Association and Labour League held a meeting at 
Middlesbrough. Delegates from the different branches 
attended. The report read by the general secretary, Mr. 
George Beadle, showed that there had been a large in- 
crease in the number of members, and also a great im- 
provement in the financial department. 


The Coal and Coke Trades.—For all kinds of fuel there 
is a good steady demand, and prices are firm. The 
Northumberland miners are asking for an advance of 10 
per cent. in their wages on the yround that the improved 
state of trade justifies the application. The enginemen 
engaged at the various collieries are also asking for an in- 
crease of 4d. per day in their wages, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Sheffield Trades Council and Sword Contracts.—At 
an adjourned quarterly meeting of the Sheffield Federated 
Trades Council, held this week, a communication was 
read from the Birmingham Trades Council respecting the 
sword and bayonet contracts. The following resolution 
was unanimonsly passed and ordered to be forwarded 
to the Secretary of State for War, the five borough 
members, Sir F. T. Mappin .P., and Mr. Henry 
Broadhurst, M.P. : ‘‘ That the Sheffield Federated Trades 
Council hereby expresses its strong disapproval of 
the present action of the Government in continuing 
their contracts for swords and bayonets with firms who 
are fulfilling these contracts either by the employment 
of foreign workmen or by the supply of foreign-made 
weapons; and as it was a condition that these weapons 
should be of English manufacture, and this essential pro- 
vision not having been complied with, it is respectfully 
urged that the present contract should be at once can- 
celled, and given to bond fide English firms who will 
employ British workmen at fair prices.” The revival of 
the sword industry in Sheffield is being taken up by the 
workmen more than the masters, as the men consider that 
their reputation for skill is at stake. 


The Sheffield Ship Canal.—Now that the Parliamentary 
Standing Orders in connection with this scheme are re- 
ported as having been complied with, the interest in the 
undertaking has been revived and many of the leading 
manufacturers of heavy goods are subscribing for shares. 
The proposed line of the new canal would have been 
blocked had the Sheffield Corporation built a proposed 
new bridge at Newhale. They have now so altered their 
plans that the Corporation will make their bridge with a 
view to the future interest of the Canal Company. Owing 
to the action of the Hull and Barnsley Railway Company 
in connection with the raising of coal rates, the coalmasters 
of South Yorkshire are also giving pecuniary support 
to the canal scheme. Should the canal be made, South 
Yorkshire coalowners will be able to compete with those 
of West Yorkshire at the eastern seaports, a task in 
which they are at present ae peed handicapped, owing 
to the facilities given to West Yorkshire by the Aire and 
Calder Navigation Company. 


Coal - Getting Experiments. — Messrs. Tennant and 
Sharpe’s coal-getter has again been tried at the Nunnery 
Colliery. Thisinvention works on the “pillar and board” 
principle. The whole length was holed in seven minutes, 
the quantity brought down, with very little slack, being 
9tons. The Sheffield Coal Company have ordered the 
** Samson” apeeretes for use in the Birley Collieries. Mr. 
Elliot, of the Hardy Patent Pick Company, has a multiple 
wedge system which was to have been tested against the 
‘*Samsoun,” but as yet the value of this invention has not 
in this series of experiments been demonstrated. 


Trade.—The increasing of ironworkers’ wages on and 
from the Ist of February next is causing some com- 
motion in the heavy trades in this district. The 
accession of prices in production was, however, not 
unanticipated. The ironworkers are obedient to the 





ruling of the Staffordshire Board, and go y cg down 
according to its dictation, An effort is being made 
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to form a combined Association of iron and _ steel 
workers for South and West Yorkshire. In the mean- 
time orders are coming in plentifully for both sheets, bars, 
and plates, but forward contracts at ruling rates are 
refused. Prices are stiffening. Best boiler plates for the 
home trade are selling freely, and in steel castings the 
leading houses are doing an expanding business. This 
industry is growing rapidly, and as it isclosely associated 
with the engineering trades, is providing fresh openings 
for pattern and mould makers, who are now earning high 
wages. All the engineering firms report that business is 
growing, and close inquiries in the district show that not 
only those doing home trade are heavily engaged, but that 
South African and West Coast South American houses 
are purchasing freely, the former a trade induced: by the 
development of the goldfields and the latter by agri- 
cultural and mineral requirements. Few operative engi- 
neering hands are now out of employment. In the 
Bessemer steel trade there is now a rising market, on the 
basis of 47. 17s. 6d. per ton for ordinary billets and 5s. per 
ton more for Siemens. It is believed that these prices 
will shortly be increased. Taking trade all round, it will 
be seen that the heavy ones are those which are progress- 
ing, and at present these leading lines have the brightest 
prospects. 








Stream SHIPBUILDING ON THE DELAWARE.—Iron ship- 
builders on the Delaware areat present well off for orders for 
large oceansteamers. The Pacific Mail Steamship Company 
is in the market for two iron steamers of about 5000 tons 
each, to cost 400,000/., for the San Francisco and Central 
American trade. The Ward Steamship Line, to Cuban 
ports, has contracted with the Delaware River Shipbuild- 
ing Works for two iron steamships 310 ft. long, to register 
3000 tonseach. Contracts have also been made for two 
iron steamships for the Ocean Steamship Line, to ply 
between New York, Philadelphia, and Savannah. Mr. 
C. Mailory has contracted with the Delaware River Ship- 
building Company for a 3000 ton coasting steamer to cost 
350,000 dols. for the Galveston Line. The Morgan Steam- 
ship Line, plying between New York and New Orleans, 
and the Pacific Improvement Company, of California, 
running to the North Pacific ports, and the Oregon Rail- 
way Company, are also in the market for two steamers 
each. Colonel E. Hogg, of the Oregon Pacific Railroad 
Company, also needs two iron steamships to trade 
between San Francisco and Yaquina Bay, Oregon. 





DRAINAGE IN VicTorta.—Mr. Thwaites, acting under 
instructions from the Victorian Commissioner of Public 
Works, has prepared a report recommending a scheme 
for the drainage of the Moonee Ponds Creek, the 
sanitary condition of which has for some years past 
been the subject of complaint. The watercourse is 
15 miles in length, and has a watershed 51} square miles 
in extent. The works which Mr. Thwaites considers 
necessary to place the watercourse in a satisfactory 
sanitary state will, if adopted, involve an expenditure of 
78,751l. They include (1) a temporary direct cut 9 ft. 
deep across the West Melbourne swamp to be available 
until the Railway Department and Harbour Trust works 
in the swamp are completed, estimated cost 5381/1. (2) 
The cleansing and deepening to 9 ft. of the existing channel 
from the Footscray-road to Flemington Bridge, with a 
new bridge at the Flemington-road, estimated cost 5470/. 
(3) Provision of a line of intercepting sewers extendin 
from the Yarra to the shire of Corburg. The estima’ 
cost of the scheme is—River Yarra to Flemington Bridge, 
26,1281.; from the Flemington Bridge to Corburg, 
17,9427. (4) In order to render the Footscray-road and 
neighbourhood healthy the existing drain will have to 
be filled up at a cost of 53127. (5) Drainage sewers 
in Macaulay-road, Arden-street, and Dudley-street, will 
have to be constructed. The Arden-street drain is now 
being made by the Railway Department. The other two 
drains will cost 64417. to execute. As population increases, 
the proposed works will have to be added to at an outlay 
of 12,075) 

Pumpinc MACHINERY IN FENLAND.—The Association 
of Birmingham Students of the Institution of Civil Engi- 
neers held a meeting at the Colonnade Hotel, Birming- 
ham, last Wednesday evening. A paper was read by 
Mr. Lawrence Gibbs, Student Inst. C.E., upon ‘* Pump- 
ing Machinery in the Fenland.” The fenland dealt with 
is a district of level land lying in the counties of Lincoln, 
Northampton, Cambridge, Huntingdon, Norfolk, and 
Suffolk, and draining into the Wash through the rivers 
Witham, Welland, Nene, and Ouse. It comprises about 
800,000 acres, almost the whole of which, being below the 
level of high-water of spring tides, is protected from the 
sea by banks, while an area of about 396,000 acres lies at 
so low a level as to have recourse to pumping machinery 
for the discharge of its rainfall water. indmills were 
formerly largely used for drainage, there being at one time 
as many as 500 in the fenland. These are now reduced to 
about 50, steam power being used in all the larger districts. 
The steam engines drive either centrifugal pumps or 
scoop-wheel ; the latter are somewhat similar to under- 
shot water wheels turned round in the opposite direction, 
and pushing the water up the race instead of being rotated 
by the passage of the water down it. Descriptions of 
most of the principal pumping stations were given. One 
of the largest engines is on the bank of the Hundred-foot 
River, near Ely; it drives a scoop-wheel 50 ft. in dia- 


meter and 3 ft. 4 in. wide, capable of lifting upwards of 
170 tons per minute toa height of 14ft. This wheel was 
constructed and the engine driving it overhauled by 
Messrs. Watt and Co, of the Soho Works, in 1881. 
Centrifugal pumps are now being generally adopted, and 
pom pes aa were given of several stations at which they 
are used, 








MISCELLANEA. 
Durine the past year 97,668 passengers and 12,006 tons 
of goods have been conveyed over the Bessbrooke electric 
tramway. 


We are asked to state that Mr. W. J. Edwards, late 
of Manchester, has been appointed manager of Messrs. 
Sampson and Co.’s, Belt Works, Stroud, Gloucestershire. 


At the annual meeting, held on the 21st inst., of the 
shareholders of MacLaine’s Patent Perfect Piston Com- 
pany, Limited, a dividend of 100 per cent., free of income 
tax, was declared for the past year. 


The annval reports of the Irrigation Department in the 
Punjaub are this year extremely satisfactory, as not only 
have the canals paid working expenses, but they have also 
earned a net profit of 4 per cent. on the original outlay, 
and have thus been self-supporting. 


A Fine Art, Ecclesiastical, Educational, and Industrial 
Exhibition will be held at York from June to October of 
the present year. Further particulars can be obtained 
from the secretary and manager, Mr. J. Davis, Exhibi- 
tion-buildings, York. 


The gross receipts of the twenty-three principal railways 
in the United Kingdom for the week ending January 13, 
amounted, on 16,024} miles, to 1,102,6267., and for the 
corresponding period of 1888, on 15,9254 miles, to 
1,064,8967., an increase of 98} miles, or 0.6 per cent., and 
an increase of 37,730/., or 3.5 per cent. 


The Government of Sweden is about to construct a 
telephone line through central Sweden from Stockholm to 
Gottenburg. The line will be double, one wire being 
2.5 mm. in diameter and the other 3 mm., the last bein 
used solely for communications between the termina 
cities. 

The Metropolitan Electric Supply Company, Limited, 


have accepted the tender of Messrs. Johnson and Phillips, | T 


engineers and electricians, of 14, Union-court, Old Broad- 
street, London, E.C., for the supply and erection of the 
whole of the electric lighting plant, including engines 
and boilers, for their central station near Southwark 
Bridge. 

On Tuesday last the members of the Swansea Metal 
Exchange, at a largely attended meeting, decided to form 
an association to watch the reclassification of railway 
rates under the Railway and Canal Traffic Act. It is 
feared that the reclassification may especially affect trade 
in this district, as owing to the existence of canals rates 
have hitherto been lower than in other districts. 


- We are informed that the accounts of the London, 
Chatham, and Dover Railway Company for the past 
half-year, subject to audit, show a balance available for 
dividend of 169,401. The directors will therefore pro- 
pose that a dividend of 2 per cent. for the half-year be 
paid on the arbitration preference stock, carrying forward 
26,9761. to the credit of the current half-year. 


With regard to the 13.5-in. gun, which recently burst on 
the Admiral Duperre, we understand that a careful 
examination of the fractured parts has failed to detect 
any flaw or want of homogeneity in the metal. The 
powder has moreover been tested at one of the arsenals 
with the results that the pressures obtained are much 
higher than when the powder was new. These facts point 
very clearly to the powder as the cause of the accident. 


The directors of the New River Company have issued 
a circular in which they inform all applicants who desire 
to have their names placed on the list of recommended 
plumbers printed on the back of the notices served by the 
company, that it will be necessary for them to obtain cer- 
tificates from the Plumbers’ Company that they are 
efficient workmen, and registered by that company. This 
seems to be the first action of the kind taken by the 
London water companies. 


The December trade returns for France show a decrease 
in every item as compared with the returns for December, 
1887. Theimports of manufactured goods are 51,000,000F., 
against 58,000,000f.; the exports, 153,000,000f., against 
160,000,000f. The imports of raw materials are 
177,000,000f., against 191,000,000f.; the exports, 
61,000,000f., against 78,000,000f. The whule year’s re- 
turns show 545,000,000f. imports of manufactures, against 
546,000,000f.; and 1,656,000,000f. of exports, against 
1,677,000,0008. 


We have received from Messrs. Street and Co., of 30, 
Cornhill, E.C., a copy of their excellent Indian and 
Colonial Mereantile Directory for the current year. In 
additien to the trade returns, tariffs, populations, &c., of 
the various countries, the volume contains full particulars 
(with rates and times of transits) of the steam, pustal, 
parcel post, and other means of communication with the 
various countries dealt with, whilst the leading merchants 
and trades of every class, together with the leading pro- 
fessional men of these countries, are enumerated. A 
carefully selected list of the principal merchants and 
traders in London and the chief towns of the United 
Kingdom is also given. Maps are given of all the principal 
countries, and ashort description of the climate and pro- 
ductions of each is also furnished. The directory as a 
whole should prove extremely useful to business men. 


The list of ships stationed at Portsmouth ordered to be 
mobilised is as follows: Collingwood, Inflexible, Hero, 
Boadicea (which is being fitted up to relieve the Devasta- 
tion as guardship at Queensferry), Severn, Mercury, Iris, 
Traveller, Rattlesnake, Nymphe, and Pelter, besides all 
the gunboats and torpedo-boats. Should the guns of the 
Camperdown be delivered in time she will be added to 
the list, but the Severn will be withdrawn, as she will 
proceed to her station before the manceuvres commence. 


It was at first anticipated that there would be some dif_i- 
culty in finding sufficient men, but the complements of 
all the ships are now told off and the men assigned to 
their respective posts. The only actual difficulty has 
been in finding sufficient artificers. Stokers are at present 
entering in such numbers that should they prove of the 
proper capability, there will be no deficiency in point of 
strength. 


The Darlington Forge Company’s new steel foundry 
which was built last year and commenced steelmaking 
three months ago, is now in full operation, and their first 
cast-steel stern frame, which weighed about 11 tons, was 
on the 10th inst. most satisfactorily tested in the presence 
of Lloyd’s inspectors and other gentlemen. This stern 
frame was made in two pieces, each of which in the test 
was lifted up bodily 9 ft. and then dropped on to hard 
pond, afterwards being again lifted up and struck with 

ammers to ascertain if any fracture had taken place, but 
all was found satisfactory. The test-pieces which had 
been previously marked and cut from the stern frame 
were then treated and gave satisfactory results, one 
piece, 14 in. in diameter by 8 in. long, was in a ccld state 
bent double without fracture. The firm have in hand 
other large and important work, such as cast-steel stern 
brackets, rolling mill housings, gun-carriage castings, 
ingots for gun forgings, and large wheel gearing, &c., and 
the steel plant has just been augmented by the starting of 
a 25-ton Siemens steel melting furnace, which, together 
with their existing steelmaking plant, will now permit of 
steel castings being made of upwards of 40 tons in weight. 


The Royal Academy of Sciences of Turin, in accordance 
with the last will and testament of Dr. Cesare Alessandro 
Bressa, and in conformity with the programme published 
December 7, 1876, announces that the term for competi- 
tion for scientific works and discoveries made in the four 
previous years, 1885-88, to which only Italian authors and 
inventors were entitled, was closed on December 31, 1888. 
he Academy now gives notice that from January 1, 
1889, the new term for competition for the seventh Bressa 
prize has begun, to which, according to the testator’s will, 
scientific men and inventors of all nations will be admitted. 
A prize will therefore be given to the scientific author or 
inventor, whatever be his nationality, who, during the 
years 1887-90, ‘‘ according to the judgment of the Royal 
Academy of Sciences of Turin, shall have made the most 
important and useful discovery, or published the most 
valuable work on physical and experimental science, 
natural history, mathematics, chemistry, physiology, and 
pathology, as well as geology, history, geography, and 
statistics.” The term will be closed at the end of Decem- 
ber, 1890. The value of the prize amounts to 12,000 
Italian lire. The prize will in no case be given to any of 
the national members of the Academy of Turin, resident 
or non-resident. 


One of the officers of the Congo Free States thu sumss 
up the progress made in the past ten years. The Lower 
Congo has been opened up to navigation by large vessels 
as far as Boma, soundings have been made and the course 
marked out by buoys, a cadastral survey of the Lower 
Congo has been made as a step towards the preparation 
of a general map of the entire region, justice is regularly 
administered in the Lower Congo, and a trustworthy and 
cheap postal service has been established. In addition 
registries of births, deaths, and marriages have been 
established for the non-native population, and it is ex- 
pected that soon the natives near the stations will 
also be brought within the scope of the registrar’s 
returns. At Banana, Boma, and Lecpeltetite me- 
dical establishments under the direction of Belgian 
doctors have been founded, and a considerable armed 
force of blacks, officered by Europeans, has been 
ealled into existence. he caravan route between 
Matadi and Leopoldville is as free from danger as a 
European road, and a complete service of porterage by 
natives has been established. A railway has been pro- 
jected and the route almost entirely surveyed. The 
State has established herds of cattle at various stations, 
and in the very heart of Africa, on the waters of the 
Upper Congo, there is a fleet of steamers every year 
increasing in number. A loan of 150,000,000 fr. has been 
authorised, and the first issue subscribed. Many of the 
more intelligent natives from the country drained by the 
Upper Congo have taken service with the State, and 
numerous trading factories have been established as far 
up the river as Bangala and Louebo. In addition, several 
private companies have been formed for developing the 
country, and, finally, geographical discoveries of the 
greatest importance have been made, either by the officers 
of the State or by travellers who received great assistance 
in their work from the State. 





Lares Bay.—Mr. Rees, M.P., proposes to introduce 
into the South Australian Legislature a Bill to give 
effect to a scheme for an outer harbour at Largs Bay, 
He states that he has obtained considerable support for 
the scheme at Melbourne. 





Wricnut’s PortaBLE Primary Bartrery.—An inge- 
nious form of portable primary battery has recently 
been devised by Mr. Wright, an American electrician. 
The cell consists of a hollow carbon cylinder, rendered 
water-tight at its lower end with pitch, the cavity being 
then filled with powdered coke or sand. The outside 
surface of the cylinder is surrounded by a layer of asbestos, 
outside of which are fitted the zincs, which are amalga- 
mated plates, bent round into half-cylinders. These zines 
ate pressed into close contact with the asbestos by rubber 
bands. The exciting liquid is poured into the carbon 
cell, where it is absorbed by the powdered material re- 
ferred to above, and filters through the walls of the cell to 








the asbestos, and is thus brought in contact with the zincs. 
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TRIPLE-EXPANSION 


ENGINES OF THE SS. 


“ARGUS.” 


CONSTRUCTED BY MESSRS. DAY, SUMMERS, AND CO., ENGINEERS, SOUTHAMPTON. 





Tue s.s, Argus, the new engines and boilers of | 


! 
| 


consumption of fuel was 26 tons per day. Now her | 


which form the subject of our engravings on the} seagoing speed is 11 knots, or half a knot better than 
present page and page 83, was originally a paddle | before, and her consumption is 8 tons per day, or only | surface, in both condensers, 906 square feet. The pro- 


steamer in the service of the Trinity House. 
centl 
boat 


Iron Works, Southampton, who have made the 


necessary structural alterations, and have supplied | 
the machinery shown in the illustrations. The economy | 
effected by the alteration was most marked, indeed it | 


may be styled extraordinary. As a paddle-boat the | 


Re- | 
she has been converted into a twin- screw | sists of two sets of triple-expansion engines, each having | 20 square feet of surface, 
y Messrs. Day, Summers, and Co., of Northam | 


31 per cent. of what it was, The new machinery con- 

cylinders 114 in., 174 in., and 304 in. in diameter respec- | 
tively, with a stroke of 27 in. On the trial trip on | 
September 26, 1888, these engines developed 580 horse- | 
power, and drove the vessel at a speed of 11? knots per | 
hour. 


There are two boilers. Each is 10 ft. 6 in. in dia- 


pressure. The total heating surface is 1618 square 


feet, the grate surface 55 square feet, and the cooling 


pellers are 8 ft. in diameter and 13 ft, 6 in. pitch, with 





AaBaMA CoaL.—A cargo of Alabama coal has been 
shipped from Pensacola to Cuba. The parties concerned 
have hitherto shipped 100,000 tons per annum to Cuba 


| from Pennsylvania, Efforts are being made to build up 


a large trade from the Alabama coal mines to the sea: 


seagoing speed of the Argus was 104 knots, and her meter by 9ft, 3 in. long, and supplies steam at 150 Ib, | board, 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, Mr, CHARLES 
GiLBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our Sole Agent for the United 
States, Mr. W. H. Wiley, 15, Astor-place, New York. The prices 
of Subscription Lg in advance) for one year are: For thin 
(foreign) yy edition, 12. 16s. Od.; for thick (ordinary) paper 
edition, 2/. 0s. 6d., or if remitted to Mr. Wiley, 9 dollars for thin 
and 10 dollars for thick. 








ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must accompany ail orders for 
single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside pages may be obtained on applicati Seri 
advertisements will be inserted with all practical regularity, but 
absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
6 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing Advertisements should be 
received not later than 4 p.m. on Wednesday after- 
noon in each week. 











SUBSCRIPTIONS, HOME AND FOREIGN. 

The prices of Subscriptions to ENGINEERING for Twelve 
Months, payable in advance, post free (including Double Numbers), 
are as follows :— 


For the United Kingdom ..............++ £1 9 2 
For India, Ceylon, the Straits Settlements, China, and Japan :— 
For thin paper copies.......... £2 0 6 
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For countries included in the Postal Union :— 
For thin paper copies.......... £116 0 
» thic ie cnbatavaaey £2 0 6 


All accounts are payable to the publisher, Mr. CHARLES GILBERT, 
Cheques should be crossed ‘* Union Bank, Charing Cross Branch.” 
Post Office Orders payable at Bedford-street, Strand, W.C. 
Foreign Subscriptions, when sent by Post Office Order, should 
be advised to the Publisher. 
Office for Publication and Advertisemen 
35 and 36, Bedford-street, Strand, London, W.C. 
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ENGINEERING is registered for transmission abroad. 


READING CASES.—Reading cases for containing twenty-six num- 
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gent. Price 6s, each. 


Nos. 











CONTENTS. 








PAGE || PAG 
Kioto and Lake Biwa Canal | Boilermakers and Iron Ship- 
(Nlustrated) ee AO MEE cc uecccanetencas 89 
Literature ......... . 75| Ship Channel between 
Books Received .......... 77 || Quebec and Montreal.... 89 
Lynde’s Automatic Ma- | Through the South Sea 
oo OR eerie 77|| Islands in a Man-of-War 
The Paris International Ex- 1} (Wustrated) .......00000 90 
hibition of 1889 (1llus.) .. 78 || Noted .......cccsesceseves 91 
Notesfrom the United States 79 || The Institution of Electrical 
The Swedish- Norwegian || Engineers .............. 92 
WOE ov i vebsacedcccs 79 || Water and Coal Gas ...... 92 
The Collapse of Marine || Irish Railways ............ 92 
Boiler Furnaces ........ 80 Hornsey Sanitary Depét— 
The New White Star Liners 80 Tall Chimney Shaft...... 92 
Launches and Trial Trips .. 81, Naval Warfare ............ 93 
Moseley’s Straight Full- Triple-Expansion Pumping 
Way Valve (Illustrated) 82 |. RRR ee 93 
Apparatusfor Tapping Mains Strength of Furnace Tubes 93 
(Ulustrated) ...........5 82 | The Training of Engineers 93 
Notes from the South-West 82/ Life of Screw Propellers (1I- 
Notes from the North...... 84 || lustrated) ..........e000 93 
Notes from Cleveland and | Foreign aud Colonial Notes 94 
the Northern Counties .. 84 || Analysis of an Hydraulic 
Notes from South Yorkshire 84 || Step (Illustrated) ...... 95 
Miscellanea .........2.00¢ 85 || The Newport and Calbourne 
Triple - Expansion Engines | Viaducts(Illustrated).... 96 
of the s.s ‘ Argus” (Il/us.) 86 | Royal Meteorological Society 96 
Fortress Defence .......... 87 | “Engineering ” Patent Re- 
| cord (Iilustrated)........ 97 


With a Two-Page Engraving of THE NEWPORT VIADUCT, 
ISLE OF WIGHT. 








NOTICES OF MEETINGS. 

INSTITUTION OF CiviL ENGINEERS,—Students’ meeting, Friday, 
January 25th, at 7.30 p.m. Paper to be read : ‘‘ Water Softening 
and Filtering Apparatus for Locomotive Purposes, at the Taff 
Vale Railway Company’s Penarth Dock Station, near Cardiff,” 
by W. W. F. Pullen, Wh.Sc., Stud. Inst. C.E. Mr, J. C. Park, M. 
Inst. C.E., in the chair.—Ordinary meeting, Tuesday, January 
29th, at 8p.m. Papers to be read with a view to discussion: 
1. ‘‘The Steep Incline on the Puerto Cabello and Valencia Rail- 
way, Venezue a,” by John Carruthers, M. Inst. C.E. 2. ‘Cost 
of Working the Hartz Mountain Railway,” by Robert Wilson 
M. Inst. C.E. 3. “Further Information on the Working of 


the Fell System on the Rimutak i Ad - 
haar Re on ry a Incline, N.Z.,” by J. P. Max 


Tue SuRveyors’ InstirvtioN,—The next meeting will be held 








on Monday, January 28th, at12, Great George-street, Westminster, 
when a paper will be read by Mr. Josiah Hunt (Fellow), entitled 
‘Quantity Surveyors : their Duties, Rights, and Liabilities.” The 
chair to be taken at eight o'clock. 

JUNIOR ENGINEERING Socigty. — Friday, February ist, at the 
Westminster Palace Hotel. ‘‘On Public Baths,” by Mr. P. J. 
Waldram. 

Tue SAniTary INstiITUTE.—On Thursday, January 3ist, at the 
Parkes Museum, 744, Margaret-street, W., at 5 p.m., when a lec- 
ture will be delivered by Professor F. Jeffrey Bell, on ‘‘ The Worm 
Parasites of Human Food.” 
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FORTRESS DEFENCE. 

On Friday afternoon last an interesting and in- 
structive meeting was held at the Royal United 
Service Institution, when Captain F. Gleadowe 
Stone, R.A. (Instructor of Fortification R.M. 
College, Royal Art. Inst.), read a paper on ‘‘ Quick- 
Firing Guns for Fortress Defence.” There was a 
very full attendance in the dingy little theatre of 
Institution, Lord Wolseley occupying the 
chair. 

Captain Stone’s contribution to the subject of 
coast defence is most welcome just now, as the 


al | necessity for any works on shore seems likely to be 


overlooked in the attention that is being paid to 
the Navy. There are some naval officers indeed 
who seem to advocate that we should spend all our 
money on floating defences, and leave the land to 
look after itself—or rather have the sea to look 
after it. In the paper itself and during the dis- 
cussion which followed, this aspect of the question 
occupied a good deal of attention. It is a subject, 
however, apart from the rest, and we will leave it 
for the present, hoping shortly to be able to say a 
few words upon the matter. 

Putting aside, therefore, for the present Captain 
Stone’s well-considered opening remarks on naval 
strategy, we will suppose that fortresses are desirable 
adjuncts to a system of coast defence, and consider 
the relation of quick-firing guns as a part of their 
armament. The paper was divided into two parts, 
the first of which dealt with sea fronts and the next 
with land fronts. For the present we must leave 
out of consideration those features which refer 
exclusively to the latter branch of the subject, 
which was of a more technical nature. 

The author quotes a passage from the report of 
Mr. Stanhope’s Committee. ‘‘ Where mercantile 
ports are situated at some distance up a river, sub- 
marine mining defence will in general afford a very 
great protection. The Committee think it essential 
that wherever this is adopted the mine fields should 
be protected by quick-firing guns.” Captain Stone 
then proceeded to show : ‘‘ Firstly, what the actual 
réle of quick-firing guns should be. Secondly, how 


z| their extensive employment may be the means of 


adding to the efficiency of our defences at a much 
less cost than could be secured in any other way. 
We are to suppose that an attack is being made by 
the enemy’s fleet, which is in a position to attack 
our sea front. We take first the enemy’s ironclads ; 
and here Captain Stone laments the very meagre 
data we have to go upon in framing an opinion. 
From the experience of the French at Sfax, 
however, and our own experience at Alexan- 
dria, it would appear that, so far as the artil- 
lery duel is concerned, the guns on shore are 
likely to have the best of it. ‘‘ At Sfax, after a re- 
markably deliberate fire of 2002 projectiles, de- 
livered under peace practice conditions, the defensive 
power of the place is reported to have been practi- 
cally uninjured.” At Alexandria, Fort Mecks, a 
work of antique construction armed with five heavy 
rifled muzzle-loading guns, nine smooth-bore guns, 
and five mortars, was engaged by the Monarch, 
Penelope, and Invincible at 1200 yards, and the 
Teméraire at 3500 yards, for nearly four hours, 
during which time the Inflexible joined in for an 
hour at 3800 yards. During this period not a single 
Egyptian gun was disabled, and only two were 
touched, though altogether 580 heavy and 340 light 
projectiles had been discharged. On the other hand, 
the Invincible was hulled fifteen times and the Pene- 
lope eight times, ia addition to receiving a round 
shot in one of her ports. Captain Clarke, R.E., 
commenting on thisaction, says: ‘‘ If the gunners 
(i.e., the Egyptians) had been able to handle the 
rifled guns as well as they did the smooth-bores, and 
if the armament had been supplemented by a few 
machine and quick-firing guns on the flank, the ships 
would have been defeated without any difficulty.” 





Captain Stone is of opinion that the fire from big 
guns on shipboard has been much too highly rated 
both in regard to accuracy and effect. In engaging 
ashore battery there are the disadvantages of an 
unstable platform, and the necessity for engaging 
the battery at long ranges in order to compensate 
for the superior command of the shore guns. A 
shell striking the superior slope of a parapet with a 
horizontal trajectory will do no damage to the re- 
vetment, and the splinters will be deflected clear of 
the emplacement ; while shrapnel burst on the very 
crest would do little damage if its trajectory were 
horizontal. 

The batteries, on the other hand, in addition to 
a more commanding position and stability of plat- 
form, have the advantages of being secure from 
distraction caused by torpedo boats, and the fire 
can be controlled, even in the most widely dis- 
persed batteries, by the Watkins range-finder, by 
means of which the officer in charge can exactly 
time the fire of the group so as to strike the ship 
without fail whatever pace she may be going. ‘‘ By 
the aid of quick-firing guns and the position finder,” 
adds Captain Stone, “‘ we are enabled to carry out 
the ideal system of defence, viz., few guns in dis- 
persed emplacements concealed by natural fea- 
tures.” With regard to the effect of howitzer 
fire against batteries, the author states that at 
3000 yards range, the 8 in. howitzer with 114 lb. 
charge is estimated to pitch 50 per cent. of its shells 
within a vertical rectangle 114 ft. in length and 
25 ft. in height. The angle of descent would be 


12 deg. 24 min., or 77, and this is the minimum 


range at which a ship’s guns could engage an 
elevated shore battery with hope of success in regard 
to reaching effect. ‘“‘Any attempt to move in 
closer, in order to improve the accuracy of the 
howitzer fire, would be done at the sacrifice of a 
large amount of gun-firé from the ships, and the 
risk of utter destruction to men and material from 
the quick-firing guns on shore.” 

For the effective protection of mine fields the 
quick-firing gun is a necessity in nearly all cases 
of importance. To remove the mines is the first 
operation before the enemy can make any progress. 
Sweeping, creeping, or countermining are the pro- 
cesses to which recourse would be had. All boat 
operations requiring time and deliberation would 
be rendered impossible by the quick-firing gun. 
At night the electric light would be brought into 
play, and although this has lately proved in certain 
naval operations the reverse of beneficial to those 
using it, such a result has not been obtained in the 
case under consideration, where a definite area has 
to be searched, and upon which no friendly craft is 
likely to be employed unexpectedly. The protecting 
influence of fog or sea mist must not, however, be for- 
gotten ; and, indeed, it is not improbable that fog 
may prove the ruling factor in many future naval 
operations. Fog is generally accompanied by calm 
weather, and formerly ships were not able to make 
much progress during its continuance. During 
three days of last summer, had we been at war, any 
of our enemy’s steamers, capable of the speed, 
might have steamed at 18 knots from Brest to the 
Lizard without encountering any more risk than 
those of accidental collision ; and it must be remem- 
bered that there would be very few merchant 
vessels knocking about in the Channel at such 
times. Wethink King Fog is not sufficiently con- 
sidered by the naval strategists who are framing 
theories for our guidance in the coming struggle, 
whenever it may arrive. 

However, we shall have to take our chance of 
fog, and Captain Stone is of opinion that the lead- 
ing mode of attack will be attacks by day and sur- 
prises by night from the inshore squadron, which 
fog would be very favourable to in some respects. 
The only reliable defence against the inshore 
squadron will be, we are told, the extensive employ- 
ment of quick-firing guns, of sufficient calibre, not 
merely to annihilate landing or boarding parties, or 
to send a torpedo boat to the bottom, but equal to 
the task of putting a gunboat hors-de-combat. Quick- 
firing guns, the author goes on to say, whether 
made on the Hotchkiss, Armstrong, or Nordenfelt 
principle, or on the automatic Maxim system, are 
non-recoiling ; thus there is an immense advantage 
gained, not merely by the mechanical or breech- 
closing arrangement, but also a great gain in 
time owing to the absence of recoil, and the avoid- 
ance of the necessity for relaying after every shot 
when firing at a stationary, or nearly stationary, 
object. Thus a 3-pounder quick-firing gun firing 





88 


ENGINEERING. 


[JAN.:25, 1889. 








twenty rounds in a minute (which is about half 
its maximum rate), throws the same weight of 
shell as a 64-pounder muzzle-loading gun is capable 
of discharging in the same time ; it has, moreover, 
a penetration of 4in. into armour plate, while the 
effect of successive rounds striking the same spot 
would be difficult to estimate. It may, however, 
be noted that any kind of armour built up in seg- 
ments, such as that of a Griison turret, is affected 
most seriously by being struck two or three times 
in the same place. Moreover, the results obtained 
as regards the penetration of the shells of our new 
high velocity guns are notoriously unreliable ; the 
shell usually turns off into the line of least resist- 
ance, and it seems fair to conclude that a rapid 
succession of comparatively small projectiles striking 
the same spot will produce a greater effect than the 
impact of a single very heavy projectile. 

At some competitive trials carried out last year 
by the Admiralty between a 43-in. quick-firing gun 
and ab-in. service breechloading gun, the former 
fired ten consecutive aimed rounds in 48 seconds, 
and the penetration into wrought iron equalled 
10} in. The service breechloading took 5 minutes 
7 seconds to fire the same number. It does not 
appear necessary that quick-firing guns for this kind 
of defence should be of very large calibre ; probably 
a 5-in. gun, throwing a projectile of about 40 lb., 
would be the maximum required, giving a penetra- 
tion of 12in. into wrought iron. The penetration 
of the 5}-in. quick-firing gun into wrought iron 
equals 1Din. Any attempt to go beyond a 5-in. 
quick-firing gun for the purpose of obtaining higher 
penetration would be misplaced, though doubtless 
quite feasible; in fact, a 12-pounder quick-firing 
gun would serve most purposes, and the results 
already achieved by the 6-pounder Hotchkiss are 
instructive on this point. At Eastbourne a shell 
from one of these guns struck the chase of a 10.4-in. 
breechloading gun and penetrated into the bore ; 
at Shoeburyness a 9.2-in. breechloading gun was 
struck on the chase and a bulge of nearly $ in. 
raised on the interior of the bore, thus rendering it 
unserviceable. There can, therefore, be no question 
that these guns are sufliciently powerful to cope with 
an inshore squadron of gun and torpedo boats; they 
have, moreover, the immense advantage of being 
susceptible of rapid correction for laying and being 
capable of following up a moving object with con- 
tinuous fire. To illustrate this we will suppose a 
torpedo boat advancing to within 400 yards of a 
shore battery of quick-firing guns in order to dis- 
charge its torpedo against some of the shipping in 
the harbour ; the boat advances at the rate of, say, 
20 miles an hour, and the guns on shore open fire 
at 1000 yards range ; the dangerous zone for the 
boat to cover in its advance is therefore 600 yards, 
and this would be accomplished in about one 
minute ; this enables a 12-pounder quick-firing gun 
to fire from twelve to sixteen aimed shots, and 
gives the torpedo boat very little chance if it has to 
run the gauntlet of rapid firefrom a battery of four 
to six of these guns. What chance would the best 
ordinary breechloading gun have in such a case? 
At the very outside it could not put in more than 
two aimed shots. 

Having so far treated of the points in favour of 
the type of weapon under discussion, the author 
next brought forward the two objections commonly 
raised against the employment of quick-firing guns. 
The first of these is the smoke, and the second com- 
plicated mechanism and liability to get out of order. 

With regard to the first point, if smoke hangs 
over any gun it is impossible to lay it, ‘‘ but in the 
case of the quick-firing gun we can, at any rate, get 
in more shots than with the ordinary gun, inasmuch 
as the laying is not disturbed.” But the author, 
in common with so many of his military confréres, 
puts great faith in the new smokeless explosives 
now attracting so much attention. The Chilworth 
Company have in some measure succeeded in ob- 
taining good results, while a firm of gunmakers 
are within measureable distance of emulating the 
results recently obtained by the French. 

There is no doubt that if the new explosives bear 
out all the promises made on their behalf, they will, 
as Lord Wolseley and Lord Charles Beresford said, 
completely revolutionise modern warfare. But we 
should like more data of the nature which only time 
and continued use can give before pronouncing too 
sweeping an approval. Sir Gerald Graham, in a 
speech, cautious, as became his position, hinted 
at certain difficulties still to be overcome before 
quick-firing guns could be pronounced so perfect as 
some would have us think, and, if we are not mis- 





taken in our conjecture, the question of these new 
explosives was in hismind. Captain Parker, R.A., 
also referred to the Chilworth powder, and re- 
minded the meeting of one very serious defect. If 
exposed for any time to the atmosphere at certain 
temperatures it becomes absolutely useless, changing 
to a mass of mud orslime. Itis, however, astrong 
testimonial in favour of the new explosives, that one 
so clear-headed and eminently business-like and 
practical as Lord Wolseley should so strenuously 
support them, and we have no doubt that those 
difficulties, inevitable to all such inventions, will 
ultimately be overcome ; at any rate, itis reassuring 
to have it on the authority of Lord Wolseley that 
our military officials know as much as those of 
foreign Governments. 

The absence of smoke, however, is not the only 
point in which the new explosives have an ad- 
vantage. They are said to be both smokeless and 
noiseless. The latter expression must, however, be 
accepted cum grano, that is, ‘‘ noiselessness ” must 
be taken as a comparative term. The ‘‘noiseless- 
ness” is sufficient, however, fora man to be well 
within range and not hear the discharge, and perhaps 
there is nothing more awe-inspiring in battle than 
silence. Captain Stone quotes evidence on this 
point from an eye-witness who was present at the 
trials of the Maxim gun with smokeless powder in 
France. As he stood out on the range watching the 
results of the silent and invisible discharge from 
this weapon the effect was truly appalling, and of a 
character to shake the nerves of the stoutest hearted. 
Those who went with the fleet up to Constantinople, 
when the Russians were threatening that city a few 
years back, bear testimony to the awe-inspiring 
influence of that silent dread of torpedoes which 
might have been expected to explode any moment, 
far more terrible than the loudest roar of battle; 
and there were those who, without doubt, would 
have gone with credit through the hottest encounter, 
whose nervous system was affected for days after. 
An instance of older date was that which followed 
the blowing up of the Orient at the night action of 
Aboukir Bay. For several minutes after, both the 
English and French fleets ceased firing as if by 
common consent. The silence was far more trying 
than the loudest roar of battle, and it was only 
when the guns on each side again commenced their 
thunder that this nerve tension was relaxed. The 
same thing has been chronicled by those taking part 
in night attacks on fortified positions when the 
—_ opening fire is said to have been a positive 
relief. 

With regard to the second point, of complicated 
mechanism, Captain Stone very justly observes 
that we are far too ready to raise objections to new 
inventions on this score, and to forget that the same 
faults may exist under a different guise in those 
with which we are more familiar. With regard to 
guns, he suggests, it may be that we hear nothing 
of the failures of productions from service factories, 
whilst anything from an extraneous source is watched 
by a host of hostile critics. The natural tendency, 
he says, appears to be to look out for defects rather 
than to discover good points. Mr. Nordenfelt, 
in the course of the discussion, had something to 
say on this point. Official prejudice against ‘‘ in- 
ventions,” he told the meeting, no longer exists. 
There was sucha thing once but it has become ex- 
tinct. This is a happy thing to hear from so 
eminent a representative of ‘‘ inventions ;”’ even 
from one so well established on the ‘‘ inside track” 
as Mr. Nordenfelt. Amiability is, however, one of 
his most potent weapons, even stronger, perhaps, 
than his celebrated guns ; and, indeed, his suavity 
may be said to increase directly as the murder-deal- 
ing properties of his productions. 

It does not appear to occur, says Captain Stone, 
to those who habitually range themselves on the 
side of the opposition, that our new breechloading 
guns can be put temporarily out of action by asingle 
bullet burring the thread of the screw on the breech- 
block, nor do they seem to realise that the terrific 
sandstorm which is supposed to rage perennially 
around a machine gun, as evidenced by the severity 
of the sand test, would be equally detrimental to 
the breech-closing apparatus of the magnificent 
guns of which our Royal Gun Factory has reason 
to be so justly proud. The following Table—taken 
from the Army return (Guns), April, 1887—will 
open the eyes of many to the fact that few guns are 
infallible, and that the occasional breakdown of 
ordnance of all descriptions is a contingency to be 
reckoned with, and not necessarily a reason for 
sweeping condemnation of any particular manufac- 





ture or design, whether it emanates from Woolwich 
or from a private firm : 
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Mr. Nordenfelt, in reference to this branch of 
the question said that his quick-firing gun was no 
more complicated than the ordinary field gun, and 
was quite prepared to put piece by piece on the 
table to prove the fact. 

Captain Stone would place the batteries of quick- 
firing guns for sea fronts in the highest and lowest 
positions, the intermediate sites being retained for 
heavy guns ; but he would make aclean sweep of the 
muzzle-loaders now in position, as those only 
lead to a false feeling of security, whilst really a 
source of extreme danger on account of complica- 
tion ,of ammunition; besides which they occupy 
valuable sites. With batteries having only two tiers 
of fire, and where the heavy guns are near the 
water-line, the quick-firing guns should be placed 
on the flanks. The high-level tier should then 
attack the deck and machinery of ironclads, the 
guns of the ships being unable to reply effectively 
except at long ranges or high elevation, and curved 
trajectory. The low tier would deal with the in- 
shore squadron, and the guns might be made muzzle 
pivotting. With such arrangements the balance 
of advantages would lie, the author says, with the 
land defences. 

In concluding this part of the subject the author 
says that ‘‘a couple of well-placed earthen barbette 
batteries containing a dozen quick-firing guns might 
do more for the defence of any given position than 
the most approved casemated battery or turret 
mounting an 80 or 100-ton gun. Mr. Anderson, 
C.E., stated his belief that the Dover turret would 
be so damaged by a single 16-in. shell that it would 
be impossible to work it any more. The energy of 
one of the bolts of the Inflexible striking, say, at 
2000 yards range, would be represented by the whole 
of the Dover turret, which weighs 750 tons, rising 
16 ft. into the air. Is it conceivable that no de- 
rangement would result from such a blow ?” 

The difference in the cost of pursuing such a 
system as the author advocated, or of following the 
old lines of massive iron and masonry fortifications 
and colossal guns, may be conjectured when we 
remember that the cost of the 100-ton Armstrong 
gun was 16,7431., the Royal Gun Factory 13.5-in. 
gun of 67 or 69 tons was 10,8591. 12s. 7d., the 
80-ton muzzle-loading 98111. 6s. 3$d., and the 38-ton 
muzzle-loading 31991. 8s. 0{d. When the cost of 
carriages, slides, transport, mounting, machinery, 
and protection is added to these figures, it may well 
make us pause to consider whether we are spending 
our money to the best advantage. 

The author, in conclusion, summed up the sub- 
stance in his lecture in the following words: ‘* My 
main contention is that the task of defending our 
harbours, dockyards, and coaling stations is essen- 
tially a military question : that of attacking similar 
positions belonging to an enemy, and protecting our 
commerce, a naval question ; while in both cases a 
certain amount of co-operation from the sister 
services is necessary to bring about decisive results ; 
that we need not anticipate much difficulty in deal- 
ing with an assailant’s ships provided we organise 
our defensive measures liberally and intelligently ; 
and, finally, that the most profitable way of laying 
out our money in the immediate future is not in 
any further elaboration of permanent fortification, 
or in a continuation of the endless struggle for pre- 
cedence between guns and armour, but rather in 
the development of frontal fire, the provision of 
sites for field fortifications in suitable localities, and 
a sufficient armament of quick-firing guns for de- 
fensive purposes, from the proposed intrenched 
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camp round London to the iron and concrete fronts 
of our great military ports and naval arsenals. 

‘Let us, above all things, never lose sight of the 
most salient feature in every scheme of defence, 
viz., that armaments are useless without men, and 
men of little use without training.” 





BOILERMAKERS AND IRON SHIP- 
BUILDERS. 


HirHerto the annual reports of trade unions 
have not been generally available, although from 
time to time we have been able to furnish a com- 
plete synopsis of the accounts of those unions which 
are more especially connected with the engineering 
trades. Henceforward the essence of all such 
reports will be public property, inasmuch as one of 
the duties of the ‘‘ Labour Correspondent of the 
Board of Trade” will be to furnish an abstract of 
the accounts of all societies whose reports are regu- 
larly transmitted to the Board of Trade. The 
publication of ‘‘ Labour Statistics,” under the 
authority of the Board of Trade, affords an oppor- 
tunity of dealing with the great industrial organisa- 
tions of the country, for the first time from what 
might now be termed an official standpoint. There 
appears, however, to be great reluctance on the 
part of many societies to fill up the forms sent to 
them by the ‘‘ Labour Correspondent,” for, it 
seems, “‘that 207 of the societies receiving forms 
have made no return.” The total number of socie- 
ties whose accounts are epitomised is 87, but of 
these 17 only give particulars for the last two 
years, the details for the other 70 being fairly 
complete. The records of the engineering trades 
are very complete, and they have no reason to feel 
ashamed of their history. As the unions represent- 
ing these trades are among the largest inthe United 
Kingdom, a concise résumé of their doings and work 
may be of interest to the public. 

The Boilermakers’ Society was formed about fifty- 
four years ago, but it made little progress until the 
era of iron shipbuilding, which added a new branch 
to their trade. The shipwrights at the outset re- 
sisted the introduction of boilermakers as ship- 
builders, but no other class of workmen were equal 
to the task of fitting and rivetting the iron plates 
which were destined to supersede the ‘‘ wooden 
walls” of the mercantile and naval fleets of England. 
Since the date of their formation into a society, 
they have issued fifty-three annual reports ; but for 
all practical purposes their records date from the 
reorganisation and reconstitution of the union in 
or about 1866. The fifty-third annual report is a 
volume of some 280 pages, the summary tables in 
which cover a period of twenty-one years, 1867 to 
1887 inclusive. 

Numerical Strength.—At the close of 1867 the 
total number of members was 6405; atthe close of 
1877 the number had reached 19,660 ; at the close 
of 1887 the total was 25,100 members. The highest 
point in membership was reached in 1884, when 
the total number in benefit was returned as 28,730. 
Since that date the numbers have declined as 
follows: In 1885 to 28,212; in 1886 to 26,776 ; 
and at the end of 1887 to 25,100. This decrease is 
doubtless due, in some measure, to the exceedingly 
heavy demands upon the members, in consequence 
of the very large number out of work in 1884, 
1885, and 1886, some of whom failed to keep 
within ‘‘limits,”’ as prescribed in the rules, There 
was a similar decrease in members in 1879, after 
three years of depression in the shipping trades, the 
total decrease then being 2662 members. 

Financial Operations.—The total annual income 
of the Society is not given, either in the Society’s 
annual report, or in the Board of Trade report, 
prior to 1872, in which year it amounted to 25,7361. 
In 1877 the total income was 46,7411. The highest 
amount recorded is in 1883, when the total in- 
come reached 72,9471. ; the next highest being 
in 1885, when it exceeded that of 1887 by 21551. 

The total expenditure in 1872 was 14,583]. In 
1877 it rose to 54,6001. ; in 1887 it reached 67,4461. 
But this amount is much less than in either of the 
three preceding years. In 1884 the total expenditure 
was 111,8511. ; in 1885 it was 92,4521.; and in 1886 it 
was 84,2611. The chief interest attaching to these 
large amounts of income and expenditure is with 
respect to the mode in which they are expended, 
and for what objects. The following abstract will 
give a pretty clear idea as to the application of the 
funds of this union. 

A. Out-of-Work Benefit.—In the year 1867 the 


payments under this head mainly consisted of 
travelling relief, in which year 10,5461. was so ex- 
pended. Inthe same year home donations amounted 
only to 426/. ; total 10,972/., or, including ‘‘ fares 
to jobs,” to 11,0447. In 1877 the totals paid for 
these benefits respectively were: Travelling relief, 
12,466/.; home donations, 22561. ; fare to jobs, 1161. ; 
total, 14,8387. In 1883 travelling relief ceased. 
In 1887 the total’amount spent in home donations 
was 22,1651. ; fares to jobs, 149/. ; total, 22,3141. 
The totals respectively for the preceding three 
years were—1884, 57,374/. ; in 1885, 43,066/. ; in 
1886, 34,4141. These amounts are altogether ex- 
clusive of strike pay, the whole being expended on 
out-of-work benefit alone. 

B. Sick Benefit.—This benefit is divided into two 
parts, sick allowance and surgeons’ fees, but for all 
practical purposes the two amounts may be con- 
sidered under the one head. The total expenditure 
for both purposes combined was in 1867, 58271. ; in 
1877, 12,7261. ; and in 1887, 20,5291. The increase 
under this head is almost more alarming than for 
out of work, because the pressure is more constant 
and is continuous. 

C. Superannuation.—The payments under this 
head were, in 1867, 5071. ; in 1877, 12191. ; and in 
1887, 46271. At the date of the Royal Commission 
in 1867 it was thought that this benefit would crush 
the unions, but up to now they have ‘‘ weathered 
the storm,” although the strain has become very 
great, especially in some trade societies. 

D. Accident Benefit.—In this Society the pay- 
ments under this head are termed bonuses, as the 
amounts are granted in one lump sum. In 1867 
the amount so expended was 1401. ; in 1877, 15001. ; 
in 1887, 1815/. The operation of the Employers’ 
Liability Act, 1880, has tended to lessen the pres- 
sure of this benefit. Fewer accidents occur, and 
when they do occur compensation is obtained in 
many cases. 

E. Funeral Benefit.—The payments under this 
head were in 1867, 9701. ; in 1877, 19291. ; in 1887, 
34251. This benefit extends to members’ wives, the 
proportion being, in round figures, about two-thirds 
on the death of a member’s wife to the total amount 
paid on the death of a member. 

F. Trade Disputes.—The whole of the preceding 
amounts are payments for ‘‘ benevolent objects,” 
that is to say, for ‘‘friendly society purposes.” 
The cost of strikes, or labour disputes, at the same 
dates, was: In 1867, 803/. ; in 1877, 13,805; in 
1887, 11311. The amount thus expended in 1877 
nearly equalled the aggregate of the two highest 
years, exclusive of 1877, namely, the two following 
years 1878 and 1879. These large amounts were 
spent in resisting reductions of wages in a falling 
market. 

Summary for Twenty-one Years.—The financial 
work of the Society, during the twenty-one years 
over which the tables extend, will best be seen by 
the following summary : 


Out of work benefit: Home donation £ 
and travelling sac pes om 297,870 
Fares to situations Res cia of 2,630 
Sick benefit aes 201,582 
Surgeons’ fees, &c. 51,821 
Superannuation ... 39,321 
Accident bonuses ne : aes 20,415 
Funeral allowances __... ce as 44,629 








Totals for benevolent purposes ... 658,268 
Total for strike pay, &c. ... 61,272 
Aggregate total for twenty-one 

en saa re oad .. 719,540 


As a record of self-help, few institutions can 
boast of greater results within the same period. 
Even the above do not quite exhaust the advantages 
obtained by the members of this large important 
and influential union. 

Present Position.—The balance in hand at the 
close of 1867 was 1493I., at the close of 1877 it was 
37,2801., and at the close of 1887 it was 25,001/., so 
that after the twenty-one years’ work, as before 
recorded, the financial position of the Society is 
fairly good. At the close of 1883 it could boast of 
a balance exceeding 108,5451., but the expenditure 
of the last four years has been enormous, as the 
following figures show : Expended on unemployed, 
160,0191.; on sick benefit, 86,362/.; on super- 
annuation allowance, 15,1911. ; on accident benefit, 
&6731.; on funeral allowance, 14,177/.; and on 
trade disputes, 11,6961. Total in four years, 
296, 3911. 

The general working hours of the trade are fifty- 





four hours per week, equal toanine-hour day. The 


wages vary according to the branch of trade, but, 
considering the recent depression in the shipping 
trades, and the low prices which have prevailed for 
some time, the reductions in wages have not been 
very serious. Trade is now regarded as fairly good ; 
the number out of employment is small compared 
with recent years, and the Society is increasing its 
balance in hand ata good rate. We have avoided 
all questions of policy in the foregoing synopsis, 
preferring to leave all debatable points, and deal 
only with the general public purposes for which the 
Society was constituted. ; 





SHIP CHANNEL BETWEEN QUEBEO 
AND MONTREAL 

THE close of ocean navigation of the St. Lawrence 
was appropriately marked by the official opening of 
the new 274-ft. channel between Montreal and 
Quebec, the Montreal Harbour Commissioners, the 
Minister of Public Works and their friends making 
the opening trip on the Allan steamer Sardinian on 
November 7th. The great work has been in pro- 
gress more or less rapidly for fifty years, for in the 
year 1838 it really commenced, and though in some 
years it has gone on slowly, it has never been 
wholly interrupted from that date. Previous to 
confederation, in 1867, the work of improving and 
deepening the channel, especially through the flats 
of Lake St. Peter, had been carried on partly by 
the Government of the then Province of Canada, 
partly by commissioners appointed by the Govern- 
ment, partly by commissioners acting as agents for 
the Public Works Department, and after 1851 by 
the Harbour Commissioners of Montreal. In No- 
vember of that year, a channel was completed with 
a minimum depth of 14 ft. excepting in Lake St. 
Peter, where there was only 12 ft., their operations 
in five months having increased this latter 2 ft. 
In 1853 there was a channel entirely through these 
flats 150 ft. wide and 16 ft. deep, and by 1865 this 
was 20 ft. deep and 300 ft. wide, at which it re- 
mained for several years. In 1873, an Act was 
passed in the Dominion Legislature authorising the 
Department of Public Works to complete this 
channel to a depth of 22 ft. at low water, and not 
less than 300 ft. wide, the Harbour Commissioners 
acting under the authority of the Board of Works, 
the interest on the loan being paid out of the 
revenues of the port of Montreal. New plant was 
purchased and set to work in the spring of 1875, 
and was kept steadily at work until the close of 
1878, when a minimum depth of 22 ft. at ordinary 
low water had been attained. Upto this time the 
cost of the new dredging plant had amounted to 
524,000 dols., and the working expenses had been 
over 628,600 dols., or together 1,152,600 dols. In 
view of the rapidly increasing size of Atlantic 
steamers it was then decided to deepen the ship 
channel to 25 ft. at low water, which was com- 
pleted in 1882, excepting for two short lengths. 
In the straight parts of the channel the dredging 
was 325 ft. wide in Lake St. Peter, and elsewhere 
300 ft. wide, but in bends and at important points 
it is 450ft. wide or more. The quantity of dredg- 
ing done in lowering the channel from 20ft. to 
25 ft. was: shale rock, 289,600 cubic yards ; earth 
of all sorts, including boulders lifted by the dredges, 
8,200,000 cubic yards ; and large boulders, lifted b 
stone-lifting barges, 16,700 yards; making in all 
8,508,400 cubic yards, The total distance dredged 
for the 25-ft. channel was 34.30 miles, besides tive 
miles of lateral channels. The longest piece of con- 
tinuous dredging is through Lake St. Peter, the 
flats of which are 17} miles in length, involving the 
removal since the beginning of dredging in the pre- 
sent channel in 1851 to 1882, of about 8,000,000 
cubic yards. The outlay for the deepening from 
20 ft. to 25 ft. was, for dredging plant, 534,809 dols., 
and for working and other expenses 1,245,321 dols., 
or a total of 1,780,130dols. No sooner was this 
depth of 25 ft. obtained than the increased size of 
the steamers frequenting the ports made a further 
deepening necessary, and in 1883 authority was 
given for a further loan of 900,000 dols. to enable 
the Harbour Commissioners to increase the depth 
to 274 ft. at low water, and this is the work 
that has just been brought to a successful com- 
pletion. The returns for this year are not 
yet made out, but for the last fiscal year end- 
ing June 30, 1887, the total number of cubic 
yards dredged was 1,341,486, as against 1,790,431 
yards the year before. The quantity excavated in 
Lake St. Peter was 727,200 yards, costing the re- 





markably low price of 1.45d. per cubic yard. At 
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Cape Charles, where the excavation is all through 
shale rock, where one dredge and a stone lifter 
were steadily at work, the cost was 163d. per yard 
for the dredge and 32d. per yard for the stone 
lifted. The plant employed in the works for the 
past three years has been seven elevator dredges, 
two spoon dredges, two stone lifters, nine screw 
tugs, and twenty-five barges. The following state- 
ment of the last date of sailing of the mail steamers 
from Montreal, their tonnage, and draught, shows 
the gradual improvement. 
Tons. 


- 1045 
1154 
1137 


Draught in 
Feet, 
12.06 
16.00 
18.00 
20.00 
17.02 
18.09 
18.00 
18.09 
19.06 
22.03 

1886 21.08 
1888 23,00 
A number of steamers have passed down the river 
during the the lastseason drawing from 24 ft. to26ft., 
and in no case this year has there been any accident 
or delay. The whole subject of the mail communi- 
cation with Great Britain is now under the con- 
sideration of the Government, and tenders are now 
being received for an accelerated mail service, which 
will bring to Montreal steamers of as good a class, as 
large in capacity, and as fleet in their passages as 
those now working from New York to England, for 
any of which there is now suflicient depth in the 
channel. The following statement shows the growth 
of the seagoing shipping trade from Montreal since 
the work of deepening from 20 ft. at low water to 
274 ft. was begun : 


1856 
1858 
1860 
1861 
1865 
1870 
1871 
1875 
1877 
1880 


Canadian 
Indian .. ee 
North American 
Nova Scotian. . 
Peruvian 
Moravian 
Scandinavian.. 
Sardinian 
Circassian 
Peruvian 
Parisian 
Pomeranian .. 


Tons. 
245,237 

65,823 

75,594 

4,660 2 

8,581 7 

12,583 83 
412,478 767 870,778 
The steamers have thus increased in average tonnage 
from 1013 tons to 1346 tons in fourteen years, 
whilst the proportion of steam tonnage compared 
with the total of all vessels, has increased from 
59 per cent. to 93 per cent. in the same time. 


Steamsbips 
Ships 
Barques 
Brigs 
Brigantines 
Schooners .. 





THROUGH THE SOUTH SEA ISLANDS 
IN A MAN-OF-WAR. 
By Guns. 
(Continued from page 52). 
Honouvtv. 


Firreen days after leaving Esquimalt we reached 
Honolulu, the distance being 2080 miles. Here we 
found four men-of-war, three Americans and an 
Englishman, and when we were added to the 
number there was quite an imposing squadron, all 
tied up in the inner harbour. There had never 
been so many there before. 

In writing this account of the South Sea Islands, 
I do not purpose to enter into details concerning 
places which are well known. My object is to 
throw more light on, and afford clearer information 
about, these islands of the Pacific, which are rarely 
visited, and which are of interest by their very 
loneliness. Still the Sandwich Islands are too 
important to be passed over without notice, and 
although much has been written about them, there 
yet remain many subjects which, judging from my 
own experience, are very imperfectly known to the 
ordinary reader, and which may be dealt with 
without any risk of relating a twice-told tale. I 
shall, therefore, devote a brief space to matters 
which appeared to me both novel and interesting. 

The Sandwich group, situatec between 18 deg. 
50 min., and 22 deg. 20 min. N. lat. and 154 deg. 
53 min., and 160 deg. 15 min. W. long., contains 
eight islands, Hawaii, Maui, Oahu, Kauai, Molokai, 
Lanai, Niihau, Kahoolawe, and several small 
islets. These islands present a great variety of 
soil, climate, and natural productions. Sugar is 
the staple product, then comes rice, and after that 
bananas. Coffee can be grown on most soils up to 
an elevation of 2000 ft. Tobacco has become almost 
a weed, but the finest qualities could be grown, 
Citrous fruits grow to perfection, as also the 
loquat, mango, tamarind, ohia or mountain apple ; 
the native strawberry or raspberry, the ohelo or 
native huckleberry, the bread-fruit, the alligator 
pear, pineapple, &c. There are several varieties 





of wood, but sandal wood, once so plentiful, has 
been exhausted. 

The native grasses have been nearly extermi- 
nated by the introduction of cattle and sheep, but 
their place has been taken by imported grasses, 
much to the improvement of the grazing. The 
islands are now fairly well grassed, principally by 
manienie or Bermuda grass. Sionick clover does 
well, and where care is taken in establishing it, 
alfalfa or California lucerne also thrives. 

Game abounds in the mountains, nearly all the 
varieties having been introduced. Of winged game 
peacocks are the most common on Maui. Turkeys, 
pheasants, California quail, plover, and ducks are 
to be found on all the islands. Small herds of deer 
have been established on the islands of Hawaii and 
Molokai. Wild goats and cattle afford good shoot- 
ing on Hawaii and Maui, and wild hogs are to be 
found everywhere in the woods. Fish may be 
caught round all the islands. 

The total area of these islands is 6740 square 
miles, the highest point being 13,805 ft. above the 
sea level. The census of 1884 gives a total popu- 
lation of 80,578, as against 142,050 as estimated in 
1827. This question of population is very interest- 
ing, showing as it does the gradual decrease of the 
native race, and the more than proportionate in- 
crease of the white population. In 1823 the popu- 
lation, mainly composed of Hawaiian natives, was, 
as just stated, estimated at 142,050. In 1832 the 
census gave 130,313; in 1836, 108,579; in 1853, 
73,138 ; in 1860, 69,800 ; in 1866, 62,959 ; in 1872, 
56,897 ; in 1878, 57,985; in 1884, 80,578. The 
census for 1878 and 1884 show an upward tendency, 
but this is caused by immigration and not by 
natural increase. 

The existence of leprosy among the natives is 
one cause of the decadence of the race, though the 
vast disproportion of the sexes is another and per- 
haps a more potent one. The total number of 
lepers in 1884 was about 900. At the census of 
that year the males numbered 51,539, females 
29,039 ; the excess of males over females being 
22,500, that is they were nearly two to one. But 
this does not present the fact in its full significance. 
The males over fifteen years of age numbered 39,835, 
and the females 18,220—the proportion being more 
than two to one ; the males under fifteen years were 
11,704, against 10,819 females. The proportion of 
males to females in the whole kingdom in 1884 was 
two to one; it Honolulu it was nine to one. There 
were 12,835 married females at the census in 1884, 
out of a total of 18,220 females over fifteen years. 
The following Table of the proportion of nationali- 
ties in the kingdom of Hawaii, that is, the Sand- 
wich Islands, is interesting. 





Nationality. | Males, 


Females. | Total. 


Chinese = 871 
White natives 
Americans 

British ... 

Germans 

French... 

Portuguese 

Japanese 
Norwegians ... 
Polynesians .. ee 
Other nationalities ... 











| 36,406 
| 44,232 


76 | 


| 27,976 | 8,430 
Hawaiians and half-castes.... 23,623 | 


8, 
20,609 





I am indebted to the ‘‘ Honolulu Almanack and 
Directory”’ for the above interesting statistics. 
However, it will be seen by reference to the Table 
that the inequality between the sexes among the 
Hawaiians themselves is not very great, but that 
the general disparity is caused by the tremendous 
immigration of foreigners, notably Chinese, who 
are evidently only birds of passage, the proportion 
of women to men being only as one to twenty; 
the Portuguese, on the contrary, seem to have 
brought their belongings with them, for among 
them women form four-ninths of the whole. 

Now let us turn to the wages paid to different 
classes, as shown by the annexed Table. It is in- 
teresting to compare them with the wages of corre- 
sponding trades in England : 

Rates of Wages at Honolulu and on Plantations, 

Bakers, 45 dols. per month, and found. 

Bricklayers, 5 dols. per day. 

Blacksmiths, 4.50 dols. per day. 

Boilermakers, 4 dols. per day. 

t and shoemakers, Chinese, 75 cents per day. 

Clerks, white, 75 dols. to 100 dols. per month. 


- | Hawaii only. 





Clerks, native, 12 dols. _ week, 

Carpenters, 4 dols. per day. 

Carriage body makers, 4.50 dols. per day. 

Carriage trimmers, 4.50 dols. per day. 

Draymen, white, 12 dols. per week. 

Draymen, natives, 9 dols. per week. 

Domestic cooks, Chinese, 6 dols, per week. 

Dressmakers, 18 dols. per week. 

Day labourers, native, 1.50 dols. per day. 

Day labourers, Chinese, 1 dol. per day. 

Dairymen, white, 35 dols. per month, and found. 

ae native and Chinese, 16 dols. per month, and 
ound. 

Express drivers, native and white, 75 dols. to 125 dols. 
per month. 

Glaziers, 4 dols. per io. 

Labourers, white, 2 dols. per day. 

Labourers, native, 8 dols. to 9 dols. ~~ week, 

Laundrymen, Chinese, 65 cents per day. 

Machinists, 4 dols. per day. 

Moulders, 4.25 dols. per day. 

Milliners, 20 dols. per week. 

Nurse girls, white, 5 dols. per week, and found. 

Nurse girls, Portuguese, 3 dols. per week, and found. 

Painters, 3 dols. per day. 

Printers, white, 50 to 60 cents per 1000 ems. 

Printers, native, 36 to 50 cents. per 1000 ems. 

Pressmen, 18 dols. per week. 

Pattern makers, 4.50 dols. per day. 

Plantation teamsters, 2.25 dols. per day. 

Plantation labourers, Portuguese, 25 dols. to 30 dols. 
per month. 

Plantation labourers, Chinese, 16 dols. to 22 dols. per 
month, 

Plantation labourers, Japanese, 20 dols. per month. 

Plantation labourers, South Sea Islanders, 20 dols. to 
24dols. per month. 

Stonemasons, 4 50 dols. per day. 

Shipwrights, 5 dols. per day. 

Sailors, 30 dols. per month, and found. 

Saddlers, 2.50 dols. to 4 dols. per day. 

Stablemen, 12 dols. per week, 

Wharf labourers, 2 dols. per day. 

Wheelwrights, 4 dols, per day. 


I pointed out to my worthy friend the commander 
of the Black Duck, that a bricklayer got more pay 
than he did, to which he replied that he was very 
welcome. I fancy, however, that he did not quite 
appreciate the suggestion that a man who carried 
bricks in Honolulu was worth more than a com- 
mander in Her Majesty’s service, who was filled 
with science and technical knowledge. Although 
wages are so high, yet living is not very expensive ; 
that is, the necessaries of lifeare not. The prices of 
luxuries are very high, especially wines; but the 
cost does not prevent people from drinking. 

Now let us glance at politics. Every one knows 
that the Sandwich Islands form a kingdom-—the 
kingdom of Hawaii—taking its name from its 
largest island, and that they were discovered by 
Captain Cook in 1778, though many maintain that 
they were previously discovered by the Spaniards 
as far back as 1542. These islands were brought 
under one rule in the last century by King Kame- 
hameha the First, originally king of the island of 
He possessed himself of the other 
islands by force, driving those who objected to the 
arrangement into the sea. Political matters have 
not yet attained a condition of perfect solidity, and 
the present King Kalakaua had, quite recently, 
a very narrow escape from losing his kingdom and 
his life. The danger was due to his own fault, be 
it said. Matters, however, were adjusted, and the 
king still reigns, though with considerably 
diminished glory and a weakened exchequer. The 
cabinet consists of two Americans and two English- 
men, and the upper classes of society, besides the 
natives, are made up mainly from these races, the 
feeling—more especially in the islands other than 
Oahu—being I think in favour of the English. 

The town of Honolulu is now being lit by electric 
light. There is a marine railway capable of taking 
up aship of 1200 tons displacement. Pearl Harbour, 
which has lately been conceded for a number of 
years to the Americans, would be one of the finest 
harbours in the world, if vessels could only get into 
it. At present it is closed by a bar with about 12 ft. 
over it, for a distance of from 200 to 300 yards, 
but the Americans purpose clearing this away and 
establishing a coaling and refitting depdt inside. 


WasHIneTon IsLanv. 
Lat. 4deg. 41 min. N., long. 160 deg. 19 min. W. 

Leaving Honolulu early on October 5, we arrived 
on the 13th off the settlement at Washington Island, 
about six o’clock. The passage occupied eight days, 
and was made partly under steam and partly under 
sail, the wind being very light the whole time. The 
accompanying chart will give a very good idea of 
the island, which is a low coral groundwork, thickly 
covered with cocoa-nut and a few other trees, the 
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highest level being about 8 ft. above the water line. 
The breakers dash perpetually on the shore, raising 
a spray which, even when it is comparatively 
calm, rise to some height. The anchorage is suf- 
ficiently uncomfortable, though quite safe. The 
trades as a rule blow from the S.E., the swell comes 
from the S.W., and there is a strong current of 


year 1886 it rained 79 days, and there is a fresh- 
water lagoon on the island which never dries. 
Cocoa-nuts, bananas, pineapples, melons, and other 
tropical fruits grow luxuriantly. There are about 
2000 tons of guano on the island, but it is said that 
it does not pay for removal. Cocks and hens run 
wild about the woods; they were originally intro- 


5 WASHINGTON 1S° 


(9206 c) 


nearly two knots to the N.N.W. The ship swings 
to this latter, and, consequently, the swell being 
broad on the bow, with nothing to break it, the 
ship rolls at her sweet will, which, in the case of 
the Black Duck, was considerable. 

On the morning after our arrival, Mr. Briggs, the 
manager of the settlement, came off, and later, the 
captain and myself accompanied him on shore. 
The landing is described in the sailing directions as 
‘‘dangerous, and at times impossible.” I can 
indorse the former epithet, and give full credence 
to the latter. We were wetted through in landing, 
and the same in going off, with the addition that in 
the latter case the boat nearly went down under us. 
There is another landing, as shown on the chart, 
to the southward, where the coral has been blown 
away and a passage formed ; this seemed to be a 
better point of debarkation, but it is a long distance 
from the anchorage. 

Washington Island belongs to Messrs. Greig, 
Bicknell, and Co., of Honolulu, and is under Bri- 
tish protection. Its main produce is copra, or the 
inside of cocoa-nuts. There are on the island, 
besides Mr. Briggs, nineteen men, twenty women, 
and some half a dozen children, all natives of Peru, 
an island in the Kingsmill group, further to the 
west—whence they are brought on a three years’ 
engagement. 

The method of preparing the copra is as follows : 

The men collect the nuts, a certain area being 
assigned in which they must work during the dif- 
ferent days. They are not allowed to pick from 
the trees, but must confine themselves to taking 
the nuts from the ground when they fall. This is 
in order to prevent waste, as a man getting upa 
cocoa-nut tree might cut down unripe fruit with 
the others, which unripe nuts would be wasted. 
Immediately the fallen fruit is picked up, the husks 


are stripped off, except one small strip used for| 2 


carrying the nuts, which are thus conveyed to the 
end of the tramways and so to the village. Here 
they are taken charge “of by the women, cracked in 
two, and set out to dry with the shells uppermost. 
After a couple of days the inside shrinks, and can be 
easily picked out, when it is broken up, dried, and 
stored ready for removal by a schooner which visits 
the island every six months. The pay of the workers 
is 5 dols. a month, the first year being paid in money 
and the second and third in what they call cloth, that 
is, prints and bright-coloured stuff. Seeing that the 
natives feed themselves, and that the cloth is valued 
at 25 cents (about) a yard, its original cost being 
about four, it must be allowed that the labour does 
not cost much.» The earnings of the workpeople 
vary somewhat, as the amount mentioned is contin- 
gent on each pair (a man and his wife) bringing in 
and preparing 4000 nuts a month, an increase in 
this number being paid accordingly. The value of 
a ton of copra delivered at San Francisco is about 
60 dols., and is equivalent to about 4300 cocoa-nuts. 
The amount gathered last year amounted to about 
180 tons, so taking the salaries of the manager and 
natives at 1700 dols. (the manager gets 60 dols. a 
month and all found) the profit per annum should 
be about 9000 dols.=1800/. The schooner that 
takes the copra pays her own way by bringing down 
cloth to trade. 

he soil of the island seemed to be very fertile, 
though based on a foundation of coral. In the 
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duced here, but now take care of themselves, and 
are shot when required for table. We shot a few 
for our own use and found them pretty wild. 

(To be continued. 








NOTES. 
ProsecTeD Larce CANAL IN SWEDEN. 

A NEW canal is at present on the tapis in Sweden, 
having for its object to connect the Kattegat with 
the large and important lake of Venern. The canal 
will connect the towns of Uddevalla and Geners- 
borg, and, if carried out, is sure to prove of very 
considerable importance for a large portion of 
middle Sweden, where a number of iron works are 
located. The total length of the projected canal is 
about twelve miles, of which some four miles are 
lakes. It has been proposed to raise the level of the 
canal by three sluices above that of the Lake 
Venern. This would make the canal cheaper to 
build, but is otherwise attended by several draw- 
backs, and it may be preferable to incur the addi- 
tional expense by not making it any higher than 
the Venern. The depth of water in the Uddevalla 
harbour and in the Venersborgvik, limit the depth 
of the canal to 21ft., which would admit of vessels 
of about 3000 tons passing the canal. The sluices 
would have to be about 350 ft. long and 46 ft. 
broad. From Vermland, Dalsland, and upper pro- 
vinces an export of about 200,000standards of timber 
is reckoned upon to pass through the new canal, 
which would also be the best route for about 100,000 
tons of Swedish iron export, and would lower the 
rate of freight from several wood pulpmanufactories, 
&c. Itis now the intention to collect the neces- 
sary funds to have the matter thoroughly sifted, 
financially, commercially, and from a technical 
oint of view. It is considered necessary that the 
State should build and own the canal. 


PASTEURISATION OF BEER. 

It may interest the brewers of this country to 
know that a new process has been patented by Mr. 
Williams Kuhn, of Clermont-Ferrand (near Royat 
les Bains) by means of which, it is stated, beer can 
be preserved in casks and shipped to hot climates 
without any danger of alteration or decomposition. 
As is well known, Pasteur discovered the ferment 
that alone is susceptible of producing a normal fer- 
mentation ; and since it has been possible to eli- 
minate, by the use of the microscope, all germs 
that lead to alterations in the liquid, the art of the 
brewer may be said to have made a great stride 
forwards. By observing with care the conditions 
of pure fermentation, as prescribed by Pasteur, 
beer can be preserved from noxious fermentations. 
It has not however been possible, so far, to avoid 
the difficulties attached to the exportation of beer 
to hot climates, for the alcholic ferment, be it ever 
so pure, continues its work of transformation and of 
decomposition, and under the influence of high 
temperatures becomes so powerful as to transform 
all the saccharine elements into alcohol and carbonic 
acid gas. The beverage is in consequence modified 
to such a degree as to be deprived of taste, of per- 
fume, and of its primitive nutritious qualities. If 
Mr. Kuhn’s process has satisfactorily solved all the 
difficulties of the problem, there can be no doubt of 
its importance and of the field before it in this 





country. The fact that first-class firms, such as 
Raoul Pictet, of Paris, and Riedinger, of Augs- 
bourg, have respectively taken up the French and 
German patents, leads us to conclude that Mr. 
Kuhn’s method contains all it promises. 


THe BrrmincHaM Sewace Faro. 

In a communication to the Gesundheits Ingenieur, 
Mr. Charles Hancock, F.S.S., describes the sewage 
farm at Saltley, Birmingham. This farm has a 
total area of 1227 acres, of which 888 are freehold, 
the remainder leasehold. The area of the district 
drained is 47,275 acres, with a population (1885) 
of 619,693, and a rateable value of 2,401,0937. The 
dry weather flow of the sewage is on an average 
16,000,000 gallons daily, and it reaches the farm 
through three sewers, the largest of which is 
6 ft. 6 in. high by 9 ft. wide. For the pur- 
pose of precipitation, about 11 tons of lime 
are used daily, the machinery being kept in 
motion during the whole twenty-four hours, 
The lime after slaking is conveyed to the upper 
story of the lime shed, where it is poured into a large 
vessel resembling a brewer’s mashtub, where it 
comes in contact with part of the sewage, which 
is pumped in on the other side of the vessel. The 
lime is ground up here by two revolving stones, 
and the compound of sewage and lime which has 
now been converted into milk of lime is then run 
into the ‘* roughing” tanks, where the grosser im- 
purities are precipitated. There are three large 
tanks and sixteen smaller ones at the farm, wita a 
total capacity of 1,169,360 cubic feet. From these 
tanks the sludge is raised by an endless chain of 
dredger-buckets and removed to beds prepared for 
it in other parts of the farm. The sludge is allowed 
to remain on the surface for fourteen days, and is 
then dug into the ground on which various crops 
are grown with great success. The liquid after the 
separation of the sludge is also passed into the land 
and percolates through it into drains, from which 
it issues finally as a clear and odourless effluent. 


THE Paris EXHIBITION. 

Negotiations have been for some time carried on, 
between the British Committee for the Paris Exhi- 
bition and the various railway companies interested 
in the question, on the subject of the transport of 
goods to and from the Champ de Mars. Until re- 
cently it was proposed that full rates should be 
charged on all goods going to Paris, but that they 
should be returned at half-rates, making a reduc- 
tion equal to 25 per cent. on such freight as 
will be returned at the end of the Exhibition. 
A sub-committee on transport was organised to 
consider this question, and to. ascertain from 
the railway companies whether better terms could 
not be obtained. The result of their labours has 
been that the Northern Railway of France, the 
London, Chatham, and Dover Railway, and the 
South-Eastern, have agreed to convey goods in 
each direction at half -rates, which is a very 
important concession to exhibitors. No doubt 
the London, Brighton, and South Coast, and 
the Western Railway of France, will fall into the 
same arrangement. But although the freight 
rates to Paris are now low enough to satisfy the 
most exigent exhibitor, the charges on the Ceinture 
Railway, running from the Northern Railway 
terminus in Paris to the Exhibition grounds, have 
to be considered. The fixed tariff for this short 
distance is 10 francs a ton, which seems an ex- 
cessively high charge, from which no deduction can 
be made. It will probably however be cheaper than 
cartage from the Paris terminus, to say nothing 
of the fact that this means of transport would in- 
troduce endless confusion and delay. On the other 
hand, the water carriage from London to Paris 
direct, appears to offer great advantages, especially 
for exhibitors on the Quai d’Orsay. The steamers 
run from the Thames to Paris, and as they unload 
on a wharf near the Hotel de Ville, the distance to the 
Quai d’Orsay is very slight, and the charge for cartage 
will be less than 3s, aton. As regards passenger faci- 
lities, we understand that the London, Chatham, and 
Dover Railway Company is making special arrange- 
ments for very cheap and quick services to be run 
during the whole term of the Exhibition. We be- 
lieve that arrangements will be made by which the 
term of return tickets will be extended to the end 
of the Exhibition. 


Tue Use or Heavier Ratts. 
Among the papers recently published by the In- 
stitution of Civil Engineers is one by Mr. OC. P. 
Sandberg, ‘‘On the Use of Heavier Rails for Safety 
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and Economy in Railway Traflic.” From this we 
learn that Mr. Sandberg’s exertions in the cause of 
comfertable railway travelling have borne good 
fruit in Belgium, and that his Goliath rail, weighing 
100 1b. to the yard, has been officially adopted there 
for main lines. The first trial order was restricted 
to 300 tons, but the new road proved so smooth 
that it was quickly followed by an order for 1000 
tons to be laid down in the year 1887. These rails 
gave complete satisfaction, and at the beginning of 
1888 it was decided to order for the general annual 
renewals of that year about 10,000 tons. This order 
has been executed, and it may be taken for granted 
that on the main lines all future renewals will be 
executed with Goliath rails. The Belgian engineers 
have somewhat exceeded Mr. Sandberg’s dimensions, 
and have increased the weight to 105 1b. per yard. 
No other Continental country has adopted heavy 
rails with the promptitude of Belgium, but the 
Northern of France Company are commencing to use 
86}-lb. rails in place of 60-lb. In America, how- 
ever, there is a pronounced opinion in favour of 
strengthening the road, and 50-lb. and 60-lb. rails 
will be exchanged for those of 70 lb. and 80 1b. as 
circumstances permit. The comparative nearness 
of the sleepers, 2 ft. instead of 3 ft., permits a 
lighter rail to be used than in Europe with equal 
safety. In Sweden an attempt was made to increase 
the life of rails by raising the proportion of carbon 
from .3 per cent. to .4 per cent. When the new 
rails were tested in the winter, half of them broke 
during the trial. The corresponding halves were 
kept for trial during the summer, when it was found 
practically impossible to break them. It was thus 
shown that the cold has a great influence on 
steel, and that a rail which can be used with safety 
in one country may be quite inadmissible in 
another. Mr. Sandberg places great weight on the 
relation of the rail section to the hardness, pointing 
out that a rail with a thin flange which cools quickly, 
and has to be straightened when cold, cannot be 
safely made of such hard material, as if the rail 
were double-headed. To merely increase the weight 
of a rail without at the same time making the best 
use of the metal, is to throw shareholders’ money 
away. Mr. Sandberg not only preaches the virtue 
of a heavy rail, but he also prescribes the best 
form for it 
SupMARINE TELEGRAPH ENTERPRISE. 

It is a popular notion that it is extremely difficult 
and costly to establish a submarine telegraph, and 
equally costly and difficult to maintain it when 
established. The actual facts of the case, however, 
scarcely bear out this conclusion. In the half-year 
ending September 30, 1888, the Eastern Telegraph 
Company, Limited, expended 43,075/. in the repair 
and renewal of its cables. What we may describe 
as ‘‘ maintenance” accordingly involved a charge at 
the rate of 86,150/. per annum. The outlay made 
on capital account by the company at the close of 
September, 1888, having been 5,901,5291., it follows 
that the charge for maintenance is as nearly as 
possible 14 per cent. per annum,andnomore. The 
real difficulty attending submarine telegraphy is 
clearly not establishment or maintenance, but com- 
petition. The very ease with which a submarine cable 
is laid, and the comparative ease, also, with which it 
is maintained, induce a competition which would not 
take place so readily if the difficulties which had to be 
overcome were greater than they actually are. The 
directors of the Eastern Telegraph Company 
(Limited) are evidently of this opinion, as they 
keep the dividends upon the company’s ordinary 
share capital down to 5 per cent. per annum, while 
large reserve funds which are formed are reduced 
from time to time by a diversion of the accumulated 
assets from reserve to capital. During the last 
twelve years the Eastern Telegraph Company 
(Limited) has supported the following expenditure, 
really chargeable to capital by deauctions from its 
reserve funds: Duplicate Red Sea and Indian 
Ocean cables, 1877, 100,000/. ; partial renewal of 
Lisbon and Gibraltar cable, 1878, 13,997/. ; tripli- 
cate Red Sea and other cables, 1884, 300,0001. ; 
triplicate Porthcurrow and Malta cable and exten- 
sion to Zante, 1888, 315,000/. 5s. 11d. ; Sicily and 
other cables, duplex and other electrical plant, land 
lines in Egypt and India, &c., 52,9951. 2s. 6d. ; 
making an aggregate of 781,992I. 8s.5d. Notwith- 
standing this diversion policy, the reserve funds 
amounted at the close of September, 1888, to 
335,2761. 18s. 11d. Both the Eastern Telegraph 
Company (Limited) and the Eastern Extension, Aus- 
tralasia, and China Telegraph Company (Limited), 
are now threatened with a vague competition—at 


any rate, so far as Australia and New Zealand are 
concerned—by cables proposed to be laid from the 
Pacific coast of the United States to the antipodes. 
Whatever may be the ultimate outcome of this 
competition, it is clear that the Eastern Telegraph 
Company (Limited) is in a fairly good position to 
meet it; and probably the same may be said also 
of the Eastern Extension, Australasia, and China 
Telegraph Company (Limited). 


THE Great SIBERIAN Raltway. 

The construction of the great through railway 
from the Urals to Pekin continues to occupy the 
public mind in Russia aid is leading to a flood of 
literature on the subject. Among the schemes 
proposed is one by General Soboleff, formerly chief 
of the Asiatic branch of the general staff, who re- 
commends a direct line to Pekin, avoiding Vladivo- 
stock altogether. The cost of this he would defray 
by the issue of new paper roubles of a particular sort, 
different from the present paper currency, the cir- 
culation of which would be obligatory for four years, 
when they would be replaced by regular 4 per cent. 
bonds. As the line would cost 30,000,000/. or 
40,000,0001. sterling, this novel way of raising a rail- 
way loan has provoked a good deal of adverse criti- 
cism, and the proposal is already dropping out of dis- 
cussion. Meanwhile, although the Russian Govern- 
ment is not committing itself to the wholesale 
execution of any grand scheme, it is rapidly 
proceeding with the surveys and the construction 
of the short sections it has taken in hand. The 
engineers of the Ministry of Railways are busy pre- 
paring the working drawings of the 800 miles of line 
from Tomsk to Atchinsk, surveyed by the staff 
under V. P. Mejenenoff last autumn. According 
to statements current in the Russian press, the 
estimates for this section are fixed very low, the 
cost of the line, with sufficient rolling stock for 
the local traffic, running out at 35,000 roubles, or 
35001. a verst. The belief is general that the work 
of constructing the section will be commenced in 
the spring, but delays may ensue in consequence of 
the strenuous efforts being made to secure the ex- 
tension of the Transcaspian and other Asiatic rail- 
ways. General Annenkoff, the enterprising con- 
structor of the former, is now on his way to St. 
Petersburg to endeavour to get from the Emperor 
permission to carry on the line from Samarcand 
to Tashkent. The proposalis supported by the 
Minister of War, but Russian finances are not par- 
ticularly elastic and the Government is being 
strongly pressed to extend the Caucasus system to 
Persia by the authorities at Tiflis. One result of 
these frontier extensions is that the improvement 
of the home railways is very sluggish. Most of 
them are trunk lines, often with an area as large as 
England between them, and the construction of 
cross railways to facilitate the local traflic and con- 
nect with the system important centres hitherto 
left without communications is constantly a matter 
of expostulation on the part of the Zemstvos. 
Even with her Siberian, Transcaspian, and Caucasus 
railway undertakings the railway progress of the 
whole Russian Empire is less than that of Canada, 
notwithstanding that it attracts more attention on 
account of the political interest involved. 





Srconp-Crass TorPepo Boats. —The Admiralty autho- 
rities have placed the order for the ten second-class tor- 
pond boats which oz are requiring this year with Messrs. 

arrow and Co., of Poplar. These boats will be built of 
light galvanised steel, and will be 60 ft. in length and 
similar to ‘‘ No. 50” second-class torpedo boat built some 
time since by the same firm, which has proved to bea great 
improvement on the second-class boats of the old type. 
They will be fitted with torpedo gear and machine guns, 
and adapted to serve as tenders to the large vessels in 
Her Majesty’s Navy. When lifted on board their total 
weight will be from 11 to 12 tons, 





LONDON ASSOCIATION OF FOREMEN ENGINEERS AND 
DRAUGHTSMEN.—The annual general meeting of the 
above Society was held at the Cannon-street Hotel on 
Saturday evening. After the usual business of the Society 
the retiring President, Mr. William Powrie, delivered an 
address, in which after briefly commenting upon the 
various papers read at the monthly meetings during the 
last year, he congratulated the Society upon their present 
prosperous condition, stating that the increasing interest 
of each individual member in the wellbeing of the Associa- 
tion during his two years of office, given him 
great assistance in the performance of his duties, and 
trusted that future presidents would meet with like 
success. He concluded by drawing attention to the great 
engineering works in progress during the past year. A 
vote of thanks was then proposed by Mr. J. i. Reid, 
and seconded by Mr. Coates, to Mr. Powrie for his ad- 
dress. The election of officers for the ensuing year then 





took pm, Mr. W. P. Heath being elected to the chair, 
and Mr. Bortle to the vice-chair. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 
To THE Epitor oF ENGINEERING. 
S1r,—I am instructed to inform you that the Council 
have come to the conclusion that it is not desirable that 
the proceedings of the Institution’s general meetings 
should be reported in the press, and they request, there- 
fore, that you will abstain from so reporting them. 
A copy of any paper to be read before the Institution 
will be forwarded to you as early as possible for publica- 
tion in your journal should you so desire. 
, Requesting the favour of your acknowledgment of this 
etter, 
I beg to remain, Sir, yours faithfully, 
¥F, W. Wess, Riastuan. 
4, The Sanctuary, London, 8S. W., Jan. 19, 1889, 


[The best acknowledgment we can make of the above 
letter is to give it publicity, in order that members of the 
Institution of Electrical Engineers will understand why 
the proceedings of their Society are not recorded for the 
future in our columns. We shall be glad to publish the 
opinions of members as to this decision of the Council ; 
experience of a similar policy on the part of other societies 
has shown it to be det:imental both to general and in- 
dividual interests.—Ep. E.] 





WATER AND COAL GAS. 
To THE EpITOR OF ENGINEERING. 
Srr,—Would you oblige by informing me through the 
columns of your journal the relative amount of carbonic 
acid gas given off in coal gas and water gas during com- 
bustion ? Water gas being represented by H* CO and 
coal gas by the ordinary constituents of an average coal 
gas. Ian, Sir, respectfully yours. 
F. WHALEY. 
Rookhurst, Hawes, Bedale, Yorks., January 17, 1889. 





IRISH RAILWAYS. 
To THE EpiTor oF ENGINERERING. 

Srr,—You were good enough to insert a letter from me 
in your issue of August 31 last upon the above subject, 
calling attention to certain important discrepancies be- 
tween the statistics quoted by Mr. Carbutt in his Presi- 
dential address to the members of the Institution of 
Mechanical Engineers at Dublin in July last and those 
given by a writer in the Railway News in the following 
month. Owing, no doubt, to Mr. Carbutt’s absence in 
America, no reply has been made to that communication, 
nor has any public explanation been offered of the serious 
inaccuracies which the Railway News pointed out in the 
article referred to. 

I observe with regret that Mr. Carbutt’s term of office 
has almost expired, and that he will on the 31st of the 
current month, deliver his valedictory address to the 
members of the Institute in London. Having regard to 
the importance of the subject to the railway management 
in this country, and the reflection which Mr. Carbutt’s 
statements appears to cast upon the railway engineers, it 
will not, I trust, be presumptuous to express the hope 
that Mr. Carbutt will, on the last occasion upon which 
he will have an opportunity to speak as the mouthpiece of 
the Mechanical Engineers, afford some public explanation 
of the discrepancies in re The subject is one in 
which the general public has become interested, as 
evinced by a correspondence that has recently appeared 
in a leading daily Irish journal—The Irish Times—and 
the leading article which that journal on Thursday last 
devoted to it. Yours truly, 

: Bowman Matcoum, 
M. Inst. M.E., M. Inst. C.E. 

Belfast, January 19, 1889. 





HORNSEY SANITARY DEPOT—TALL 
CHIMNEY SHAFT. 
To THE EpiToR OF ENGINEERING. 

S1r,—The following particulars of this shaft, which 
I obtained when lately visiting the above works, may be 
interesting to many of your readers, 

The shaft has been constructed for the Hornsey Local 
Board in connection with their sanitary depdt for treat- 
ment of house refuse, and was designed and built under 
the immediate superintendence of Mr. T. de Courcey 
Meade, Assoc, Mem. I.C.E., engineer to the Board. 

The principal dimensions are as follow: 


ft. in. 

Total height from bottom of foundation 

to top of capping 05 es ba 0 
Height from ground line to top of 

capping ms ae ee sen Gin ee 
Outside diameter at ground surface ... 18 3 
Inside as = os ate 12 3 
Outside diameter at top under capping 8 6 
Inside ie os o. 6 


The bricks used in its construction were good London 
stocks 9 in. by 44 in. by 2fin., and the work throughout 
is laid in English bond, with Dorking lime mortar in the 
proportion of three Thames sand to one lime. No grout- 
me was used in any part of the construction. 

he foundation is clay 27 ft. below ground line, on 
thia a block of concrete was formed 39 ft. square and 
16} ft. deep, compose | of six parts Thames ballast to one 
of Portland cement. 

The brick footings in cement are 33 ft. square at base, 





and built up to ground line, which is 104 ft. from top of 
concrete bed, with regular off-sets of 2} in. and 6 in. 
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The shaft proper starting from top of the footings, is 
built up in six sections, commencing at the base. 


ft. in. 
1st section 30 0 by 4 bricks 
2nd 5, 34 6,, 34 5, 
ord ys aes ae 
4th ” TT Oy 24 ” 
5th ,, Be ere aes 
6th ,, 21 0,, 1 ” 
7th (cap) W629. 

217 0 


The cap portion, which is constructed in white glazed 
and blue Staffordshire bricks, is surmounted with a circular 
cast-iron capping, weighing 22 cwt., cast in six segments 
and bolted together by internal tlanges, and forms a very 
good finish to this tall shaft. 

A firebrick lining, or inner shaft, is built up to a height 
of 60 ft., the lower 30 ft. in 9in., and the upper in 44 in. 
work set in fireclay. An annular space of 15 in. is left at 
the base between the firebrick lining and the main shaft 
to admit of expansion in the firebrick. The top of the lining 
nearly touches the main shaft, which is corbelled over to 
the firebrick lining to prevent any deposit accumulating 
in the annular space. Cast-iron inlets 9 in. by 6 in. are 
provided at ground level to admit cold air, and to prevent 
the inrush striking the firebrick lining, a 44 in. brick pier 
2 ft. high is built between the two shafts. i 

Two rings at the base and one towards the top, of hoop 
iron bonding 14 in. by +s in., are built in the main shaft 
about every 34 ft. in height. 

The connection between the flues of the boilers and fur- 
naces with the main shaft is made by an arched flue 
opening 9 ft. by 3 ft. 3in. at the base, and a soot door is 
also provided whereby access can be obtained to the in- 
side of shaft when required. 

The time occupied in building this shaft was a little 
over five months, commencing in July and finishing in 
December, 1888. The bricklaying was continued all 
through the foggy weather in the latter month, the work- 
men having a clear light at about 150 ft. high, although 
they could not see the ground through the fog below. 

A lightning conductor is fixed to the shaft composed of 
two copper tapes or bands 1} in. by 4in., winding spirally 
round the outer circumference to the underside of the cap, 
where they are connected toa ring encircling the shaft, and 
from thence No. 6 copper rods 1 in. in diameter are carried 
to a height of 4 ft. above the cap and terminating with 
crows’ feet ends. The tapes are joined at a distance of 
about 40 ft. from the base, north of the shaft, and 18 ft. 
below the ground level, and terminate at a copper plate 
3 ft. by 2 ft. by 4 in. 

Outside scaffolding wa; used, and as a testimony to the 
careful manner in which the work was carried out we may 
state that no accident whatever occurred during the con- 
struction of the shaft. Clerk of works, Richard Houghton ; 
builder, Charles Wall; foreman, Alfred Moody ; scaf- 
folder, Richard Freeman. 

The shaft forms a conspicuous land-mark to the sur- 
rounding locality, and dwarfs all other similar structures 
for miles around. Yours i 

R. M. Bancrort. 


NAVAL WARFARE. 
To THE Epitor OF ENGINEERING. 

Srr,—In the December number of the Forum, an 
American magazine, a paper on torpedo artillery entitled 
‘*The New System of Naval Warfare” comes from the pen 
of ‘‘ Park Benjamin,” onesentence of which requiressevere 
criticism. Mr. Benjamin says: ‘‘ The capacity possessed 
by the low-pressure gun of throwing comparatively light 
substances in large masses, suggests also the practicability 
of substituting for the explosives, materials which in 
another way may prove destructive to life or to human 
energy ; such, for instance, as nitrate of amyl, the vapour 
of which when inhaled produces intense cerebral conges- 
tion and unconsciousness. This, profusely scattered over 
a ship and floating on the surface of the water about her, 
might render her crew incapable of resistance.” 

_ The poisoning of wells and the employment of explo- 
tive bullets have been tabooed in civilised warfare as bar- 
barous and inadmissible. Surely the above fiendish sug- 
gestion must therefore be considered as one not likely to 
be resorted to by civilised nations. The object of war 
should never be to kill, but to gain an advantage by the 
capture of positions of vantage. Subjugation rather than 
slaughter should be the keynote of war; and bravery 
rather than the arts of the Devil. 

Yours, &c., 
J. T. B. 





Southampton. 





TRIPLE-EXPANSION PUMPING ENGINES. 
To THE Eprtor or ENGINEERING. 

S1n,—I should like, with your permission, to call the 
attention of your readers to a few points with reference 
to the triple-expansion pumping engines for the Mildura 
irrigation colony, Victoria, as described in your issue of 
the 18th inst. Having been conceraed with the design 
and manufacture of pumps of various types, I was quite 

‘ flabbergasted,” to use an Americanism, with the data 
therein given. I had till now thought that the object of 
dividing the work over more than one crank was for the 
purpose of equalising the stresses, in order to facilitate 
which it had been a sine gud non with me, that each crank 
had (with the three-crank system) a third of the resultant 
work todo. Turning, however, to this most extraordi- 
nary design, we find that, analysing the work done 
by the following formula, pmxa=useful work (com- 
parative) where ‘‘p m”=mean pressure and “a” area 
of cylinder in inches, and assuming the length of stroke 


to be constant, we have the following data: High-pressure 
cylinder 164 in. in diameter, and allowing a p m of say, 
70 lb., this gives 14,9101b.; taking the intermediate pres- 
sure cylinder diameter 244 in., allowing 28]b., which gives 
13,190 lb., adding these together we get 28,100 lb. fora 
total on the central crank, while taking the low-pressure 
cylinder 31 in., allowing p m of 12 lb. (which is excessive) 
we get 9048 lb. (I presume, also, that the two low-pres- 
sure cranks are coupled at opposite angles to the centre 
one). We see, thus, that the difference of pressures 
between the central and the two outer cranks is 18,096 lb. 
as against 28,100 lb., being a difference of about 70 per 
cent., which is absurd. It would be interesting to know 
where the economy appears in this case, as it is against 
all known laws and practice. 

Speaking as a practical engineer, I assert that the task 
of keeping the engine a noiseless smooth-working machine 
would be hopeless with the arrangement at present under 
consideration, to say nothing of the point of vital im- 
portance, viz., the economical working of the steam. It 
may, however, be that the designer of these engines hopes 
that the Meyers valve now for the first time used in 
triple-expansion engines will accomplish wonders as yet 
unclaimed. In conclusion, I hope that your readers 
may soon have an opportunity of judging this new method 
of expending power by data, which we will hope will soon 
come to hand, 

I remain, Sir, yours, &c., 
CRANK. 





STRENGTH OF FURNACE TUBES. 
To THE EDITOR OF ENGINEERING. 
Srr,—Since I last addressed you on this subject, I have 
had an opportunity of examining a list of about 2000 


iron furnace tubes, in current practice, recently prepared 
by Mr. Michael Longridge, from which I made a random 
selection of eighty-four tubes of % in., 4in., and ,% in. 
plates, of lengths varying from 7 ft. to 32 ft., together 
with the working steam pressures, which they had sup- 
ported for years without a failure. The several pressures 


Lancashire and Cornish boilers, having plain unfortified | 


TABLE OF STATISTICS REGARDING 


THE TRAINING OF ENGINEERS. 
To THE EpiTor OF ENGINEERING. 
| Sr,—I shall be glad to get, from amongst your many 
| readers, some information with reference to the following 
| question: What is the practical training (educational 
| and mechanical) to justify a man in practising as a con- 
| sulting engineer ? 
| Any one giving reliable information on the above will 
| confer a favour upon Yours, with respect, 
Grorce 8S. Scorr. 

18, Nelson-street, Co.-on-M., Manchester. 

January 22, 1889, 





LIFE OF SCREW PROPELLERS. 
To THE EDITOR OF ENGINEERING. 

Srzx,—Your columns have contained many valuable 
communications upon the “‘efficiency” of the screw 
propeller, and the best methods of designing it from 
this point of view; but I do not recollect meeting 
with any information upon its durability, or life, as 
affected either by its design or by the power it has to 
transmit. So far as I have observed, the life of a pro- 
peller seems to be thought to depend more on material 
than design. It is true that attempts havs been made at 
various times to prevent decay of the blades, by corrugat- 
ing their surface, by brazing them, by coating them with 
special preparations or with sheets of brass, and even by 
ejecting an air spray from holes in the back to neutralise 
a supposed vacuum ; but, at least in the cases which have 
come under my observation, these measures have failed, 
and their failure has strengthened the impression that 
durability can —_ be secured by making the blades of 
expensive material, such as steel or bronze. 

As I have frequently found the propeller to be a con- 
| siderable item in the cost of a ship’s upkeep, and have 
not found this to depend exclusively upon the material of 
which it is made, it occurred to me some time ago that 
a few simple statistics of the form, weight, material, and 
life of a variety of propellers working under similar con- 
ditions, might help to throw light upon the subject. The 





THE Lire OF PROPELLERS, 


















































lation to the lengths of the tubes. But according to the 
following Table of particulars, there is a sensible relation 
between the diameters, lengths, and pressures taken to- 
gether, and the thicknesses of plates : 


Plain Iron Furnace Tubes of Lancashire and Cornish 
Steam Boilers in Working Condition. 
































~|% ; : | Working Pressure 
83 | § | | g o. | per Square Inch. 
$2133) © sa| 3 eee ae 
ew’ ise) & |sa!| BF 188 
BeiZz"' A 248/ § ZA |Pressures.| Average. 
in. | in | im | th | te | to | 
§ 43 21 to 36, 29.5 10.6t030) 19.3, 30to 60, 41 
Ys 34 27 ,, 44 7 » 32] 20 | 18 ,, 665 | 45.5 
4 | 7 80,, 42) 33 (11,, 32) 246) 30,, 66| 46 
The relationship is clearly shown by the comparative 
products of those three elements, thus : 
2 in. plate 29.5x19.3x41 =23,34 
in. 55 33 x20 x45.5=30,030 
aliens 33 x24.6x46 =37,342 


These products are approximately as 3, 4, 5, or approxi- 
mately as the squares of the thicknesses of plates, and 
they seem to indicate that, taking comprehensive averages, 
the minds of designers were influenced in some degree by 
the element of length of tube in relation to thickness of 

late. 
7 On referring to my previous letters, it will be found 
that the values of actual collapsing pressures are consider- 
ably in excess of the working pressures in current prac- 
tice, adduced in the above Table. Thirty-inch tubes 
(exactly 29} in.), for example, % in. thick, are worked 
with steam of 41 lb, pressure per square inch, and they 
withstand 76 lb, pressure before 7 
. K. Crark. 








London, January 23, 1889, 
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cal 2 {#| 2 | 3 |See S2 | Se | £3 | 2s st sigesiees| 
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3 = z|5 FS Ze 8°18? 8 Zo 1S 5 aa) 8 a | 
ft. in.ift. in. sq. in. |sq. in.|sq, in | | j 
A Iron; 3.10 8 21 0; 320, 323; 193] 37 -54 8.6 1.00 | 1.7 |13 years at work: No sign of decay. 
B » | 4/8 4|14 0| 250, 280] 126] 27 | 52 | 93/089) 20 12° = ,, » Very slightly pitted. 
Cc Brass! 4/9 6/10 0} 225 178 93 25 51 9.0 | 1.26 | 24 |7 $e @ No sign of decay. 
B? Iron 4/\13 2|19 0) 650 482 234 62 -53 | 10.4 | 1.34 | 2.7 (12 ~ 2 Slightly pitted. 
BS vm 4/13 0/15 6; 550 440] 192 50 -51 | 110 /}1265 | 28 (13 “ 98 Pitted on leading edge. 
Bs » | 4|15 0/18 0} 900 614 266 | 63 47 | 14.2 | 1.46 | 3.4 | 4 ‘ se Slightly pitted. 
D Steel! 4 j13 0 |20 0 500 291 135 48 46 | 10.4 | 1.70 | 3.7 {13 $0 om Deeply pitted all over. 
3 » | 4 {18 0 |20 0 | 550 291 135 48 46 | 11.4 | 1.90 | 4.1 (14 a “ Blades renewed once. 
E Tron 4/13 0|17 0| 500 425 118 41 Al | 12.2 | 1.17 | 4.2 |16 os on * a three times. 
F Steel | 4/13 0/17 6} 650 388 150 42 40 | 15.4 | 1.67 | 4.3 (12 on te os pe twice. 
G Iron| 4/16 0 |20 0 | 1100 610 248 63 42 17.4 | 1.80 | 4.4 3 = 0 “ once, 
G2 » | 4/15 3{19 0| 1050, 540| 240] 56 | 46 1187 /198)44 |4 ,, vk ps 2 
G* os 414 9/18 0 | 900 600 | 185 | 48 44 18.7 150 4.8 | 7 99 9 90 - twice. 
| { | | | 


for each thickness of plate do not seem to have any re- | Table and sketches inclosed ara an attempt to put this 


idea into shape. If they should prove of sufficient value 
to find a place in your columns, they may perhaps serve 
| to elict further information on a question of some pecu- 
niary as well as professional interest. 
| The sketches (see next page) have been made from 
| measurements of a number of propellers running each 
an average distance of 30,000 knots a year, at an 
average speed of about 94 knots, in tropical waters. 
The ships are all in the hands of the same owners, but 
are by various builders, all of first-class standing. The 
index letters attached to the sketches, and in the 
first column of the Table above, are arranged to show 
how many —— are by each maker; thus A is b 
one maker, B B? B? Bé are by another, C is by a third, 
D and D? are by a fourth, and soon. Ata point midway 
between the tip and root of each blade a transverse centre 
line has been drawn aeross the sketch, and the percentage 
of the developed area of the blade lying outside and inside 
| that line has been marked upon it ; thus on A 54 percent. 
is outside and 46 per cent. inside, on F 40 per cent. is 
| outside and 60 per cent. inside. Two cross-sections are 
| also given of pod. oy Hao section R at the root and section 
| T at a point two-thirds of the length from the root, or 
| one-third from the ~ This latter is the point at which, 
| and outside of which, I have usually found pitting to 
occur, the portion inside being generally in good condition. 
In calculating the areas of these sections they have been 
treated as segments of circles, which was as close an ap- 
proximation as I could make. 
| The Table requires very little explanation. The first 
column contains letters of reference corresponding to 
, those on the sketches. Columns 2 to 5 contain particulars 
| of the material, diameter, pitch, and number of blades of 
the propellers, Column 6 gives the average indicated 
horse-power of the engines, from which no deduction has 
| been made for friction of pistons or shaftings, as the ques- 
| tion in hand does not require it. Columns 7 to 9 give details 
of the surface and section of the blades, the figures in all 
cases showing the combined section or surface of all the 
' blades of the propeller. Column 10 shows the percentage 
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of developed surface lying outside the centre of the blade, 
which is also shown on the sketches. Columns 11 to 13 
show the gross indicated horse-power per foot of developed 
surface and per square inch of combined section at root 
and at one-third from the > of the blade. Column 14 
shows the number of years the ships have been at work 
and the present condition of the propeller blades, or the 
number of times they have been renewed. 

The general conclusions which a study of these statistics, 
more especially of columns 13 and 14, has suggested to 
me, may be stated in the following propositions : 

1, That the destruction of propeller blades is caused 
chiefly by vibration, the thrust of the blade giving rise to 
a constant vibratory compression of the particles of its 
forward side, resulting in gradual disintegration, which 
shows itself as pitting. 





sizes, all of which have been working from twelve to 
fourteen years, and all with equally good results, that is 
to say, the worst of them are only slightly pitted on the 
leading edge or corner, and are likely to last as many 
years more. The blade A may perhaps be considered an 
exaggeration of the type, but as it remains after twelve 
years’ work absolutely as pee as new, it seems to show 
that even the beginning of decay may in some cases be 
indefinitely postponed by a moderate increase of section. 
Now all these propellers whose endurance has been so 
satisfactory are of cast iron, and are, as will be seen in 
column 13, so designed as to transmit from 1.7 to 2.8 in- 
dicated horse-power per square inch of aggregate cross- 
section at two-thirds from the root of the blade. 

Pattern C comes within the same limits as to section, 
and is in equally good condition, but being of gun-metal 


| 
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2. That this disintegration can only be prevented by | and having been only half as long at work, it cannot be 


giving the blade sufficient cross-section to check the | quoted in support of the rule, and is only introduced to 
vibration. | show that up to date it does not form an exception. 

8. That the majority of blades of all ordinary shapes; When, however, we get beyond the line of 3 horse- 
have sufficient cross-section at the root, but that many of | power per inch, a different state of things is found to pre- 
them have not sufficient further up, especially near the tip. | vail. Blade B‘, with 3.4 horse-power per inch, may be 

4. That the combined cross-section of all the blades of | called uncertain, having been only a few years at work; 
a propeller, at one-third from the tip, should not be less | but D, with 3.7 per inch, and thirteen years’ work, is so 
than one square inch for every three indicated horse- | deeply corroded over the whole breadth that large por- 
power of the engines. | tions have broken off, and a new set of blades is needed ; 

5. That the shape of blade shown by sketches A, B, | D*, with 4.1 per inch, had new blades after about ten 
B?, B*, is best suited to provide such section without | years’ work; E and F, with still larger proportionate 
undue thickness, and to enable « proportionate section to | power, or smaller proportionate section, have had their 
be continued to the tip. | blades renewed on an average about once in four years; 

6. That cast-iron blades of sufficient section are equal | while G, G*, G*, which range up to 4.8 horse-power per 
in durability to blades of more expensive materials, even inch, have had new blades on an average every three 
when the latter are of equal section. | years, 

I shall not waste your space by attempting toestablish | Contrasting this set of facts with the previous, the 
propositions 1 and 2, as they represent only my own | influence of section upon the life of a blade seems pretty 
opinion, and may stand for as much or as little as they are | clearly established, and also the approximate rye 4 
worth. | point, altogether independently of the material of whic 

Coming, however, to propositions 3, 4, and 5, it seems it is made, 
to me that the facts contained in the Table, so far as they| In compiling the Table, column 11 at first suggested 
go, bear them out. It is natural to suppose that the life | that the life of the blade was in proportion to its surface. 
of a blade, as of anything else, should be affected by its | This being an obvious absurdity, a little further examina- 
strength, and it is to be noted that the root portion of all | tion showed that increase of surface was merely the least 
the blades here dealt with remains gocd, the root section | objectionable means of increasing the section, and that an 
being from two to three times as great as section T and | ideal blade, so far as concerns durability, is simply a 
apparently sufficient to stand all the strains thrown upon | sufficient section produced by a judicious balance of 
it. Theextra strength at this point is of course given on | breadth and thickness, which happy mean the pattern B 
account of leverage, but at any rate the strains here seem | seems to have hit. 
in most cases to have been better provided for than else-| To the truth of pometien 6 the Table contains one 
where, while the discrepancy between the various blades | piece of direct evidence, in the case of blades E and F. 
is relatively small, as shown by column 12, At two-thirds | Blade E is of iron, while F is of steel ; they have fairly 
from the root, however, the difference of section is great, | similar proportions and practically the same cross-section 
the horse-power varying, as shown by column 13, from 1.7 | per indicated horse-power, and they have each been re- 
to 4.8 per square inch, with a corresponding variation in | newed on an average once in four years. It must be ad- 
the life of this portion of the blade, which is noted in | mitted that we cannot argue from one instance, but on 
column 14, the other hand it must be considered that this instance 

Keeping this in view, the pattern of blade to which I | really includes several, the experiment having been _re- 
wish to call particular attention is that which is marked | peated three times in one ship and four times in the other, 

» B*, Be, have given only three examples of this | always with the same result. Any advantage or disad- 
blade, but these represent twelve propellers of various vantage that might be supposed to arise from variations 





in the quality of the respective materials or in the treat- 
ment to which the propellers were subject, may fairly be 
thought to have been eliminated in the course of so many 
experiments running through such periods of time. A 
comparison might also be made between, say, blades B* 
and D, from which I think it might be argued, allowing 
for difference of section, that the former has given quite 
as good results as the latter. But such an argument would 
necessarily be imperfect, whereas the case of E and F 
contains an element of solid fact which has at least pro- 
duced a strong impression upon my own mind, however it 
may affect others. The same impression was also pro- 
duced by the behaviour of twc gun-metal propellers which 
some years ago were frequently under my notice in a 
very badly wasted condition, but of which I unfortu- 
nately did not get sufficient particulars to be of use here. 

My idea, therefore, upon the whole is this, that for 
ordinary commercial steamers the most durable and eco- 
nomica. furs is one of cast iron having blades of the 

attern B, with something over 50 per cent. of their sur- 

ace outside the centre line, and a total cross-section such 
that at two-thirds of the length from the root there shall 
be not less than 1 square inch of metal for every 3 horse- 
power developed by the engines. 

Whether the theoretical efficiency of this form be 
greater or less than that of other forms, is perhaps an 
open question. If Irightly understand the papers of Mr. 
Blechynden, published by you in May and June, 1887, he 
incidentally shows that the form here advocated has a 
certain theoretical advantage in efficiency. If this be his 
opinion, it is confirmed in practice by the annual records 
of the ships now under discussion. These records, which 
are carefully kept and worked out with reference to 
tonnage, mileage, speed, power, aud cost, show that this 
form is equal in efficiency to any, and superior to some, 
of the other forms above illustrated. 

I must apologise for trespassing so far upon your valu- 
able space, and conclude by remarking that although care 
has been taken to verify all measurements, calculations, 
and observations as far as the ordinary course of practical 
working would permit, it is not to be supposed that I 
claim anything like scientific accuracy for what is here 
stated. I am, Sir, your obedient servant, 

November 8, 1888, Cast Iron. 





FOREIGN AND COLONIAL NOTES. 

German Emigration.—The German emigration move- 
ment remains practically stationary. In 1885the number 
of persons who left the German shores was 104,000; in 
1886, 77,000 ; in 1887, 97,000; and in 1888, 106,000. 

The Suez Canal—The transit revenue collected by the 
Suez Canal Company last year was 2,593,506/., as com- 
pared with 2,314,495/. in 1887, showing an increase of 
279,011. last year. The number of vessels which passed 
through the canal last year was 3440, as compared with 
3137 in 1887. 

Electricity at the Antipodes.—Electric lighting is being in- 
creasingly adopted in Australia. Tamworth, New South 
Wales, has adopted the electric light for illuminating its 
streets, and it has been a great success. About eight 
miles of streets are lighted by arclamps. Tenders have 
been accepted for the construction of an electric tramway 
from the Sandhurst Railway station to Eaglehawk, a 
suburb of Sandhurst. 


The American Mail Service.—The amount paid by the 
United States Government to sundry American railroad 
companies for the carriage of mails is now upwards of 
1,000,0007. per annum. The quantity of mail matter 
carried is to be weighed this month for the purpose of 
computing the neon age ong to be paid to the great trunk 
lines for carrying the mails for four years from July 1, 

Death of Mr. J. R. Onderdonk.—By the recent death at 
Chicago of Mr. J. R. Onderdonk, the profession loses an 
energetic member. Mr. Onderdonk, with his brother, 
constructed 700 miles of the Canadian Pacific in British 
Columbia. He also built the Almeda bulkheads, the San 
Francisco sea-wall, and the Oakland and San Francisco 
ferry slips. At the time of his death Mr. Onderdonk was 
in pen of the building of a tunnel under the Michigan, 
which is intended to assist the water supply of Chicago. 


Canadian Railways.—We learn from Winnipeg that the 
Dominion Government is negotiating with the Canadian 
Pacific Railway Company to acquire the Regina and Long 
Lake Railway, and push it on to Prince Albert next year. 
It is expected that certain proposals will be submitted 
to the Canadian Parliament in the coming session in con- 
nection with the matter. The Canada Atlantic Railway 
Company has projected a line from Ottawa to Barrie, aud 
its engineer has completed plans and maps. Should this 
projected extension be completed the Canada Atlantic 
will have a short route for carrying Chicago grain to 
Boston and New York. 

Italian Railways.—The South Italian Railway Com- 
pany proposes to Jet contracts next year for 27,000 tons of 
steel rails, in four lots. The company further contem- 
plates the giving out contracts for 13,320 tons of rails for 
the improvement of its Milan and Bologna, and Milan 
and Venice lines. The Sicilian Railway Company pro- 

ses to strengthen seven bridges upon its Catana and 

nforte line, at an estimated cost of 58211, 

Great Indian Peninsula Railway.—In the half-year 
ending June 30, last year, 5,220,360 train miles were run 
on the Great Indian Peninsula Railway, or 141,373 train 
miles more than in the first half of 1887. The working ex- 
penses averaged 3s. 54d. per train mile in the first half of 
1888, or 1}d. per train mile less than the first half of 1887. 
The cost of maintenance per train mile was 146/. 2s. 9d. 
in the first half of 1888, as compared with 141/. 11s. 3d. in 
the first half of 1887. 
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ANALYSIS OF AN HYDRAULIC STEP. 


By F. G. Hasse, Professor of Mechanical Engineering, 
University of California. 
(Concluded from page 34.) 

Speed Indicator.—The recording apparatus for the velo- 
city of rotation is applied at the upper end of the shaft S'. 
The counter in common use which is applied at the end 
of the shaft, &c., could not be trusted, as the possibility 
of slipping and the source of error in time interval, caused 
by a lack of prompt application and withdrawal of the 
instrument, excludes observations for small time intervals, 
which become tedious, and are, under certain conditions, 
even inadmissible. 

The following is a description of the recording apparatus 
designed and built to obviate these defects : 





Fig. 9. 


A A 


Fig. 10. 





ceding the specified interval of time as before, the push 
button R 2 must be depressed, which causes the indicator 
N 2to be thrown out of gear and held in that position as 
— 

he difference of the two readings gives the number of 
revolutions made during the interval, 

The result is liable to be influenced by an error in the 
time intervening between the closing of the current and 
the throwing out of gear of the index. If the time interval 
were the same for both indicators, this error would be 
eliminated ; but such can hardly be expected on account 
of difference in friction, distribution of masses, intensity 
of electro-magnets, &c. 

This error will influence the result the more, the smaller 
the clock interval is. We can, however, from observed 
data, compute a correction which will make it possible to 
obtain excellent results for very small intervals. 





PAE <a 
T+(4—th) T—(t—h) 





Hence ty—t=T 47, 
d+d, 
Now, if we always make one observation for speed in 
the order 1—2 of the push buttons, we find the true num- 
ber of revolutions per minute 


d 
=00 _.—. 
, T (1+) 
In our experiments the time interval T was generally 
ual to five seconds, and yielded excellent results, 


he moments were measured (see Fig. 12) by weights 
V V attached to cords which fitted a groove turned on 









| hy 
it 





Hil 


i 








| 






a 
























Mit 





















H 








I im 


Fig. 11. 
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_ N,N, Figs. 10 and 11, represent two identical speed 
indicators, which are pivotted at OO. In the position 
shown they are in gear with the pinion P, Fig. 10, which 
is attached to the end of shaft S'. These positions are 
maintained by springs SS, and checks, The position 
which corresponds to contacts of the armatures A. with 
their ohgctve saagnete M_, leaves the spurwheels and 
pinion P out of gear. The contact is maintained by a 
projection on each indicator, which locks behind a tooth 
on the spring bar H (see Fig. 9). 

The action of the indicator is as follows: In Fig. 9 
both indicators are in gear with pinion P. While the 
pointer of the pendulum is between the two contact 
eprings, and just preceding that reading of the dial plate 
of the clock, from which it is intended to count, the push 
button R 1 must be depressed. 

As soon as the pendulum has completed its stroke and 
produced contact, a current from battery B passes in the 
direction of the arrows, the electro-magnet attracts the 
1 is thrown out of gear 





armature, and the indicator N 
against th 


© spring and retained as described. Just pre- 















Let the time intervening between the closing of the 
currents and the release of the spurwheel from the pinion 
pod caacage respectively by ¢, and ¢, for counters 1 
and 2, 


Let 7, denote the first reading of clock ; 

1. denote the second reading of clock ; 

cy denote the difference of these readings ; 
then 7,+¢,=time at instant of release of counter 1 ; 
and r,+t,=time at instant of release of counter 2. 


Hence, 12+f2—(r,+¢;) = T +t. -t:=true time interval, 
= ig corresponds to the difference of readings of the 
dial. 

If we repeat the observations for the same T, but in 
order reversed regarding the push buttons, and if we de- 
note by d and d, respectively, the difference of dial read- 
ings, we have: 

T+(t,—t,) corresponding to d ; 
T—(t,—1t,) corresponding to d, ; 
then the number of revolutions n per second equals 




















the flange of the cylinder M. Two weights were used to 
counteract the pressure on the journal U. 

In order to relieve the friction upon the step pivot U, 
the cylinder, &c., were balanced by means of a weight 
W and lever. The distance between the points of sus- 
pension and the apparatus was over 14 ft., so that practi- 
cally torsion could not be felt. The upper face of the 
cylinder was adjusted horizontally to relieve the friction 
rollers R, R from lateral pressure, 

For each of the 5in., 7 in., 9in., and 12 in. discs, two 
sets of experiments were made to ascertain the moment 
of resistance for stationary and movable wings. The 
resistance offered to a solid moviugin a fluid is amet 4 
proportional to the square of the velocity. I found this 
to be the case for each individual set of tests, hence we 
have for the same disc M=8 n?, M representing moment of 
resistance, and § a constant. These values for 8 were 
computed by the method of least squares, and are given in 
the Table on the next page. 

The computed results agree very well with the observed 
values, except for small velocities, which, however. do not 
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occur in the application for the footstep. The value of 
B is a function of d. To establish an empirical relation, 
I endeavoured to obtain it in the form B=) y (d), in which 
y (d) is a simple known function of d, and ) a variable 














| Number of B Number of B 
d, Observa- | For Stationary | Observa- For Movable 
tions. Ribs. tions. | Ribs. 

in. | 

5 19 00000004 4 23 | pretend 

7 27 ’ 26 |  ,00000056: 

9 | 27 -000000692 50 | 000001903 
12 | 24 | -000002801 16 | -000011830 





coefficient which changes very little with d, so that its 
proper numerical value may obtained with sufficient 
accuracy from a small table, 

8 was found to be well represented by  d°; hence 











M=) d5n?, 
Values of A for 
d. 
Stationary Ribs. Movable Ribs. 

in. 

5 -000003503 .000009718 

7 -000003080 -000008415 

9 -000002915 -000008007 
12 -000002801 -000007690 








One-half of the sum of these values of for stationary 
and movable wings represents the true value of \ for our 
step. The following Table furnishes interpolated values 
of \ for d expressed in feet : 





d, x 
Feet. . 
4 .00000680 
45 -00000635 
5 -00000605 
55 -00000585 
6 -00000571 
65 -00000561 
me -00000553 
-75 -00000546 
8 -00000541 
.85 -00000535 
9 00000531 
95 a’ et os = -00000528 

1 i -00000525 


Recapitulation of the Results for Footstep. 
P=,001 d‘n? m neglecting the term d,. 
d= , 4/1000 P 


n?m 

L=.1047 n?\ d5m=work lost by friction in foot-pounds 
per second. 

The following Tables offer a comparative estimate 
between the hydraulic step and those in common use, 
The latter have been computed with a view to durability 
from the data given by Reuleaux in the fourth edition of 
the ** Konstrukteur” : 























Hydraulic Step. 

P | n. d | ™. | L. 
2000 2500 0.75 1 2140 
2000 2500 0.53 4 1530 
2000 400 1.88 1 780 
2000 400 1.33 4 553 
8000 2500 0.75 4 8600 
8000 1400 1.09 a 6000 

| 
Flat Pivot. Steel on Bronze. 
Coeffici ‘| é. 
— 2 Lubri- 
P. of L. cant 
Friction. Outer. | Inner. 

2000 | 2500 o1 | 1 | 088 | 17,000 ou 
8000 | 2500 01 | 2 | 0.66 | 186,000 ; 
Collar Bearings ; 10 Collars. Steel on Bronze. 
2000 2500 a 0.25 0.15 5,100 | Oil 
8000 | 2500 A 0.50 | 0.30 | 40,800 
Pivot of Lignum Vite on Bronze. 

2000 2500 0.24 0.13 0 6,400 

2000 | 400 | 0% 0.13 0 830 | wat 
8000 | 2500 0.24 0.26 0 48,800 —_ 
8000 | 1400 0.24 0.26 0 24,200 




















The hydraulic step is perfect regarding wear, since the 
load is completely balanced by the water pressure upon 
the disc. The superiority is also maintained with re- 
ference to the loss of work by friction. (See Tables.) 

‘ _ 13 — a step for P=2000 and n=2500, and 
=9 in. =. ; 





THe Junior Encinerrine Soocrrty.—The annual 
dinner of this vez sgueente Society was held last Frida 
evening at the Holborn Restaurant, Professor W. C. 

Jnwin, F.R.S., the President, being in the chair. 
Amongst those present were Sir Nathaniel Barnaby, Mr. 
William Anderson, Professor Armstrong, and Mr. 8. a: 
Wella, the chairman of the Society. "The arrangements 
were made in a way that reflects the greatest credit on 
the — of the Society, and a very enjoyable evening 
was spent, 





THE NEWPORT AND CALBOURNE 
VIADUCTS 


On our two-page engraving this week we illustrate 
one of two very similar viaducts on a new line of rail- 
way that has recently been made in the Isle of Wight, 
connecting the main railway system of the Island with 
Carisbrook, Yarmouth, and Freshwater, and openin, 
up to railway traffic the whole of the western end o 
the Island. At Yarmouth connection is made with the 
South-Western Railway vid the regular line of steamers 
to Lymington, and thus a convenient access to the 
Island is given from the Western and Midland Counties. 

The first viaduct—and the largest—is close to New- 
port Junction (where the new railway connects with 
the other railways of the Isle of Wight), and crosses 
Towngate, one of the main approaches to the town 
of Newport, just where this road itself crosses a 
small stream. The viaduct consists of 18 spans of 
iron girder work pre on trestle work piers, and 
carrying the rails at a height varying from 17 ft. to 
23 ft. 3in. above ground level. Sixteen of the spans 
are 28ft. 3}in. long over all, and the other two, viz., 
the one over Towngate, and the one immediately to 
the east of it, are 40ft. long. The 28ft. 4in. spans 
both in this viaduct and in the smaller one at Cal- 
bourne, are all alike, and are clearly shown on the 
engravings, Figs. 7, 8, and 9. Therails are of the flat- 
bottomed type and rest on longitudinal timbers that 
lie between longitudinal angle-irons, a considerable 
space being left between the inner edges of these 
angles to allow all moisture to escape freely. The 
inner edges of the upper flanges of the main girders 
act as check rails, and are, of course, in a continuous 
line from end to end of the structure. The floor 
between the rails consists of } in. buckled plates 
rivetted down to the top flanges of the cross-girders 
and to the inner longitudinal rail-bearing angles by 
Sin. rivets 6in. pitch. The cross-girders are formed 
of steel channels attached to the main girder stiffeners 
by gussets, as shown. This connection is calculated 
for a concentrated ioad of 14 tons on a pair of 
wheels, distributed by means of the rails and rail 
bearers over two cross-girders, The rivets and the 
bearing area for the rivets of this connection are 
then stressed to only 2 tons per square inch. The 
main girders are of the solid plate web type with 
webs gin. and ,,in. thick. The effective depth 
of these girders between centres of gravity of flanges 
is 2 ft, 3 in.—the net area of the bottom flange being 
9.5 square inches, and the gross area of the upper 
flange 11 square inches. This gives— with the 
iron stressed to 5 tons in tension, or 4.3 tons in com- 
pression—a total load of 32 tons per girder, or 64 tons 
_ span. It will be noticed that the compression 

anges are well stiffened every 4 ft. by being rivetted 
to the cranked stiffener angles, 

The footpaths or gangways run continuously along 
both sides of the viaduct, and are carried on light 
angle-iron brackets or cantilevers so arranged that the 
upper surface of the planking comes flush with the 
upper flanges of the main girders, as shown in Fig. 10. 
The handrail is composed of angle-iron uprights, angle- 
iron top and bottom bars, and two iatemeelions tubes, 
Each pier consists of two 12in. by 6in. steel joists, 
521b. per foot run, well braced with 6in. by 3in. b 
% in. tees, and 3in. by 3in. by fin. angles. The foot 
of each joist is held down by four bolts 1}in. in dia- 
meter, well built into rectangular concrete foundations. 
The joists rake inwards at an angle of 14 horizontal to 
12 vertical. 

In general external appearance the 40 ft. spans are 
very similar to the others, but here the resemblance 
ceases, as in these larger spans the rails are carried in 
trough girders of a somewhat special type. It will 
be noticed that the main girders of the span directly 
over Towngate (Figs. 3, 4, 5, and 6) have their 
bottom flanges arched upwards, and are thus very 
shallow in proportion to their length. This arch- 
ing was necessitated by the requirement of the New- 

rt Council that a headway of a least 15 ft. must be 

eft under the viaduct. Doubtless a cheaper 40 ft. 
span might have been designed than the one shown, 
but it was considered essential to keep the general 
pease of the viaduct uniform throughout, and 
thus a girder of ordinary proportions and type for 
the size of span was hardly admissible. The inner 
edges of the outer flanges of these trough girders 
are in line with the bulb angles that form the check 
rail over the rest of the viaduct. The piers that carry 
these spans are heavier than the others and are built 
= of bulb angles and a web plate rivetted together. 
The feet of those two piers that come close to the old 
stone Towngate bridge are splayed out to keep them 
clear of the waterway under this bridge. The general 
arrangement of these splayed piers is very clearly shown 
on the engravings. 

As regards the overturning effect of wind, the worst 
case will be with a lightly loaded train of passenger 
carriages. When such atrain is on the highest portiou 
of the viaduct and exposes a continuous surface 
10 ft. 6 in. high and half of another surface 3 ft. high 
(this second area is to represent the wheels and gear- 
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ing under the carriages), in addition to the area of the 
girder itself 2 ft. 6 in. high, to a wind pressure of 
40 lb. per square foot, the resultant pressure of both 
wind and weight falls within the base of the pier. 
The viaduct may be said to consist of a number of 

roups of spans, each group having two of its piers 
Coon longitudinally, thus making these two piers 
and the intervening s into a sort of rigid tower 
braced on all sides. This of course gives the whole 
viaduct great longitudinal rigidity. Each of these 
braced towers is at one extremity of its group of spans 
—the other extremity sliding on the next tower and 
the intervening piers rocking slightly to allow of ex- 
pansion and contraction. One inch is allowed for the 
expansion of each group of spans and proper expansion 
spaces are left for handrail and floor as well as for 
the main girders, 

It is hardly necessary to describe the Calbourne 
Viaduct, as it merely consists of nine 28 ft. 34 in. spans 
and eight piers all similar to those previously described. 
The rigid tower of this Calbourne Viaduct is at the 
central span and the girders slide on each abutment. 

Both these viaducts were designed Mr. W. Moore 
Angas, of Darlington, and built by the Darlington 
Wagon and Engineering Company to the order of Mr. 
Wm. Jackson, of London, who was general contractor 
for the railway. 


ROYAL METEOROLOGICAL SOCIETY. 

THE anniversary meeting of this Society was held on 
Wednesday evening, the 16th instant, at the Institution 
of Civil Engineers, 25, Great George-street, Westminster, 
Dr. Marcet, F.R.S., President, in the chair. Mr. 
Maxwell Hall, Mr. G. T. Livesey, M. Inst. C.E., Mr. C. 
W. Priestlay, B.Sc., Mr. J. Radcliffe, and Rev. J. R. 
Stratten, were elected Fellows of the Society. 

The report of the Council showed that a large araount 
of work had been done during the past year, and that 
considerable progress had been made in the investigation 
of one of the most interesting and hitherto neglected 
branches of we viz., thunderstorms. Forty- 
nine new Fellows were elected last year, the total number 
on the books now being 525. After the report had been 
adopted the President delivered an address on “ = “ia 
which heillustrated by anumber of interesting lantern slides. 
Fogs and clouds, he said, are the same thing. A cloud 
is a fog when entered into, and a fog seen from a distance, 
suspended in the air, becomes acloud. After describing 
the various kinds of fogs, ¢.g., river, sea, Newfoundland, 
radiation, town, &c., fogs, Dr. Marcet referred to London 
fogs. Dr. Tyndall has accounted for them | assuming each 
— of condensed vapour to be covered by coal smoke. 

hese fogs usually accompany a - barometer, and are fre- 

uently dry in their character. It is a well-known fact 
that cold air on the tops of hills, being heavier than the 
air below, slides down the slopes, so that the lower parts 
of hillsides are actually colder than the plains at some 
distance from the hills. Now London, in the Thames 
valley, is surrounded by hills—to the north, ee 
—— and Harrow; in a westerly direction, Putney 
and Wimbledon; and in a more southerly direction, 
Clapham and Sydenham. The air is colder on these hills 
than in London, with its millions of inhabitants, its coal 
fires and factories, hence it is heavier, and will have a 
great tendency to slide down the hills towards the town 
and the river. Should the air in town be on the point of 
saturation, and the cold air from above saturated with 
vapour, it is obvious that the increased cold from above 
will produce a seg gave of moisture, and it will come 
og is produced. If the hill tops be not 
only colder than the air below, but enveloped in a fog, it 
stands to reason that the fog below will be all the denser, 
and = in the neighbourhood of water, such as the 
River Thames, and the ornamental waters in the parks. 

The following gentlemen were elected the officers and 
council for the ensuing year : 

President: William Marcet, M.D., F.R.S., F.C.S.; 
Vice-Presidents: Francis Campbell Bayard, LL.M. ; 
Henry Francis Blanford, F.R.S., F.G.S. ; William Ellis, 
F.R.A.S.; Richard Inwards, F.R.A.S. Treasurer; 
Henry Perigal, F.R.A.S, F.R.M.S. Trustees: Hon. 
Francis Albert Rollo Russell, M.A.; Stephen William 
Silver, F.R.G.S. Secretaries : —— James ‘or 
F.R.S.; John William Tripe, M.D., M.R.C.P. Ed. 
Mee a y cssewn” fy Robert Henry Scott, M.A., F.R.S., 
F.G.S. Council: Edmund Douglas Archibald, M.A. ; 
William Morris Beaufort, F,R.A.S., F.R.G.S.; Arthur 
Brewin; Geo Chatterton, M.A., M. Inst. C.E.; 
William Henry Dimes, B.A. ; Frederic Bernard Edmonds ; 
Charles Harding; Baldwin Latham, M. Inst. C.E., 
F.G.8. ; Captain John Pearse Maclear, R.N.; Edward 
Mawley, F.R.H.S. ; Hen u; Charles Theodore 
Williams, M.A., M.D., F.R.C.P. 

N.B.—The names of newly proposed officers and mem- 
bers of Council are printed in italics. 








CanapiANn Pactrro Rattway.—The Canadian Pacific is 
now within about 50 miles of Detroit (Windsor), and from 
that — to Detroit it expects to secure from the Grand 
Trunk an already constructed line, for which the latter 
will have no more use after its completion of a tunnel at 
Port Huron. From Detroit to Laketon, Indiana, the 
Canadian Pacific expects to obtain by purchase or lease 
the line of the Wabash Western, now used as part of the 
Niagara Falls Short Line. From Laketon to Chicago it 
will have to construct a new line, for which it is trying to 
secure the right of way of the Chicago and ‘Cnnada 





Southern. To get into the heart of Chi it proposes to 
perfect arrangements with the Tlinojs Central or some 
other company, 
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THE NEWPORT VIADUC 
DESIGNED BY MR. W. MOORE ANGAS, ENGINEER, DARLINGTON, AND CONSTRUCTED py 
(For Description, see 
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RECORD. 
Compitep By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 
in the Reation te stated 
Pree, er ata eae Perea at 


STEAM ENGINES. 


15,788. A, Laing, Partick, Lanark, N.B. Improve- 
ments in and relating to Multiple Expansion 
Engines for Marine and other poses. (8d. 16 Figs.) 
November 17, 1887.—Figs. 1 and 2 illustrate the improvements as 
applied to a triple-expansion engine particularly suitable for a 
paddle steamship. On a horizontal soleplate or bed-frame A are 
erected the high and intermediate pressure cylinders 1 and 2 
which are placed with their axes parallel to each other, and at an 
angle to the foundation A. Above these cylinders 1 and 2 is 
mounted by strong flanges and hollow boxes A', the low-pressure 
cylinder 3, horizontally to the foundation A and to the crank- 
shaft C,so as to make a considerable angle with the diagonal 
cylinders land 2. The paddle-wheel driving shaft C is carried in 
bearing blocks C' over the top of the surface condenser D ranged 
parallel under it on the bed-frame A, and is common to the three 
cylinders 1, 2, 8, which have their connecting-rods a', a?, a5, 
directly attached to their cranks c on the shaft C, and to crossheads 
working on guide stays A?, secured between the cylinders and 


















































framing C' of the crankshaft ©, and preferably placed at 
angles of 120 deg. to each other. The arrangement shown in 
Figs. 3 and 4 illustrates inverted vertical cylinder engines for 
working the crankshaft C in the bed-frame A below them, as suit- 
able for screw propulsion, having the first and intermediate 
cylinders 1 and 2 vertical above the crankshaft C, and the low- 
= cylinder 3 at an angle behind these, all supported at the 
ack on hollow standard frames A"! over the surface condenser D, 
and having the front of the two vertical cylinders 1 and 2 sup- 
ae on malleable iron or steel stays A’ from the bed framing A. 
n the arrangement suitable i steamships shown in 
Figs. 5 and 6, the high and intermediate Pressure cylinders 1 and 2 
are set parallelly and at an angle on a foundation frame A on one 
side of the crankshaft C, while the low-pressure cylinder 3 is set 
at a similar angle on the opposite side of the cran*shaft C. The 
Ses ae My - < ~~ = cylinders 1, 2, 3 work 
referably set at angles o . to each other, on the 
crankshaft C. (Sealed December 7, 1888). ° ’ 


15,944. T. Jefferiss, Handsworth, and Tangyes 
Limited, Soho, Staffs. Improvements in Wor 
the Slide Valves of Du Steam Pumps. [8d. 
Figs.| November 19, 1887.—This invention relates to mechanism 
for working the slide valves of each of the steam cylinders from 





the piston-rod of the other steam cylinder of a duplex By 
con ng essentially of the two rocking levers, 06, 07, b8, and 
c6, c7, c3, the long arms of the said levers sliding in swivel- 
ling sockets which are operated upon by tubular blocks fixed 


on the steam piston-rods 6, c, of the pump, and the short arms | tigu 


of said levers operating the slide valve spindles of the steam 
cylinders of the pump. A is the slide valve worked by the 
slide valve spindle c?, The piston-rods b, c, of the steam pistons 
are moving in opposite directions during the action of the pump, 
that is, while the piston of one rod is ‘ing its advance stroke 
the Fagor of the other rod is making its reverse or back stroke. 
As the steam piston rods b, c, make their respective strokes, a 
rocking motion is given in one or other direction to the levers 


a: 














05, 67, b8, and c6, c7, c8, by the action of the blocks b* and c3 on th2 
rods b, c, upon the swivelling sockets 64, ct. When the piston of 
the rod b has moved through a portion of its stroke, the short arm 
b7 of the lever 06, b7 (which has been moving in the slotted ex- 
panded end c "” of the slide valve spindle c* without acting upon 
it), strikes against one or other end of the slot in the expanded 
part of the spindle and operates the slide valve in the proper 
direction and reverses the motion of the steam piston of the €. 
The short arm c7 of the lever c6,c7 acts upon the slide valve 
spindle d? and its slide valve, and reverses the motion of the steam 
piston of the rod bin a similarmanner. (Sealed December 7, 1888). 


17,891. H. Jarman, London. Improvements in 
Hig eRcod Revolving Multiple Cylinder 
(8d. 3 Figs.) December 29, 1887.—The improved engine com- 
prises four single-acting cylinders G,G,G,G, inclosed in a 
penor ro casing E and disposed on a disc A radially around and 
fixed to the engine shaft C and provided with pistons H jointed to 
connecting-rods I, working jointly upon a fixed pin K which is 
eccentric to the centre of the shaft C. The casing E has a bearin 
D for the shaft C. The cylinders G revolve on a trunnion L whi 
is provided with steam ports vane Poy | with ports in the 
cylinder bearing part. Steam is supposed to be just commencing 
to enter the upper cylinder and continues to enter free!y as long 
as the mouth of the steam e T is open to the steam passage 
P. When it reaches and is covered by the forward edge of this, 
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the supply of steam is cut off, and during the remainder of the 
outward stroke of the piston the work is done by the expansion 
of the steam already admitted, which continues until the piston 
in its stroke has reached and uncovered a port or ports V, V, in 
the walls of the cylinder, thus enabling the already expanded 
steam to escape into the inside of the casing E (which thus forms 
a steam jacket to all the cylinders) and thence by the exhaust 
pipe W into the atmosphere. The mouths of the steam ports T 
present themselves successively to the steam passage P, and 
thus two cylinders are always doing work at the same time, while 
the other two are regaining the ition for commencing their 
working stroke. The cock Q, which controls the admission of 
steam to the passages P, P, is operated by the lever Y. (Accepted 
November 10, 1888). 


17,963. D. Purves, North Dulwich, Surrey. Im- 

rovements in the Construction of Cylinders of 

team and other Fluid a or A . 
ratus, and in the Means for Distributing the 
tuating Fluid therein. (8d. 3 Figs.) December 31, 1887.— 
The outer cylinder A terminates at each end in a cylindrical chest 
a, a', provided with suitable internal parts. The steam supply 
through A! opens directly into the chests a, a’. The cylinder A 
is recessed between its ends so as to have a cylindrical space B 
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a Um 
between the outer cylinder and the lining C, which, according to 
this invention, forms the piston cylinder and slide valve at the 
same time, and is caused to travel over the steam ports b, b' of the 
chests a, a!, in the manner of an ordinary slide valve. The inner 
cylinder C is provided with ~ é, e!, adapted to correspond with 
those b, b!, and when suitably moved to open into the cylindrical 
— B between the cylinders, and thence to exhaust D. (Sealed 


anuary 11, 1888). 
51. P. W. W Ditton, surrey. Im- 
ts pet 


en: Pistons for mg Vertical 
es, (6d. 2 Figs.) January 2, —The object of this 





invention is to readily remove the fluid which condenses in the 
cylinders of single-acting vertical engines. For this purpose the 
top of the piston is formed with a curved or inclined surface 
sloping downwards so that the parts of the piston which are con- 

ous to or come opposite to the exhaust port are the lowest. 
The result is that the fluid collecting on the be: of the runs 
down to this point and is blown out immediately the ust port 





isopened. The figures are vertical sections of two different types 
of single-acting vertical engines. In Fig. 1 the exhaust port is 
in the cylinder, and in . 2 in the piston-rod. In both figures 
@ ig the cylinder, b the piston, c the piston-rod, d the exhaust 
port: and f condensed water above the piston which is about to 

blown out through the exhaust po Sealed December 28, 


11,092. G. M. Capell, Stony Stratford, Northamp- 


ton, J. S. Raw London. An Improved 
Combination of a Steam e having a Vibratory 
and o-Electric 


Circular Motion with a 

(6d. 2 Figs.) July 31, 1888.—This invention re- 
lates to an improved combination of a steam engine, in which a 
piston vibrates in a cylinder through an arc about the axis of the 
cylinder with a dynamo, in such a manner that the engine and 
dynamo together only occupy the same amount of floor space as the 
dynamo alone. The cylinder e of the engine is mounted on the 








frame a or field magnet of the dynamo, the vibrating crank of 
the engine overhanging the dynamo and being connected by a rod 
with a crank on the shaft of the dynamo. In order to relieve the 
bearing of the dynamo from the direct strain of the engine, the 
crank: 't of the engine is coupled with that of the dynamo by an 
adjustable link g. The dynamo is preferably provided with a 
double crank properly balanced and provided with a short prolon- 
gation of the shaft on the side furthest from the dynamo. This 
pooner of shaft is coupled to the end of the engine shaft f by 
the adjustable link g. (Accepted October 27, 1888). 


STEAM BOILERS. 


15,714. T. Snowdon, London. Ne ae in 
Steam Boiler and other Furnaces, (8d. 2 Figs.] No- 
vember 16, 1887.—1, 1 are hollow firebars formed at their inner 
ends with upward extensions 2 in which are slits 3 for the e 
ofair. 4 is a water box for supporting the inner ends of the fire- 
bars ; it is connected by a tube 5 with a tank provided with means 
for maintaining a constant height of water in the water-box. 11 is 
a tube for supplying air under pressure to the air box 9. The air 
may be drawn (in the case of marine boilers) through the coal 
bunkers in order to remove the explosive — usually formed 
therein and utilise them for the production of heat. 12 is asliding 
diaphragm or draught regulator arranged below the firebars, 14 ig 


Fig}! 








a baffle-plate arranged in the combustion chamber 15 beyond the 
firebars, to cause the air, flame, and combustible gases to become 
well mixed, and thus insure perfect combustion. 16 isa 

for admitting air to the combustion chamber 15. 18, 18 are baffle- 
plates pivotted at the outer ends of the boiler tubes 19, and in the 
smokebox 20, for the purpose of retarding the passage of the hot 
gases and products of combustion, and thereby effectually utilise 
their heat. They are connected to rods 21 provided with a handle 
22. By the use of the regulator 12 and by diminishing the exit 
area above the firebars, air after passing upward between the 
front ends of the firebars will be caused to descend through the 
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fuel on the rear part of the firebars, whilst the air passing through 
the firebars and escaping through the openings 3 will issue in a 
direction opposite to that of the combustible gases, and become 
well mixed therewith, The steam produced in the water-box is 
decomposed by the heat of the furnace, and its constituents mixed 
with the hot gases, and products of combustion pass into the com- 
bustion chamber 15, where they recombine with the production of 
intense heat. (Accepted November 24, 1888). 


17,697. P. Hanrez, Improvements in 
Steam Boilers. [8d. 12 Figs.) December 28, 1887.—The im- 
proved boiler is composed of two receivers or boxes C, C, pierced 
with holes opposite to each other, and —— at one side the 
ends of the tubes T and at the other side self-closing plugs or 
covers. The upper receiver C communicates by the pipe D with 
the front of the steam reservoir E, which is made of the shape of 
a T in plan, whflet the bottom of this reservoir at the back com- 
municates with the lower receiver C by atube. The reservoir E 
is surmounted by two domes G, G! communicating with each other 
by the large pipe H. The dome G is open at its lower part while 
the dome G! is closed at its lower part by the funnel I, the lower 
end of which is carried below the normal working level of the 
water in reservoir E, and the steam pipe is placed on the top of 





dome G'. The water conveyed with the steam out of the receivers 
or tubes is first separated therefrom as it enters into the reservoir 
E by being projected right in front of it, whilst the steam, in order 
to escape from the boiler, is obliged to direct itself towards the 
top of dome G and pipe H; then any water which still remains 
a oe with the steam is se in dome G! by being projected 
down towards the bottom of the funnel while the steam escapes 
by the steam pipe. The furnace J is surmounted by an arch K. 
The flame and gases must pass between the lower receiver C and a 
partition L formed of plates, shaped to fit the tubes, and havin 
flanges preventing the e of gases through them. A secon 
arch K! and a second partition L then compel the flame to 
traverse the second section of the length of tubes to be able at 
last to traverse the thirdsection and finally enter the flue M which 
leads to the chimney. (Accepted November 24, 1888). 


GAS ENGINES. 


16,308. T. Sturgeon, Ilkley, Yorks, Improvements 
in GasEngines. (8d. 8 Figs.) November 28, 1887.—A work- 
ing cylinder E and a charging cylinder A are placed at right 
angles to each other and furnished with pistons connected to the 
same crank on the crankshaft, one being connected direct by 
means of a connecting-rod and the other through the intervention 
of a connecting-rod, sway beam, and link. The action of the 
pistons is such that while the ae piston is at the quickest 
part of its inward stroke rapidly driving a new charge of gas and 
air through the passages B, C, D into the working cylinder E, the 
working piston is about the end of its outward stroke, where it 
exposes the exhaust ports F, F. One end of the working cylinder 
is closed and the ports are arranged so that the new charge is de- 





livered in as close as possible to the closed end and sweeps the pro- 
ducts of combustion of the previous charge before it out through 
the exhaust ports. The charge is then compressed by the inward 
stroke of the working piston, and the slide valve is shifted so that 
the charging piston may draw in a fresh charge into the ha mayen 
cylinder. The air is drawn in through the port H in the valve an 
H' in the cover, and the gas through the small holes I. The 
shifting of the slide valve, which is driven by an ordinary eccen- 
tric, also opens a communication between the upper part of the 
working cylinder and the igniting tube L, whereby the charge is 
fired when it reaches the maximum degree of compression. (Sealed 
December 7, 1888). 


17,353. R. Wallwork, Manchester, and T. Sturgeon, 
Iikley, Yorks. Improvements in Apparatus for 
Governing the Speed of Gas Mngines. (8d. 5 8.) 
December 17, 1887.—A is a portion of the slide valve. B isa 
pin working against the inclined lever C, This inclined lever 
work on the fulcrum D, and upon the same shaft is fixed the 
“pecker” E.G is the gas valve spindle ; H the gas valve, which 
is kept up to its seat by the spring I. The gas valve box F is 
ati ed to the slide valve cover K, the gas pipe being connected 
toitatL. M isa block on the end of the rod N. In the ition 
shown, the block is under the wages! which is just about to 
depress it, and so open the gas valve and admit to the engine. 
The other end of the rod N is attached to the short lever 0, the 
lever P being fixed on the same fulcrum. As the shaft R revolves 
the cam Q, coming in contact with the lever P, gradually raises it, 
and by doing so pushes the block M from underneath the pecker. 
The further motion of the crankshaft releases the lever P from the 
cam and allows the lever to drop, so bringing the block back 
underneath the pecker, and thus causing the engine to take gas 





for the next revolution. The pecker E having a positive motion 
im it, the s of its descent will, of course, vary 
exactly with the speed of the engine. The lever P, falling by its 
own weight, its speed of descent will be constant, and will not alter 
with the speed of the engine. Consequently, if the engine run 
too quick and the apparatus be properly adjusted, the pecker will 














descend quicker than the block returns. The block will conse- 
quently fail to get under the pecker in time, and the gas valve 
will not be opened until the speed of the engine is so far reduced 
that the slow descent of the pecker enables the block M to return 
in time to insert itself under the pecker. (Sealed Decemver 28, 
1888). 


MANUFACTURE OF IRON AND STEEL. 


12,272. G. Siddell, Sheffield. An Improved Process 
of Hardening to be Employed in relation to Manu- 
factured Iron and S [4d.] September 10, 1887.—The 
articles or parts of articles (other than projectiles) to be hardened 
are subjected to the action of ‘‘ carbonised air” and then plunged 
in a bath of oil and graphite. (Sealed October 5, 1888). 


12,887. W. P. Thompson, London, (A. Schneider and Co., 
Creusét, France.) Improvements in or Appertaining to 

e or Tem g of Steel or Steely 
Iron. (6d,] September 23, 1887.—This invention relates to the 
application of the absorption of the latent heat of fusion by the 
use of ice in saline solutions, or saline solutions in water. (Sealed 
November 23, 1888) 

13,177. 8. spect. Middlesbrough-on-Tees, Yorks, 
An Improved Construction of ot Moulds and a 
Better Method of Casting Variously Shaped Iron or 
Steel Ingots, (8d. 3 Figs.) September 29, 1887.—The im- 
proved ingot moulds are composed of two or more longitudinal 

rts having flanges provided with projections and grooves. 
{Sealed August 17, 1888). 


MISCELLANEOUS. 
1 A. F. St. George, Red Hill, Surrey, and C. 
Bonne, Improvements and 
y vanic Ba’ es. (8d. 4 Figs.) November 
26, 1887.—B? is a hollow carbon electrode with small 
ked round with a 


perforations in its sides and bottom, and 
Se or paste of metastannic hydrate (Ho Sn; Oop) contained 
n 








a hollow cylinder A of metallic tin. The whole is placed in a | 











glass jar C and immersed in an outer vessel E which is filled with 
ure nitric acid up to the dotted line E). A short tube B3 leads 
rom the interior of the carbon electrode B2 through the bottoms 
of A and C into the vessel E. The nitric acid passes up through 
this tube B3into the carbon electrode and thence through the 
small perforations; it is enabled to thoroughly soak the carbon and 
moisten the metastannic hydrate. (Sealed January 4, 1889). 


16,637, F. E. Elmore and A. 8S. Elmore, Cocker- 
mouth, Cumberland. Improvements in the Means 
of and Apocates for the Manufacture of Wire, 
Metallic Strips, Tape, or Rod. (8d. 10 Figs.) December 
8, 1887.—This invention has for its object the obtainment of long 
continuous bars, strips, or wires of metal of high electrical con- 
ductivity and of “des strength. Up to the present time, in all 
attempts to use electrolytic copper for the manufacture of wire, 
the copper has first been melted and then cast into a bar to be 
ultimately made into wire. But by this process of melting it is 
found that small quantities of impurities are conveyed into the 
copper, thus reducing its conductivity and leaving it very little, 
if —v. better than copper carefully made by the usual method of 
refining in a furnace ; and as the cast bar of electrolytic copper is 
in a very similar state, both chemically and mechanically as com- 

to a cast bar of ordinary copper, and as both the bars receive 
a similar subsequent treatment, the mechanical properties of the 
resultant wire—tensile strength and so forth—will about the 
same. According to the present invention the intermediate opera- 
tion of melting between the electro-deposition of the —_ and 
the ultimate operation of drawing into wire is dispensed with, thus 
precluding the possibility of the absorption of any impurities ; 
and the highest conductivity is thereby obtained. Referring to 
Fig. 1, a shell, cylinder, or tube q of pure copper obtained by the 
improved process of electro-deposition described in Elmore’s 
Patent No. 8707 of 1885, is mounted between a movable headstock 
n', and flanged rollers ¢ on a fixed headstock b carried by a 
bed a. The copper cylinder is caused to rotate and by means of 
the weight 7 (or other method employed for traversing the sliding 
headstock n!) one end of the cylinder is kept constantly pressed 
against the stop flanges of the rollers c, and being continuously 
fed up to the cutting device h, isthus cut circumferentially into a 
coil or continuous band, strip, or tape which is wound away as it 
is cut from the rotating cylinder to be ultimately drawn into wire, 
rolled, or used as cut, Fig. 2 illustrates an arrangement for cut- 





ting a continuous strip from a circular sheet or plate of copper 
obtained according to the above-mentioned patent. The copper 
plate q, ted on the spindle p, is — forward by the 
weight r towards the cutting device h. The edge of the plate 
being kept constantly pressed against the stop rollers e, and 


Fig.1._ 
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engaging with the feed rollers c, the plate q is by them rotated 
and kept continuously fed up to the cutting device h, and the 
continuous strip of metal as it is cut from the rotated plate by 
the cutting device, may be wound away from the machine in any 
convenient manner. (Accepted November 3, 1888). 


17,567. A. Budenberg, Manchester. (Schafer and 
Budenberg, Buckau, Germany.) Improvement in Centri- 
fugal Governors. (8d. 1 Fig.] December 21, 1887.—This 
invention relates to that class of centrifugal governors in which 
the curves described by the centres of the governor balls in rising 
and falling, are approximately parts of a parabola, and in which 
the fulcra of the pendulous levers are situated on the sliding 
weight, while a short arm or cam of each lever, extending from 
the fulcrum towards the axis of the governor, rests on a vertically 
immovable shaft or sleeve which serves as point of support. S is 
the revolving tubular shaft supported by the fixed vertical 
spindle A. W is the sliding weight carrying the fulcra C, C 
of the pendulous arms K. Each of these pendulous levers has a 
rear-extension py, extending beyond the central axis N N and 


resting with its extremity x on the top of the shaft S. The ratio 
between the length of the pendulous lever OC and of the arm 
O—z2, which rests on the shaft S, is such that the actual path of 
the governor balls forms a tangent to the parabola at the points 
where the balls are in their middle position, midway between O 
ando'. As the dist of the pendul fulcrum C from the 
axis N N of the governor is constant, the end z of the short arm 
C—z will slide a little upon the je of the central shaft S. In 
order to obtain the required stability and sensitiveness in all 
positions of the governor, there is interposed between the two 
pendulous levers a spring F, the ends of which press symmetri- 
cally on a pair of projections n, n, formed on the levers near their 
fulcra, The lifting of the balls tends to compress the spring. 
(Accepted November 24, 1888). 





16,360. J. W. , Nuneaton, Warwick. 
Waste Preventing Valves. (Sd. 1 Fig.) The following 
paragraph was inadvertently omitted from the abstract of the 
above specification which was published on page 24 ante. 

“On the return movement the escape orifice f is again closed, 
whilst the boss g* is withdrawn from the passage c!, whereupon 
a second flush of water takes place and continues until the pas- 
sage c! is stopped by the valve band the pressure of the water in 
the chamber cand the supply passage h is again equalised. (Ac- 
cepted October 8, 1888).” 


NITED STATES PATENTS AND PATENT PRACTICE. 
pam grate illustrations of inventions patented in the 
United of America from 1847 to the present time, and 
of of t law cases in the United States, may be 
the offices of ENGINEERING, 35 and 36, Bedford- 
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LIVERPOOL (VYRNWY) WATER 
WORKS. 
THe VaLiey or LuaNwppyn. 

Wuo, a few years back, could have imagined any 
connection between Liverpool and Llanwddyn—the 
first seaport of the world and the little Welsh 
mountain hamlet—so widely apart, differing so in 
population, ideas, and sentiment, yet now bound 
together by a bond of iron and water—the great 
artery supplying the circulation of the city. To 
Llanwddyn Liverpool has gone for water, and by 





Llanwddyn valley, bored out, and the sides ground 
smooth by a glacier, which hollowed out the bed 
for a lake, in whose waters doubtless the woolly 
rhinoceros, the boar, the bear, and the reindeer 
slaked their thirst, and also many other strange 
creatures which inhabited our island when the 
world was young. The neo-lithic savage was there; 
he hunted and fished, lived his time, and left as 
his record a few weapons of warfare, or of the chase. 
Countless years passed, rains and frosts, floods and 
tempests rolled over the valley, washed the sides 
down and filled the lake, and the waters became 





Liverpool Corporation Waterworks, 
VYRNwyY SupPPLy. 


Plan of 
THE INTENDED LAKE VWRNWY 














Drainage Areas, 
AND OF THE 


VYRNWY AQUEDUCT. 
1887. 


os eg94 6 67 @ 9 # 4 gMiles 





‘Nctiine yong 
B Vyrnwy Drainage Area. 
C Marchnant Drainage Area. 
D Cowny Drainage Area 
E Liverpool District ~as supplied under 
Liverpool Waterworks, Acts 1647 & 1852. 
EZ E- 


— 





—_— Ae ae 


e Abergele 

















WATE 
WE 

















Uanfyllins| 












“b, 














ad eLlankiha 
ONT G OMERY se 
593A Welshpoofy_ £ hae 














so doing has caused what was once a historic and 
romantic old place to disappear for ever from sight. 
Forthe healthfullife of thegreat city, thefew dwellers 
in the quaint old-world village have been obliged to 
surrender their homes, their village inns and beer- 
house, their school, their church and churchyard, 
and sink all sentiment connected with these spots, 
just as the hearthstones and walls of their houses 
slowly but surely sank in the growing flood, which 
some weeks past transformed the old farm-studded 
valley into a silent majestic lake, stretching away, 
past, over the drowned village, far up between the 
hills, into the grey mists which hang over the foot 
of the mountains, 


Time brings strange changes. This Vyrnwy or 





a river. Centuries then passed by till the ‘‘ Ancient 
Briton” took up the tale by curiously woven legends 
of the life and doings of semi-mythological beings ; 
the Romans came and went, leaving traces of 
their finely graded roads, and also of their searches 
for metals ; the kings of all Wales, the princes 
and barons of Powys, the Knights of St. John 
of Jerusalem, their serfs and retainers, with many 
other stately personages of history, passed through 
the old valley, lived on its borders, held court 
and waged war within its echoes ; they also have 
gone, leaving a faint mark on history. The 
Roundheads and the Cavaliers of the revolu- 
tionary times were there, and the Red Banditti 
of Mawddwy ; traces of their strife are not want- 





| the lake far from all sources of impurities. 





ing. One hundred and fifty years ago, from 
the centre of the valley, a cannon-ball weigh- 
ing 5 lb. was dug from below the surface; the 
relic is still in the possession of the grandson 
of the man who found it. Some of the old inha- 
bitants remember the farmhouse of Abermar- 
chant, with old chimneys having crossed scythes, 
their edges uppermost, built into the stonework—a 
method of fortification thought useful in those 
troublesome times. When these men passed, others 
took their place; the farmer appeared in lieu of 
the man-at-arms, and for the first time does history 
tell of engineers turning their attention to the 
valley. Some time about the years 1730-40 certain 
engineers proposed to drain this valley to improve 
agriculture-—the report and recommendations may 
still be seen in the estate offices of Powis Castle. 
In later times, the valley was not too remote for the 
Nonconformist to wage his crusade against the 
beliefs, customs, and pastimes of the period ; the 
Quaker was also known. In the earlier decades of 
this century the farmers’ troubles with wheat- 
growing and profitable selling were told, and a 
curious old agreement is still extant by which the 
leading inhabitants bound themselves to reduce, by 
one-third, during a certain bad season, their home 
consumption of wheat flour, so that the probable 
shortness of provender would not be aggravated. 
Then in later years, agriculture entered upon the 
broken-kneed period in which it still lingers 
throughout Great Britain, and following that time, 
save the few out-of-the-world inhabitants of the 
valley, none enlivened the scene except the occa- 
sional sportsman tramping the hillsides for grouse or 
the marshes for snipe, or by the banks of the rivulet 
through the valley, adisciple of Ieaac Walton followed 
the gentle art, and cast the fly into the clear brown 
waters of the stream running through peat beds 
and rippling over gravel bars. Then the last visitant 
to this romantic old valley was the modern engineer, 
who came for the purpose of carrying out one of 
the great engineering works of this generation. 
Unlike the engineer of one hundred and fifty years 
ago, who wished to drain and dry the valley, the 
modern engineer has dammed it across, at the old 
bar of rock, at the farther end of the prehistoric 
glacial lake. And thus the round of history is 
complete ; waters again cover the dry land, and the 
time-worn hills can once again see themselves re- 
flected in a mountain lake. 

Stepping down from the regions of romance, there 
is a vast amount of interest in this Llanwddyn 
valley, now the largest lake in Wales. It isin an odd 
corner of the Principality (see map), far from rail- 
ways, navigation, anything oranybody. The railway 
map shows at this place a number of lines whose 
branches have penetrated up the valleys, Some 
unusual cause must have prevented their con- 
tinuance—perhaps the mountains. Llanwddyn, 
however, has been left apart in the centre of a large 
triangle, formed by the lines of the district. The 
absence of easy communication has hitherto kept 
this remote valley in undisturbed seclusion. A 
visitor may drive thence from Llanfyllin, or in 
another direction from Bala, by a mountain pass 
through bold and desolate scenery, and enter the 
valley at the head of the lake; or again from 
Llannwehllyn, passing Bwlch-y-Groes by a road 
overlooking the finest scenery in Wales. Pedestrians 
may journey there from Dews-y-Naut over the 
summit of Aran Mawddwy—nearly 3000 ft. above 
sea level—and look down on Plinlimmon and Cader 
Idris and all other peaks surrounding, except 
Snowdon, to the north, then down to the mountain 
lake of Cref Glynn, and by Bwleh-y-Groes reach 
the head of Lake Vyrnwy. From all these points 
Llanwddyn is 10 to 12 miles distant ; but in this 
case remoteness has its advantages—it has kept 
The 
easiest route to the place is from Llanfyllin Railway 
Station. There the visitor, stepping into a convey- 
ance, immediately passes through a sleepy little 
village ; then, all of the world that the townsman 
knows seems to be left behind. The roads cease to 
be paved or made, the carriage plunges into narrow 
country lanes, with high hawthorn bushes, some- 
times so high up and the road so deep down that 
in summer time the sun is hidden by the thick 
green hedges ; the narrow lanes go on, turning and 
twisting, but hardly a human habitation is ever 
seen. The post-cart, which takes letters over the 
mountain to the makers of the new lake, appears 
from an opposite direction. Both vehicles have to 
slow-down and partially climb-up the earth base of 
the hedges on either side to pass each other ; then 
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away again through seeming miles of hedges and 
fields. The horses go slower, gradually, for a mile or 
two they ascend, and the view becomes very fine, 
miles and miles of hills, fading into purple in the 
summer and snow-capped in the winter are to be 
seen all around. Hills and fields, fields and hills, 
nothing else, and a beautiful wild invigorating 
prospect it is. The summit once reached, more 
narrow tracks and green lanes are in front; buta 
faster pace is taken in the down journey ; on and | 
on, and the clear air produces a dreamy sense of 
pleasantness ; when suddenly the rural hedges and 
roads cease, a fine broad metalled road is entered 
upon—the outworks of the engineer, that lead to 
the grand lake and colossal yet artistic masonry and 
works which have altered a scene of lonely rugged 
wildness to one of surpassing beauty and grandeur. 
Lake Vyrnwy (see annexed map) lies in front, and 
beneath the road there is that great grey mass of 
masonry forming the dam ; its size enormous, but its | 
graceful arches and towers remove all sense of heavi- 
ness, 80 that the whole effect is strikingly artistic. A 
fine broad roadway crosses the stone dam; from its 
centre the water stretching off into the mountains 
















than a dozen miles from their chimney corner. 
Many pathetic incidents were connected with the 
removal of this place—not unlike the going of the 
Arcadians from: the village of Grand-Pré. The 
simple cottagers knew little of the ways of the world. 
Liverpool—77 miles distant—was to them a strange 
country ; what could such a place want, and how 
could they come to their doors for water, and turn 
them from their homes? Many could not realise it 
until the last moment. One by one the old bodies 
were dug from the old churchyard and removed to 
the new ; old bodies they were in more senses than 
one ; pure air, plenty of God’s sunshine, and healthy 
work make old bones. The parish magazine, pub- 
lished since the works were started, gave monthly 
lists of the dead, from seventy to one hundred the 
ages seemed to run, other deaths except those of 
infants were rare ; but the village is now a memory, 
it sleeps beneath the silent waters of the lake, like 
its sons and daughters buried on the hillside. 

On the journey along the road circling the 
lake some strikingly fine scenery is met with ; 
wherever spurs run down from the hillsides, little 
promontories jut into the water ; some of these are 
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seems endless ; on the other side the valley lies wide 
and far below, its little rushing stream passing 
from a curiously contrived sluice gate beneath the 
dam, lends it a charm which the landscape-painter 
loves to study; here and there are dotted the 
offices, some of the workshops, stables, &c., of the 
builders of the dam—these shortly to be removed. 
Away around the lake on either side is to be seen a 
yellow line, following on the hillside the contour of 
the water ; this is the broad and beautiful road which 
surrounds the margin of the lake. Away to the 
right, a bold tower-like structure stands out in the 
water ; to which, from the main road, there isa 
causeway carried over stone arches. The tower, 
with its turrets and spire and one tall cone-shaped 
point, is very beautiful, and gives a romantic 
medieval air to the whole scene. It is only the 
outlet and the straining tower ; some of the quaint 
old-fashioned art of medieval Germany has evi- 
dently been in the designer’s mind, but this lends 
itself well to the uses for which it is destined. 
Like the fortress of some feudal lord to which 
he may retire after his maraudings and bid de- 
fiance to all his enemies, it stands grandly and 
solemnly apart surrounded by the deep waters 
of the lake. On the left of the lak and a little up 
the hillside, partially hidden by conifer and other 
foliage, peeps out the corner gable of the house 
which the chief engineer occupies. Further along 
the road round the water, is an old farmhouse, 
metamorphosed by one of the wena officials into 
as picturesque and comfortable a dwelling as could be 
wished for. On the opposite side of the lake is the 
old village, now submerged, but so far above the 
bottom of the valley, that had not some of the higher 
buildings been pulled down their chimneys and 
gables might have appeared above the surface of 
the lake in very dry seasons. Nearly all have been 
removed. Some of the old dwellers in this 
village were born, lived there, and died without 
ever having travelled further into the world 




























fenced and planted with ornamental trees. Wher- 
ever a ravine cuts the mountain side, the water runs 
back under the road, and is crossed by a handsome 
stone arch. Near the head of the lake away from 
the dam, the hills become very precipitous, and 
the water is divided into two arms by a slope rising 
abruptly some 800 ft. above the surface of the lake. 
A wooded island ia in the lake near its head, and 
on one arm stood Eunant Hall, a large shooting-box 
which belonged to the lord of the manor. Unfor- 
tunately the water would have entered the bed- 
room windows, so the building was pulled down. 
The main streams run into the lake at this end ; 
they flow under the road bridges and come down 
from wild uncultivated glens, such as the present 
lake bed was at onetime. Along the road, turn- 
ing again towards the dam, the hills in places 
seem to almost overhang. High overhead streams 
of water dash down the narrow ravines, white 
like fleecy wool; these are lost below the mass 
of loose broken stones and boulders lower down 
filling the bottoms of the ravines, but again 
from out of the boulders the water dashes under 
the road through stone archways into the lake. No 
living creatures are visible on these hillsides and 
tops excepting birds and sheep ; some of the country 
is very finely wooded and all is green and pleasing 
to the eye, but its wildness and grandeur on 
the one side, and on the other the calm still 
beauty of the great lake are the peculiar and 
uncommon charms of the place. For nearly five 
miles up the valley the lake stretches from the 
dam, its width, for almost the whole distance, 
oe half a mile, and around this sheet of water, 
for a length of about twelve miles, a wide finely- 
made and nearly level road runs, broad enough and 
smooth enough to take three coaches abreast. 

Such is Lake Vyrnwy —destined to supply Liver- 
pool with water—and so will it appear to the lover of 
old legends, the artist, the tourist, and the general 
visitor, and when the twelve or thirteen miles of 





country road leading to it can be comfortably 
travelled, and on arrival comfortable accommoda- 
tion found, there is little doubt that besides attract- 
ing the traveller, the engineer, the scientist, and 
the curious visitor, it will be a favourite resort of 
the lover of country sights and sounds and health- 
ful mountain air. For engineers it presents many 
features of unique and special interest ; these, and 
the reasons leading up to the adoption of the scheme 
by the Corporation of Liverpool and the history of 
its accomplishment by them, are dealt with below. 
At present the area of the Liverpool district 
supplied by water exceeds 60 square miles, and 
the source of supply is from wells in the sand- 
stone of South and West Lancashire, and reser- 
voirs at Rivington, extending for a length of about 
seven miles, in the hill country of East Lancashire, 
distant from Liverpool from 30 to 37 miles. For 
the causes which led to the inauguration of the 
Vyrnwy scheme it is not necessary to go further 
back than the year 1865. At that time about one- 
third of the water supplied to the inhabitants was 
derived from local wells and the remainder from the 
Rivington reservoirs, at present in use. During the 
droughts of 1864, ’65, and ’66 the supply became in- 
adequate, so much so as to necessitate the cutting off 
of the water in different parts of the town during 
many hours out of the twenty-four, or in other 
words, relying only on what is known as ‘‘ inter- 
mittent supply.” The late Thomas Duncan was then 
water engineer, and the Corporation instructed him 
to report as to the best available remedy. After much 
investigation, Mr. Duncan recommended the obain- 
ing a supply from Bala Lake, a fine sheet of water, 
33 miles long and half a mile wide, nearly as distant 
from Liverpool as Lake Vyrnwy. This idea was 
too large for the Corporation of Liverpool in those 
days, so, by a small addition to the wells, and by 
purchasing some of the compensation water at 
Rivington, they managed to continue supplying 
the city for some years, but never gave a continuous 
supply —technically known as ‘‘ constant service.” 
Mr. Duncan noticed that there was much less water 
consumed than was sent through the mains, con- 
sequently much waste must have been going on from 
defective mains, pipes, and fittings, &c., and he 
appointed house-to-house inspectors to endeavour 
to find out the causes of the losses. In 1869, Mr. 
Duncan died, and in 1871 Mr. George F. Deacon 
was appointed water engineer; he at first con- 
tinued the system in vogue. The method, though 
the best known at the time, was only useful for 
detecting superficial or visible waste, and the 
underground leakage in the mains went on with 
unabated vigour. Mr. Deacon then set himself 
to work, and in the year 1874 invented his well- 
known ‘‘ waste water meter,” a most ingenious and 
sensitive machine, whereby the position of defective 
pipes may be localised and eventually discovered 
and repaired. The same staff of inspectors was 
retained, but their services were differently applied. 
When the waste water meter localised a leakage, the 
inspector would, at niglit, when the traffic was quiet, 
sound the length of main with a stethoscope—or 
rather his metalturncock, used as a stethoscope—and 
by closing the outside service cocks, where waste 
water was heard, he registered on the meter its 
volume, and the meter registered his work. This 
invention is undoubtedly of great importance, and 
at the time created much interest ; so much was Sir 
Frederick Bramwell impressed with it that, when 
consulted concerning it by the Corporation, he 
spent some nights walking about Liverpool sounding 
the pavements for faulty water mains, and testing 
the practical utility of the water meter. He finally 
recommended the adoption of Mr. Deacon’s system, 
and the recommendations were carried out, the re- 
markable result being that before the end of 1875 
constant supply had been restored, with an actual 
diminution in the volume of water drawn from 
the reservoirs. The population of Liverpool was all 
this time growing, and in the year 1873, before 
constant supply had been restored, the Corporation 
had decided to seek for another source of supply. A 
large number of schemes were proposed : Ullswater 
in Cumberland, Windermere in Westmoreland, 
Bleasedale and Wyredale in North Lancashire, and 
Bala and Caeriog Valleyin North Wales—the Blease- 
dale, Wyredale, and Caeriog schemes each necessi- 
tated the construction of adam, as also did the lake 
schemes, though practically on a smaller scale. All 
these schemes were discussed with varying ferocity 
by their respective opponents and supporters, the 
end being that no decision was arrived at. The pre- 
vention of leakage, however, went on, and constant 
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service was maintained, the value of the waste water 
saved amounting to between 50,000/. and 60,0001. 
per annum. 

Many people began to be satisfied with this 
state of things, and thought that no additional 
supply was needed, but the responsible water 
authorities were not amongst those holding such 
views. Three years later, in 1876, the question 
again came up, and Mr. Deacon was instructed to 
examine Lake Haweswater, in Cumberland, and 
report on its adaptability as a source of supply. 
This source was well-nigh recommended, but in the 
postscript to the report, was a reference to a visit 
to the Vyrnwy Valley as follows: ‘‘ As the 
Vyrnwy possesses all the more important advan- 
tages of Haweswater with some advantages which 
Haweswater does not possess, the consideration of 
the northern scheme in greater detail appears to be 
unnecessary.” From that time until work was 
actually decided upon, the Vyrnwy scheme seems to 
have been the most generally recommended. Then 
followed Mr. Deacon’s report on the Vyrnwy, dated 
November 24, 1877, as a source of supply, consider- 
ing the question from geological, meteorological, 
chemical, and mechanical stand-points. He recom- 
mended the formation, by damming across the 
valley, of a lake nearly five miles long, draining an 
aggregate area of 23,200 acres. The level of the 
lake was to be about 817 ft. above sea level, and he 
proposed a course for anaqueducta little to thenorth- 


. west of that now adopted ; the total cost, fora supply 


of 52,000,000 gallons daily, which was to include 
compensation water, was estimated as 3,802,0001., 
of which 1,280,6641. was the amount required for 
the first instalment of 13,000,000 gallons daily, ex- 
clusive of cost of filtration and Parliamentary and 
engineering expenses. This report contained a 
plan of the gathering grounds of the Vyrnwy, 
Afon Cowny, and Marchnant as finally adopted. A 
fuller report followed in 1878 indorsing all the re- 
commendations made in 1877, but recommending a 
greater height of dam, increasing the capacity of 
the lake from 8,000,000,000 to about 10,000,000,000 
gallons ; in this report it was also proposed, in order 
to use the water without delay, to add filter beds to 
the original scheme. Progress continued to be 
made with the investigations necessary for the 
scheme, and in February, 1879, the Corporation of 
Liverpool sent separately to Mr. Thomas Hawksley 
and Mr. Bateman — both past-presidents of the 
Institution of Civil Engineers — the reports of Mr. 
Deacon, above referred to, and a series of questions 
as to the relative advantages of Haweswater and 
Vyrnwy as sources of water supply. The answers 
were very similar, and much in favour of the 
Vyrnwy district, and in consequence the Corpora- 
tion instructed Mr. Deacon to prepare the neces- 
sary Parliamentary plans and sections for deposit, 
in November of the same year. In September 
Messrs. Hawksley and Deacon were appointed joint 
engineers, and in the following session the Bill for 
the scheme was successfully carried through Parlia- 
ment. On July 14, 1881, in the presence of a 
goodly company, Earl Powis laid the foundation 
stone of the masonry dam. This foundation stone 
records the names of those connected at that time 
with the undertaking. Amongst them is the late 
Mr. J. H. Wilson, whose office of chairman of the 
water committee was then filled by Mr. Anthony 
Bower. Sir William Forwood appears as mayor of 
Liverpool, and Mr. Thomas Hawksley and Mr. 
George F. Deacon as engineers. 
(To be continued. 





THROUGH THE SOUTH SEA ISLANDS 
IN A MAN-OF-WAR. 
By Guns. 
(Continued from page 91), 
Fannina IsLanp. 

We left Washington at 6 p.m. on the evening of 
the 14th, expecting to arrive at Fanning Island the 
next morning (a distance of 70 miles). But we 
had reckoned without our host, for at eight o’clock 
when the land should have appeared, there was no 
sign of it, and what was even worse, no sun, so that 
we could not fix our position. Among these islands 
the currents are rapid and variable in the extreme, 
the equatorial current sometimes running to the 
westward with a velocity of 50 miles a day, while 
on other occasions the antiequatorial, or drift 
current, runs to the eastward at the rate of some 
30 miles a day, while again there is the resultant 
current running N.W. or N.E., according as the 
easterly or westerly current gets the best of it. 








Now imagine a ship, steaming five knots, put into 
this uncertain chaos of currents, take away the sun, 
and remember that there are no soundings to be 
had! It will be seen that it is not hard for that 
ship to lose herself. And that is what we did; we 
simply lost ourselves, for though the island was 
visible from the masthead 20 miles off, there was 
not a sign of it tobe seen. Opinions differed as to 
its whereabouts ; the captain thought the westerly 
current had taken the vessel, while the navigating 
lieutenant thought she had been pulled to the N.E. 
As at the time there was no means of verifying 
either opinion, the ship was put under sail and we 
waited till we could tind out from the stars or the 
sun next day where we were. There was very little 
wind, and the ship, heading about E.S.E., just 
jogged along at the rate of two knots, but whether 
we were going towards or away from our object 
could not besettled. Next morning, when we were 
able to make an observation, we found ourselves 
40 miles to the N.N.W. of the island. We had 
been taken away to the northward and westward, 





and by the time we anchored in English Harbour, 
which was at six o’clock that evening, we had gone 
188 miles through the water, and had been acted on 
by acurrent running N. 28 deg. W. at the rate of 
i} knots an hour. 

English Harbour is perhaps one of the most strik- 
ing in the world for position and surroundings. 
The island itself is a good specimen of a coral 
island of the Atoll type, being a lake with an edge 
to it. A peculiar lagoon it is, of any depth you 
please from 6 in. up to 40 ft., with limestone and 
coral heads jutting out in many places just under 
water, while in other parts there are long flats of 
coral sand stretching 600 and 700 yards. Of course 
this variety spoils the lake for navigating purposes ; 
ships drawing over 12 ft. cannot proceed further 
than the inside entrance, where they have to 
anchor full in the tideway, where the current 
runs from 4 to 5 knots an hour. This renders 
boat work awkward, and great care has to be exer- 
cised in bringing them alongside. One native 
canoe was capsized alongside. 

The manager and part owner here is Mr. D. 
Greig, who, with his wife, six children, and thirty 
natives, form the population of the island. The 
place itself appears to possess very much the same 
features as Washington Island, only to a smaller 
extent. It certainly is not so fertile, for man 
things (notably pineapples) which thrive very well 
at Wesbingien will not grow here. This compara- 
tive sterility is shown very clearly in the cocoa-nuts, 
for the former island, with an area of about four 
square miles, produced 180 tons of copra this year, 
as against 40 tons produced on this island on an 
area of about 10 square miles. It is not that the 
cocoa-nut trees are scarce, but many of them do not 
bear any fruit. Guano, principally rock, used to be 
the staple commodity of this island; but though 
there is any amount of it to be had for the asking, 
it is found that it does not pay to mine it, and so 
that part of the business has been given up, and 
copra is at present the only export. There are, too, 
black-edged pearl oyster shells to be found here, 
and I fancy the fishery would pay if worked 
properly, but just now nothing is being done with 
it. The diver belonging to the Black Duck was 
sent down, and brought up a dozen of these oysters 
during the afternoon. 

. There is very good shooting, including a species 
of snipe, with curlew and duck in their season. 
Sea birds, of course, are to be had in abundance, 
also paroquets, though they are not plentiful, 








The lagoon teems with fish. The natives take them 
by wading into the water with a torch at night, 
when the fish come round in large numbers, and 
are knocked on the head with a stick. Indeed, in 
the daytime, wading through the lagoon on the 
flats, I very nearly walked over some. The most 
plentiful are a species of white mullet, weighing 
from about 1 lb. to $ Ib. each. Cod will take fish 
bait greedily, and are caught with a line and hook 
in deep water (i.e., anything over three fathoms) 
outside the lagoon. 


CurisTMas IsLanpD. 

Lat. 1 deg. 57 min. N., long. 157 deg. 28 min. W. 
Leaving Fanning Island with the first of the 
ebb at 8 a.m., on Wednesday, October 19, we set 
out on the 170 miles that separated us from our 
next point, Christmas Island. Short of coal, with a 
foul wind and foul tide we hobbled along, doing 
about three knots over the ground, and it was not 
till 8 a.m. on the morning of the 21st that we sighted 
the island. It is not by any means easy to find. 
In the first place, it is very low, not more than 
8 ft. above the sea level anywhere, with very few 
trees, and those of the mangrove kind. From the 
deck of a ship it is visible about seven miles, the 
first thing seen being the tops of two or three 
clumps of trees. Then comes a white glary ap- 
pearance, produced by the sun shining on the white 
sand and heavy breakers, and lastly, on a low steep 
bank of sand, fringed with breakers. There are 
seen standing conspicuously the half a dozen cocoa- 
nut trees which exist at the entrance to the lagoon 
where the settlement stands. There is a very fair 
anchorage, right off the settlement in about ten 
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fathoms of water. During the short time we were 
there the sea was very quiet, but we learned that 
heavy rollers come in when the wind gets away 
from its normal direction, easterly, and goes to the 
north or south. 

Christmas Island is now the property of 
Messrs. Henderson and Macfarlane, of Auckland, 
New Zealand, who keep there an overseer (Mr. 
Thomas Williams, once an A.B. in Her Majesty’s 
service), and four native divers, who have as 
belongings five native women and two children. 
The only export is the golden-edged pearl shell (in 
contradistinction to the black-edged), which at 
Auckland is worth about 341. per cwt., or from 751. 
to 801. per ton. Each of the four divers gets 74 
dols. a month, and five cents for every pound of 
shell, the average find of which is 1000 lb. a month. 
Besides this, the overseer gets 30 dols. a month, 
and many things have to be found for the small 
community, for there is little on the island but fish. 
The expenses per month may be estimated at 150 
dols. (60 dols. for wages, 40 dols. for food, and 50 
dols. for the divers), while the value of the shell 
delivered at Auckland would be about 175 dols. 
This is a very poor working profit, but it must be 
borne in mind that nearly all the money paid away 
in wages is, as a rule, taken back again in exchange 
for cloth, &c., on which there should be a clear 
profit, after paying ship expenses, of 50 per cent. 

As to the island itself there is little tobesaid. It 
is much like Fanning Island, with the difference 
that Fanning is fertile while this is essentially 
barren. Cook talks of this island (which he disco- 
vered) as being covered with cocoa-nut trees, but 
beyond the half-dozen standing round the settle- 
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SHORE DELIVERY DREDGER FOR LAKE COPAIS. 
CONSTRUCTED BY MESSRS. HUNTER AND ENGLISH, ENGINEERS, LONDON. 


(For Description, see Page 104.) 


Fig. 3. 
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ment they have all disappeared. The idea is that 
they have been cutdown by shipwrecked partiesfrom 
time to time, and now, as a natural result of the 
absence of trees, the rainfall is slight and the land 
parched up. An attempt has been made to plant 
cocoa-nuts, but they don’t seem at allin a flourish- 
ing condition, and it is improbable that they will 
ever thrive. The natives here are from Penrhyn, 
and appear to be a superior race to those at Wash- 
ington and Fanning islands, both in the size of the 
men and the good looks and vivacity of the women. 
The men dive to the depth of 20 fathoms, stopping 
under water sometimes as long as 2$ minutes, 
and then coming up with their arms filled with 
from ten to a dozen shells, each pair of shells 
weighing about a pound. The women came on 
board in the afternoon and were so greatly inte- 
rested with what they saw that they quite disre- 
garded all attempts to get themto go. At last the 
captain hit upon an idea, and ordered the siren to 
be sounded. At the first blast the faces of astonish- 
ment, wonder, and horror were a sight to see ; and 
then, with their fingers in their ears, the women 
made for their boats as quickly as possible, and 
we were able to depart in peace. 
To be continued.) 
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Some Statistics of our English E. 3 Trains. 
1888, Windsor: Thomas E. Luff. [Price 3d. 

Tue letters with which fearful passengers filled the 

daily papers during the ‘‘ Race to Edinburgh” last 

summer, appear to have been mainly instrumental 
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in causing this little book to be written. We may 
therefore freely forgive the infliction from which we 
suffered, since it seems to have been the source of 
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this most interesting and lucid account of the feats 
which are 
companics. 


daily performed by our leading railway 
The subject is one which is of interest 
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VERTICAL CYLINDER BORING MACHINE. 


CONSTRUCTED BY MESSRS. FRANCIS 






\ 


oT iii 


= 
FATT 
TR 


as: 






i 


to everybody, since everybody travels. Those who 
love to hear the hum of the train as the speed ap- 
proaches 60 miles an hour, and delight to watch 
the fields and woods glide along, and the stations 
rush past with a startled roar, will here find the 
best expresses fully tabulated for them. On the 
other hand the people who deprecate high speeds, 
and imagine that safety is associated with slowness, 
may use the book as a finger-post to warn them 
from the rapid routes, and to point them to the lines 
where they may travel with tranquil nerves. We) 
fear their sense of security will be founded on error, | 
but that is true of many of our most cherished | 
prejudices. We admit that it is very easy to paint | 
a disquieting picture of the perils which environ | 
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speed but on the perfection of the organisation of 
the line, and the companies which attempt the 
highest speeds are just those which are the best 
managed, and which spare neither trouble nor ex- 
pense in eliminating every source of weakness from 


their systems. It is to be hoped that before the 
Scotch season traffic commences again the timorous 
passengers will appreciate this consideration, and 
if they do not care to occupy the quick trains them- 
selves, will, at least, exhibit a decent reserve, and 
not parade their fears in public prints. 

The early part of the work before us gives the logs 
of the best (1) Leeds expresses, (2) Scotch expresses, 
(3) Manchester expresses, (4) Liverpool expresses, 
and of (5) the Irish mail. For each of these there is 


the flying train, but when we place the sketch side by | given the stops, lengths of runs, average speed of each 
side with the records of experience, we find that the | run, average running speed of the journey, deduct- 
features which perturbed us most are wholly imagi- | ing stoppages, and the journey speed, or speed all 


nary and have no actual existence. The express 
fares as well as the dilatory stopping train. The 
safety of the passenger does not depend upon the 


through, including stoppages. Next the chief com- 
panies are considered in succession, and the parti- 
culars of the longest run, the quickest run, and the 
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bestexpress given for each. Finally there cometables 
of (1) the twelve longest runs in Great Britain ; 
(2) the twelve fastest runs in Great Britain ; and 
(3) the quickest time between some important 
English towns and London. Of the twelve runs 
between the maximum of 124} miles and 86? miles, 
six are credited to the Midland Company, two to 
the London and North-Wéstern, two to the Cale- 
donian, and one to the North-Eastern. Five of 
these long runs are done at an average speed, ex- 
cluding stoppages, over 50 miles an hour, viz. : 
Grantham to Sigs Cross, 1054 miles at 54 miles an 
hour, by the Great Northern. 
Leicester to St. Pancras, 99} miles at 52} miles an hour, 
by the Midland. 
Nottingham to St. Pancras, 124 miles at 514 miles an 
hour, by the Midland. 
Carlisle to Edinburgh, 101 miles at 514 miles per hour, 
by the Caledonian. 
Nuneaton tc Willesden, 914 miles at 50,% miles per hour, 
by the London and North-Western. 


When we consider what heavy lines the Midland 
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and the Caledonian are, this Table puts their 
achievements on a very high scale. Turning to the 
fastest runs we find the Great Northern Com- 
pany claims seven out of the twelve, and heads the 
list with five, ranging from 534 to 54 miles an hour ; 
two of them, however, are short, being 26? miles 
and 33 miles respectively. The others are : 

es to King’s Cross, 1054 miles at 54 miles an 

our, 

Grantham to Doncaster, 50} miles at 54 miles an hour. 

Huntingdon to Finsbury, bet oc OE ae oe 

The Manchester, Sheffield, and Lincolnshire line 
does the short spin of 16 miles between Manchester 
and Warrington fourteen times a day at the rate of 
53} miles per hour. One other company exceeds 
53 miles an hour, and that is the Great Western, 
which covers the 77} miles between Paddington and 
Swindon at the rate of 53} miles per hour. The 
London and North-Western Company attain 53 miles 
an hour twice a day in the 90 miles run between 
Carlisle and Preston, and they do the 41} miles 
between Bletchley and Willesden once at 52? miles 
an hour. The Midland end the list with 517 miles 
_ Kettering to Nottingham at 523 miles per 

our. 

It is curious to note that every company has at 
least one good express, even if the general speed 
of its trains is very poor. The South-Eastern 
runs from Cannon-street to Dover once a day with- 
out stopping, at an average speed of 47 miles an 
hour, while the London, Chatham, and Dover 
performs the same journey, starting from Victoria 
at a journey speed of 44% miles, and a running speed 
of 454 milesan hour. Of course the journey is short 
and there is no stoppage in the first case, and only 
one in the second ; still the road is heavy and the 
journey speed is above that of all the London and 
Manchester expresses, except the Great Northern, 
which is 47? miles an hour. The fastest journey 
speed of all, over a long distance, is that of the 
Midland express to Leeds, which leaves St. Pancras 
at 10.40. This covers the 204 miles in 4 hours 
7 minutes, at the rate of 49} miles an hour all the 
way. The Great Northern, as already mentioned, 
runs to Manchester at 47}? miles an hour, and it 
gets to York at 474 miles an hour, The Scotch 
express, on the same line, however, covers the same 
ground at 50 miles an hour. The author does not 
seem to consider this a Great Northern train, and 
gives the particulars of its running separately. 

The extracts we have given show the methodical 
and exact manner in which the subject is treated. 
But there are also many points of interest which we 
have not noticed. The very marked improvement 
which took place in expresses last summer, even on 
the southern lines, lends an additional value to this 
little work, which ought to be seen on every station 
bookstall, 





VERTICAL CYLINDER BORING MACHINE. 

Ovr illustration on page 103 shows a very strong 
and powerful vertical cylinder boring machine, made 
by Messrs. Francis Berry and Sons, Calderdale Iron 
Works, Sowerby Bridge. This machine is capable of 
boring cylinders from 2 ft. 6in. to 12ft. in diameter 
and 10 ft. high, and from 174 in. in diameter to 
2 ft. Gin. in diameter by 2 ft. 9 in. long for stuffing- 
boxes, &c. It is fitted with a boring bar 16 in. in 
diameter, with one boring head about 4 ft. 11 in. 
in diameter, and is also fitted with a compound slide 
rest for facing the ends of cylinders up to 12 ft. in 
diameter. The boring bar is so arranged that it can 
be lifted out through the top bearing without dis- 
turbing the main driving gearing. The boring head 
can be quickly raised a lowenal by hand or power. 
The feed is self-acting, and is made variable by a 
set of change wheels from 4 to 16 cuts per inch. 
As will be seen from the illustration, the machine 
stands upon a massive cast-iron bedplate, truly planed, 
with bolt slots for fixing the work to be operated upon. 
It is driven by powerful worm and wormwheel gear- 
ing, and is provided with cone pulleys and fast-and- 
loose pulleys. The approximate weight is 33 tons. 

The machine was constructed for a large engine 
works at Barcelona, where it is employed in boring 
marine engine cylinders, 





SHORE DELIVERY DREDGER. 

Tuis dredger, which we illustrate on page 102, 
is intended for the rove of excavating across the 
shallow marshy Lake Copais, in Greece, a canal 
which is to drain and so reclaim a very large tract of 
country for agricultural purposes. As it is desirable 
to form banks along each side of this canal, it isa 
great point to deliver the material at the level of the 
top of the bank at once, rather than to deliver into 








barges and thence again to raise it by hand on to the 
bank, 

Several schemes were submitted, one a French one 
embodying the long shoots placed at an angle fallin 
away from the top roll, down which the materia 
should be washed by means of water, as is done on the 
Suez Canal. This was, however, rejected as being 
unsuitable for the material to be dealt with, a hard, 
tenacious, sticky clay, which would not run down a 
shoot unless placed at a very great declivity. This 
characteristic would have necessitated the use of an 
exceedingly long dredging ladder, owing to the height 
to which the top roll would require to be raised, in 
order to give the necessary fall to the shoots. It was 
thought best to adopt a positive delivery by means of 
a belt, which system has been successfully applied by 
Messrs. Hunter and English in this country, Spain, 
and China, 

The outer end of the shore delivery belt has, in 
previous instances, been usually supported upon an 
independent pontoon, this having the advantage of 
allowing the dredged material to be delivered at any 
point within the reach of the shore ladder from a few 
points before the beam on the starboard to a few points 
before the beam on the port side of the vessel ; that is 
to say, at any angle through an arc of about 220 deg. 

In the present instance, however, there were certain 
obstacles, such as a complete forest of reeds 10 ft. or 
12 ft. high, &c., which would have interfered with the 
use of a separate pontoon, and the plan proposed by 
Messrs. Hunter and English, as shown upon the en- 
gravings, was finally adopted as grappling most com- 
pletely with the peculiarities of the situation. The 
material, as already stated, is clay of a very strong 
and tenacious character ; it is very difficult to remove 
from the buckets, a very large percentage of it remain- 
ing in the buckets until they have passed the shoots, 
and then falling back into the water. This difficulty 
has been overcome by the adoption of a plan suggested 
by Mr. Lee, of Westminster Chambers, in 1847, and 
executed for him on a dredger at Ipswich, in that year, 
by Messrs. Hunter and English, and which they have 
since applied with marked success in other places. 
This plan consists in fitting each bucket with a 
loose back which is forced forward as the bucket passes 
over the roll, starting the contents at the moment the 
bucket tips to discharge them. The remainder of the 
machinery does not call for any special remark. 

The head, bow, quarter, and stern anchors are 
worked by means of wire ropes wound upon drums 
which are driven by means of frictional gear. This 
enables them to be thrown into and out of gear with- 
out interfering with the running of the engine, and 
they are so arranged that one man can work all the 
anchors, 

The hoisting of the ladder is effected by means of 
wire rope wound upon a barrel, driven also by fric- 
tional gearing from the main shafting. The lever for 
working the ladder hoist is brought forward to such a 
position that the man attending to the ladder can 
raise or lower it, as he sees occasion may require, with- 
out leaving his post. He can also throw the main 
song clutch in and out of gear from the same posi- 
tion, and he also has direct communication with the 
engine-room. 

t should be stated that the shore ladders and pon- 
toons supporting them can be readily detached from 
the hull of the dredger, when the latter can be at once 
used for delivering into barges alongside in the ordi- 
nary way, si? side shoots and shoot hoisting gear 
being provided. 

The engines are of the compound surface-condensing 
type, capable of developing 90 indicated horse-power, 
the boiler being of the return tube multitubular type. 

The principal dimensions are as follows : 


ft. in. 

Length of hull _... oe YF eae 100 0 
Breadth... io a ahs = 22 5 
Depth at side 7 0 
9 centre ... 7 5 


The vessel is generally of steel, having four water- 
tight bulkheads, oak waterway, and pitch-pine deck- 
ing. The pontoons are of steel, each 40 ft. by 8 ft. by 
4ft. deep. The shore ladders are lattice girders, each 
extending 85 ft. from centre of dredger to centre of 
the drum at the outer end. The engines have 114-in. 
and 23-in. cylinders by 21] in. stroke. The ladder 
measures about 59 ft. between the centres of the rolls, 
having twenty-seven buckets in a complete chain, 
capable of excavating to a depth of 22 ft. below water. 

he vessel is to be re-erected in a dock excavated 
for it near Lake Copais, and when completed will be 
floated by the admission of water to the dock. It will 
then cut its own way out to the site of its operations. 
This is considered a better method in the shallow 
depth of water available than launching the vessel 
upon ‘* ways.” 





Water Suppiy or MELBourNE.—An official return sub- 
mitted to the Victorian Parliament shows that the total 
cost of the Yan Yean Water Works, from which Mel- 
bourne derives its water supply, amounted at the close of 
June, 1888, to 2,442,730/, 








THE PARIS EXHIBITION. 
THE PAVILION OF THE ARGENTINE REPUBLIC. 

THE Argentine Republic will occupy a large and 
very ornamental pavilion on the Champ de Mars ; the 
building has been designed by M. A. Ballu, and is 
illustrated on page 110. It will be 232 ft. long and 
82 ft. deep, with a central dome 91 ft. high, and four 
smaller domes around 72ft. high. The building will 
be of iron, with coloured ceramic panels and tiles. 
The Government of the Argentine Republic has made 
a grant of 132,000/. for the cost of its representation. 
We are indebted for our illustration to our contem- 
porary the Genie Civil. 





THE LIVERPOOL AND MANCHESTER 
RAILWAY. 
A New Chapter in the History of the Manchester and 
Liverpool Railway.* 
By Alderman W. H. Balry. 


At the commencement of this century William Roscoe, 
the poet, philanthropist, and banker, and to use the words 
of Baines, ‘‘ the elegant historian of Leo X.,” was a very 
busy man. His genius was many sided, for in the midst 
of active commercial pursuits he found time to lecture on 
the fine arts, as well as on the national importance of 
introducing new food seeds, and on improved methods of 
agriculture, He composed odes, psalms, hymns, and 
sweet sonnets, translated the life of Benvenuto Cellini, 
and wrote histories which are classical to the student of 
Italian literature, and as an orator and essayist he in- 
fluenced the public conscience in favour of the righteous 
work of his friends, Wilberforce and Clarkson, the libera- 
tors of the African slave. 

We also find him, with the sanction of Parliament, 
engaged in improving Chat Moss, dividing it into farms, 
draining it and making it increase the food supply of this 
country. For more than a quarter of a century this 
energetic lover of utility and beauty devoted himself and 
his fortune to the cultivation of this morass. In 18lla 
poet pays homage to his achievements : 


** Roscoe, to whose patriot breast belong 
The Roman virtue and the Tuscan song, 
Led Ceres to the bleak and barren moor, 
Where Ceres never gained a wreath before.” 


That hereditary qualities, that the features of the mind 
as well as those of the face may be transmitted, we have 
evidence in his illustrious grandson, Sir H. Roscoe, M.P. 
for Manchester. There were small railways, and we will 
call them pioneer railway engineers before George Ste- 
phenson, and railways on Chat Moss before the Man- 
chester and Liverpool Company’s Act 

For the cultivation of Chat Moss Mr. William Roscoe 
was fortunate in obtaining, as steward, the services of 
Mr. Robert Stannard, who had had considerable expe- 
rience on the Norfolk Broads and the cultivation of the 
bog-land of that county. 

Although it is outside the scope of our subject, permit 
me to say that I picked up an old book the other day, 
200 years old, in which is the history of the Bedford 
drainage. One of the contributors to the scheme being Sir 
Oliver Cromwell, whose estates were taxed for his share 
of the work; his nephew, Oliver Cromwell, was sent to 
Parliament by Cambridge burgesses to oppose the scheme, 
and thus became a public politician. The responsibility 
for the fate of that unfortunate monarch, Charles the 
First, may now be put upon the right shoulders. 





























EARLY RAILWAY ON CHAT MOSS, 


Mr. Roscoe introduced railways, designed by Mr. 
Stannard, on the Moss about the year 1816. The rails 
were of wrought iron, like an inverted V; the wheels 
being grooved similarly to those used for rope pulleys. 
These railways were portable because being light they 
were easy to move from one part of the Moss to another. 
When thus engaged in developing the capabilities of the 
Moss for agricultural purposes, the survey for the new rail- 
way commenced about the year 1823, and Stannard has 
stated that when Stephenson saw the many deep drains 
that had been cut in the Moss and the wagons and tram- 
ways at work, he determined to go straight on over the 
Moss instead of going round, whick would have taken the 
railway 14 miles nearer Worsley on the high Jand there. 
When the Bill passed, Stephenson gave Stannard the 
sub-contract from Eccles to about three miles over the 
Moss. The story of the enormous difficulties in connec- 
tion with this work has been graphically told by Mr. 
Smiles as well as by writers of local history, but the part 
that Stannard took in assisting Stephenson I think has 
not been related. 

The first difficulty in not finding a bottom of Chat Moss 

* Paper read before the Manchester Association of En- 
gineers. 
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was at a place called “‘ Blackpool Hole.” Here the con- 
tractor tipped spoil for more than three months without 
making the slightest progress. Quantities of old sugar 
casks were chained together with brushwood and moss, 
but these came to the surface again at some distance from 
the side of the line. Altogether something like 7000 cubic 
yards of spoil were tipped, and disappeared at this place. 
At length the directors began to complain, and Stannard 
urged them to purchase a plantation of young larch trees 
about half grown, nearly a mile distant from the line, at a 

lace then and still called Botany Bay Woods, near to 
Worsley Hall. 

Part of the wood was bought, the trees grubbed up by 
the roots and dragged to the Moss. These trees were 
laid together ‘‘herring-bone” fashion; pieces of rock, 
spoil, earth, and loose material were then tipped upon 
this timber, and the desired effect was obtained. No 
further difficulties were then encountered, the remaining 
portion of the work being done by the ordinary side 
drainage and copping. The whole of the cost of the four 
miles was not 37,000/., which was considered a large sum 
in those days, but which would not be thought very costly 
at the present time. The directors allowed Stannard a 
penny per cubic yard extra for the expenses in the pur- 
chase of the plantation of Botany Bay Wood. Mr. 
Edward Baines continued the cultivation of Chat Moss 
commenced by Mr. Roscoe, and there are now hundreds 
of acres under cultivation. 

It may be of interest to state that the piecework rate 
of wages paid for the main drains of the Moss, was from 
1}d. to 14d. per cubic yard, at which rate men earned 
from 3s. to 3s. 6d. per day. 

During the controversy between Stannard and Stephen- 
son, it seems there was great difficulty in convincing 
Stephenson that the raft system was the best, as 
Stephenson always insisted that if they put spoil enough 
on the Moss it would find a bottom; but although it did 
no doubt sometimes reach the bottom it did not stay 
there, as the bog had a specific gravity like a quicksand 
and assisted a flow from each side; but after a many 
anxious discussions Stephenson said to Stannard, ‘‘ Have 
your own way.” The contractor replied, ‘‘ Yes, I will, 
but I want some money.” Stephenson then said, ‘‘ the 
directors have none, but I have 400/. in one of the Liver- 
pool banks of my own, and I willlenditto you.” He got 
the money, and with a fresh supply of wagons obtained 
from Manchester and the weft and warp of the trees of 
Botany Bay Wood, he became successful in obtaining a 
foundation. 

The history of Botany Bay Wood is of some interest, 
for here the first attempt to make a canal was made by 
Francis Egerton, the third Duke of Bridgewater. The 
wood is on the south-west side of Worsley Hall, that is to 
say between Chat Moss and Worsley. In the reign of 
George II., in the year 1758, an Act of Parliament was 
obtained to make a canal from Salford to Worsley, and 
thence to Hollins Ferry on the River Irwell. The duke 
began operations in the bog-land at Worsley, which is 
now Botany Bay Wood. After a short length was made 
it was found not only that it would not hold water, but 
that it was impossible to get to the river in that direction, 
as Chat Moss wasin the way. This short length drained 
the surrounding land and brought it under cultivation. 
Trees were planted and Botany Bay Wood is the result. 

Before 1758, Scroope Egerton, the first duke, obtained 
power from Parliament to connect Worsley Brook with 
the River Irwell ; only a portion of the work was made. 
The Salford Canal scheme was abandoned by the third 
duke, but, by means of the Barton Aqueduct, constructed 
by Brindley, he crossed the river and made his canal to 
Manchester: thus the mistake of the Duke of Bridge- 
water contributed to the success of George Stephenson 
three quarters of a century after. 


It will be remembered that I read a paper some short | g 


time since to this Society in which I stated that at 
Worsley Canal yard Fulton’s first steamboat was built, 
and worked on the ‘ Duke Cut,” or canal, in 1798, before 
he went to continue his experimentson the Hudson River 
in America, 





CHAT MOSS HORSE PATTEN. 


A few days ago I saw in the office of my friend Mr. 
James Lamb, what appeared to me to be a snow-shoe, 
and, on making inquiries, I discovered it had been sent to 
him by Mr, Stannard’s son—Mr. Robert Stannard. This 
18 mentioned in Smiles’s ‘‘ Life of Stephenson,” where it 





is said Mr. Roscoe adopted the expedient of fitting his 
plough horses with flat wooden soles or pattens to enable 
them to walk upon the moss land, which had to be 
brought into cultivation. These pattens were fitted on 
by means of a screw which met in front of the foot; 
thus, with the increased base the horses were enabled, 
when fitted with these pattens, to walk about the Moss. 
These pattens are still used on the farms at the Moss, 

This pattern was introduced by Stannard. He also de- 
signed improvements in carts and wagons especially for 
the Moss work, with wheels 10 in. wide; he was the first 
to grow Swede turnips on Chat Moss in the year 1817, and 
exhibited samples at Warringtou Market dinner in that 
year. In 1816 he placed 100 South Down sheep on the 
Moss, obtained from Norfolk. 

he engineer’s daily work and business is to remove 
obstacles and to triumph over difficulties. Despair is not 
in his vocabulary ; with him muscle must always enter 
into partnership with brain; rationalised energy is his 
text ; the history of great work his guide; therefore, the 
contemplation of the bold patience, pluck, enterprise, and 
triumphs of such menas Roscoe, Stannard, the Dukes of 
Bridgewater, Stephenson, and Brindley, is a profitable 
investment of time, for thus he may enlarge the orchard 
of his mind and gather ripe fruits from trees planted by 
other men. 

The story of man’s labour on that triangular plot of land 
to which I have invited your attention, whose corners are 
Barton, Worsley, and Chat Moss, is to the engineer a 
perpetual textbook. Accompany me in imagination to 
Botany Bay Wood, and with our backs to Worsley Hall 
let us look to the left, and there we see Nasmyth’s works, 
the birthplace of the steam hammer. Right in front is 
the Bridgewater Canal and Brindley’s Aqueduct, at one 
time considered a wonderful triumph of the genius of an 
unlettered man. We also see one of the first railways 
ever made, the Manchester and Liverpool old line. There 
is also in sight another great work, the destinies of which 
are presided over by another Egerton, the Lord of Tatton, 
whose capacity and prevision entitle him to rank in our 
esteem as a worthy kinsman of the far-sighted public 
benefactors of his house and name, for in the far distance 
are the great steam navvies anda portion of the 15,000 
men who are engaged in making the Manchester Ship 
Canal, using many huge tools, some of which dig and 
deposit in trucks a cubic yard of earth every four 
seconds. On the right are the smiling farms and market 
gardens of Chat Moss, created upon what was in the 
ancient days a pestilential swamp, brought under subjec- 
tion by Roscoe and his doughty knights of the field of the 
cloth of green and gold. Every buttercup and daisy seem 
to whisper, and each tree and blade of grass to pay willing 
and graceful homage and gratitude for their rescue from 
the wilderness. 


‘* Your voiceless lips, O flowers, are living preachers, 
Each cup a pulpit, each leaf a book. 
Supplying to our fancy, numerous teachers, 
From lowliest nook.” 


The picture is one that appeals to the lover of his 
country, and it also creates exultation in the mind of the 
engineer, for those imperial, intellectual, and moral 
qualities that have made us a great people yet live in 
men of our race and blood. Knowing and feeling this we 
need not despair of the future of old England, nor of 
attacks from any quarter on our commercial supremacy. 





THE PHYSICAL SOCIETY. 

Ata meeting of the Physical ony held on January 26, 
1889, Professor Fuller, F.R.S., in the chair, the thanks 
of the Society were tendered to Mr. Freeman, for present- 
ing to the library a rare and interesting work, ‘‘ Ré- 
exions sur la Puissance Motrice du Feu et sur les 
Machines propres & développer cette Puissance.” Par S. 
Carnot, ancien éléve de L’ Ecole Polytechnique. 

Dr. 8. P. Thompson read three notes on polarised light, 
entitled respectively : 

“The Structure of Natural Diffraction Gratings of 
Quartz ;” ** Ahrens’ Modification of Delazenne’s Polariser ;” 
and ‘** The Use of I'wo Quarter-Wave Plates in Combina- 
tion with a Stationary Polariser.” Two microscope slides 
of iridescent quartz (prepared by the late Mr. Darker) 
which have recently come into the possession of the author, 
exhibit remarkable peculiarities. Both act like diffraction 
gratings, one as if the rulings were about 12,000 and the 
other about 26,000 to the inch. On examining the speci- 
mens by the microscope, it was found that the parts 
which exhibited the grating effects, showed a spindle- 
like structure, and by micrometer measurements the 
dimensions of the spindle-shaped bodies were determined 
to be from riss in. to sdoo in. in diameter and rho in. 
to sis in. long. These were much too large to cause ‘the 
effects noticed, but on closer examination it was found 
that the bodies were crossed at right angles by fine 
markings, the distances between which are in close 
accordance with those deduced from the spectra 
produced. As a probable cause of the phenomenon, 
the author mentioned a recent paper by Professor 
Judd ‘‘On the Production of a Lamellar Structure 
in Quartz by Pressure,” and suggested the possibility of 
making diffraction gratings by such means. Ahrens’ 
modification of Delazenne’s polariser consists of a total 
reflection prism combined with glass plates and black 
glass mirror, arranged so that the polarised beam is 
parallel to the original one. The combination of plates 
and mirror is adopted so as to give enough light and still 
keep the polarisation sufficiently good. One or two plates 
laid over the mirror are found to give the best results. 

The fact that a beam polarised by reflection is not 
coincident with the original beam renders it inconvenient, 
if not impossible, to rotate the polariser, and to overcome 
this defect the author has arranged two quarter-wave 





plates, one of which may be rotated. The first plate 
circularly polarises the plane polarised beam, and the 
second (or rotating one) replane polarises it in any desired 
plane. Objects were shown on the screen to illustrate 
the degree of perfection attainable by using the new 
polariser in combination with the two quarter-wave plates. 

A “‘ Note on a Relation between Magnetisation and Speed 
in a Dynamo Machine” was read by the same author. In 
a note presented to the Society in June last it wasshown 
that = p.> R=4mnC S, where = p, and = R are the mag- 
netic and electric resistances respectively, n=speed, and 
C and S the numbers of armature and field windings. 
By writing the equation in the form 

4rCS_ =p 
=R n 
it is seen that when the electric resistance is maintained 
eaaat, the magnetic resistance is proportional to 
speed. 

Professor Herroun read selections from a paper: 

**On the Divergence of Electromotive Forces from Ther- 
mochemical Data.” The fact that the electromotive 
forces of voltaic cells do not always coincide with calcu- 
lated values has not hitherto received a satisfactory ex- 
planation, and this paper describes an experimental 
research bearing on the question. Several suggested ex- 
planations are given. In some cells the anticipated 
chemical change does not occur, and some metals become 
coated with oxide or subsalts ; others are affected by dis- 
solved gases, and the hydration or solution of the salts 
formed may supplement or diminish the electromotive 
force of a cell, as well as the absorption or evolution of 
sensible heat. The question of absorption and evolution 
of heat is the one chietly dealt with. If such actions do 
take place, the total heat evolved by passing a definite 
current through the cell must depend on the direction of 
the current, and by inclosing the cell in a calorimeter the 
difference should be detected. 

The total heat developed by a current c in ¢ seconds is 
= Ort+ eCe where r is the resistance of the cell and ¢ 
the divergence of the observed from the calculated electro- 
motive force, the — or + sign depending on the direction 
of the current. In the case of mercury cells which are 
usually said to give about half a volt excess electromotive 
force, the heat was found to be independent of the direc- 
tion of the current. The heats of formation of mercury 
salts were then re-investigated, and the results showed 
that Julius Thansen’s numbers (the ones usually accepted) 
were greatly in excess of the true values. This accounts 
for the difference between the observed electromotive forces 
and those calculated from Thansen’s numbers. <A copper, 
silver, nitrate cell was tested in the calorimeter, and the 
reversible heat effect agreed closely with that deduced 
from the ‘‘thermovoltaic constant” or divergence of 
observed from calculated electromotive force. Other ex- 
periments on tin, lead, nickel, iron, and cadmium cells 
are described and the chief conclusions arrived at are: 
1. The primary factor in determining the electromotive 
force of a voltaic cell is the relative heat of formation of 
the anhydrous salts of the two metals employed. 2. That 
this electromotive force may set up chemical changes of a 
different direction and character from those predicable 
from the heat of formation of the dissolved salts. 3. That 
the electromotive force set up, viz., (1), may be and 
usually is, supplemented by the energy due to the hydra- 
tion or solution uf the solid salts, and may have values 
which accord with the heat of formation of the dissolved 
salts. The absorption or evolution of sensible heat de- 
pends primarily on the attraction between the salts and 
water, combined with the heat of solution. Finally, the 
author states that the electromotive force of a cell gives a 
more accurate measurement of chemical affinity than data 
derived from calorimetric observations, 





LIGHTING THE Hoosac TunNnEL.—The work of lighting 
the Hoosac Tunnel has been completed. Some 40 miles of 
lead-covered cables have been laid in wooden conduits in 
trenches on each side of the tracks. The power is supplied 
from two 125 horse-power boilers, and a 125 horse-power 
engine, three dynamos each of 650 16 candle-light capa- 
city, and two direct-current machines. 





ARouHITECTs’, SURVEYORS’, AND AUCTIONEERS’ DIARY.— 
This diary, published by Messrs. Waterlow Brothers and 
Layton, of 24, Birchin-lane, contains the names and 
addresses of the members of the Institute of British 
Architects, the Surveyors’ Institution, the Institution of 
Civil Engineers, and the Institute of Naval Architects. 
It contains articles on the legal aspect of land tax, tithes, 
rates, and nuisances. Also a digest of Acts relating to 
buildings, an index to general statutes, and many other 
subjects of interest. The price is 3s. 6d. 





CaTaLocurs.—We have received from Messrs. A. 
Ransome and Co., of Stanley Works, Chelsea, London, 
a copy of a new issue of their catalogue. Messrs. Ran- 
some’s manufactures cover the entire field of wood-work- 
ing, and their catalogue is an illustrated exposition of all 
that is best in machinery for the purpose. The catalogue 
of mining machinery, published for Messrs. Calvert, 
Cornes, and Harris, of London, E.C., by E. and F. N, 
Spon, aims at being something more than a mere price 
list, and besidesgiving descriptions of the various machines, 
deals to some extent with the different systems of treat- 
ing ores. It should be useful to directors of mining com- 
panies and to colonists. Messrs. Gresham and Craven, 
of Ordsall-lane, Manchester, have issued a new catalogue 
giving engravings and price of the numerous varieties of 
their injectors. Upwards of 100,000 of Gresham’s in- 
jectors are in use in various parts of the world. 
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SMALLMAN’S HAULAGE CLIP. 

On the present eee we illustrate a cable clip in- 
vented by Mr. J. W. Smallman, of Nuneaton, which 
has been adopted by many collieries for underground 
haulage. As our engravings show, the clip consists 
of two plates held together by a single bolt, the lower 
portions of these plates being fitted with steel liners 
shaped to fit the rope. The clip is tightened by the 
hand lever, shown to the right of the engraving, which 
works on a pin as a fulcrum, and has its short arm 
wedge-shaped, corresponding to the upper portions of 
the plates previously mentioned. By raising the lever 
these are forced apart, and the liners correspondingly 
tightened on to the cable. It will be seen that the 
clip is simple in construction, and can be easily re- 
leased or tightened, whilst, as the bearing on the cable 
is 5in. long, neither the latter or the clip itself are 
exposed to injury from over-pressure, 





COMPOUND GOODS LOCOMOTIVE FOR THE 
PRUSSIAN STATE RAILWAYS. 


Tue locomotive illustrated on our two-page plate 
and also on the present and opposite pages is built 
on Messrs. Worsdell and Von Borries’ well-known com- 
pound system. Already sixty-five locomotives of this 
type are in operation or have been ordered ; they have 
been found to work most satisfactorily on different 
lines of the Prussian State Railways, 

The general arrangement is the same as adopted by 
nearly all Continental railways for goods engines with 
six coupled wheels, this type being well fitted for the 
slow speed and heavy trains with which Continental 
goods traffic is generally worked. The three axles are 

laced under the long boiler barrel, all in front of the 
Revbox ; the cylinders are outside, slightly inclined ; 
the slide valves are inside and are worked by the 
ordinary Allan straight link gear. 

The steam, partly expanded in the right-hand high- 
pressure cylinder, is conducted by an 8-in. connecting 
copper pipe through the smokebox to the starting valve, 
fixed on the entrance flange of the left-hand low-pres- 
sure cylinder ; the heat in the smokebox prevents con- 
densation of the steam. 

A starting valve is indicated in Fig. 4, but the valve 
actually now used is shown in detail in Figs. 5 to 8. 
When the regulator is opened steam from the boiler 
flows through the passage c, and acts on the ends of 
the plungers b 6 connected to the valve a, which closes 
the exhaust pipe from the high-pressure cylinder, The 
steam closes the valve, and in so doing opens the ports 
d d shown in Fig. 5, and in section in Fig. 8. Com- 
munication is thus afforded from the passage c to the 
steam chest of the low-pressure cylinder, and is main- 
tained open until the exhaust from the high-pressure 
cylinder acquires sufficient pressure to force back the 
valve A. ‘This closes the small ports dd, and the 
my then works compound, A relief valve is pro- 
vided to prevent the pressure rising too high in the 
low-pressure steain chest, 

The cylinders and front covers are well protected 
and the front plate of the frame connection is shut by 
a double door to prevent condensation in the cylinders 

and valve-boxes. 

The links of both cylinders are worked from the same 
shaft ; at full power the steam is cut off in both cy- 
linders at the same point, but as the lever is notched 
up, the cut-off gradually becomes earlier in the high- 
pressure cylinder than in the other. This result is 
obtained by fixing the levers to the shaft at different 
angles, as described and shown on page 434 of our 

forty-first volume. 

The boiler is worked at 174 lb. pressure, the ordi- 
nary standard engines of same type having 145 lb. 
The tubes are iron, 0.01 in. in thickness, fixed in the 
firebox tubeplate by rolling up and flanging and in 
the smokebox by rolling only. The firebox crown is 
stayed by iron stays, screwed in and rivetted at both 
ends; this arrangement giving perfect satisfaction. 
The boiler is provided with a Ramsbottom double 
safety valve. The springs of the front and driving 
axles, and those of the trailing axle, are connected by 
equalising levers, so that the engine is perfectly 
balanced. The wheels and axles with eccentrics and 
balanceweight are precisely the same as for the ordi- 
nary standard engines, so that all these parts, as well 
as the connecting and coupling-rods, are interchange- 








able. The principal dimensions of the engine are as 
follows : 
Diameter of high-pressure cylinder ... 17.8 in. 
- low es “ cooe? MEBs 
Stroke ie oe sks ne wer BAB os 
Diameter of driving wheels _... sf. Sas 
an axles and journals... TA 
Wheel base.. ws ee ae .. 11 ft. 2in. 
Boiler pressure... on = mee: 8 
Diameter of barrel inside woe Nees 
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Diameter of iron tubes outside... ‘iz Me 
Thickness of tubes Bes a + gs 
Length of tubes between plates ... 14 ft. 7 in. 
Number oftubes... 4, «.. 180 
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miles an hour against 55 wagons for the standard loco- 
motives, saving altogether 15 to 20 per cent. of coal 
against the latter. These compounds, after about a 
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The engine is accompanied by a six - wheeled | 


standard tender carrying 
4 tons of coal, the weight of the loaded tender being 
26.2 tons. 


The engines of this type take coal trains of 28 


wagons, weighing 440 tons, up long gradients of 1 in 
100 with a speed of ten miles per hour, against 26 
wagons for the ordin: 


standard engines ; they also 


take 60 wagons, weighing 950 tons, on lines with 






four years’ trial against the ordinary engines, show_a 
saving in cost of repairs of about 6 per cent. ae 4 

The engine illustrated was constructed by the Han- 
noversche Maschinenbau Actien-Gesellschaft, of Lin- 
den, near Hanover, 





Tue P. anv O. Pooxet-Boox.—The Peninsular and 


2300 gallons of water and Oriental Steam Navigation Company have issued a very 


handy little ket-book, constituting a gossiping guide 
to the East, Sedemnenell with a good deal of solid Pfor- 
mation about routes, distances, and times. It gives a 
| history of the company, short accounts of the principal 
rts to which they trade, with longer descriptive papers 
y authors of eminence dealing with the principal Oriental 
countries. The work ends with a number of tables and 
twenty-seven capital maps, The price is 2s, 
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NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday’s warrant 
market was characterised by an improved tone, and business 
was done in Scotch iron, prices ranging from 41s. 44d. 
to 41s. 7d. per ton cash. No cash business was done in 
Cleveland or hematite iron. At the close in the after- 
noon the settlement prices were—Scotch iron, 41s. 6d. per 
ton; Cleveland, 333. 9d.; hematite iron, 44s. 6d. per 
ton. Friday’s market was quiet, with a somewhat strong 
feeling towards the close of the forenoon meeting. Colt- 
ness No. 3 was advanced 6d. per ton, to 48s. 6d., a fairl 
good price for iron for engineering purposes. Scotc 
warrant iron sold in the forenoon at 41s, 5d, to 41s, 7d. 
per ton cash, but in the afternoon there was a decline to 
41s, 5d. cash. Hematite iron was sold at 44s. 7d. per 
ton cash in the forenoon. The settlement prices at the 
close were—Scotch iron, 41s. 44d. per ton; Cleve- 
land, 333. 9d. ; hematite iron, 443. 6d. per ton. On 
Monday forenoon the market was somewhat affected 
by the restlt of the election in Paris on the pre- 
ceding day. At first prices became easier, down to 
4ls, 34d. per ton cash being accepted for Scotch war- 
rants; but in the afternoon the feeling became firmer. 
Cleveland and hematite iron also declined in price in the 
forenoon, and subsequently improved. The settlement 


prices at the close remained as at the closeon Friday. At} G) 


both meetings of the “‘ ring” yesterday there was heavy 
selling for cash, the price for Scotch iron declining to 41s. 
ot ton. No business was reported in hematite iron, the 

olders of which asked 44s. 6d. per ton cash in the fore- 
noon and caine down to 443, 14d. in the afternoon. Cleve- 
land iron remained tolerably firm all day. At the close in 
the afternoon the settlement prices were—Scotch iron, 
41s. per ton; Cleveland, 23s. 6d. ; hematite iron, 44s, per 
ton. The market was slightly firmer this forenoon, with 
a fair amount of business done in Scotch warrants, the 

rice of which advanced to 41s, 2d. per ton cash. Cleve- 
and and hematite iron also advanced in price. Business 
was done in the afternoon down to 41s. per ton cash for 
Scotch iron. No cash business was done in Cleveland or 
hematite. During the past week one blast furnace working 
hematite has been blown in at Coltness Iron Works, and 
a turnace has been damped out at Summerlee Works, 
so that there are still 79 furnaces in actual operation, 
as compared with 83 at the same time last year. Business 
in Scotch special brands is not very brisk, but the home 
trade generally continues to be exceedingly active. There 
is little or no change to report in ape of the prices of 
Scotch special brands. Last week’s shipments of pig iron 
from all Scotch ports amounted to 8177 tons, against 6669 
tons in the corresponding week of last year. They included 
1105 tons for the United States, 200 tons for India, 328 
tons for Australia, 210 tons for Italy, 300 tons for Hol- 
land, smaller quantities for other countries, and 5326 tons 
coastwise. The stock of pig iron in Messrs. Connal and 
Co.’s public warrant stores yesterday afternoon stood at 
1,034,032 tons, as against 1,033,344 tons yesterday week, 
thus showing for the week an increase of 687 tons. 


Malleable Iron and Steel.—Manufacturers of malleable 
iron find the press of work increasing, and notwithstand- 
ing the advance in prices orders are being booked and in- 
quiries are as numerous as ever. The foreign demand is 
wakening up, and the consumption is all that could be 
desired, engineers and rivet makers especially going 
through large quantities of finished iron. In most cases 
the makers find some difficulty in arranging timely de- 
livery of their new orders, as already their hands are full 
of old contracts. It is stated that the manufacturers of 
sheets and plates have as much work as they can set 
their faces to for the next six months. There is also as 
mach work in the hands of the steelmakers as will kee 
them going for several months. In one instance as muc 
as 9/. per ton has been obtained for a lot of boiler plates ; 
and in another it is stated that it is contemplated by an 
enterprising firm of malleable iron manufacturers in Coat- 
bridge to put down a new steel works, in the event of 
the briskness of demand for steel showing signs of con- 
tinuing. The plethora of orders in the hands of Scotch 
steelmakers has led to an order for the plates required 
for a large veasel which is to be built on the Clyde having 
been placed with a Middlesbrough firm. 


Shipments of Machinery, d&c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde reported last week included the following: 
Two locomotive engines for the Philippines, of the value 
of 1711/.; sugar crushing and other machinery for 
Calcutta, Manilla, the Philippines, and the United 
States, valued at 11,700/.; blooms, plates, bars, and 
other steel manufactures, of the value of 3400/. ; pipes 
and other castings, malleable iron tubes, plates, bars, 
bridgework, railway iron, and miscellaneous iron manu- 
factures, valued at 21,000/. 


_ Shipbuilding and Engineering Contracts.—The Grange- 
mouth Dockyard Company have secured a contract to build 
a steel sailing barque of 1200 tons for Liverpool owners, and 
a 550-ton steel screw steamer for Stravanger, Norway. 
One of these vessels will be built at Grangemouth, and 
the other at Alloa Shipbuilding Yard, which has been 
leased by the company. The Clive Steam Tug Company, 
of London and Calcutta, have placed a contract with 
Messrs. William Denny and Brothers, Dumbarton, for 
the supply of a steel twin-screw tug steamer. This vessel 
will be larger and more powerful than any tug now plying 
in the Hooghly, the largely increased tonnage of sailing 
ships within the past few years having rendered a corre- 
sponding development in the size and power of tugs 
necessary. This new tug is being designed under the 
instructions of Mr, Walker, of Calcutta, the company’s 
superintendent engineer. For a new line of steamers to 


about 3000 tons gross and of 4000 tons carrying capacity, 
with triple-expansion engines of 1700 indicated horse- 
power, have just been ordered, and the contracts for 
three of them have been placed with Clyde builders. 
Messrs. Barclay, Curle, and Co. will build and engine one 
of them; the London and Glasgow Shipbuilding and 
Engineering Company will build and engine another ; and 
the third will be built by Messrs. Charles Connell and Co., 
the engines being supplied by Messrs. David Rowan and 
Son, Glasgow. The other two steamers will be built in Ger- 
many. Itseems that there wasa somewhat keeneffurt made 
to secure for the Clyde the building of all the five vessels. 
Messrs. Scott and Co., Greenock, have recently concluded 
a contract to build a screw steamer of 360 ft. in length 
and of about 3500 tons for service between Lisbon and 
Africa. A few monthsago Messrs. Scott and Co. secured 
an order for the construction of three similar steamers for 
the same owners—a new company, to whom a subsidy has 
been granted by the Portuguese Government for the con- 
veyance of the mails. These steamers will each be fitted 
with triple-expansion engines of 4000 indicated horse- 
power. There is also on order for the same company a 
steamer of 1400 tons. Messrs. Hanna, Donald, and 
Wilson, Paisley, have booked an order to build three 
marine boilers, each of about 25 tons weight, for the 
Indian Government. For Messrs. John Priestman and Co., 
shipbuilders, Sunderland, Messrs, Hutson and Corbett, 
asgow, have contracted to supply a set of triple-expan- 
sion engines of about 1200 indicated horse-power for a 
steamer being constructed on the Wear. 


Royal Scottish Society of Arts.—The fifth meeting of the 
Royal Scottish Society of Arts was held in the hall on Mon- 
day night, Mr, Francis Brodie Imlach, President, in the 
chair. Mr. John Sellar Matheson, chronometer maker, 
Leith, made a communication to the Society on compensa- 
tior. balances, with a newindex for the more accurate rating 
of chronometers, Mr. Matheson spoke of the chronometer 
as of practically recent date. About1767, in the reign of 
George III., who took a great interest in the subject, a 
commission was appointed to investigate the matter, and 
large rewards were offered for the best design. But 
none of them seemed to have been taken up by the 
trade. Mr. Matheson then showed a number of com- 
pensation balances for rating chronometers, the prin- 
cipal difficnlty in the making of which, he said, was 
that sometimes the one metal did not adhere properly to 
the other. At one time, he said, we should have thought 
it madness had a captain asked for his chronometer to be 
cleaned in a week, but now that was quite simple to 
manage. An interesting discussion followed, during 
which Mr. Peebles stated that he thought watchmakers 
would do the public a great service if they could intro- 
duce a method for regulating common watches, and Mr. 
Matheson was thanked for his communication. Dr. R. 
M. Ferguson then delivered a communication on a simple 
diagram of a million units, drawn by Mr. Robert Mor- 
ham, city architect, communicated and exhibited as 
illustratative of object-teaching in arithmetic. Dr. Fer- 
guson received the thanks of the meeting for his explana- 
tions, and a vote of thanks was passed to Mr. Morham 
for having sent the diagram. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Y esterday there was only 
a moderate attendance on ’Change, and little business 
was transacted. Although the telegrams from Glasgow 
reported prices easier, the quotations here were firm 
on the basis of No. 3 Cleveland pig iron selling at 
34s, per ton. The heavy and increasing stocks in 
Scotland have a great tendency to depress prices. 
In Cleveland the prospects of a good and prosperous 
year are better than ever. Shipments are improving, 
and stocks are being gradually reduced. On Mon- 
day night Messrs. Connal and Co., the warrant store- 
keepers, had in stock at Middlesbrough 246,192 tons of 
ig-iron, a decrease on the week of 270 tons. In Glasgow 
Aessrs. Connal now hold a stock of 1,033,344 tons. There 
is a steady demand for all classes of iron, both on home 
and foreign account, and prices are very firm. Inthe 
manufactured iron trade there is continued activity, and 
all the mills and forges are well employed. The steel 
trade is brisk. Orders for rails have been rather scarce of 
late, but they are a little more numerous now. 
Engineering and Shipbuilding.--All the engineering 
firms in the North are full of work, and shipbuilders are 
well supplied with orders, but unfortunately in the latter 
important industry some slight delay in the execution of 
work has been caused by the wages disputes in the yards. 
It is hoped and believed, however, that matters will soon 
be amicably arranged, so that all departments may be kept 
steadily and constantly occupied. 


Platers’ Helpers’ Dispute.—In consequence of the dispute 
at present existing between the platers and their helpers 
on the Tees, a meeting of the executive of the latter was 
held a few days ago at South Bank for the purpose 
of discussing the action the men belonging to their 
society had adopted during the week, and what action 
was to be pursued until a settlement was arranged. 
After hearing reports read from Hartlepool, Stockton, 
and Middlesbrough, a resolution was proposed recom- 
mending the men to adhere to their demand for the same 
percentage on their wages as the platers, and to ask that 
their wages in future should be paid at the works offices 
and not by the platers, This resolution was agreed to 
unanimously. The helpers have done their best to avoid 
a dispute, having appointed several deputations to meet 
the platers to settle affairs amicably. It seems that the 
platers and their delegates have not yet agreed on the 





ply between Hamburg and Calcutta, five vessels, each of 





erms they are prepared to make with their helpers, 








Board of Arbitration.—On Monday the annual meet- 
ing of the North of England Iron Trade Board of Arbitra- 
tion was held at Darlington, the president, Mr. Whitwell, 
in the chair. The annual report, which was very satisfac- 
tory, was adopted. A notice was read from the men’s 
secretary, Mr. Trow, claiming an advance of wages for 
puddlers, forge, and other workmen from 23rd February 
next, Thechairman said that the advance of 24 percent., 
as in Staffordshire, might be granted on the understanding 
that, during the period it should run till the end of June, 
a sliding scale should be formulated, and in the event of 
any difference of opinion as to the basis of such scale, Dr. 
Watson, of Newcastle, should be called in as arbitrator to 
settle the matter. It was decided to have the matter 
considered by a committee. 


The Productionand Prices of Manufactured Ivron.—On 
Tuesday, Mr. Waterhouse’s returns, showing the produc- 
tion and prices of manufactured iron in Cleveland were 
received at Middlesbrough. They showed that for the two 
months ending 31st Dec. last the total production of manu- 
factured iron was 53,941 tons, and the average net selling 
price during that period was 4/.19s. For the previous 
two months the total amount of iron produced was 
52,960 tons, and the average net selling price was 41, 163, 
per ton. 

The Coal and Coke Trades.—In the fuel trades there is 


no new feature. Prices are firm, the tendency being 
upwards, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Recent Crisis in the Yorkshire Coal Trade.—At the 
half-yearly meeting of the Lofthouse Colliery Company, 
held at Leeds on Saturday, Alderman Latham, the chair- 
man, stated that for 44 years they had never experienced 
such a bad six months. One cause of this was the mild- 
ness of the season, which had told against the demand for 
house coal. Another reason was thestrike, by which they 
were deprived of 8000 or 9000 tons of coal. During the 
half-year the amount paid to miners had been 18,500/., 
and to shareholders only 2098/7. For his own part he could 
never see any justification for the recent advance de- . 
manded and paidto the miners. Although the volume of 
coal produced was larger than in previous years, it was 
never less profitable, and at 4s. 9d. a day the men could 
scarcely say that they had starvation wages. Hesuggested 
that in order to meet the consequence of other strikes, 
coalowners should have a reserve fund on similar lines to 
that organised by the men. In no other way would they 
be able to meet a long and protracted strike. A dividend 
of 10 per cent. was declared. 


New Railway in South Yorkshire.—The proposed new 
South Yorkshire Junction Railway, which is planned to 
leave the Manchester, Sheffield, and Lincolnshire Rail- 
way, east of Mexborough, joining the Hull and Barnsley 
line, near Wrangbrook, came under consideration at a 
meeting of the Coalowners’ Association, held at the Royal 
Victoria Hotel, Sheffield, on Friday. The suggested line 
will shorten the route to Hull for many of the South 
Yorkshire collieries, and by means of another branch will 
improve the communication with the Great Eastern and 
Great Northern systems at Black Carr Junction. The 
meeting decided to support the new undertaking. 


Increased Output of Iron—The preparations for the re- 
starting of the twenty-two puddling furnaces and a plate 
mill at the Parkgate Steel and Iron Works are in a very 
forward state. The total output of finished iron when 
the whole of the plant is in operation will be about 800 
tons per week, while in the new steel works, when com- 
pleted, the estimated production will be about 600 tons 
per week. A few days ago the second Siemens furnace 
was lighted and the third will shortly be. 


The Miners and Federation.—At a conference of miners 
of the National Union, opened in Leeds yesterday, the 
following resolution was adopted : ‘‘ That considering the 
Miners’ National Union has been productive of so much 
good in procuring beneficial changes in the law relating 
to mines, and having in view the many and important 
questions which claim their attention, and are of the 
highest importance to the mining population, we believe 
it to be imperatively necessary for all the districts to join 
a federation based on the rules of the National Union, 
and the secretary is instructed to write to the other 
organisations in order that the question may be brought 
before their members and the Council meetings,” 








NOTES FROM THE SOUTH-WEST. 

London und South-Western Railway.—The progress of 
the works on the Wimbledon and Fulham and Fareham 
and Netley lines during the past six months has been 
satisfactory, and the lines will be completed and opened 
for traffic in the course of the present half-year. A third 
line of rails has been nearly completed from Weybridge 
to Byfleet, and the doubling of the Ilfracombe line be- 
tween Braunton and Morthoe, is welladvanced. Widen- 
ing works which are in progress between Waterloo and 
Nine Elms, are being carried on with extreme difficulty ; 
the works are, however, now so far advanced that the 
directors expect to open the section to Paradise-street, 
Lambeth, by the close of June, 1889. The improvements 
determined on in connection with the Bodmin and Wade- 
bridge line have been completed. The expenditure made 
on capital account in the second half of 1888 was as fol- 
lows: Waterloo improvements, 2924/.; widening lines, 
65,9991. ; Bodmin and Wadebridge improvements, 10,3851. ; 
Nine Elms improvements, 5495/. ; strengthening bridges, 
2532/. ; Bournemouth line and stations, 19,402/. ; property 
acquired at Southampton and Surbiton, 7710/. ; Datchet 
ont Brockenhurst Station improvements, 4035J. ; inter- 
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locking, telegraph, block system, and other improvements, 
12,295/. ; Netley and Farnham line, 24,651. ; Wimbledon 
and Fulham Junction line, 54,495/.; working stock, 
24,889/.; new steamboat (instalment of cost), 11,083/. ; 
— to works of other companies, 70,687/. ; total, 
316,5810. 


Cardiff.—The demand for steam coal has continued 
good, and prices have been firm with an upward tendency. 
The best qualities have made 13s. 6d. per ton. Second- 
class coal has been firm at 12s. 6d. per ton, and best Mon- 
mouthshire has been quoted at 11s. 6d. to 123. per ton. 
House coal has been also firm. No. 3 Rhondda has made 
11s. 6d. per ton, being the highest price which has been 
obtained since 1873. The manufactured iron and steel 
trades have been well maintained at former rates. 


Bute Docks.—The Bute Docks Bill came on Tuesday 
before Mr. Campion, one of the examiners of the House 
of Commons, for proof of compliance with Standing 
Orders. The object of the Bill is to confirm certain agree- 
ments between the Bute Docks Company and the Taff 
Vale Railway Company with respect to the maintenance 
and working of the Bute Docks undertaking. Formal 
evidence having been given, the examiner declared the 
Standing Orders of Parliament duly complied with, and 
indorsed the Bill to that effect. 


Landore Steel Works.—There is some prospect of a lock- 
out at Landore being terminated by the sale of the old 
and new steel works belonging to the Landore Siemens 
Steel Company, Limited, now in liquidation. The 
property includes, not only the old and new works, which 
cover an area of 95 acres, but also the vendors’ interest 
in several collieries in the neighbourhood. There are still 
two furnaces in blast at the iron works, which are capable 
of producing about 60,000 tons of pig yearly. About 
75,000 tons of finished steel can be turned out at the new 
steel works, 


The “‘ Galatea.” —The 6-in. guns of the Galatea, which 
has been lying idle at the basin at Portsmouth waiting 
for her armament for upwards of eighteen months, have 
at last arrived, and will be mounted on board the ship in 
a few days. The two 9,2-in. guns for her bow and stern 
chasers, however, have not yet been sent down from 
Woolwich. 


Coal Shipments at Penarth.—Last week’s coal shipments 
from dock and harbour amounted to 85,236 tons. This is 
the largest total ever attained in one week. 


Barry Dock and Railway.—The Barry Railway from 
the dock station to East Barry is practically ready for 
traffic. A large carriage shed is being erected close to 
the East Barry Station. 


MISCELLANEA. 

Mr. Joun Arrp, M.P., will preside at the forty-fifth 
anniversary festival dinner of the Iron, Hardware, and 
Metal Trades’ Pension Society, to be held at the hall of 
the Ironmongers’ Company in May. 





An official inspection was recently made of the swords 
belonging to the 5th Dragoon Guards, now stationed in 
Dublin. The results were: broken in striking, 25; slightly 
defective, bent, &c., 31; perfect, 363 —total examined, 
419. 


The sixteenth annual meeting of the shareholders of 
the Yorkshire Boiler Insurance Company was held on 
Monday afternoon at the offices of the company, Sun 
Bridge Chambers, Bradford, the chair being occupied 
by Mr. George Hodgson, chairman of the company. 


Dr. Ewart, chairman of the Sanitary Committee at 
Brighton, has been elected president of the District 
Council for the Registration of Plumbers for the county of 
Sussex for the current year. It has been arranged to open 
classes for plumbers in the Brighton Technical Institute. 


The accounts of the North London Railway Company 
on the past half-year, subject to audit, show a sufficient 
profit, after paying 7000/7. to the reserve, to admit of a 
dividend at the rate of 74 percent. per annum to be de- 
clared, and of 3128/. being carried forward, as against 
2936. for last year. 


The gross receipts of the twenty-three principal railways 
in the United Kingdom for the week ending January 20, 
amounted, on 16,022} miles, to 1,169,651/., and for the 
corresponding period of 1888, on 15,925? miles, to 
1,119,116/., an increase of 964 miles, or 0.6 per cent., and 
an increase of 50,535/., or 4.5 per cent. 


The sixth meeting of the present session of the Liver- 
pool Engineering Society was held at the Royal Institu- 
tion, Colquitt-street, on January 23, Mr. J. J. Potts, 
Assoc. M. Inst. C.E., Ns ig age in the chair, when 
& paper was read by Mr. H. H. West, M. Inst. C.E., 
on ‘Steel in the Hands of the Naval Architect.” The 
discussion on the subject of the paper was adjourned till 
next meeting. 


Among those lost in the recent wreck of the s.s. 
Priam, off the coast of Finisterre, was Mr. J. Darbyshire, 
an engineer well known in connection with tramway 
construction and management. Mr. Darbyshire was on 
his way to —— to undertake the control of the Penang 
tramways, on behalf of Messrs. Kerr, Stuart, and Co., 
and was accompanied by his wife, who was also lost. 
They left four children in England to mourn their loss. 


The sixth annual dinner of the past and present pupils, 
&c., of the London and North-Western Railway Works 
at Crewe will be held at the Grand Hotel, Charing Cross, 
on Thursday, February 14, at7 p.m, Mr, F. W. Webb 





has kindly consented to preside, and there is every 

rospect of the gathering being very largely attended. 
The honorary secretary for the dinner (to whom all appli- 
cations for tickets, &c., are to be addressed) is Mr. A. H. 
Hernu, Baron’s Court-chambers, West Kensington, S.W. 


A serious explosion took place in the Crewe steel works 
of the London and North-Western Company on Friday 
last. As a ladle containing molten steel was being 
lowered into the pit, a wheel of the crane gave way and 
the molten mass was precipitated into the pit, and an ex- 
plosion instantly followed, the metal being flung all over 
the shed, one man being killed and several very severely 
burnt ; an examination of the broken wheel has not led to 
the detection of any flaw in the metal. It is therefore 
supposed that some hard substance had fallen between 
the cogs of the wheels, thus causing the fracture, and this 
view is supported by the statement of the man. 


The work of repairing the outer or wharf wall of the 
fitting basin at Portsmouth, which exhibited serious signs 
of collapsing under the enormous pressure of the harbour 
waters, has been begun. Although the excavations are so 
far from being finished that four years would be probably 
required to complete them, it was deemed expedient some 
time ago to allow the water to enter with the object of 
balancing the strains. The basin is of irregular shape, 
and incloses an area of 144 acres. The walls are built 
upon piles, and their height from the level of the front 
longitudinal sleeper to the coping is 384 ft., the thickness 
at the base being 16ft., which is reduced by offsets at the 
back to 6 ft. at the top. 


In order to relieve the congestion of traffic on the 
Brooklyn Bridge the Barnes Main scheme is to be 
adopted, which consists, so far as the New York terminus 
is concerned, in widening the station until it covers both 
wagon - ways, thus making room for two additional 
tracks, one on the north side for inborne trains and the 
other on the south side for trains loading for Brooklyn. The 
new tracks will be arranged as sidings, joining the main 
lines a short distance from the station. The present cable 
will supply all themotive power needed. Incoming trains 
will reach the station by gravity after dropping the cable. 
Outgoing trains on the south switch will be started by an 
engine; those on the main line will continue to pick up 
the cable as they do now. 


A horrible affair has occurred at Hawkesbury Bridge, 
Sydney, New South Wales. Mr. Ryland, of Messrs. 
Ryland and Morse, sub-contractors for the erection of the 
superstructure of this great bridge, was walking along the 
top of one of the spans, when he missed his footing and 
fell some fifty feet into the river below. Even as he was 
falling a huge shark was observed immediately below, and 
the unfortunate man had scarcely reached the water when 
the monster seized him, and both disappeared under the 
water, which at once became tinged with blood. A number 
of workmen and others on the bridge who witnessed the 
accident remained horror-stricken and helpless. The 
deceased, with his partner, was just bringing to a succsss- 
ful close a contract of considerable magnitude. 


An inquest was held at Bradford last Monday on the 
body of William Harris, who was killed by the bursting 
of a steam pipe at the Manningham mills on the 16th 
irst., five other men also being scalded. The evidence 
showed that the steam pipe was of a syphon form with 
the bend downwards, and that in starting the engine 
this bend had not been drained and the fracture is in 
consequence attributed to hydraulic shock by the water 
condensed in this bend. On the same day the coroner 
held an inquest on the body of William Korner, of the 
same town, who was killed by the bursting of a tuba in 
the boiler of a tram engine belonging to the Bradford 
Tramways and Omnibus Company. In this case no 
reason was assigned for the accident, 


Writing to the Times of last Wednesday, Admiral 
Hood completely refutes the charge brought by Sir E. J. 
Reed against the Admiralty to the effect that they had 
pilfered the distinguishing characteristics of a cruiser 
designed by the late Sir William Pearce, in the Blake and 
Blenheim. The Fairfield design had a freeboard of onl 
10 ft. Gin. above the water forward, and was fitted with 
armoured barbette towers with very heavy guns and with 
a central battery between them for the subsidiary arma- 
ment. The protective deck was 3in. thick. The Blake 
and blenheim have a freeboard of 20 ft. and are armed 
on a totally different principle; they are 35 ft. shorter than 
the Fairfield boat (and not longer as Sir E. J. Reed 
states), and the protective deck is 6in. thick. 


Professor Ely, of the John Hopkins University of 
Baltimore, has been investigating the cost of electric 
lighting in American towns, and the following figures were 
furnished to him by the Mayor of Dunkirk, N.Y., for the 
month of October, 1888. The average number of arc 
lights run was 55, the coal consumed was 137,777 lb., at a 
cost of 1.65 dols. per ton, making 113.35 dols. The 
number of carbons used was 3412, which, at 11 dols. per 
thousand, is 38.28 dols.; 6 gals. of lubricating oil at 
90 cents. per gal., 5.40 dols.; 5 gals, lubricating oil at 
35 cents., 1.75 dols.; 6 globes at 1 dol. each, 6 dols. ; 
20 Ib. of waste at 9 cents, 1.80 dols. ; amount paid for 
labour, 50 dols.; making a grand total of 225.28 dols. for 
the month. The Jamps were run a total of 364} hours, 
and were of 2000 candle-power. 


On Wednesday a meeting of the Mansion House Com- 
mittee of the fund for promoting the success of the metro- 
— exhibition of the Royal Agricultural Society at 

indsor in June next, was held in the Venetian Parlour. 
The Lord Mayor presided, and among those present were 
Colonel Kingscote, C.B., Sir John Heron Maxwell, Mr. 
WalterGilbey, Mr. John Clutton, Mr. Murdoch, M.P., and 
Mr. John Barker. The fund was reported to amount to 





5050/., and among later donations were those of the London 
and Westminster Bank 105/., the Alliance Assurance Com- 
pany 100/., the Prudential Assurance Company 52/. 10., 
and the Phoenix Fire Office 527. 10s. It was resolved to 
make a special appeal to the members of the Stock Ex- 
change. Colonel Kingscote drew attention to a rumour 
that the Queen would not be at Windsor Castle during the 
Show in June next, and read a letter from General Sir 
Henry Ponsonby authorising an emphatic contradiction 
being given to the report. The committee then adjourned. 


The independent railway connection, so long sought for, 
through the centre of Wales, between Liverpool and the 
rest of Lancashire and South Wales, seems on the eve of 
being accomplished. The Manchester, Sheffield, and 
Lincolnshire Railway Company have entered into an 
agreement with the Wrexham, Mold. and Connah’s Quay 
Company to work the through traffic, and also, in con- 
janction with the last-named company, to construct the 
Wirral Line (Dee Extension) ; thus completing the con- 
nection northwards, as well as eastwards, from the rich 
and, as yet, undeveloped parts of North Wales. The 
directors of the Manchester, Sheffield, and Lincolnshire 
Railway Company are also parties to the Welsh Railways 
Union Bill, which has for its object the harmonious 
working of the Welsh system of railways under one 
management and directorate. The new route from north 
to south goes through some of the most beautiful of 
Welsh scenery—the upper part of the Severn Valley and 
about 50 miles of the Wye; also through the Usk Valley, 
and landing finally in the South Wales basin, at either 
Swansea, Cardiff, or Newport. 


The Commissioners of Sewers, having had for some 
time past under consideration the several references and 
communications made to them on the subject of the 
electric lighting of the City, recently instructed their 
engineer (Colonel Haywood) and solicitor (Mr. Baylis), 
with Mr. W. H. Preece, F.R.S., to consider and report 
on the Electric Lighting Act, 1888, and to prepare con- 
ditions on which proposals for lighting by electricity 
could be entertained. Having received and considered 
reports from these gentlemen, they prepared a basis of a 
new specification. By this they laid it down that it 
should be obligatory on the companies with whom con- 
tracts might be entered intc, to lay all wires and con- 
ductors beneath the public way; that the City should 
be divided into three districts and alternative tenders 
invited for lighting those districts and the City as a 
whole; that the whole of the main thoroughfares be 
primarily lighted; that the companies be required to 
state the period at which the lighting of the thorough- 
fares should commence and when it would be extended 
to the remaining streets ; and that it should be a condi- 
tion that when the profits had reached a cumulative 
dividend of 10 per cent. the surplus should be divided 
equally between the contracting company and the con- 
sumers. The Commission will consider a report to this 
effect and the conditions of the proposed contract at 
their next meeting, and, if adopted, tenders will be 
advertised for on the basis thus laid down. 








TAUNTON, DELMARD, LANE, AND Co,—The subscription 
list of a new limited company, entitled Taunton, Del- 
mard, Lane, and Co., was opened yesterday, and will 
remain open till the 5th inst. This company has been 
formed to acquire and carry on the businesses of Richard 
H. Taunton and Hayward, manufacturers of iron and 


| steel tubes, shell, shrapnel, and war material, of the Star 


Works, Heneage-street, Birmingham ; that of Maurice Del- 
mard, engineer and war material contractor, of Old Char!l- 
ton, Kent; that of the Patent Steam Boiler Company, of 
Heneage-street, Birmingham ; and that of Howard Lane 
and Co., engineers, designers, and manufacturers of all kinds 
of constructive works in iron, steel, brass, and copper, and 
of war, scientific, mechanical, and chemical appliances, 
and apparatus, carrying on business at Palmerston-build- 
ings, London. The business of the company will be 
carried on at the Star Works, Heneage-street, Birming- 
ham. The capital of the company is fixed at 125,000/., 
divided into 3000 six per cent. preference shares of 101, 
each, and 9500ordinary shares also of 10/. Prospectuses 
and forms of application can be obtained at the offices of 
the company, and at 115, 116, and 117, Palmerston-build- 
ings, Old Broad-street, London. 





THE CENTENARY OF OHM.—In view of the near ap- 
proach of the hundredth anniversary of the birth of 
George Simon Ohm, which took place on March 16, 1789, 
a meeting was held yesterday afternoon in the meeting 
room of the Royal Society under the presidency of the 
Right Hon. Lord Rayleigh, Secretary of the Royal 
Society, for the purpose of appointing a committee to co- 
operate with the committee formed in Germany to promote 
the erection in Munich of a statue of the great bysicist, 
to whom the science of acoustics owes no less than 
does that of electricity. In the course of the meeting 
the following gentlemen were selected to act on the English 
committee : Sir F. Abel, D’Atkinson, Mr. Vernon Boys, 
Mr. Conrad Cooke, Professors Ewing, Fitzgerald, Fle- 
ming, G. Carey Foster, Mr. Glazebrook, Professor D. E. 
Hughes, Mr. Norman Lockyer, Professors Hugo Miiller, 
John Perry, Mr. W. H. Preece, Lord Rayleigh, Pro- 
fessors Reinold Riicker, Stokes (President of the Royal 
Society), Mr. Swinburne, Sir William Thomson, and 
Professor 8S. P. Leben eo Lord Rayleigh was elected 
President, Professor Hugo Miiller treasurer; and Pro- 
fessor G. Carey Foster, of University College, London, 
and Professor John Perry, of the Finsbury Technical 
College, undertook to perform the duties of secretaries, 
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THE ROYAL NAVAL RESERVE. 
In the awakening on naval matters, which is now 
happily to be seen in the country, the ship question 
occupies so prominent a place that other considera- 
tions are apt to be forgotten. There are other 
things, however, hardly less necessary than good 
ships to constitute a naval fighting force. We have 
on former occasions referred to our lamentable posi- 
tion in regard to steel projectiles ; our backward- 
ness in naval ordnance is notorious, and the state of 
the case with regard to the new class of higher ex- 
plosives is far from what might be wished. There 
are very many other details of naval matériel that 
could be mentioned with misgiving, but our pro- 
vince just now is with men, or, as it seems the 
correct thing to say, the personnel of the Navy. 

The importance of this branch of the whole 
question of naval defence will be recognised when 
we remember what Admiral Boys said last week. 
‘*We have just about enough men now to man 
the ships that exist, but to find the complement 
for our total number of serviceable ships we should 
have to empty all the drill ships, harbour ships, 
&c., and there would then be actually no reserve ; 
no allowance for war waste, sickness, or any other 
cause.” It has always been this shoe which has 
pinched us in times past. One hundred years ago, 
very nearly, when the war with France broke out 
in 1793, matériel was so well organised that 
the number of line-of-battle ships was raised ‘‘ as 
if by enchantment” from twenty-six to fifty-four, 
and the total of ships ready for sea from 136 to 
200. The personnel, however, was by no means so 
readily forthcoming, and the loss sustained by the 


6) merchant navy of England in consequence is one of 


the darkest pages in our naval history. It was only 
by recourse to the press-gang that our ships could 
The difficulty of manning 
the fleet at the outbreak of the Russian war in 
1854 will be within the recollection of many of us. 
Previously to this, in 1840, we were found similarly 
unprepared, when, to quote the words of a distin- 
guished naval critic of the period,* ‘‘it was mere 
accident saved us from the signal defeat, which 
our mistaken economy in sending our ships to sea 
half manned, exposed us to, and which French 
officers in the Mediterranean burned to inflict. It 
was not until long after the real risk had passed 
away that seamen of a very indifferent description 
and in small numbers, could be found to fill up the 
deficient crews in the Mediterranean, and man the 
ships which the decisive policy we adopted in 
the East absolutely required in the Levant.” 

It may be said that as we do not appear ever 
likely to see ourselves adopt a ‘‘ decisive policy in 
the East’”—or anywhere else—to judge by latter 
day events, short complements for our ships are not 
of so much consequence ; but those who argue in 
this way would do well to remember that there is 
nothing more warlike, in effect, than a policy of 
concession ; unless one is prepared to play the part 
of the lamb and deliver oneself to the butcher 
without remonstrance or resistance, ‘‘Can you 
fight?’ said Mr. Box. ‘*No,” replied Mr. Cox. 
‘Very well then, come on!” said the at once 
valiant Box. 

* The Hon. Captain Plunkett, R.N, 











Britons are so dazzled by the glories of Trafalgar 
and the Nile that they are apt to forget the hard 
fight, and many narrow escapes, we had before the 
way was paved which led to those crowning actions. 
As a matter of fact the success which attended our 
later battles was by no means the characteristic of 
our earlier efforts ; as Lord Ellenborough reminded 
the House of Lords: ‘‘ We have always had a hard 
struggle for our naval supremacy in the beginning 
of every war.” Unfortunately the tendency of 
modern wars—and it would seem probable that the 
sea will follow the land in this respect—is to end 
almost as soon as they begin, and if this be so we 
shall have no time to recuperate as we did in former 
epochs. We are, of course, not speaking of matériel 
but of.men. No probable—nay no possible dura- 
tion of war—would enable us to build ships and guns 
to carry ona modern sea war. As the declaration 
finds us so must we abide by the issue. 

A most able and not unfriendly French critic and 
naval officer, Captain De la Gravitre, has said, in 
reference to our want of seamen in 1793, ‘‘ The 
difficulty which the Admiralty found at this time in 
forming these first crews was experienced again, and 
will be experienced again, every time that England 
is called on to face an unforeseen emergency ; thus 
giving to an active and enterprising enemy the 
benefit of most favourable chances during the first 
months of a war.” Captain Plunkett’s comments 
on the views held by the French officer are worth 
repeating, even after the lapse of over forty years, 
and notwithstanding that the whole aspect of naval 
warfare has since become as much changed as it 
was between that time and the period of the 
coming of the Normans. ‘‘ The French author,” 
says Captain Plunkett, ‘‘ wrote* to point out to his 
countrymen the causes of their past defeat ; and he 
observes, by the way, how ill suited our system is 
to the commencement of a war, and how great an 
advantage might be gained overus. We would call 
especial attention to that remark, the truth of which 
is known in both countries and guides the naval 
policy of our neighbours.” Whatever may have 
changed in the physical aspect of naval warfare, we 
think it will be acknowledged that the policy of our 
neighbours remains the same. In the heat of our 
struggle with revolutionary France, the French 
admirals and captains had instructions not to risk 
an engagement with their enemy, unless they had 
such a preponderating force as to render victory 
almost assured ; for however prone our Gallic neigh- 
bours may be to worship “la gloire” on the boule- 
vard or in the café, in the council chamber they are 
the wariest of foes. This policy of attacking only 
the weak spot remains to the present day, and were 
we unhappily embroiled with France, her first 
effort would be to strike a deadly blow at our ship- 
ping ; as shedid in the last war with such disastrous 
effect to us. How incalculably more disastrous 
would it be in the present day? Our ironclads 
might steam in every sea invincible, but they could 
not free the oceans of the world from all our 
enemy’s cruisers, or even, as recent experience has 
shown, pin them in their own ports. Who can 
doubt the havoc a single quick-steaming ship would 
play with the steady-paced ‘‘ ocean tramps,” which 
rem so large a proportion of our commerce-carrying 

eet. 

But although the ‘‘short and sharp” aspect, 
which it is reasonable to conclude modern maritime 
warfare will assume, is a most potent argument in 
favour of having trained fighting seamen ready for 
the crisis, there is one point of view from which the 
necessity does not appear so pressing. Admiral 
Boys referred to the wastage of men from the opera- 
tions of warfare ; but there is the complementary 
factor in the wastage of ships. Now we may take 
it for granted that ships are no good without sailors, 
and sailors are no good without ships, so if we start 
with these two great elements of a fighting force 
equal, as Admiral Boys tells us they are, and the 
wastage on each side is likely to progress in an 
equal ratio, we have a proper balance of our means, 
In old days, before the era of armour, rams, and 
torpedoes, British sailors generally strove more to 
attain victory by disabling the crews of their enemy’s 
ships, than to injure the ships themselves. These 
tactics were also followed by the Dutch, who fired 
more at the hulls of their adversaries than at 
the sails of the ships. The French, on theotherhand, 
were more apt to try to disable their enemies by 
shooting away masts and rigging. But whichever 
plan was adopted the wastage of men was always 

* The papers of Captain De la Gravitre here quoted 
from first appeared in the ‘‘ Révue de Deux Mondes.” 








I12 


ENGINEERING. 


[ Fes. 1, 1889. 








greater, taking the average of the whole Navy, than 
the wastage of ships ; for very many engagements 
were fought in which the ships separated after 
heavy loss of men, whilst the vessels themselves, 
in a few days, perhaps, were as ready for action as 
ever. This is hardly likely to be the case in future 
—at any rate, to anything approaching the same 
extent. We have abandoned that retail mode of 
warfare in which ships peppered each other for 
hours with round shot, thinking themselves happy 
if they could bring down one individual or wound 
a spar every dozen rounds or so, It was compara- 
tively seldom that ships were sunk in battle. In 
the British Navy the number lost in that way bore 
a surprisingly small proportion to those lost by ship- 
wreck. Now, however, we go for the ship, and 
seem to disdain anything less than bagging the com- 
plete thing, ship and crew, with one mighty blow 
from torpedo, ram, or dynamite shell. It is, 
perhaps, difficult to foresee how far the develop- 
ment of machine and quick-firing guns may modify 
these supposed conditions, but our whole task now 
is how to sink ships and not how to kill men. 

We trust, however, that such considerations as 
these will not be allowed to stand as an excuse for 
the present shortness of personnel in the Navy. 
We have not ‘‘ got the ships,” we have not ‘‘ got the 
men,” and if we have got the money it will be very 
little use to us if we do not spend it in good season ; 
unless, indeed, it be to pay that indemnity which is 
the modern and logical sequel to warlike opera- 
tions. 

We have already quoted some remarks of Admiral 
Boys, and these were made during the discussion 
which followed the reading of a paper on Friday 
last at the Royal United Service Institution. This 
contribution was read by Lieutenant W. F. Caborne, 
R.N.R., and in it the author dealt with the compo- 
sition and prospects of the force of which he is a 
distinguished member. Mr. Caborne tells us that 
according to the Board of Trade returns in 1887 
there were employed in the home and foreign trade 
17,723 British vessels, equalling 7,123,754 tons, 
manned by 184,958 persons (exclusive of masters 
and Asiatics), of whom 15 per cent. were foreigners. 
In 1851 the foreign element was 4.2 percent. In 
1887 the approximate number of fishermen was 
125,498. Our mercantile seafaring population, in- 
cluding foreigners, aggregates 328,179 persons, and 
the muster roll of the Royal Naval Reserve is 
19,478, or about 6.3 per cent. 

The author is surprised that more is not done to 
take advantage of this force. ‘‘I would submit,” 
he says, ‘‘ that it is a disgrace to the country and a 
national scandal that so little has been done to 
utilise our vast mercantile marine as a means of 
defence in time of war; and when one takes into 
consideration the large reserves maintained by some 
of the large European powers, one is struck dumb 
at the fatuity displayed by successive British ad- 
ministrations. Our seafaring population is second 
in quality to that of no other country in the world, 
and is superior numerically. Itis difficult to under- 
stand why it is not taken more into account in the 
scheme of national defence. The supineness ex- 
hibited is, doubtless, one of the penalties that a 
country has to pay for the blessing of Parliamentary 
government, and for the pleasure of being ruled by 
a party vote.” 

The question Lieutenant Caborne asks is whether 
‘sour various naval forces, as regards personnel 
alone are equal to the task of efficiently guarding 
the empire?’ The ‘‘insufliciency of the matériel 
appears to be generally admitted,” he adds. The 
author’s opinion, for which he modestly does not 
claim any special consideration is that ‘‘we are 
living in a fool’s paradise, and that some day we 
may have cause bitterly to repent our supineness.” 
A seaman, he reminds us, is not made in a day, but 
is the product of years of expe*ience and hard sea 
work. He does not at all hold with those who 
would assume that when steam is the propelling 
power any one can handle a vessel efficiently. ‘*‘ The 
seamanship of the days of Nelson may have passed 
away, but the manoeuvring of the present era re- 
quires no less care, experience, judgment, nerve, 
and skill; and in an engagement of the future, 
as in the past, the most experienced and capable 
commander will possess an incalculable advan- 
tage.” 

REA Caborne is of opinion that, in time of 
war, men of the reserve should be employed as 
much as possible under their own officers ; in fact, 
he would man the armed merchant cruisers entirely 
with reserve men and officers as far as practicable, 





and this plan seems in accordance with the dicates 
of common sense, supposing of course the oflicers are 
fully competent to carry out the necessary military 
operations and understand the requirements of a 
naval service. On this point we have no informa- 
tion, but doubtless a pretty strong infusion of 
regulars would be required in any vessels destined 
toembark on operations of warfare, even if such 
operations did not extend beyond scouting and 
despatch duties. It must be remembered that all 
officers of the Royal Naval Reserve have not had 
the opportunities which Lieutenant Caborne has 
possessed of becoming proficient in the duties of 
that distinct profession to which they have par- 
tially attached themselves. 

With regard to armed merchant cruisers the 
author makes some remarks worth attention: 
‘* Personally,” he says, ‘‘I do not share the views 
of those who express unqualified approval of the 
arrangements entered into with some of the mail 
companies, whereby certain steamers are reserved 
for the use of the Government in time of war; for, as 
was pointed out by Lieutenant Crutchley, R.N.R., 
in this Institution, the vessels are too long, large, 


cand generally unwieldy for the services required of 


them. It is true that a few of those ships might be 
usefully employed as fast colliers in attendance on 
the fleet, but even then their particular value 
would, to a great extent, depend upon an official 
plan being devised for coaling ships at sea.” 
The author then goes on to give his reasons for 
holding that in other respects it would be inadvis- 
able to withdraw many of our mail steamers from 
the mercantile marine in time of danger. He dwells 
on the importance of maintaining the food supply, 
and points out that the ordinary cargo steamers, 
which, with sailing ships, now carry the great bulk 
of our imported provisions, would be unable to keep 
the sea, on account of their slowness, in face of an 
enemy’s cruisers. In 1887 food to the value of 
151,151,514/. was brought into the United Kingdom 
from abroad, whilst we sent out in return no more 
than 18,505,1701. worth of provisions. Doubtless 
under the stress of war a very large proportion, in 
money value, of these imported provisions we could 
do without, but it is notorious that this country 
could not support itself if all help from extraneous 
sources were closed. For instance, of the total sum 
mentioned, no less than 48,290,7931. is devoted to 
wheat, flour, and other grain, and 14,344,295/. to 
meat of all sorts, and six millions odd to live stock. 
Probably we might still exist without the six or 
seven millions’ worth of fruit, the three-quarters of 
a million’s worth of confectionery, the nearly two 
millions’ worth of spices, and the eleven millions’ 
worth of wines, spirits, tobacco, cigars, and snuff. 
Even the sixteen millions’ worth of tea, coffee, and 
cocoa, articles which are classed amongst the neces- 
saries of life in peacetime, might all be dispensed 
with in time of war, and in fact before ‘‘ this proud 
and wealthy country would have to yield to its 
enemies owing to the presence within of a mighty 
and irresistible foe named hunger,” a”great deal of 
discount would have to be taken off the total of 
151,000,000/. which is set down as the annual 
value of our food imports. At the same time it 
must be remembered that the pound sterling is a 
very misleading unit of measurement to apply in 
the present case, for those things which we could 
least spare are just those which take the most room 
on shipboard in terms of their value. It would 
take a good many shiploads of grain to reach the 
value of a million pound’s worth of spices, although 
the latter might be stowed in one vessel if neces- 
sary. 

We have not space to follow the author in his 
instructive comments on the necessities of the 
Royal Naval Reserve. He lays much stress on the 
necessity for making the force more popular. He 
advocates the formation of a class of petty officers, 
and this we take to be a most important point. 
Nothing gives a greater zest to any service than the 
chance of promotion and distinction. To gain some 
end a man will work with ten times more zest than 
if he were simply treading a circle of routine. It 
is like going for a walk with no object in view, or 
playing cards without stakes. We think, too, some- 
thing might be done in the way of distinctive 
badges, or some sort of partial uniform, even 
if it were only a jacket with a device worked on it, 
for the petty officers, which they could wear in their 
ordinary avocations. These things may seem trifles, 
but it is notorious what the scarlet coat has done 
for the Army, and mercantile Jack, any more than 
Tommy Atkins, is not devoid of personal pride. 





The Royal Naval Reserve caps which the men now 
have, in nine cases out of ten simply tend to make 
them ridiculous, especially when worn above a 
Guernsey frock or a flannel shirt. 

There is another point which the author refers to, 
and which should be reformed at once. At present 
Royal Naval Reserve officers can only communicate 
officially with the Board of Trade, and are debarred 
from making any personal application to the 
Admiralty. No feeling of naval enthusiasm can be 
worked up with the Board of Trade as its founda- 
tion. The very name would be enough to frighten 
all the sucking Nelsons out of the service. 

To sum up, Lieutenant Caborne claims for the 
Naval Reserve that it has, among other advantages, 
the merit of being a comparatively cheap organisa- 
tion, and he would reinforce the second class by at 
least 10,000 men. The extra annual cost would be 
less than 80,0001. In the reserve we have, he con- 
tinues, the germ or nucleus of a valuable defensive 
and offensive force, and we ought not to rest until 
every seafaring man in the kingdom capable of 
bearing arms has been efficiently trained in their 
use. In conclusion, the author advocates the ap- 


pointment of a commission or committee, consisting 
of ofticers of the Royal Navy and Royal Naval 
Reserve, to inquire into the best means of improv- 
ing the organisation. 





PETROLEUM FOR FUEL IN THE 
UNITED STATES. 

America, which waited so long to be taught by 
Russia how to use liquid fuel on a large scale, has 
at length rushed into the business with ardour, and 
promises before another year to forge ahead of 
her rival. Why the United States should have 
lagged so long is capable of easy explanation. When 
the oil industry wes originally developed, their fuel 
was everywhere cheap, and no necessity existed for a 
tival to wood and coal. Moreover the American 
raw petroleum gave so large a yield of kerosine 
and lubricating oils that no particular balance of 
refuse was left inviting utilisation. It was for this 
reason that the Americans looked coldly on the 
liquid fuel progress of Russia, and made no attempt 
to beat it. A few years ago, however, large 
quantities of oil were found in the State of 
Ohio, not very well adapted for refining pur- 
poses, although many efforts were made to 
render the distillation of kerosine a paying opera- 
tion. Atlength the Standard Oil Company, to 
prevent competition in the refining trade on the 
part of the Ohio refiners, bought the whole of them 
out, and then proceeded to utilise its monopoly by 
making arrangements to pipe the oil to Chicago for 
fuel purposes. 

From the Lima oilfields to that city is a distance 
of 270 miles, and last year the two were success- 
fully connected by an 8-in. pipe, worked by a mam- 
moth pump. In the mean time the Standard Oil 
Company had prepared the public mind at Chicago 
for the innovation by establishing a Liquid Fuel 
branch of its business, and organising a staff of 
engineers and workmen capable of fitting oil-fuel 
appliances copied from those in vogue in Russia, 
but in many instances improved upon; and the 
result was as soon as Lima oil began to flow 
into the reservoirs at Chicago, numerous appli- 
cations were received from local factories to fit 
up oil appliances and furnish a supply. Since 
then the movement has rapidly extended, and rami- 
ficaticns of oil pipes are driving out coal from every 
quarter of the city. As might be expected, the 
coal trade in consequence has been ‘‘ very de- 
pressed,” and is not likely to undergo an improve- 
ment, seeing that public feeling is in favour of the 
change owing to the greater purity of the atmo- 
sphere arising from the use of the new fuel. A 
short time ago Pittsburg, formerly one of the 
dingiest cities in the world, became transformed 
into a clean one with a pure atmosphere by the 
adoption of natural gas instead of coal. If liquid 
fuel becomes generally adopted at Chicago, an im- 
provement just as great will be experienced there, 
and the innovation will doubtless spread in time to 
other American cities ; Russian competition having 
no effect on this branch of the Standard Oil Com- 
pany’s business. 

This use of petroleum for metal-working is 
attended by circumstances which render it of so 
great value in comparison with coal, as to be almost 
independent of the cost of fuel, because the flame 
is a deoxidising one, and therefore there is no 
liability of burning the steel, Also the proportion 
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of imperfect work, or ‘‘second,” in cutlery esta- 
blishments where this oil fuel has been introduced, 
is reduced to almost nothing. In addition to the 
deoxidising flame, the heat can be controlled at the 
will of the operator to suit the especial things in 
hand, and therefore expedites work to a great 
degree. 

The conditions of supply and use, as well as the 
mechanical properties of petroleum in the United 
States, are so different from those in Russia as not 
to afford any sound basis for comparison. Suffice it 
to say that the present consumption of fuel oil is 
believed to be less than half of the supply from the 
oil district referred to, and that the price is now in 
excess of coal, except in a few favoured localities 
where the position is such that the price of coal fuel 
is relatively high and oil fuel relatively low. 

There are three methods recognised in general 
use for the combustion of petroleum. One consists 
in its reduction to gas by destructive distillation in 
a gas plant, after which it is burned under boilers 
in a manner comparable to natural gas. Another 
method is by forcing the oil under a boiler in a 
spray by means of compressed air; and a third, 
which is the more general in its application, uses 
an injector which is operated by a jet of steam 
from the boiler, to throw the oil into a furnace, 
where it is vaporised and mingles with air, which is 
also thrown from the injector. 

The general introduction of petroleum fuel 
also involves questions relative to the storage of 
petroleum in cities and around manufactories. All 
authorities agree that the hazard attending the 
use of petroleum for fuel is largely of a con- 
trollable nature, being dependent upon the pre- 
cautions taken in regard to its storage and use. 
The method most highly recommended consists 
in placing the main tank of the system at some 
place where it can be filled by gravity from the 
tank-cars used for the transportation of crude 
petroleum. It is advised that storage tanks should 
be placed in the ground, in order toavoid extremes 
of temperature, and hazard to property by the 
boiling over of the oil in case of fire, and they 
should also be provided with a ventilating tube to 
carry off hydro-carbon vapours arising from the oil. 
From these main tanks a supply is taken to a 
feeding tank by means of a pump; the second tank 
being placed at such a height that its contents can 
flow back therefrom directly, the object being to 
conduct any excess of oil at the close of the day 
back to the main storage tank. 

Whenever the oil is ignited under a boiler it is 
necessary to apply the flame in the furnace first, 
and then turn the oil on to it; because if the oil is 
turned on first, and the fire applied, it is more than 
possible that some portion of the air in that furnace 
will be commingled with vapour of the oil in 
just the proportion necessary for an explosion ; or 
if it does not conform exactly to these proportions, 
it will, in almost every instance, form a mixture 
near enough to an explosive one to produce a very 
sharp puff. The various connections between the 
tanks should be provided with double valves, so that 
if the oil cannot be shut off in one place it will be 
possible to do so at another. 

Dr. Charles B. Dudley, the chemist of the Penn- 
sylvania Railroad, has been investigating the sub- 
ject in Russia, and in the course of a recent lecture 
before the Franklin Institute in Philadelphia, de- 
clared that it did not appear to him that the price 
of oil in the United States would afford a general 
indication of a process which would serve to in- 
crease the cost of this form of fuel to an extent far 
above the present one, based upon the extent to 
which the present demand was increased. 

Combustion of petroleum, like that of all gaseous 
fuels, can be carried on with a much higher degree 
of efficiency than that of solid fuel; while the ratio 
of calorific value of a pound of oil is 1.37 that of a 
pound of bituminous coal, and 1.61 that of a pound 
of anthracite coal, yet in actual practice it is found 
that 1 lb. of oil is fully equivalent to 1,8, lb. of coal. 

There are three forms of advantage in the use of 
oil, apart from this direct cost of fuel. These re- 
late to the economy of labour in attendance at the 
boiler, to the larger consuming capacity of a boiler, 
because the heat is applied continuously without 
any interference or interruption comparable to that 
of applying the coal on a furnace of an ordinary 
boiler, and there is an absence of smoke and of 
cinder, or any residual product connected with a 
fire. In the case of its application to locomotives, 
it is alleged that the freedom from cinders has 
diminished the wear upon the valve gear. 


THE UNITED STATES NAVY. 


Ovr readers are aware that the United States have 
determined upon making great additions to their 
navy. At the same time a navy is not built in a day, 
even by American energy ; and it will be seen from 
the details which we are about to give that a good 
deal has yet to be done before the country will 
possess a navy of even respectable importance from 
a European point of view. The additions to the 
American Navy may be divided under two heads, 
the first comprising unarmoured vessels and the 
second armoured vessels. Of the unarmoured 
vessels four are already in commission, viz., 
the Dolphin, 1485 tons and 2240 horse-power ; 
the Boston, 3189 tons and 3780 horse-power ; the 
Atlanta, 3189 tons and 3350 horse-power ; and the 
Chicago, 4500 tons and 5084 horse-power. The 
Dolphin carries one 6-in. rifle gun; the Boston two 
8-in. rifle guns and six 6-in. rifle guns ; the Atlanta, 
two 8-in. rifle guns and six 6-in. rifle guns ; and the 
Chicago, four 8-in. rifle guns, eight 6-in. rifle guns, 
and two 5-in. rifle guns. Five other unarmoured 
vessels were recently launched, and will shortly 
be put in commission, viz., the Charlestown, 3730 
tons and 7000 horse-power; the Baltimore, 4413 
tons and 9000 horse-power ; the Yorktown, 1700 tons 
and 3000 horse-power; the Petrel, 890 tons and 
1100 horse-power ; and the Vesuvius, 725 tons. 
The last-named vessel is a dynamite cruiser, which 
is expected to steam at the rate of 20 knots per 
hour. The Charlestown will carry two 8-in. 
and six 6-in. rifle guns; the Baltimore four 
8-in. breechloading rifle guns and six 6-in. breech- 
loading rifle guns ; the Yorktown, six 6-in. breech- 
loading rifle guns ; the Petrel, four 6-in. breechload- 
ing rifle guns; and the Vesuvius, three 15-in. 
dynamite guns. In her trial trips before a board of 
United States naval officers, the Vesuvius has de- 
veloped a speed of nearly 21$ knots per hour, so 
that she has more than realised the anticipations 
and estimates made respecting her. Her three 
15-in. dynamite guns will render her one of the 
most formidable vessels in the American Navy. 
Six other unarmoured vessels are being built, viz.. 
the Newark, 4083 tons burthen and 8500 horse- 
power ; the Philadelphia, 4324 tons, and to attain 
a speed of 19 knots per hour; the San Francisco, 
4083 tons, to attain a speed of 19 knots per 
hour; the Concord, 1700 tons, and 3400 horse- 
power ; the Bennington, 1700 tons, and 3400 horse- 
power; and a first-class torpedo-boat, not yet 
named, 99 tons, to steam at the rate of [23 knots 
per hour. The Philadelphia is to carry twelve 
6-in. breechloading rifle guns; the Concord, six 
6-in. breechloading rifle guns ; the Bennington, six 
6-in. breechloading rifle guns, and the torpedo- 
boat, eight locomotive torpedoes. Six other un- 
armoured vessels have only reached at present the 
projection stage. These vessels area cruiser of 5300 
tons, to steam at the rate of 20 knots per hour; 
two other cruisers of 3000 tons, each to steam at 
the rate of 19 knots per hour; two other cruisers 
of 2000 tons each, the speed of which is still un- 
settled, and a practice ship of 800 tons. 

As regards the new armoured vessels of the 
United States Navy, they are in a less forward state 
than their unarmoured contemporaries. There are 
seven armoured ships at present being built, viz.: the 
Maine, 6648 tons and 9000 horse-power; the Texas, 
6300 tons and 8000 horse-power ; the Puritan, 6060 
tons and 3058 horse-power: the Terror, 3815 tons 
and 838 horse-power ; the Miantonomah, 3815 tons 
and 1030 horse-power ; the Amphitrite, 3815 tons 
and 1000 horse-power ; and the Monadnock, 3815 
tons and 3000 horse-power. The Maine will carry 
four 10-in. and six 6-in. breechloading rifle guns ; 
the Texas, two 12-in. and six 6-in. breechloading 
rifle guns ; and the Puritan, the Terror, the Mian- 
tonomah, the Amphitrite, and the Monadnock will 
each carry four 10-in. breechloading rifleguns. Plans 
have been prepared, but the building has not yet 
been commenced, of a vessel intended for coast 
defence ; she is proposed to be of 4000 tons bur- 
then and 5400 horse-power. This at present un- 
named vessel will carry one 16-in. 115-ton breech- 
loading rifle gun, one 12-in. 48-ton breechloading 
rifle gun, and one 15-in. dynamite gun. An ar- 
moured cruiser not yet named, and proposed to be 
of 7500 tons burthen, is also in contemplation, but 
has not yet been commenced. 

In closing these details, we may add _ that 
Great Britain has now 10 war vessels of 3000 
tons and upwards with a minimum speed of 





19 knots per hour; the United States 8; France 





5; Spain 3; Japan 2, and Russia 1. The 
United States accordingly now claim that in 
the important matter of high-speed warships they 
now rank second, and are not far behind Great 
Britain. The Americans are, in fact, going in 
heavily for high-speed cruisers. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THE forty-second annual general meeting of the 
Institution of Mechanical Engineers is being held 
this week at the Institution of Civil Engineers’ 
rooms, the Council of the latter Society having, as 
usual, extended the hospitality of their theatre to 
the kindred body. The meeting commenced on 
Wednesday evening and was continued yesterday 
evening, the final sitting being to-night. 

At the opening proceedings, the President, Mr. 
Carbutt, being in the chair, the first business was 
the presentation of the annual report of the Council. 
It is satisfactory to note that the Institution still 
prospers. At the end of last year the number of 
names of all classes on the roll of the Institution , 
was 1805, as compared with 1741 at the end of the 
previous year, showing a net gain of 64. During 
1888 there were added to the register 143 names, 
against which the loss by decease was 17 and by 
resignation or removal 62. 

The finances of the Institution are also in a very 
satisfactory state. The receipts during the year 
were 61211. 2s. 3d., while the expenditure, actual 
and estimated, was 52191. 5s. 3d., leaving a balance 
of receipts over expenditure of 901l. 17s. The 
total investments and other assets amount to 
27,009/. 18s. Allowing 600/. for accounts owing 
and not yet rendered the capital of the Institution 
amounts to 26,4091. 183., of which the greater part 
is invested in railway debenture stock. 

The report next proceeds to deal with the work 
that has been done by the various research com- 
mittees which have been formed. Since the Com- 
mittee on Friction, under the chairmanship of 
Mr. Tomlinson, read their third report, in which 
the friction of a collar bearing was referred to, 
arrangements have been under consideration for 
a similar set of experiments on the friction of 
pivot bearings to be carried out. The neces- 
sary machinery is now being made. Owing to the 
time and labour involved in working out the 
collateral results which the Research Committee 
upon Rivetted Joints, under the chairmanship of 
the President, were desirous should be embodied 
by Professor Kennedy in his report on the last set 
of specimen joints, the completion of this report in 
the form desired has been much delayed ; but it is 
now finished, and it will shortly be in the hands of 
the members. 

The Research Committee appointed to draw up a 
standard system of marine engine trials, of which 
Professor Kennedy is the chairman, having at their 
first meetings discussed the general lines on which 
such trials should be conducted, have now been able 
to carry out on those lines several trials at sea, 
measuring feed water, coal, power, &c., over con- 
tinuous runs of fourteen to seventeen hours. These 
trials have been made under Professor Kennedy’s 
direction and by the permission of the shipowners 
concerned ; and the report on the first of them, 
that on the s.s. Meteor, has been adopted by the 
Committee, and will, the report states, shortly be 
placed before the members. The work of collating 
the results of former experiments on the value of 
the steam jacket has been carried forward by the 
Research Committee under the chairmanship of 
Mr. Henry Davey ; and they have also made arrange- 
ments for carrying out, as soon as convenient 
opportunities arise, various experiments for which 
they have received offers of facilities in connection 
with engines of different kinds. 

The report next makes reference to the Archi- 
tects’ Registration Bill, which it will be remem- 
bered the Council of the Institution strongly opposed. 
The Bill was looked on as defunct, and the Council 
say it would be unnecessary to refer to it now, 
were it not that in asubsequent annual report of the 
Council of the Society of Architects, the with- 
drawal of the Bill is regretted, and the hope is 
expressed that ere long the measure will pass into 
law, at any rate in some modified form. ‘‘It thus,” 
continues the report, ‘‘ becomes desirable for the 
members of the Institution to see that in any such 
modified measure their interests as mechanical 
engineers shall not be involved against their own 
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wish with those of a different profession, however 
closely akin under certain circumstances.” 

Reference is next made to certain donations and 
additions to the library, after which the report goes 
on to deal with the summer meeting which was 
held in Dublin last year. Considering the long 
account we gave of the meeting at the time, it is 
hardly necessary for us to follow the report in this 
matter any more than to say that the Council 
appropriately make reference to the cordiality with 
which the Institution was welcomed in Ireland, and 
to the hospitality shown on all sides. The Council 
have nominated as honorary life members of the 
Institution the Right Hon. the Earl of Rosse, Chan- 
cellor of the University of Dublin and chairman of 
the Dublin Local Committee, and the Rev. Dr. 
Haughton, Senior Fellow of Trinity College, Dublin, 
and vice-chairman of the same Committee; while, on 
the other hand, the honorary degree of ‘‘ Master in 
Engineering”’ has been conferred by the University 
of Dublin upon two past-presidents of the Institu- 
tion, Sir Lowthian Bell, Bart., and Mr. Rams- 
bottom. 

As already announced in the President’s address 
at Dublin, the Council purpose holding the summer 
meeting of the Institution this year in Paris during 
the time of the International Exhibition ; and at 
their request Mr. Henry Chapman, who, it will be 
remembered, so courteously and efliciently acted as 
the honorary local secretary for the two previous 
Paris meetings of the Institution, has again obligingly 
promised his aid in the same capacity for the forth- 
coming meeting there. 

The report of the Council having been read, 
its adoption was proposed from the chair and 
carried. Mr. Carbutt in putting the motion made 
a few remarks in connection with his recent visit 
to the United States and Canada. He said that 
trade was usually supposed to follow the flag, but 
he found that it usually followed the engineer. 
For this reason he thought it necessary to keep up 
the great engineering societies such as that over 
which he then had the honour of presiding. 
Members went abroad and the Institution formed 
a link with the parent country which served to 
foster a feeling of loyalty and knit the empire 
together in bonds of fellowship, to the advantage 
of the English speaking race, the advancement of 
civilization, and the well-being of mankind. In 
Canada, whatever some people may have said about 
separation from England or amalgamation with the 
United States, no such sentiments were ever ex- 
pressed by engineers, and he, therefore, advocated 
the encouragement of younger members of the pro- 
fession. 

Mr. Carbutt then vacated the chair, which was 
occupied by the new President, Mr. Charles Coch- 
rane. Mr. Carbutt, in inviting his successor to 
take the chair, said to the meeting that Mr. Coch- 
rane had special claims to the consideration of the 
Institution. He was a member of the firm of 
Cochrane and Co., of Dudley and Middlesbrough, a 
firm of ironworkers and ironmakers. He had 
worked hard and persistently in the introduction of 
blast of very high temperatures for smelting fur- 
naces, and had spent much time in improving the 
machinery used in iron bridgebuilding; his firm 
being the first to use the multiple drill for bridge 
plates; as Mr. Adamson was the first to use that type 
of machine for boiler work. Messrs. Cochrane and 
Co. were the builders of many well-known bridges, 
amongst which he would mention those of Charing 
Cross, Westminster, Runcorn, and the Clifton Sus- 
pension Bridge. 

Mr. Cochrane, on taking the chair, said that the 
credit of the introduction of the multiple drill was 
due to Mr. John Cochrane, of his firm. He much 
regretted that ill-health would prevent him taking 
so active a part in the present meeting as it would 
otherwise have been his duty and pleasure to do. 
He had then attended in opposition to his doctor's 
orders, and had only been allowed to come under 
the promise that he would take very little part in 
the proceedings. Under these circumstances he 
trusted the meeting would excuse him if he vacated 
the chair, especially as Mr. Carbutt had kindly pro- 
mised to undertake his duties. 

Mr. A. Paget next moved a vote of thanks to the 
retiring President. He had known Mr. Carbutt for 
many years, and he had been a member of the In- 
stitution for twenty-nine years. It was Mr. Carbutt 
who, in 1875, moved the resolution which had 
affected more than anything else the fortunes of the 
Institution, namely, the movement of the head- 
quarters from Birmingham to London. Mr, Paget 











next referred with approval to some remarks which 
Mr. Carbutt had made with regard to not hoarding 
the accumulations of income which have now 
reached to the considerable sums mentioned in the 
report of the Council. The work done by research 
committees was of the very highest value, but what 
the Institution wanted above all, and what it must 
have to make it, to its fullest extent, a living and 
moving power in the engineering world, was a home 
and a house of its own. Mr. Paget’s remarks were 
received with considerable applause. Sir James 
Douglass seconded Mr. Paget’s resolution, and Mr. 
Carbutt returned thanks. 

The next business was the moving of an altera- 
tion in the bye-laws of the Institution, in virtue of 
which the Council was to have power to remit the 
subscription of any one who had been twenty years 
a member of the Institution. The motion was put 
from the chair ; the period originally named being 
twenty-five years, but Mr. Carbutt, in intro- 
ducing the subject, said he trusted that some one 
would move an amendment by which the shorter 
term of twenty years would be adopted. Mr. 
Adamson accordingly moved such an amendment, 
which was seconded by Mr. Paget, and carried with- 
out a dissentient. Mr. MacFarlane Gray had pre- 
viously moved an amendment in which he had, in 
a most effective speech, proposed that the subscrip- 
tion of every one who had been twenty-five years a 
member, should be reduced to one guinea per 
annum. This motion, however, was ruled out of 
order, as notice had not been given. 


Liquip FUEL. 


The first paper on the list was a contribution 
from Mr. Thomas Urquhart, locomotive superin- 
tendent of the Grazi and Tsaritsin Railway, South- 
East Russia, and was on ‘‘ The Use of Petroleum 
Refuse as Fuel in Locomotive Engines.” This paper 
was a continuation of or supplement to the author’s 
previous paper on the same subject read before the 
Institution in 1884. Since the publication of the 
original paper nothing new in principle has been 
discovered. The same appliances still continue 
in use, having undergone only some very slight 
modifications suggested with a view to simplicity 
and cheapness, by experience and by constant 
observation. Since the lst of November, 1884, the 
whole of the 143 locomotive boilers under Mr. 
Urquhart’s superintendence have been fired with 
petroleum refuse, besides fifty stationary boilers, 
both horizontal and vertical, two scrap welding 
furnaces, four tyre heating fires, two brass melting 
furnaces, and three plate and spring heating fur- 
naces. Petroleum refuse is, in fact, the fuel used 
for all steam generating purposes, to the complete 
exclusion of all solid fuel, except a very small 
quantity of wood for starting the fires in horizontal 
boilers of pumping engines. For all metallurgical 
purposes also at the central works at Borisoglebsk 
petroleum is used as fuel except for the smiths’ fires 
and the foundry cupolas ; and from experiments now 
in progress the author does not despair of over- 
coming the present difficulties in its application to 
those two remaining exceptions. 

As we intend shortly to publish Mr. Urquhart’s 
paper in full with the accompanying illustrations, it 
is unnecessary for us in the present instance to deal 
with the various devices described, and we will at 
once proceed to the discussion which followed the 
reading of the paper. 

Before the discussion opened a letter from the 
author was read in which it was stated that the pro- 
cess described had been adopted in other railways 
of Central Russia, Roumania, and other parts, in- 
cluding the United States. It has also been 
applied to the torpedo boats of the Russian Govern- 
ment, 

The first speaker was Mr. Kimber, a gentleman 
from the City, who was apparently connected 
financially with some patented apparatus for burn- 
ing liquid fuel. This speaker commenced by saying 
that he was not an engineer, a statement that was 
quite unnecessary, but what he lacked in technical 
or scientific knowledge was, so far as the length of 
his speech was concerned, fully compensated for by 
an almost phenomenal fluency of diction, no doubt 
invaluable in the City, but calculated rather to 
oppress such audiences as are met with in Great 
George-street. The speaker was of opinion that 
Mr. Urquhart was quite upon the wrong tack, and 

roceeded to criticise his arrangements in detail ; 

ut when we state that he apparently failed to grasp 
the difference between incrustation of the interior 
of the water space of a boiler, and incrustation by 











deposit through burning an impure fuel, no 
doubt our readers will not expect us to follow 
him in his strictures. Although Mr. Kimber oc- 
cupied almost as much time as was taken by the 
reading of the paper, the particulars of the process 
in which he is interested did not transpire ; but 
from some expressions he used we gathered that it 
was a variety of the old ‘‘ burning of the steam” 
theory. Having concluded his oration, Mr. Kimber 
calmly sat down next to the President at the 
Council table, and his fine presence contributed for 
the rest of the evening in no small degree to the 
dignity of the board. 

Professor Kennedy, after referring to some of 
the previous speaker’s remarks, said that he had 
checked the author's calculations roughly and 
agreed with the conclusions drawn from the data 
given, except in one instance in which Mr. Urqu- 
hart had hardly done himself justice, and in which 
the question of the latent heat of the steam used 
for injection wasinvolved. Professor Kennedy had 
not gone closely enough into the matter to give full 
and definite particulars on this point, but he would 
do so and submit his conclusions in writing for 
incorporation in the Transactions. He would be 
glad if the author would supplement his paper with 
fuller details of the length of trials and other con- 
ditions under which they were made. Such cir- 
cumstances very materially affected the opinion 
that should be formed upon the results. The 
author had referred to the use of this crude oil as a 
lubricant. The speaker had seen it so applied in 
America with very good results. This was in 
Wyoming, and the oil was simply skimmed off the 
tank. 1t was black in colour and foul looking, but 
what he saw fully corroborated the statements in 
the paper. 

Mr. Holden, of the Great Eastern Railway, said 
that at Stratford they had a gas works for making 
illuminating gas out of shale. A large quantity of 
tar was produced, for which up to three years ago 
they found a ready market, but since that time 
they had not even been able to give it away. The con- 
sequence was that it had to be buried, but after a 
time the earth became so saturated that it ran into 
the drains, and this brought them into conflict 
with the local authorities. Mr. C. H. Parkes, 
the chairman of the company, had suggested to 
him that an attempt should be made to burn this 
unsaleable bye-product, and consequently a number 
of experiments were set on foot in order to find the 
best means of attaining this end. The results had 
been very satisfactory, for they not only now burnt 
their own tar from the shale, but got a certain 
amount also from Beckton, and some heavy oil too. 
There are at Stratford, burning liquid fuel, Cornish, 
vertical, and stationary locomotive-type boilers, 
and also three locomotives. One of these is a 
shunting engine, one is engaged on the suburban 
traffic between Loughton and Enfield, whilst the 
third runs a fast train between Peterborough 
and Doncaster. The principle the speaker went 
upon was, that the fireboxes should be adapted for 
burning either liquid fuel or coal at will. He had 
made many experiments and would say generally 
that they had verified the statements made by Mr. 
Urquhart. In the system adopted by the speakera 
thin fire, about 3 in, of coal or coke, is kept on the 
firebars, just as a basis for combustion, and on to 
thisthe tar is injected through tubular stays by means 
of small injectors. The rate of consumption would 
be 40 to 80 per cent. of liquid fuel and the rest solid 
fuel. He had worked at first with a closed damper 
but now finds it more advantageous to leave it 
open a little, and exclude the greater part of 
the air from the solid fuel on the bars by a 
covering of chalk with lime. Following this plan 
a very small amount of coal would last all day. In 
stationary work nothing but chalk and ashes were 
used in the shape of solid fuel. The system 
was a success both from an engineering and from 
a financial point of view. Cf course the latter 
aspect depended on the relative price of tar 
and coal. They charged themselves a 1d. a gallon 
for the former, and at that price there was a small 
saving in cost. Mr. Urquhart’s system would be 
very difficult to introduce in this country, as the 
stock of fuel of the description referred to was 
so small and the price would go up as the demand 
increased. It was for this reason the speaker 
had arranged his furnaces to burn either coal 
or tar. He wished to add, in conclusion, that he 
got perfect combustion without smoke, and very 
little noise and smell. The nozzle of the injector 
did not clog, for the steam pressure kept it clear, 
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He used the brick arch, and there was no deposit 
on the inside of the firebox.* 

Mr. T. W. Worsdell, of Gateshead, who rose at 
the invitation of the chairman, said he had had no 
experience in this country of burning petroleum, 
but in 1869, when in America, he had been con- 
nected with some trials there made. They were 
not conclusive, however, and the matter was put on 
one side. He would like to know the flashing point 
of the oil, as there might be danger in carrying so 
large a quantity in proximity to the furnace. 

Mr. Carbutt, in summing up the discussion, said 
that the whole question was one of £ s. d. Coal 
was cheap here and petroleum dear, whilst petro- 
leum was cheap in Russia and coal dear. Accord- 
ing to Mr. Urquhart’s figures, his fuel cost him 
6s. 94d. per ton, and in some parts of England coal 
can be bought at that price. As to marine work, 
to which one speaker had made reference, he was 
told that the constant running required at sea did 
not allow of liquid fuel being used. On locomotives, 
where the work was more intermittent, the condi- 
tions were more favourable. 

Mr, Urquhart not being present there was no 
reply to the discussion, and the meeting then ad- 
journed until yesterday, when a paper by Mr. 
Herbert Lapage on ‘‘ Compound Locomotives” was 
down for reading. The only remaining paper is by 
Mr. Henry Simon, of Manchester, and is on 
‘*Roller Flour Milling.” We shall treat of the 
further proceedings in our next issue. 





NOTES. 

A New Meruop or Estimatina TEMPERATURES. 

IN practical work it would often be convenient if 
high temperatures could be reproduced with cer- 
tainty. The ordinary clay pyrometers are not very 
accurate and are troublesome to use, and this fact 
renders the pretty little instrument recently made 
by Messrs. Ducretet, of Paris, to the designs of 
Messrs. Nouél and Mesuré, of greater import- 
ance. This instrument is based on the fact that the 
colour of heated iron, for instance, varies with its 
temperature, passing from red through orange to 
dazzling white, and could its colours be reproduced 
with certainty it would show that the correspond- 
ing temperature had been attained. Owing to 
physical defects, however, the eye is unable to pro- 
perly distinguish these different shades, as a bar 
of iron, which shines with a bright red in a dark 
room, will appear dull in a well-lighted one. This 
difficulty Messrs. Nouél and Mesuré have removed 
with their pyrometer glass. This, in brief, consists 
of a telescope fitted with a couple of Nicol’s prisms, 
one of which acts as analyser to the other, a plate 
of quartz also being placed between the two. The 
light from a heated object on passing through the 
first nicol is polarised, and the plane of this polarisa- 
tion is, as the light traverses the quartz plate, 
turned round through an angle proportional to the 
thickness of the quartz, and nearly inversely to the 
wave length of the light—that is to say, its colour. 
Hence, assuming the nicols were set so that if the 
quartz were removed, the polarised ray was quenched 
by the second, then on replacing the quartz the 
second nicol would have to be rotated through a 
certain angle to again quench the light, this angle, 
of course, being equal to the rotation of the plane 
of polarisation by the quartz, and therefore de- 
pendent on the colour of the rays passing through. 
The second nicol is carried by a tube fitted with a 
graduated head, so that this angle can readily be 
observed, and to every graduation corresponds one 
colour, and one only. In practice, complete 
extinction never occurs, but at a certain point the 
colour of the transmitted light changes from green 
to red, and this point is taken as the angle to be 
measured, 


THe PanaMA CANAL. 

French enthusiasm over the Panama Canal ap- 
pears to thrive upon reverses, and popular confidence 
in M. de Lesseps, so far from being shaken, has 
become more deeply rooted. Certainly faith like 
this should be sufficient, if not to move mountains, 
at least to complete an ocean water-way, and to 
justify all the predictions for final success. On 
Saturday last a monster meeting of Panama share- 
holders was called together at the Paris Hippodrome, 
and no fewer than 7000 people, representing 
298,000 shares, were gathered together in the vast 





* Anillustrated description of the liquid fuel burning 
arrangements employed by Mr, Holden on the Great 
Eastern Railway appeared on page 871 of our last volume. 





building, to discuss future prospects, and to pass 
resolutions concerning future action. M. de Lesseps 
was indeed the hero of the hour, and his announce- 
ment that the existing company must be extin- 
guished, and that present shareholders must be 
prepared to sacrifice all the money they had 
ventured, in order that the great national under- 
taking may be finished, was as enthusiastically 
applauded as if he had declared a 10 per cent. divi- 
dend. Upto the date of the meeting various efforts 
had been made to form new financial combinations, 
and one of them appeared full of promise that new 
funds would be raised in sufficient amount to con- 
tinue and finish the canal. This combination pro- 
posed the visit of a commission to the works, and 
the preparation of a special report. In reference 
to this point, M. de Lesseps said, ‘‘ As to the works, 
I will go myself and examine them ; I will accom- 
pany this commission, not only to give its members 
all the information they may desire, but also, in 
your name, to shake hands with those noble workers, 
those heroes, who, over there, without allowing 
themselves to be discouraged, have defended, have 
saved your work, the work of France.” The 
meeting appeared perfectly satisfied at the prospect 
of their Grand Old Man going to Panama to shake 
hands with the staff, and one individual, who was 
unreasonable enough to have doubts on the subject, 
was promptly bonnetted. So the resolution of 
absolute confidence was passed, and every one 
went away sure of final success. Truly idol-worship 
reigns supreme in France, and the national senti- 
ment on this subject was clearly expressed by 
an old lady at the meeting, who was overheard to 
say to her neighbour, ‘‘ Il est vrai que notre argent 
est compromis, mais ce n’est pas sa faute, et le 
pauvre homme s’est donné tant de mal.” M. de 
Lesseps has every right to be a proud man, and to 
feel absolute confidence in the future, for such un- 
questioning trust will most surely carry him through 
greater difficulties than those by which he is just 
now surrounded. 





THE KENSINGTON CENTRAL ELECTRIC 
LIGHTING STATION. 

Ir is claimed for the Kensington Central Electric 
Lighting Station that it is the first installation of the 
kind which has been erected in the metropolis to under- 
take public lighting over an extended area by means of 
underground mains. It is true that there are other 
plants already at work with underground conductors, but 
the area of their operations is probably more restricted 
than that already secured by the House-to-House Elec- 
tric Light Supply Company, Limited, to whom the Ken- 
sington Station belongs. The site of the installation 
is between the West Brompton Station of the Metro- 
politan District Railway Company and the London and 
Westminster Cemetery, and consequently there are 
no neighbours to be annoyed by the sound of the 
machinery. Within a moderate distance of the locality 
there are a large number of squares and private roads 
in which mains have been and are being laid by per- 
mission of the ground landlords, the parish authorities 
having granted facilities for traversing such parts of 
the public highways as were necessary. A provisional 
order is also being applied for in the parish of 
St. Mary Abbot and elsewhere, and when this is 
obtained the conductors will be laid in the public 
roads over a considerable part of the district. 

The plant is arranged to work on the transformer 
system, the current being distributed with an electro- 
motive force of 2000 volts, and transformed to the re- 
quired potential for the lamps on the consumer’s 

remises. One standard type of apparatus, including 
iler, engine, dynamo, and exciter, has been designed, 
and three sets are already in place. It is intended, as 
the demand for current increases, to add similar ma- 
chinery, set by set, until the available space is filled. 
Provision has been made for twelve sets in all. The 
present building is situated about the centre of the 
piece of land which has been secured, the engines being 
at one side of the offices and the boilers at the other. 
As additions are made the engines will be extended in 
one direction, until finally, should the anticipations of 
the directors be fulfilled, there will be twelve pairs of 
engines working side by side, and also twelve boilers, 
with the offices of the technical staff between them. 
The boilers are of the Babcock and Wilcox type, and 
work at a pressure of 150 1b. tothe square inch. There 
is a heating surface of 1790ft. in each boiler, and a 
grate surface of 334 square feet, The steam is dis- 
charged into a 15-in. steel main pipe carried on brackets 
attached to the wall of the engine and boiler houses, 
this pipe being designed to carry steam for all the 
twelve engines, 

The engines have been constructed by Messrs. John 
Fowler and Co., of Leeds ; they are of the horizontal 
type, and have been designed to give 200 brake horse- 
power at the most economical rate of cut-off. Their 





cylinders are 15 in. and 25 in. in diameter respectively, 
by 30 in. stroke, and the revolutions are 88 per minute. 
Each cylinder has a cut-off valve of the Rider type, 
+ erase directly by a very powerful governor of 
artnell’s latest pattern. The spindle of the governor 
is horizontal, and is driven by four cotton ropes 1 in. 
in diameter. The governor will vary the cut-off from 
1 per cent. to 60 per cent. The engine flywheel is 
14 ft. in diameter, and has grooves for seven ropes 
14 in. in diameter. These ropes drive a Lowrie-Parker 
alternate - current dynamo constructed by Messrs. 
Elwell-Parker, Limited, of Wolverhampton, and de- 
signed for an output of 100,000 watts, that is, to feed 
4000 lamps of 8 candle-power. The dynamo runs at 
380 revolutions per minute, and gives 10,000 alterna- 
tions (5000 complete phases) in that time. The arma- 
ture is stationary, and consists of a ring or annulus of 
laminated plates, having flat, or rather slightly curved, 
elongated coils of copper tape, fixed to its inner side. 
These coils are very thin, and lie in the space between 
the iron ring and the rotating field magnet. This 
latter is a wrought-iron ring with radial pole-pieces 
surrounded by coils of wire. The field is excited by 
a 12-unit dynamo, running at 800 revolutions per 
minute, and driven by four } in. ropes from the spindle 
of the main dynamo. Each of the machines is mounted 
on a sliding bedplate, and can be traversed by a screw 
to tighten the ropes. The weight of each set of ma- 
chinery is : engine, 24 tons ; dynamo, 10 tons ; exciter, 
1 ton. 
The conductors from the dynamos, and the out-door 
mains converge in the switch and test rooms, all the 
wires being carried in spacious underground trenches, 
so that they are not visible anywhere within the build- 
ing. Any pair of mains can be connected to the ter- 
minals of any dynamo or of more than one dynamo, 
and similarly any number of pairs of mains can 
connected to any dynamo. Each terminal on the 
switchboard consists of a split tube surrounded by a 
porcelain boss with a flared mouth leading to the open- 
ing of the tube. The connections are made by means 
of plugs coupled together by copper strips. Four plugs 
project from a large slate base, and are connected 
together in pairs. hen a dynamo has to be joined 
to a pair of mains (positive and negative) the four plugs 
are thrust simultaneously into corresponding terminals, 


and thus all the connections are made together. The 
terminals are arranged, as already stated, in groups of 
four, and these groups form horizontal and vertical 


rows. Each group in the top horizontal row is con- 
nected (say) to the terminals of No. 1 dynamo, the 
first group being also connected to the (say) first pair 
of main leads, the second group to the second pair, 
and so on. All the groups in the first vertical row are 
connected to the (say) first pair of mains, the top one 
being also connected to No. 1 dynamo, the second to 
No. 2, and soon. All the fittings of the switchboard 
are on a massive scale, and every precaution is taken 
to save the operator from risk. 

Before two dynamos can be safely coupled to one set 
of mains they have to besynchronised and brought to 
the same phase. To this end wires from one coil of each 
dynamo are brought to the switchboard, where there is 
a lamp which can be putin circuit with them. When it 
is desired to get a second machine into actionit is run 
light, as nearly as possible at the same speed as that 
already oe and the pilot lamp is watched until 
it hecomes bright and steady. At that moment the 
switch connection is made. ii the light engine gains 
on the other a part of the load is instantly transferred 
to it, and it is checked, the dynamo automatically 
governing the engine. 

The electromotive force of each dynamo is kept 
constant by varying the exciting current. This is done 
by a shunting or greater or less amount of the current 
circulating in the field magnet coils of the exciter. The 
short circuit to these coils is formed of two metal plates 
dipping into anelectrolyticsolution ina cell. The plates 
are coupled to the cere of a double solenoid ; when the 
electromotive force is too high, the solenoid lowers the 
plates, and when it is too high it raises them, This 
effect is gained by a series of contacts operated by the 
expansion of a long platinum wire. This wire is 
traversed by a current due to the electromotive force of 
the dynamo ; it is fixed horizontally and sags at its 
centre, where it is connected to a pair of light levers 
which make connections to the solenoid coils, when 
the sag is either too great or too small. A very slight 
expansion gives a large amount of sag without friction. 

The current supplied to the customer from the secon- 
dary coil of the transformer is passed through a meter 
from which the quarterly charge is calculated. This 
charge is at the rate of one shilling per unit for the 
first hundred hours consumption at the maximum 
supply demanded ; eight pence per unit for the second 
hundred hours maximum supply ; and four pence per 
unit for any further quantity. It is evident that con- 
sumers must be careful not to overestimate their needs, 
or else they may possibly never get out of the shilling 
scale. For instance, if a supply is demanded for 100 


lamps, in view of an occasional ball or festivity, while 
the daily needs of the family are met by 30 lamps, then 
the first 333 lighting hours of the winter quarter, or 
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fully one-half, will be under the shilling scale, which 
may be considered the equivalent of gas at ten shillings 
a thousand feet. The meter is one of the deposition 
type, but as an alternating current will not produce a 
deposit in an electrolytic cell, a constant electromotive 
forc2 is introduced into the circuit by means of one cell 
of a storage battery. The entire current is passed 
through the battery and the meter cell. Supposing 
the electromotive force of the transformer to be 
100 volts,and the mean current to be 10 ampéres, then 
in the half alteration position to the constant cell at 
maximum point, the total electromotive force is 
202 volts, and the current 20.2 ampéres, while in the 
other half alternation the total resultant electromotive 
force is 198 volts, and the current 19.8 ampéres, There 
is thus a current of .4 ampére for half an alternation, 
or an average of .2 ampére constantly. Or to put the 
matter in another way the storage cell sends a current 
due to its own electromotive force constantly through 
the meter cell and the lamps in action. When all the 
lamps are extinguished there is no current, and when 
lamps are lighted the current varies practically with 
the number of lamps, that is, if the fixed resistance of 
the battery, cell, and mains is very small. The meter 
cell contains a solution of copper sulphate which is 
deposited on one plate of the cell, and by weighing 
this plate the amount of current supplied can be cal- 
culated. 

A very beautiful contrivance for testing the insula- 
tion of the mains is in use at the Kensington Station. 
A vacuum discharge tube is contained within a 
blackened box provided with sight-holes. One terminal 
of the tube is connected to earth, while the other is 
put to the cable which it is desired to test. If the in- 
sulation is good there is a glow in the tube due to the 
static charge in the conductor, but if the insulation is 
defective this glow is more or less reduced, according 
to the amount of earth connection which exists. 

The station has been designed and erected by Mr. 
William Lowrie, engineer to the company, and most of 
the appliances are on the Lowrie-Hall system, which 
has already been successfully worked at Eastbourne. 








SIXTY-HEAD STAMP MILL. 

On Monday last, the 28th ult., at the works of 
Messrs. Appleby, East Greenwich, there was on view 
the first instalment of a sixty-head stamp battery, 
built by Messrs. Charles Appleby and Co., 89, Cannon- 
street, for the Cerro de Pasco Gold Fields (Limited), 
according to the designs of Mr. Henry Louis, the 
engineer of the company. There was also to be seen 
a plan showing the proposed arrangement of the mill 
when erected on Kaap River, Transvaal. One-third 
of the battery was erected within one of Messrs. 
Appleby’s workshops, and from the portion erected, 
visitors could form ample judgment of the style of 
machinery the Cerro de Pasco Company were pur- 
chasing for their mine. As aspecimen of a pees beg 
the one in question is an excellent piece of workman- 
ship, the stamps weigh 900 lb. each, all the material is 
of the best description, and no expense has been 
spared. It is estimated that the complete mill will 
have a crushing capacity of 1000 tons per week. 

The arrangment of the mill, as was shown by the 
plan, leaves little to be desired. Anexcavation is to be 
made on the side of a steep hill, at the foot of which 
the river flows, and the machinery is to be erected on 
floors one above the other, so that the passage of the 
ore through the machinery is entirely automatic. The 
ore will be brought from the mine on cars and dumped 
on to ‘‘ grizzlies” from the surface of the hill, just 
under the roof of the mill. The fine ore will thus fall 
direct into the bins, and the large lumps will have to 
pass through a stone-breaker into the same bins. By 
this means the battery will not be required to do heavy 
stone- breaking — work for which no quartz-crushing 
machine, designed for fine pulverising, is adapted. The 
ore will fall from the bins into a ‘‘Challenge”’ feeder, 
and thence direct into the battery boxes. In ig em | 
the mill, Mr. Louis has placed all the stays behin 
the battery boxes, and in this way a clear view may 
be had right across the twelve apriquetieg tables, 
The whole of the machinery is to be driven by a 300 
horse-power turbine, constructed by Messrs. Giinther 
and Sons, of Oldham. The water ‘or this is taken 
from the river, which has been dammed, The dam is 
300 ft. long, 13 ft. high, and 70ft. wide at the base; 
the core is of dressed stone laid in cement, the re- 
mainder of hammer-dressed stone. The dam is pro- 
vided with sluices and bye-wash. A water race from 
the dam has been constructed of a length of 15,500ft., 
with carrying capacity of 7000 cubic feet per minute ; 
a 60-ft. head is by this means provided. 

It is further proposed to treat the tailings from the 
mill in amalgamating barrels and pans, but this ma- 
chinery was not on view. Of course, without seeing 
the ore, it is impossible to form a correct opinion as to 
the style of machinery most suitable for it. One of 
the most important points for a mining manager to 
observe is, the mill returns as compared with assay 
vaiues. Many mines with large returns rejoice the 
hearts of their proprietors, who do not, as a rule, 





trouble themselves with questions as to the relative 
value of gold-saving machinery. In this case stamps 
may be suitable as a crushing mill; but, as we have 
stated over and over again, of late years, in our 
opinion a a battery is behind the times as a 
crushing mill, being one of the most costly machines 
of the class which can be erected, and when erected, 
less efficient than many other thoroughly well-tried 
contrivances at present on the market. Putting this 
expression of opinion aside, the directors of the Cerro 
de Pasco mine have proceeded in no half-hearted 
manner; the work has been well planned and arranged, 
and no financial considerations have been allowed to 
stand in the way of providing what is evidently in their 
opinion the most suitable machinery for their property. 
For their energy and enterprize they deserve every 
success, 





ELECTRICAL TRACTION ON THE CITY OF 
LONDON AND SOUTHWARK SUBWAY. 
THE City of London and Southwark Subway consists of 

two tunnels, each 10 ft. 6 in. in diameter, formed of 
segmented cast-iron plates. It extends from the Stock- 
well terminus at Clapham-road, by the Oval and Elephant 
and Castle at Newington, and then under the Thames to 
the City terminus at King William-street, the total length 
of each tunnel exceeding three miles. 

Quite recently it was decided to adopt electric traction, 
and the directors entered into communication with Messrs, 
Mather and Platt, of Manchester, on whose behalf Dr. 
Edward Hopkinson, the managing partner of their elec- 
trical department, prepared a detailed and elaborate 
scheme, which has been adopted in its entirety, as 
affording a perfectly satisfactory and feasible solution of 
the problem, and a contract has been placed with them for 
the carrying out of the entire work. 

The generating plant ‘will be placed at the Stockwell 
terminus, where boiler and engine plant of over 1000 horse- 
power will be erected, and three large Edison-Hopkinson 
prmeting dynamos. The current will be ———e by a 

ead-covered cable throughout the whole length of the 

line, and Dr. John Hopkinson’s system of overhead con- 
ductors will be adopted for conveying the current to the 
locomotives. 

There will be fourteen electrical locomotives, each 
capable of developing 100 horse-power, which is sufficient 
for moving a train containing 100 passengers at 25 miles 
per hour, and for providing the great power required fur 
starting rapidly. The trains will run at intervals of three 
minutes, and consist of three cars. 

In addition to the plant required for electrical trac- 
tion, Messrs. Mather and Platt’s contract includes the 
lighting of the trains, and of the stations and of the 
hydraulic lifts and approaches. 

The experience gained by Dr. Edward Hopkinson on 
the Bessbrook and Newry line, which, though on a much 
smaller scale, is still of the same character, and which has 
proved a most unqualified success, has solved many diffi- 
culties in connection with electrical traction, and will be 
of great value in the present undertaking. 

Mr. James Henry Greathead is the engineer of the 
subway, to whose designs the entire works have been con- 
structed ; Sir John Fowler and Mr. Benjamin Baker are 
the consulting engineers, and Mr. Spagnoletti the consult- 
ing electrician, 








THE TRINCHERAS INCLINE, VENEZUELA. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, January 29, the President, 
Sir George B. Bruce, being in the chair, the first paper 
read wason ‘* The Trincheras Steep Incline, on the Puerto 
Cabello and Valencia Railway, Venezuela.” by Mr. John 
Carruthers, M. Inst. C.E. 

In this paper a comparison was instituted between two 
different methods of setting out railways in mountainous 
countries, namely, that of adopting as nearly as possible 
a uniform gradient, in order to surmount a high summit ; 
or that of keeping the line as long as possible in the 
valley, and overcoming the ascent by steep inclines. The 
interior of Venezuela, the author explained, was cut off 
from the Caribbean Sea by a range of mountains, now 
crossed by two lines of railway, one of which, the line 
under discussion, was 34 miles in length with a summit 
level of 1950 ft. It connected Valencia, the capital of the 
State of Carabobo and the second city of the Republic, 
with the harbour of Puerto Cabello. The principle 
adopted in setting out this line by the engineer, General 
J. é. de Castro, was that of making the gradient uniform 
from the sea level at Puerto Cabello to the summit. The 
author was invited by the President of the Republic to re- 
port upon the line thus traced out; and, on his recom- 
mendation, further studies were undertaken, including a 
survey for a new line, adopting the principle of getting 
down from the summit as quickly as possible by a steep 
incline and then following the valley bed. Of the two sets 
of surveys made, one was with a gradient of 1 in 20, with 
the view of using ordinary locomotives, and the other with 
a gradient of 1 in 124, on which some special mode of trac- 
tion would be necessary, The Jatter line was adopted on 
the recommendation of the author, and the railway had 
been constructed upon it. The rack system, as improved 
by Mr. Abt, was adopted for workingtheincline. In this 
the rack consisted of three parallel plates, 11% in. apart, 
bolted firmly together; each plate was a complete rack, 
and they were laid breaking joint both as to the ends of 
the plates, which were all of the same length, and also as 
to the ition of the teeth. The two pinion wheels on 
the engines, which worked into the rack, were formed each 
of three tooth rings, one for each rack bar. They were 
laid together with the teeth of one ring leading those of 





the next by the amount of stepping or overlap in the teeth 
of the rack. Therings had an elastic connection with the 
shaft, to correct inaccuracies due to imperfect workman- 
ship, or to the expansion and contraction of the rack-rails ; 
and in practice no jar was felt, even when the engine was 
running at 15 miles per hour, Plansand sections between 
Puerto Cabello and La Entrada, of the original line with 
uniform gradient, and of the line as constructed with an 
inclined plane, were given. For brevity the former was 
called the ‘‘ Guaiguaza” line, and that with the inclined 
plane the ‘ Palito” line. In making the comparison 
regard was paid to: 1, Original cost. 2. Maintenance of 
way and works, 3. Locomotive expenses. It was shown 
that the Guaiguaza line would have been much more 
costly than the other. The country through which that 
line passed was extremely rough, the general slope of the 
bills being not flatter than 2 to 1. The cuttings and 
embankments would have been seldom less than 30 ft. or 
40 ft., and often 100 ft. on thecentre line. Many viaducts 
and heavy retaining walls would have been necessary, and 
the cost of the railway would have been more than double 
that of the Palito route. It was known from experi- 
ence gained on another line through a similar country, 
subject to the same climate, that the Guaiguaza route 
would have been liable to constant landslips, and might 
have been blocked several times every rainy season; 
but on the Palito route the danger of slips was almost 
entirely removed ; for, owing to the formation level being 
close to the bottom of the valley, the line was kept further 
out from the hillsides than would be possibie where, owing 
to the steepness of the latter, the toe of an embankment 
would have found no support until it reached the valley 
bed. There was a further advantage in this case, that the 
rocks were more solid in the lower levels, changing, in the 
section between Trincheras and Castano, into hard 
granite, and not, therefore, liable to slips of any moment. 
On the Palito route the curves, obtainable at an expense 
within the resources of the railway, were much better. 
This tended to economy in the maintenance of way and 
works, Taking all these matters into account, the author 
came to the conclusion that the Palito route was as much 
the better of the two lines in regard to maintenance of 
way and works, as in first cost. The author then pro- 
ceeded to show that the Palito line was somewhat superior 
in respect of locomotive expenses, and was capable of 
handling a greater traffic than the other with the same 
engine power, and of carrying passengers safely and 
economically at a higher average rate of speed ; by means 
of a time table for each line, he showed what could be done 
with four engines in steam, working steadily for the whole 
day, without shunting work at the terminal stations. 
The length of the two lines was the same within 100 ft. 
It was shown that on the Guaiguaza route a traffic of 
90,000 tons a year each way, and on the Palito route one 
of 108,000 tons, could be carried. The number of engine 
miles daily would be, for the Guaiguaza route 408, and 
for the Palito 350. The time occupied between terminals 
for passengers would be 2} hours for the Palito and 
2? hours for the Guaiguaza. By adopting the Palito 
route, therefore, the carrying capacity was increased 20 
per cent., the engine raileage reduced 14 per cent., and 
the speed increased 17 per cent. For working the up 
traffic an engine left Puerto Cabello in the morning with 
a full load, generally twelve wagons, for Cambur. Eight 
wagons were left at Cambur, and four taken up the bank 
to Trincheras, where they were placed in front of the 
rack engine, and taken by it up the incline to the summit 
at La Entrada. The engine, as soon as it had placed 
the wagons in front of the rack engine, returned to 
Cambur, and brought up another set of four, placing them 
again in front of the rack engine, which had by that time 
come back down the incline. This process was continued 
until the whole train with which the engine left the port 
in the morning was taken to the summit, when the engine 
returned to the port, having done its day’s work by 
running 102 miles, and having been 74 hours in steam. 
The several return trips of the ordinary and of the rack 
engines were not made light, as the latter brought down 
from the summit to Trincheras, and the former from 
Trincheras to the port, the down goods which a third 
engine had brought from Valencia. The remaining traffic 
of the day was worked in the same manner, the wagons 
being taken up as in the other case in several trips from 
Cambur to the summit, and thence into Valencia by the 
Valencia engine. The author then proceeded to show in 
what respects the engines used by Mr. Abt on the 
Hartz Railway, and elsewhere, differed from those 
adopted for the Trincheras incline, in that the latter dis- 
pensed with adhesion as working only through the 
rack. The two pinion wheels in the Trincheras engines 
were each actuated by a separate pair of cylinders, and 
both pinions press fully against the teeth of the rack, 
notwithstanding any slight irregularities in the latter. 
There were two cylinders on each side of the engine, one 
above the other, so arranged that the same steam chest, 
slide valve, and valve motion served for both. The two 
lower cylinders actuated the leading, and the two upper 
the trailing, pinion wheel. There were three independent 
brakes on the engine. The principal details and dimen- 
sions of the engines were then given. In working, the 
engine always pushed the load up the incline. The 
gradient of the incline was 1 in 124 for a distance of 
7700 ft., and from lin 28 tol in 21 for the remaining 
4000 ft., the total length of the incline being about 2} 
miles. The minimum radius of curvature, 500 ft., oc- 
curred on the steepest part of the gradient. All the 
stock was furnished with the Heberlein brake, and the 
trains were completely under the driver’s control. The 
only structures of importance on the incline were four 
viaducts. The author’s object in this paper was to draw the 
attention of engineers to the advantages not in his opinion 
adequately ised, of the system of using steep in- 
clines instead of long gradients. On the Puerto Cabello 
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line, the incline led to no saving of distance, and the cost 
of locomotive working was not much reduced; but in 
the majority of cases, where an incline could advan- 
tageously be used at all, it would save along development 
of line, with consequent economy. The Trincheras gorge, 
although roughand with very steepside slopes, wasunusually 
straight, and the author was at first inclined to advocate 

the system of rope traction ; but he found that the local 

authorities would not approve of the system, and he did 

not, therefore, prepare any plans for rope traction, but 

recommended the Government to specify the Fell system, 

which was done. When, however, the company was 

formed for constructing the line, the consulting engineers, 

Messrs. James Livesey and Son, decided to use the Abt 

system of rack. In the avthor’s opinion the change was 

an improvement, experience of both systems having con- 

vinced him that the improved rack was better than the 

Fell centre rail where the curves were moderately good, 

especially where engines independent of ordinary adhesion 

could be used, and where the complication of coupled 

pinions could be got rid of. On the Trincheras incline, 

with curves of not less than 500 ft. radius, the pinions 

worked with practical accuracy into the rack. The me- 

chanical drawbacks of the two systems might be thus 
summarised: in the Fell system there was increased 

journal friction, due to the pressure in keeping the gripping 
wheels in adhesion with the centre rail; in the rack, 

friction was due to the imperfect adaptation of the pinion 

to the rack. The one was independent of the curvature 
of the road, while the other increased rapidly with it; 

and there was, therefore, some radius of curves at which 

the two systems would be equally favourable, an increase 
of the radius tending to give the superiority to the rack, 

while a decrease would tend to give it to the Fell. The 
Trincheras incline was opened for public traffic in March, 

1888, and had been working ever since without accident 
or difficulty. 

The second paper was on the ** Cost of Working the 
Hartz Mountain Railway,” by Mr. Robert Wilson, 
M. Inst. C.E. With the view of substituting an incline for 
a summit tunnel on the New Zealand Midland Railway, 
the author had investigated the cost of working the Hartz 
Mountain line, which connected the town of Blankenburg 
with Tanne, the terminus in the mountain district. This 
line was worked by locomotives constructed upon the Abt 
system, in which reliance was placed on adhesion and rack 
rail combined, the rack rail being only laid on heavy 
gradients. The pinions on the engines ran in and out of 
gear with these racks, through the medium of a movable 

ength at each end of the sections, fitted with this 
auxiliary power. The following particulars and data were 
given in respect of this line: Total length, Blankenburg 
to Tanne, 18.95 miles; aggregate rise, 1495.1 ft.; rise 
from Tanne to Blankenburg, 635.5 ft. Total length of the 
adhesion sections, 14.25 miles ; maximum gradient, 1 in 
40; shortest radius of curvature, 590.6 ft. Total length or 
the rack sections, 4.70 miles; maximum gradient, 1 in 
16.67 ; shortest radius of curvature, 820.2ft.; average 
service weight of locomotives, 51.2 tons ; standard weight 
of train, 118.1 tons; average weight of train in 1887, 
95.5 tons; gauge, 4ft. 84in. The traffic in 1887 was: 
Number of passengers, 53,500; weight of goods, 118,105 
tons ; total train mileage, 58,908. Inthe same year the 
working expenses were: Salaries, 1997/. 3s. 2d., or 24.09 
per cent.; wages, 2312/7. 16s. 10d., or 28.00; general 
expenses, heating, lighting, &c., 6087. 10s. 7d., or 7.30; 
maintenance of permanent way, 902/. 15s. 11d., or 10.90; 
fuel, water, lubricants, &c., 15167. 13s. 4d., or 18.21; 
tepairs to locomotives and wagons, 608/. 13s. 6d., or 7.50; 
rent of wagons of other railways, 342/. 13. 11d., or 4.00— 
total, 8289/. 7s. 3d., or 100.00 per cent. Thus the cost of 
working was 2s. 9.8d. per train mile. The average work- 
ing expenses of the railways in Germany, in 1885, was 
3s. 3d. per train mile; and in Austria-Hungary, 3s. 6d. 
Thus the comparative cost of working was in favour of 
the Hartz line. With regard to the cost of motive power, 
in 1887, salaries and wages came to 941/, 16s, 3d.; fuel, 
water, lubricant, &c., 15167. 13s. 4d. ; repairs to locomo- 
tives and wagons, 608/. 13s, 6d.—total, 30671. 3s. 1d., of 
1s. 0.5d. per train-mile. From the statistics of 1885, 
the corresponding cost of transportation and motive 
power on the German railways was 10.1d. per train mile ; 
and on the Austria-Hungary railways, 1s. 0.7d. But the 
Hartz Railway was a succession of steep gradients, and 
as abnormal grades on the German and Austrian railways 
were the exception and not the rule, a more equitable 
comparison was obtained by examining the expenses of 
transportation and motive power upon the Semmering 
Railway, the mountain section of the ‘ Oesterreichische 
Sudbahn.” The leading characteristics of this line 
were : Total length, Payerbach to Miirzzuschlag, 25.9 
miles; aggregate rise, 1505.9 ft.; Miurzzuschlag to 
Payerbach, 715.3 ft.; on round trip, 2221.2 ft.; maxi- 
mum gradient, 1 in 40; average weight of trains in 
1887, 129.7 tons; total train mileage, 351,614. The 
expenses of transportation, motive power, for 1887, 
were ls. 4.9d. per train mile. These figures seemed to 
prove that the introduction of the rack sections with steep 
gradients, on the Hartz Railway, did not increase the 
cost of working beyond that of a line with much easier 
gradients worked by adhesion engines; instead of an 
increased cost, there was a substantial decrease. The 
author, however, observed that the train-mile, being 
merely a standard of convenience, left out of considera- 
tion the weight of trains, and the height to which they 
were lifted; so that a comparison between individual 
lines, made by the standard of cost of working per train- 
mile, would be like comparing the efficiency of two pump- 
ing engines, without knowing the depth from which the 
water was lifted in each instance; unless the railway 
— 80 compared, were of such magnitude as would 
eliminate by average, without sensible error, the dif- 


jection would not apply to a standard of cost of work 
performed in overcoming friction and gravity, which had 
been suggested to him by Mr. Rinecker. Taking the 
work performed as the product of the work and height, 
the lines being practically continuous undulations, dis- 
tances might be treated as a factor of friction, and elimi- 
nated from the calculation, because the expenses corre- 
sponding tofriction were included in the expenses of 
lifting the weight. On this basis the following compa- 
rison has been made : 
Hartz. Semmering. 

Length of the roun 


trip... er .. 987.9 miles, 51.8 miles. 
Aggregate rise... , 2130.6 ft. 2221.2 ft. 
Average train-load, ex- 

clusive of locomotive 95.5 tons. 129.7 tons. 


Work performed per 
round trip ... ... 203,472 ft.-tons. 288,090 ft.-tons. 

Expenses of transpor- 
tation and motive 

power per train-mile. 1s. 0.5d. 1s. 4.9d. 
Do, per round trip 1.193. 5.7d. 30,128. 11.4d. 
Per 1000 foot-tons 2.3d. 3.0d. 
Therefore the cost of lifting 1000 tons of train weight 
to a height of 1 ft. on the Hartz, was only 76.6 per 
cent. of the cost of similar work on the Semmering, 
and the saving would be still more marked if the 
traffic was anything like the amount of that on the 
Semmering. he difference in the cost was, in the 
author’s opinion, ina great measure accounted for by : The 
adhesion locomotives being heavier than the Abt combina- 
tion engines ; the number of engines employed on the Sem- 
mering line being greater, in comparison to the work per- 
formed ; the steaming capacity of the Abt engines being 
better than that of the adhesion engines at low speeds ; 
the superior quality of coal used on the Hartz line; and 
the combination engines being unable to slip in any state 
of the atmosphere, which was not the case with the ad- 
hesion engines, The consumption of fuel on the Hartz 
line in 1887 was, per train-mile, 48.68 1b. ; on the round 
trip of 37.9 miles, 1845 lb. ; per 1000 foot-tons, 9.07 Ib. ; 
per indicated horse-power, 3.898 1b. In Germany, the 
average consumption of fuel in the locomotive engines, 
per indicated horse-power, was 5.253lb. The author 
considered that one of the great advantages, obtained by 
the system of combined adhesion and rack on the Hartz, 
was that it enabled the same engine to take the load over 
the entire line. The cost of working the Rimutaka incline 
by the Fell system was 3s, 7.5d. per train-mile, against 
1s. 0.5d. with the rack system on the Hartz line. The 
Fell engines on the former line worked only the short 
incline of 2} miles, and had often to stand in steam wait- 
ing for a train ; and the author attributed the difference 
of cost mainly to this cause, together with the extra cost 
of fuel and of labour in New Zealand. 

The third paper was on ‘‘ Further Information on the 
Working of the Fell System of Traction on the Rimutaka 
Incline, New Zealand,” by Mr. Joseph Prime Maxwell, 
M. Inst. C.E. The author had given an account, in 1880, 
of the working of the Rimutaka incline, then but recently 
opened. In the present communication he submitted 
some additional data of working the Fell system, espe- 
cially as the incline, which was on a gradient of 1 in 15, 
had many 5-chain curves, which were traversed with 
great facilit . The traffic over the incline both ways for 
the year ending March 31, 1888, was equal to 50,000 tons 
of net paying load, the passenger —- being calcu- 
lated proportionately to the non-paying load carried, as 
compared with goods tonnage. The cost of locomotive 
power for this service was equal to 4d. per ton of net 
paying load per mile. This might seem a high rate, but 
labourers on the New Zealand Government railways were 
paid 6s. 6d.; gangers, 8s. ; mechanics and smiths, 9s. to 
10s. 6d. per day of eight hours ; drivers, from 10s. 'to 13s., 
and firemen, 7s. 6d. to 93. These rates in some instances 
were nearly double those in the United States, and more 
in excess of European rates. The coal, which cost 17s. 6d. 
per ton, had the following constituents: fixed carbon, 
62.87 per cent.; hydrocarbon, 31.64; water, 1.66; and 
ash, 3.83 percent. Since the incline was opened, many 
improvements had been made in the details of the original 
Fell engines. Theseimprovements were described. The 

ripping-wheels were turned to the profile of the centre rail. 

and between the rail and gripping-wheels was not used, 
the wheels now giving ample adhesion. The vertical motion 
of the engine on springs being slight, the grooved gripping- 
wheels were not materially affected. Spherical crankpins 
had been substituted for the original straight pins, to allow 
for the gripping-wheels working out of the horizontal when 
turned smaller, or when drawn back from the rail. The 
original valve gear had been removed, and a simple one 
substituted. Fhe lead on the valves of the centre engines, 
which caused a heavy knock on the geared wheels, had 
been much reduced, and geared wheels of cast-iron were 
acting satisfactorily. e Joy valve gear on the new 
engines worked well; after twelve months the wear was 
scarcely noticeable. In descending the incline, steam was 
used in the cylinders for lubrication ; and jets of water 
were played on the centre rail, just in advance of the 
brake, to cool the rail, and saturate the longitudinal 
sleepers, as a preservation against fire. The brake also 
lasted three times as long as when applied to a dry rail; 
water was also used on the trailing wheel tyres, and it was 
found that the wear of rails and tyres was considerably 
reduced by the free use of water, the train friction 


being reduced. Additional sand pipes had been fitted | C 


to the driving wheels. All coupled wheels were 
supplied with sand. When two engines were work- 
ing a train, if, the rails were greasy the leading en- 
gine with sand worked without much slippping; but 
the second engine slipped, unless the sand placed on the 





ferences of grades, curves, &c., upon each. But this ob- 





rails by the leading engine was washed off ; this was done 








by a jet of water from the second engine, which placed 
fresh sand on the rails, The coupling gear of the regulator 
handles had been removed; when one engine slipped, 
steam was shut off both in the outside and the centre 
engine, instead of the one only that was slipping. All 
loads were now hauled ; each engine was so placed as to 
haul its own load, and broken couplings were rare. Forty- 
five minutes were allowed between the stations for ascend- 
ing goods trains with a gross load of 65 tons, exclusive of 
the weight of the engine; mixed ascending trains were 
allowed forty minutes, and a load of 60 tons. The distance 
was three miles. The centre engine alone could take 40 tons 
up the incline, and the outside engine alone 30tons. Trains 
were worked with one, two, or three engines, the engines 
being placed so as to divide the train, to prevent over- 
straining the drawbars. The traffic was somewhat inter- 
mittent, which increased the cost of working. The low 
speed in ascending the incline, while it prevented wear and 
tear, economised fuel greatly, and lessened the risk of 
accident. The capacity of such an incline for traftic 
would be limited, among other things, by its length. An 
incline from 2 to 3 miles long, up which were conveyed 
loads of, say, 180 tons, with an allowance of an hour and 
a half for the double trip, and with sufficient siding room 
at the foot and summit, was equal to an ascending traffic 
of 1440 tons of gross load per day of twelve hours. A 
series of such short inclines, with suitable intervals to 
allow of crossing and watering, would evidently have the 
same nary & For the year ending March 31, 1888, it 
was stated that the train mileage was 10,859; engine 
mileage, 15,020; consumption of coal per mile, 110.73 lb. ; 
of oil per 100 miles, 3.98 quarts ; of tallow, 0.95 Ib. ; and 
of waste, 4.64lb. The total cost per engine-mile was 
3s, 7.5d. 








LAUNCHES AND TRIAL TRIPS. 


On Friday, the 25th ult., the s.s. Echuca proceeded 
from the Tees on her trial trip. This vessel has been 
built by Messrs. Raylton, Dixon, and Co., to the order of 
Mr. William Lund, of London, her dimensions being : 
Length, 336 ft. ; breadth, 40 ft. ; depth, 28 ft. 8in., with 
a deadweight carrying capacity of 4050 tons. Her 
engines, which have been built by Messrs. T. Richard- 
son and Sons, Hartlepool, are 400 nominal horse-power, 
— cylinders 274 in., 434in., and 7lin., by 48 in. 
stroke. 





On Saturday the twin-screw steamer Banks Peninsula 
went on her trial trip on the Firth of Forth. The vessel, 
which is 216 tons gross, was built by the Grangemouth 
Dockyard Company for the Akarree Steam Navigation 
Company. She was fitted with twin-screw compound 
engines by Messrs. Hutson and Corbett, Kelvinhaugh 
Engine Works, Glasgow. The diameters of the cylinders 
are 134 in. and 27 in., and the stroke of piston 18 in. 
Steam is supplied by one single-ended boiler 12 ft. in 
diameter and 10 ft. long, with three furnaces, the inside 
one being 2 ft. 10 in. in diameter, and those to the outside 
2ft. 9in. On her double run between Irchkeith and 
Oscar Light, the speed attained was 12 knots, with the 
engines indicating 400 horse-power. 





Messrs. W. B. Thompson and Co.. Limited, launched 
on Saturday from the Caledon Shipbuilding Yard, 
Dundee, a steel twin-screw steamer named Arrow, built 
by them for the Shropshire Union Railway and Canals 
Company, of Chester, and intended for towing and pas- 
senger trade on the Mersey. he dimenzions are: 
Length (overall) 108 ft.; beam, 21 ft.; depth, 7 ft. 8 in. 
The engines are of the triple-expansion type, with 
cylinders 9 in., 13 in., and 24 in. in diameter respectively, 
with a piston stroke of 14 in. 


On Monday the screw steamer Blakemoor was taken 
to sea on her trial trip. This vessel has been built b 
Messrs. John Readhead and Sons, West Docks, Sout 
Shields, for Messrs. Walter Runciman and Co., of the 
same town, and is of the following dimensions, viz. : 
259 ft. by 36 ft. by 19 ft. deep. er engines are of 
the triple-expansion type, having cylinders 204 in., 334 in., 
and 55 in., by 36 in. stroke. At the trial the vessel made 
11 knots per hour. 


The Union Steamship Company’s steamer Pretoria, 
which has just been fitted with triple-expansion engines 
by Messrs. J. and J. Thomson, Glasgow, went on ber 
trial run in Stokes Bay on Monday. The vessel was built 
in 1878 by Messrs. William Denny and Brothers, Dum- 
barton. She is 350 ft. long, 40.2 ft. broad, and 31.7 ft. 
deep, and formerly had engines of the compound type, 
with cylinders 50 in. and 86 in. in diameter denpestivee, 
with a stroke of 54in. Her engines are now of the tri- 
compound type, with cylinders 33 in., 524 in., and 86 in. 
in diameter, with a stroke of 4ft.6in. The new crank- 
shaft is 152 in. in diameter. Steam is generated in two 
double-ended boilers, 15 ft. in diameter an:1 17 ft. long, 
having twelve furnaces. The heating surface is 8500 square 
feet. The vessel on trial attained a mean speed of 
14.3 knots per hour, with the engines indicating 3657 
horse-power. This gives an additional speed of ? of a knot 
and 861 more horse-power than the result attained with 
the compound engines. 





The first of four cargo steamers building by Messrs. 
aird and Co., Limited, Greenock, for the Peninsular and 
Oriental Steam Navigation Company, was launched on 
Tuesday. The vessel, which is named Bombay, is 350 ft. 
long, 42 ft. broad, and 294 ft. deep, moulded, and is 3400 
tons gross. She is designed to carry 5000 tons deadweight 
on a draught of 24ft. She will have inverted direct-acting 
triple-expansion engines of about 2000 indicated horse- 
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power, and two double-ended boilers working to 180 Ib. to 
the square inch. 

On Wednesday afternoon there was launched from the 
shipbuilding yard of Messrs, John Readhead and Sons, 
West Docks, South Shields, a steel screw steamer of the 
following dimensions, viz., 280 ft. by 38 ft. by 18 ft. 9 in. 
deep. The vessel will be supplied by the same firm with 
triple-expansion engines, having cylinders 21 in., 35 in., 
57 in., by 39 in. stroke, supplied with steam at 160 1b. 

ressure. The steamer has been built to the order of 
essrs, Stathatos Brothers, of Braila and Sulina, and 
has been christened the Dionysios Stathatos, 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 
To THE Eprtor or ENGINEERING. 

Srr,—It was with a feeling of disappointment that I 
read Mr. Webb’s letter in your last issue, asking you to 
discontinue your reports of, the papers and discussions 
before the Institution of Electrical Engineers. No doubt 
the Council see reasons for the decision which gave rise 
to their secretary’s letter, but I think they must have re- 
garded the matter entirely from the standpoint of the 
members resident in London. To such it possibly does 
not greatly matter whether the discussions are reported 
by the weekly press or not; if they are really interested 
they can attend and hear them for themselves. But to us 
who live in the provinces the reports of the technical 
press are of the highest value. It is very seldom that we 
can attend the meetings of the Institution, and all we 
have to assure us of its existence are the copies of the 
Journal which we receive from time to time, These are 
most useful as works of reference, but they come too late, 
and are too detailed to be read systematically. They are put 
aside to await that ‘convenient season” which never arrives, 
In the interval between the reading of a paper and the 

ublication of the Journal the matter has become ancient 

istory, or at least has lost the interest which attaches to 
current events. Besides, much that is said at a discussion 
is not worth the trouble of wading through. The editing 
committee, of course, cannot omit the tedious speakers, 
but must give a fair report of what each man says. But 
in your columns no such slavish practice is followed. 
You give us the spirit and tone of the discussion, winnow- 
ing the wheat from the chaff, and in a couple of columns 
we gain a clearer idea of the sense of the meeting than we 
can gather from a score or two of pages in the Journal. 
The matter comes before us quite fresh, and it is read 
with pleasure. If the paper is of special concern to us we 
then look forward to the advent of the Journal, and when 
it comes we turn at once to the part we require; we know 
that there is something good in it, and that it is worth 
while to secure it. 

I think the action of the Council is also ill-advised on 
commercial grounds. Thereports in your own and other 
papers are the only evidence non-members here have of 
the existence of the Institution. Without them it will be 
practically forgotten. Those who do not receive the 
Journal will not know what it is doing, and will never 
have their curiosity excited about it. As matters now 
stand they learn it is effecting useful work, and the desire 
is aroused to join its ranks in order that its full benefits 
may be secured. Those persons who now content them- 
selves with the reports will in future content themselves 
without them, and will not join the Institution for the 
sake of the Journal, Yours truly, 


PROVINCIAL. 
Manchester, January 30, 1889, 








THERMO-DYNAMIC PROCESSES IN STEAM 
CYLINDERS. 
To THe Epitor or ENGINEERING. 

Sir,—In considering the thermo-dynamic processes 
which are going on in the cylinders and receivers of steam 
engines with two, three, or more cranks, it is most desir- 
able to have some accurate and at the same time quickly 
drawn diagram which will show the relative positions and 
directions of motion of all the pistons at any point of the 
stroke of one of them. As far as I am aware no such 
a is to be found in any of the standard text-books, 
and as the following adaptation of Professor Zeuner’s 


ge 


piston-path diagram meets this want, I thought you 
might consider it worth publishing in your valuable paper. 

@ diagram shown is that for a vertical triple com- 
three-crank engine, having a sequence of cranks, 


und 
Big intermediate, low, the cranks being placed at 
I deg. 





Suppose A to be the position of high-pressure crank 
when on its top centre, then B is the relative position of 
the intermediate-pressure crank, and C of the low-pres- 
sure. With A, B, and C ascrankpin centres, draw three 
ordinary Zeuner piston-path diagrams. 

The high-pressure piston-path diagram is the one de- 
scribed about A. The diagrams for the other two engines 
are described from a position on the crankpin circle; the 
same angle in advance of the high-pressure crank as the 
corresponding crank itself is behind it. Thus the dia- 
gram for the intermediate pressure is described from C, 
and that for the low pressure from B. 

The use of the diagram is obvious. Take, for instance, 
the position X Y. e see thatthe high-pressure piston 
is on the downstroke, as is also the low-pressure, whereas 
the intermediate pressure is on the upstroke. Thus, by 
setting off the valve setting of the different cylinders on 
their respective diagrams, we see clearly what thermo- 
dynamic processes are going on at the same time in the 
cylinders, &c. 

A similar diagram can be drawn for any engine, care 
being taken to draw the different piston-path diagrams in 
their right relative positions. 

Yours truly, 
Frank T, MarsHAtt, 

University College, London, W.C., January 24, 1889. 





ON THE FLOWAGE OF WATER IN PIPES. 
To THE EDITOR OF ENGINEERING. 

S1r,—It may be of interest to point out what appears 
to be a law of resistance to the flow of water not hitherto 
noticed. 

It is of practical use in some calculations, and appears 
to be a contribution to a true theory of flow of water. 

The latest original investigator in hydraulics, Mr. 
Hamilton Smith, after a most painstaking examination of 
all experiments previously made, and many new ones, 
virtually condemns all the intricate formule that have 
been proposed to represent flow of water in pipes, as in- 
accurate, and therefore not representing the real law of 
the resistance, and he, therefore, falls back on the old 
simple formula v=n (r s)4 supplemented by an extensive 
table and curves of the values of the coefficient n. 

These values of n are deduced from a comparison of all 
known experiments on flow of water in pipes and channels 
up to date, and represent accurately a great mass of facts 
experimentally ascertained. 

rom examination of this table and the accompanying 
curves—Table XC. and Plate XIV. Hamilton Smith’s 
‘** Hydraulics ”—the fact may be deduced that the coeffi- 
cient n is nearly constant for the same quantity of water 
through a 7 wide range of different sizes of pipe. 

Referring the coefficient to the quantity of water flowing 
(which is usually known approximately), the following 
short Table gives its value for a wide range of conditions. 





| | | | 
Quantity in Gallons | | | 
Por Minute in Pipes 500 $00 1300 2000 3300 5400 8700 15,000 
upwards ‘astebs beiaaes ioe aes: alma 
| | } | | 
Bos oe ve -»/ 100 105) 110, 115 120 125 180 135 


These values, moreover, when plotted give a very re- 
gular curve, and it is possible from this curve to make an 
equation for n depending only on Q, and hence to formu- 
late an expression for v direct by solution of a quadratic 
equation. Yours truly, 

H. D, PEARSALL. 

Orpington, Kent, January 25, 1889, 

To THE EpiTor or ENGINRERING. 

Srr,—In the last sentence of my letter on page 68 ante 
on the above subject I suggested that there would bea 
minimum limit to the velocity in an inclined pipe, where 
an increase in the length of the pipe causes a decrease in 
the velocity. 

This seems evident from the consideration that, since 
the frictional resistance varies as the square of the velo- 
city; ifthe latter be diminished sufficiently a value will 
be reached, such that the corresponding frictional resist- 
ance will be equal to the weight of the water in the pipe, 
multiplied by the sine of the angle of inclination, And 
this will be the lowest — velocity. 

I, however, made the erroneous assumptien that the 
velocity would fall to this value for any finite length of 
pipe, whereas it is the velocity in an infinitely long pipe. 

‘o find this minimum velocity by Eytelwein’s rks 
it is only necessary to write H+/sin @ for A and then put 
l=, This gives v=50 ,/d sin 6 as the minimum possible 
velocity for a pipe of diameter d and inclined at an angle 
of 6 to the horizontal. Yours faithfully, 

J. H, Hamitton, 

Newcastle-on-Tyne, January 28, 1889. 





LONG TOWS. 
To THE Eprror or ENGINEERING. 

Str,—I notice that in your account of the Stormcock’s 
tow home from Fernando Noronha with the Ardencaple, 
you state that the only longer tow is the Stormcock’s 
voyage home from St. Helena. I to inform you_that 
the paddle tug Anglia towed the s.s, Syria, of the Union 
Steamship Company, from St. Helena to Southampton in 
1875. An account of this vere is published in the 
a of August 11, 1875, under the heading of ‘‘ A Long 

Sila 


I do not know of any record of “‘long towing per- 
formances,” but I doubt if the old ‘ee performances 


between June 19, 1875, and July 2, 1 
beaten. They are as follows: s.s. S 
Helena to Southampton ; Friend to 


6, have yet been 
ia, 1958 tons, St. 
Nations, dredger, 





Cardiff to St. Petersburg; s.s. Biafra, 1487 tons, St. Vin- 
cent (C.V.) to Liverpool; Princess Amalia, 3429 tons, 
Port Said to Glasgow. hs 

The Anglia, belonging to Mr. W. Watkins, 75, Mark- 
lane, London, is an iron paddle tug 140ft. by 22ft. by 
12 ft. 6in., built by Thames Iron Works in 1866. Engines, 
side lever, disconnecting, with surface-condensers, by John 
Stewart, London 

I hope that you will insert the above letter for the 
credit of the tough old Anglia, who is still able, after 
twenty-three years of hard work, to hold her own with 
the best of her competitors in every respect (alas!) but 
coal using. 

I remain, Sir, your obedient servant, 
ALFRED Watkins, M.I.M.E. 
2, Westcombe Park-road, Blackheath, S.E. 
January 30, 1889, 





WATER GAS (A MIXTURE OF HYDROGEN 
AND CARBONIC OXIDE). 
To THE Enrror or ENGINEERING. 

Srr,—As many extravagant and one-sided statements 
have lately appeared in\the press as to the introduction 
of this matter in England, I beg to inform you that my 
water gas plant now at work here for heating and light- 
ing was established early in 1887, that is nearly two years 
Saline any other plant now making the same kind of gas 
in this country, and has worked continuously ever since. 

I may add that this apparatus is of quite a different 
type to my “* Wilson patent gas producers,” which are 
most extensively employed for producing the very cheapest 
kind of gas for heating furnaces and boilers, costing less 
than 1d. per 1000 cubic feet. 

Your obedient servant, 


ALFRED WILSON. 
Stafford, January 29, 1889. 








TRIPLE-EXPANSION PUMPING ENGINE. 
To THE EpiToR OF ENGINEERING. 

Srr,—“‘ Crank” in your last issue has raised some ob- 
jections to the proportions and arrangement of the above 
engines. 

No doubt Messrs, Tangye have turned the engines out 
in their well-known excellent style and have given careful 
attention to the design. 

The centrifugal pump, however, is one of those machines 
which are happy at a high speed. For high rotative speeds 
there can be little doubt that a single-acting engine is the 
«ngs of engines, ‘ 

e effort being always in one direction they run with 
the least noise, the wear and tear is reduced toa minimum, 
and the lubrication, which can be rendered almost perfect, 
makes the attention which the engine requires also a 
minimum. Theseare advantages which most of us appre- 
ciate, but to complete the advantages, recent elaborate 
trials have shown that in a triple-expansion engine the 
consumption of feed water per indicated horse-power is 
as good as that of the best mill engine of large size on record. 

In the near future there is little doubt that these high- 
speed single-acting engines will play a much more im- 
portant part than heretofore, and it is because the 
opportunity offers of showing, in one direction, how the 
old order wili change, giving place to the new, that I 
would beg a small space in your journal. 

Yours faithfully, 


W. H. Tozer. 
Long Ditton, January 26, 1889. 


To THE EpIToR OF ENGINEERING. 

Sir,—In addition to the unfortunate arrangement of 
the steam cylinders of these engines pointed out in your 
last week’s issue by your correspondent ‘* Crank” I would 
take the liberty to raise the question, are these engines 
strong enough to do the work they are expected to do? 
From the data given they would not appear to be able to 
perform more than about 900 indicated horse-power. The 
very best power required for the centrifugal pumps accord- 
ing to the most reliable experiments is 


6 x 80,000 Ib, x 351.5_ 
33,000 x 2 = 1516 .H.P. 


It is generally overlooked both by makers and users of 
centrifugal pumps that the power required does not vary 
simply as the lift but as the 1.51b. power of the lift. It 
will no doubt be found that the engines must develop 
their full power to drive the four pumps they are coupled 
to witheut being burdened with two additional pumps 
driven by belts. 

Tt would be highly interesting to learn the actual results 
ofthis installation, giving indicator diagrams and measure- 
ment of the water pumped; it certainly appears to me 
that the power required has been under-estimated, and 
also that the engines would be improved by taking the 
middle pressure piston and slide valve away altogether, 
working the engines compound, and using the middle 
pressure cylinder as an intermediate steam-hea re- 
ceiver. I remain, Sir, yours obediently, 


ALFRED HANSSEN, 
East Dulwich, Jan 30, 1889. ; 

Mr. Hanssen and the author of the letter signed 
‘© Crank,” which was published in our last issue, appear 
to regard Messrs. Tangye as responsible for the arrange- 
ment and proportions adopted for the cylinders of the 
engines they criticise, although as stated in our description 
the design was prescribed by Messrs. Chaffey Brothers, 
for whom the engines were built. We mention this as 
under the circumstances Messrs. Tangye may probably 
not feel called upon to notice the points raised by our 
correspondents, and some months must necessarily Ce 

] 





before any reply could be received from those responsi 


for the dimensions and arrangement adopted.—Ep, E. 
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AMERICAN BLAST FURNACE PRACTICE.* 
By Wititam Joun Hupson. 

Tue development of American blast furnace practice 
has advanced during the past few years with rapid strides. 
A few notes, therefore, upon the subject may not be con- 
sidered out of place, when submitted to a provincial Insti- 
tute such as this, where blast furnace practice is an 
important factor in the district in which we labour. 

Situated as we are, geographically, with heavy odds 
against us, in competition with more favoured areas, it is 
our duty to look closely into the practice of our brethren 
around us and pwn f and see if any good features of 
their practice can be utilised at home to our advantage. 
With heavy rates of carriage, such as our manufacturers 
have to contend with, it is obvious that economy must be 
pursued, not only in mills and forges but also at the blast 
furnaces from which the forges derive their supply of pig 
iron. 

Apart from cost of raw material and wages, something 
may yet be done in South Staffordshire to reduce the cost 





of manufacture, so as to prolong the staple trade of the 
district (iron manufacture), which appears to be in some 


























Fig.1 
—--+--=- - 
‘s 
~ 
XN 
‘eS R 
3 L~) 
- s 
‘s ' . < 
« k--- 16. 0 
‘s 
y 
_+----—— = 
: 4.0 
| eee -J 
HTS A 
SO STAFFOROSHIRE. 
Fig.3 


745 FS 
27450 Cub. Fe 30000 Cub. FF 





° 

eS 
- Ys 

9 oH 









































25". 6" ey 
i 
' 2 
+ 28' 2° 
wei if 
fats 
i i ® 
$ a 
i 90° 
H a) 
ao et ' 
sa a io me 
9:0 i he 
1 $ “ee, . 
+ Ss ee 
9179 8 mm wm we we ww ew we ee 





to enter. Their representatives at the Iron and Steel 
Institute meetings have from time to time explained 
them. Beyond, that they hold with a force in America 
that would not probably exist in England, I leave them. 

The greatest productions are obtained in America in 
furnaces using coke as fuel, and with dimensions inferior 
to the standard dimensions in the best English practice, 
such as Cleveland affords. Why then do not Cleveland 
furnaces rival in production those of America? 

The reasons may be briefly stated as follows: First of 
all the ore employed for heavy American outputs is much 
richer in iron, and of a different character entirely to | 











notice appeared in The Engineer, April 9, 18&0, the follow- 
ing charges of ore were at about that time employed, on a 
make of about 700 tons (2000 lb.) weekly: 


Pounds per Iron per 
Charge. Cent. 


Tafna ore te et tie 1920 58.65 
Pilot knob ee a ad 1920 58.69 
McComber ... as aa 960 52.41 
Somorrostro... - i 960 49,15 


Mr. E. Windsor Richards, in a description of there 
furnaces (Cleveland Institute of Engineers, June, 1882), 
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danger of gradual extinction through sheer force of com- 
petition. 

The secretary being placed in some difficulty in pro- 
viding a paper for this meeting, I propose to lay before 
you a few brief notes on American blast furnace practice, 
with the desire to promote a discussion out of which some 
benefit to the practice of iron smelting may accrue. There 
can be no doubt that the slow rate at which furnaces are 
driven in South Staffordshire has much to condemn it. 
At times like the present, every sixpence that can be 
saved upon the manufacture of a ton of pig iron is almost 
worth its weight in gold, when every circumstance is 
taken fairly into consideration. We can only hope to 
maintain an increased volume of trade when the practice 
of our trade permits us to produce cheaply. One very 
important factor of economy is the spreading of fixed 
charges over a large production, whereby the cost per ton 
of product may be materially reduced. 

American blast furnace practice teaches us a lesson in 
this respect, for while we are content to go on producing 
from 200 to 300 tons of pig iron weekly per furnace, it is 
no uncommon thing to find our American cousins pro- 
ducing from 1500 to 1800 tons in the same time. 

It is not to be expected that with our present arrange- 
ments we can ever hope in South Staffordshire to rival 
their output, yet at the ssme time we may learn lessons 
from their practice which may enable us to considerably 
increase and cheapen our production. 

Into the reasons which prompt American blast furnace 
proprietors to such heavy outputs I do not at present care 





* Paper read before the South Staffordshire Insti 
of Iron and Steel Works’ Managers, en ee 


Cleveland clayband. Secondly, the working lines of 
American furnaces of recent construction are more 
favourable to steady and rapid work than thuse of Cleve- 
land. And thirdly, the air is more highly compressed 
and driven in in greater volume. 

Iron Ores.—The iron ores chiefly employed in American 
rapid practice are magnetite and hematite, with per- 
centages of metallic iron varying from 50 to 65. In many 
cases the yield of metallic iron will ——- over 60 per 
cent. on the mixture of ore used. Mr. E. C. Potter, ina 

aper on the South Chicago works of the North Chicago 
ling Mill Company (Journal Iron and Steel Institute 
No. 1, 1887, 169), gives the following analysis of the 
material composing the burden of his furnace making 
about 1400 tons (of 2000 lb.) per week at a fuel consump- 
tion of about 1900 lb. coke per ton of iron. 
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= a | a | 
Cambria hematite | 62.88 | 6.40 | .03 Pe '0.86/0.04 Colby hema- 
| | tite. 
Chapin ' 63.24 | 8.70 | .07 1.43)1.87|2.06 Contains also 
Cleveland ,, 60.37 | 6.54 | .05 8.03)0.5810.20, 4.42 percent. 
Colby - 58.61 | 3.89 | .05 | | | manganese, 
Norrie fi 63 57 | 4.09 | .06 |1.38 0.71|0.17| 
Superior fe 62.36 | 4.33 | .06) | | 
Cleveland specular) 65.03 | 4.22 | .11 1.65 0.41/0.18 | 
Superior Po 64.55 | 4.26 | .08 2.61 aes ed 





At the Edgar Thomson blast furnaces, of which a 











states that the ores contain from 53 to 55 per cent. of 
metallic iron, and are brought from Lake Superior, St. 
Louis, Africa, and from their own Scotia mines. The 
make of iron at the time being about 1400 tons per week. 

Cleveland calcined ironstone rarely contains more than 
42 per cent. of metalliciron. Thus it is easy to see that 
ores such as are employed in the States lend themselv«s 
more readily to large makes of iron, if only on account « f 
their superior richness in metallic iron. Not only is this 
so, but it has been shown by experiments conducted by 
Sir Lowthian Bell, that ores of this superior quality are 
more easily deoxidised than Cleveland pa ih stone, in 
other words the oxygen commences to be removed at a 
lower ay ac and at a quicker rate of progress than 
with the Cleveland stone. 

These two facts account in part for the reason why 
American furnaces can driven at a greater rate than 
those of this country, but do not explain all. The South 
Staffordshire native ores, whitestone and gubbin, are 
richer in metallic iron and more easily reduced by car- 
bonic oxide than Cleveland ores, although perhaps not so 
readily as those of America, yet South Staffordshire fur- 
naces are rarely worked with these materials over 200 to 
250 tons per week. 

Sections or Working Lines.—I propose now to deal with 
the second part of my paper which hears entirely upon the 
construction and section of American furnaces. In order 
to bring this more forcibly before you, I shall show what 
may be regarded as typical sections of American and 
English furnaces, and endeavour to demonstrate that the 
American sections are more favourable to rapid working 
than ours, and invite your attenticn to the engravings 
accompanying this paper. On comparing the sections of 
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English with American furnaces, the most striking 
feature that presents itself at first sight is that in com- 
rison with height, the English furnaces are wider at the 
osh lines, narrower in the hearths, and consequently the 
boshes are not sosteep. In other words the American 
furnaces more nearly approach that form of furnace which 
some engineers have been bold enough to suggest, viz., a 
cylindrical furnace; but without the disadvantages which 
such a furnace would inherit. 

When we consider the function of a blast furnace, it 
certainly ap s reasonable, that within certain limits, a 
furnace should be as nearly cylindrical as possible. The 
chemical reactions which have for their duty the de- 
oxidising of iron ore, occur, or should do so if a furnace 
is perfectly designed, in the upper part of the structure 
before the materials descend so far as to reach a region 
hot enough to enable the carbon of the fuel to react on the 
carbon dioxide (the result of deoxidisation of ore), with 
the production of carbon monoxide by the well-known 
formula CO, + C = 2CO. Itis somewhat beside the sub 
ject of the paper to discuss the chemical actions which 
here take place, as it is my desire at present to look more 
tothe mechanical than to the chemical aspect of this part 
of the paper. Not that the chemistry involved has 
nothing to do with the economy of the American practice 
when viewed from the standpoint of an engineer, for I am 
convinced that the lines adopted in American practice 
favour to a considerable extent the chemical economy of 
their practice. 

After the chemical actions to which I have referred have 
taken place, the materials, or stock as the Americans call 
it, descends rapidly into regions of increasing tempera- 
ture, until at last it reaches a temperature of furnace, hot 
enough to effect fusion, when the metallic iron and slag 
separate into their respective molten states and fall into 
the hearth or crucible of the furnace. It must be obvious 
to all that as little obstruction should be offered to the 
uniform descent of stock as possible. This condition 
appears to be best provided for in furnaces where the dia- 
meter of bosh is notextravagantly greater than thediameter 
of the hearth beneath it, and the stock line above it, near 
the throat of the furnace. 

In the first place let us consider the descent of stock. 
If the proportion of charging bell to stock line is such 
as will give a satisfactory distribution and mixing of 
material, then as little disturbance of this arrange- 
ment should be allowed in descent as can be governed. 
Now if the diameter of bosh is much greater than that 
of the stock line, the descending stock will ever 
shifting itself into areas of increasing dimensions, until the 
bosh is reached. This might be obviated, say some, by 
making the lines above the bosh parallel, but if we con- 
sider the nature of the changes, due to temperature, the 
stock undergoes in its descent, we shall soon see that a 
parallel structure is mischievous. Consider for one 
moment the etock to be a series of discs one upon another, 
and of considerable density, descending in a cylinder. As 
soon as the lower discs become sufficiently hot to be some- 
what soft, they will, like an india-rubber disc under a ver- 
tical pressure, flatten and expand outward. The result 
of this in a blast furnace is that the pasty material will 
jam against the side of a parallel structure, the cantral 
portion will be thrust down by the weight above it, the 
ascending hot gases will find their way through the 
centre, leaving the outside to gradually cool and form 
what is known as a ring scaffold. A structure witha 
proper amount of taper down to bosh level will not give 
this trouble, because as the discs become soft, as just de- 
scribed, they are descending into greater areas and become 
detached from the sides of the furnace in consequence, 
which allows a free passage through the whole mass for 
the ascending hot gases. This result maintains the whole 
of the descending stock at this critical point at a fairly 
uniform temperature. 

Now with regard to the action of the ascending gases 
in the two types of furnaces we are considering, viz., the 
English, with its small hearth and wide bosh, and the 
American wide hearth and slightly wider bosh. I shall 
not now deal with the furnace parallel above the bosh, for 
I consider its worst influence is upon descending stock. 

In the English practice the blast is delivered well 
towards the centre of the furnace, where it will then have 
to expand and diffuse considerably if an excess is not to 
creep up the centre of the structure, leaving the sides a 
deficiency. 

This is, as a rule, what occurs in our practice. We 
have what might be termed a central blower of rich, hot 
gas more than enough to heat and chemically affect the 
portion of stock with which it comes in contact, causing 
rapid central action, but leaving the outside stock to more 
slowly descend in an imperfectly heated condition. Not 
only so, the outside stock, under such conditions, will 
probably descend into a red-hot region before complete 
deoxidation has taken place, when, of course, the 
wasteful action of red-hot coke upor. carbon dioxide will 
occur. 

The conditions just described enya aes | favour the 
formation of ring scaffolds, which not on y materially 
reduce the effective cubical capacity of the furnace, and 
thereby increase the consumption of coke, but are most 
troublesome for other reasons, and most difficult to dis- 
cover and remove. Extremely wide boshes do not permit 
a proper distribution of gas with stock, and, where such a 
condition exists, the only remedy we have is todraw back 
the tuyeres, which makes a wider hearth, cuts away the 
lower part of the boshes, and enables the ascending gases 
to permeate the outside portion of the stock. Such has 
frequently to be done in English furnaces before satisfac- 
tory results can be attained. 

The American practice of making the hearth wide to 
begin with, and keeping the diameter of bosh within a 
reasonable proportion to the hearth, gives great advantage. 
A glance at the diagrams of Edgar Thomson, Chicago, 





and the Franklin furnaces of America, will convince one 
at once of this fact. 

Another feature of American practice is the tendency 
to keep the bush low. The nature of this will be at once 
ine 33) inspecting the lines of the Franklin furnace 

‘ig. 12). 

From what has already been said about the formation 
of scaffolds, particularly of ring scaffolds, it will be 
apparent that if the taper usually given to the interior 
lines of a furnace is carried low enough to be well beneath 
the point at which fusion commences, the tendency to 
scaffolding must be materially reduced, for when the 
bosh line is reached the solid material will consist entirel 
of fuel, while the fused material will have become suffi- 
ciently fluid to be beyond the influence of any ordina: 
chill, to which furnaces are at times liable, and will 
therefore rarely be chilled sufficiently to become again 
pasty or solid. I find in this district a tendency to recede 
from the practice of some years past of raising the height 
of bosh in order to secure a steeper angle. Managers are 
paying more attention to the lines which a furnace will 
develop of its own accord. A steep angle of bosh is not 
in itself all that should be desired. Let the bosh be steep 
if you will, but at the same time do not carry the height 
of bosh too high. Ifthe bosh for any reason must assume 
a flat character, by all means keep its greatest height well 
down. For my part I would rather work a low flat bosh, 
than a steep one running high up into the furnace. 

Blast Pressure.—The Americans have in many instances 
the advantage over us in pressure of blast. While we are 
content to work with from 3 lb. to 4 lb. pressure upon the 
square inch, it isno uncommon thing to find in America 
pressures of 8 lb. to 101b. The stock argument against 
increasing our blast pressure, viz., that rapid driving will 
not give time for the proper preparation .of material, is 
disproved by American practice. There is no doubt that 
in English practice rapid driving does tend to throw a 
furnace off its load, with a tendency to produce a harder 
grade of iron and gobb, but the fault lies with the shape 
of furnace, which is not adapted to allow the material 
a fair opportunity. With enormous wide boshes and 
comparatively small hearths rapid driving tends to 
accelerate the descent of sentral material, without a pro- 
portionate increase in the rate of descent of outside 
material ; and, as has been before mentioned, a central 
action of gases means that more gas of reducing property 
passes through the central material than is necessary for 
its reduction and heating, consequently the gases pass 
off at the throat of the furnace more highly heated than 
they should be, and with a higher percentage of carbon 
monoxide than is normal. I need hardly tell you such a 
condition involves waste of fuel. The wide hearth and 
proportionate bosh of the American furnace permits a 
more uniform descent of material, and ascent of gases, 
whereby the whole of the material is properly reduced 
and heated. The gases do the maximum amount of ~~ 
pass off at a low temperature, and with a comparatively 
low content of carbon monoxide. The Americans, there- 
fore, by virtue of the shape of furnace, are enabled to 
carry a higher pressure of blast, and produce a larger 
amount of iron in a given time than can be achieved in 
this country. At the same time, with these conditions, 
and with furnaces of comparatively small cubical capacity, 
the fuel consumption is remarkably low. In many cases 
less than a ton of coke is employed in smelting a ton of 
pig iron, and rarely more than ton per ton in furnaces 
such as I have described. 

There are one or two other features of American prac- 
tice which cannot fail to be of interest to us. 

1. Nearly all American furnaces are worked on the 
closed hearth system ; that is, the hearths are built per- 
fectly circular, and have tuyeres placed all round at 
uniform distances from each other. Between two of 
these tuyeres, and at some 18 in. to 2ft. below them, an 
es is provided into which a bronze nozzle is fixed, 
through which the slag is allowed to flow from the hearth. 
At castings, no time is lost in having to repair and re- 
fettle the slag outlet, as is the case in the English fur- 
naces where the old-fashioned open fore-hearth is still in 
existence. I have known frequently twenty-five to thirty 
minutes spent in these repairs in South Staffordshire at 
each cast, apart from a certain amount of blast easing 
during the shift, where the practice of fire-throwing is in 
existence. 

2. Nearly all American furnaces are provided with 
bronze tuyeres, which have been found to be very durable. 
Bronze is desirable, inasmuch az molten iron will not weld 
to it as in the case of cast or wrought iron, and does not 
burn or drill it to anything like the same extent. They 
are, in consequence, found to endure for a much longer 
time, and hence American furnaces are not so frequently 
standing while tuyeres are being changed as is the case 
with us. The additional cost of tuyeres is thus more than 
compensated for. An American author, writing of iron 
smelting, remarks that “‘time is iron.” It needs one to 
be accustomed to rapid blast furnace working to full 
appreciate his application of the old saying, with whic 
you are doubtless acquainted. 

3. The American manager fixes his tuyere at a higher 
distance from the bottom of the hearth than we as 
arule do. In England 3ft. to 4ft. above the tapping 
hole is the height usually adopted, while 5 ft. 6in. is the 
American rule. The result is that his tuyeres are kept 
clean and free from slag to a greater degree than ours are, 
which enables him to blow into clean material offerin 
_ resistance to the blast, than if contaminated wit 
slag. 

4. Most American furnaces are blown with blast heated 
in firebrick stoves of the Cowper or Whitwell type. While 
they have not so much advantage over Cleveland in this 
respect, they certainly have the lead of South Stafford- 
shire. It is a fact scarcely worth repeating here that blast 
of from 1400 deg. to 1500 deg. Fahr. will give a consider- 





able saving of fuel, when compared with that heated by 
pipe stoves even of the best kind. 

_ The average weekly production of a Cleveland furnace 
is probably not more than about 500 to 550 tons at the 
present time, It is true that individual furnaces at times 
reach 700 tons on Cleveland pig, but they are exceptional. 
Cumberland furnaces on hematite pig reach 800 to 900 
tons soppone ye while in our own district 300 tons is 
rarely exceeded. Fig. 9 of the sections represents the 
Edgar Thomson A furnace, which was blown in on 
January 4, 1880; 442 tons were made the first week, 506 
tons the second, 528 tons the third. 

In March, 1880, nearly 700 tons per week were being 
made with 20.65 cwt. coke of 85 per cent. carbon per ton 
of pig, and if my memory serves me correctly, I think 
this furnace shortly afterwards was run at about 1100 tons 
weekly. This was one of the first swift American fur- 
naces, and in April, 1880, Messrs. Taws and Hartman, 
writing to our Engineer, call attention to the following 
points in connection with it: 1. Its large hearth, 8 ft. 9in. 
now cut out to 10ft. 9in. at the tuyeres, 2. Hot blast 
and high pressure. 3. Tuyeres evenly spaced all around. 
There is no fore hearth; use Lurmann cinder notch. 
Small tuyeres, and blast well projected into the furnace. 
4. High furnace—five times bosh ; large top—l0ft. 6in. 
at stock line. 5. High tuyeres—5 ft. 6in. above hearth. 
6. Able management by founder. 

Fig. 10 represents the Edgar Thomson D and E fur- 
naces, Mr. E. Windsor Richards described the furnaces 
to the Cleveland Institution of Engineers in 1882, shortly 
after they had commenced work. He stated that they 
were then making 1470 tons of pig per week, with a coke 
consumption of 22cwt. They are 80ft. high, 20ft. dia- 
meter of bosh, 11 ft. 6in. diameter of hearth, and have 
eight tuyeres, each Gin, in diameter, blast pressure 101b. 

er square inch. Temperature of blast about 1400 deg. 

ahr., heated by three Cowper stoves to each furnace. 
The ores contain 53 to 55 per cent. metallic iron. A plant 
of two furnaces of this description would cost in England, 
Mr. Richards says, nearly 100,000/., and double that 
amount in America, There are two pipes conveying the 
air from the engine to the furnaces, which may be worked 
together or separately. If one furnace is found to be 
driving slowly, the connections are separated, and the 
blast turned on to the slow-driving furnace, and the blast 
forced through it, thus compelling it to move faster. 
These furnaces run about two years, or make from 150,000 
to 200,000 tons of pig before they require relining. Since 
the date named above, as much as over 1800 tons per 
—_ have been made with a coke consumption of about 

cwt. 

Fig. 11 represents one of the South Chicago furnaces of 
the North Chicago ogg Company, and was de- 
scribed in a paper by Mr. E. C. Potter, general superin- 
tendent, at the spring meeting of the Iron and Steel In- 
stitute, 1887. It is 75 ft. high, 20 ft. diameter of bosh, 
and 11 ft. diameter of hearth. On March 30, 1885, this 
furnace was blownin. During the following nine months, 
52,927 tons of pig iron were made, which averaged 1357 
tons per week. The coke consumption over that period 
averaged 20,34 cwt. per to of pig. In November of that 
year 6242 tons were mas», which is equal to 1456 tons per 
week, Coke averaged 18.77 cwt. During the last six 
months of that year the coke a averaged 
19.12 cwt. per ton of pig. The only fault I find with this 
furnace is that the bosh is too high, and the height a little 
too low. Ina75ft. furnace the bosh stands 35 ft. above 
the hearth, whereas with the Edgar Thomson D and E 
furnaces, which are 80 ft. high, the boshes stand 33 ft. 
above the hearth. Had the South Chicago lines more 
nearly approached those of the Edgar Thomson, other 
things being equal, there is little room for doubt that this 
furnace would have made 1800 tons instead of 1400 tons 
~ week, with as low a fuel consumption. Each South 

hicago furnace is blown with blast at about 1400 deg. 
Fahr., heated in three Whitwell stoves, 60 ft. high by 
21 ft. diameter. Tuyere line 5 ft.6in. above floor; blast 
pressure I believe is from 7 lb. to8 lb.; the number of 
tuyeres not mentioned. 

ig. 12 is taken from an admirable paper presented by 
Mr. Hartman to the Franklin Institute, May, 1886, and 
represents the Franklin furnace of Néw York. This fur- 
nace represents a different class of work to the Edgar 
Thomson and South Chicago. The fuel employed con- 
sists of about two-thirds coke and one-third anthracite 
coal. It is a well-known fact that the furnaces using 
anthracite do not work so quickly nor so economically in 
int of fuel consumption as coke-burning furnaces. 
lieve the average make of an ordinary New York fur- 
nace is about 350 tons, but of that I am not quite sure. 
The Franklin furnace made in one week, selected by Mr. 
Hartman, 614 tone with 25.38 cwt. fuel of the mixture 
named, per ton of iron. The ore contained 44 per cent, 
metallic iron. The air is heated in firebrick stoves, and 
averaged 1100 deg. Fahr. Since making the 614 tons here 
noted, the furnace has made 692 tons on the same mixture 
of ore. Twelve years previously the same furnace, 10 ft, 
lower in height, made 156 tons weekly from the same ore. 

In conclusion, although only the Edgar Thomson and 
Chicago coke furnaces have been taken as types of 
American rapid work, it must not be supposed that 
these works alone constitute the show. Other furnaces, 
such as the Lucy and Isabella, have run up to 1800 and 
2000 tons per week. In anticipation of any remarks that 
may be made in discussion respecting the accuracy of the 
American figures, it may be said that the figures given us 
by our American friends have been accep and con- 
ae by many leading members of the Iron and Steel 

nstitute. 


Pia 1n Germany. — The production of pig iron in 
Germany last year exhibits an increase of about 400,000 
tons, as compared with the corresponding output in 1887. 
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SHIPS, &c, 


16,308. J. Beynon, Stratford, Essex. Improved 
Method of and Appliances for Housing and Launch. 
ing ps’ Boats. (8d. 8 Figs.] November 28, 1887.—A, A, 
are two parallel skids upon each of which isa chock formed of 
two sections B, B!, hinged together at b. The inner sections B of 
the chocks are each provided with a socket into which a davit D 
is fixed. At the head of each davit there is a brake device E 
through which passes the running fall F by which the boat is sus- 
pended. This brake is so constructed that when the davit isin a 
vertical position (Figs. 2 and 3) the fall will be gripped firmly by 
the brake, but when the davit is inclined from the vertical posi- 
tion to about 60 deg. (Fig. 4) the fall will run freely through the 
brake. The fall can, however, always be freely pulled through 
the brake when raising the boat. Each chock is held on its skid 
by a bolt which passes under the latter, and is carried between 
two cheek pieces fastened to the section B of the chock. The boat 
is lashed in place by means of locking straps G. A crossbar H 
passes fore and aft below the boat. Each of its ends carries two 
links H' pivotted to the inner ends of the sections B of the chocks. 
To the centre of the crossbar is attached a screw spindle H? by 
means of which the chocks and the boat may be run in or 






































out, and which is operated by means of a revolving nut or sleeve 
H' and handle A'. The running ends of the falls are passed round 
drums K mounted loosely on a shaft k, but capable of being con- 
nected therewith by means of clutches K?. A ratchet wheel K! 
operated by a handle and paw! k? serves to rotate the shaft k. To 
launch the boat which is securely lashed in its berth, the screw 
H?2 is rotated, whereupon the boat chocks and davits will move 
horizontally towards the ship’s side, the skids remaining sta- 
tionary. The screw having been run out to its full extent, the 
boat will hang with half its breadth over the water. The outer 
portion of the chocks will then drop, and at the same time release 
the lashings. Then by reversing the screw the chocks and davits 
are turned through an arc of about 60 deg. The falls by which 
the boat was suspended are now free to pass through the brakes 
E, which have assumed a vertical position, and the boat is allowed 
to drop into the water with a speed depending upon the angle to 
which the davits are thrown over. To recover the boat the drums 
K and discs K? are connected, and the boat is hoisted to the level 
of the choeks by the handle k'. The screw H? is then traversed 
first outwards, and then inwards, to return the chocks to the 
position shown in Fig. 2. (Accepted November 17, 1888). 


1498. J. Moore, Belfast. Improvements in the Pro- 
Pulsion of Steam Vessels. (8d. 1 Fig.) February 1, 1888. 
—This invention relates to the employment of a propeller or twin 
propellers A so placed that its or their blades work below the 











keel, in combination with a propeller or twin propellers B placed 
in the stern aperture, such system of propellers being so arranged 
that the propellers may be driven separately or collectively. (Ac- 
cepted December 8, 1888). 


2018. J. C. Dee Anger, Wilts. 
Improvements in the tion Arrange- 
ment of Armour for Vessels of War. (8d. 12 Figs.) 


February 10, 1888.—According to this invention the improved 
armour is constructed of corrugated plates or plates having that 








surface corrugated which is exposed to projectiles P, as illus- 
trated in Figs, 1,2, and 3, in which the side of the armour-plate 
exposed to projectiles is provided with projecting parallel ribs. 
To the upright or nearly be gen vy parts of a vessel to be armoured 
the armour plates are fixed with the parallel ridges in a horizon 

direction (Figs. 1, 2, and 3). Inclined armour plates have their 
parallel ridges running in the direction of the inclination of the 
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protected surface (Fig. 4), and horizontal decks are protected by 
ribbed plates having their ridges running in the direction of the 


length of the vessel (A B, Fig. 4). Fig. 4 is designed to illustrate 
the difference in the mode of impact of a projectile P upon the 
improved corrugated armour deck at C, and upon an ordinary 
curved or inclined smooth armour deck at D. Fig. 5 is an en- 
larged combined view of the parts C and D. (Accepted December 


8, 1888). 
12,769. A. M. W. on, Northolt, ddlesex. 
Improvement in or Connected with Ships and 


other (6d. 3 Figs.) September 4, 1888.—The primary 
object of this invention is to reduce to a minimum the rolling of 
ships in a seaway. The improvement consists in bringing the 
bilge down to a point midway between the keel and a vertical 
line drawn to coincide with the side or beam of the ship and on a 
level with the base of the keel. From this midway point the 
floor is carried to the apex or top of the keel in an angular line 
and without any perceptible curve therein, as distinguished from 
the usually convex form given to the bottom from the keel to the 
bilge. Referring to Fig. 1, from the two points D and E the 
bilge is lowered to points A and B in line with the base of the keel; 
then from the apex of the keel to the two points A and B(A being 














the centre of the port side, and B the centre of the starboard side), 
the two direct angles C B and C A in opposition to the roll are 
formed. In Fig. 2, the old shape is shown in full lines ; the dotted 
lines indicating the present improvement of lowering the bilge to 
the point B, and from that point to the apex of thekeel. The 
straight line C B forms a direct angle of resistance to the roll of the 
ship before the roll takes place, The angles from C to B and from 
C to A, slight as they may be, are the means of greatly reducing 
the rolling of a ship, for if on either side the action of the sea 
should cause a roll, there will be an opposite angle of resistance, 
because the water will have a free run under the upper angle, 
Pasay # against the depressed angle with full force, and thus 
— tely checking or reducing the roll. (Sealed December 21, 
1888). 
RAILWAY PERMANENT WAY. 

899. F. S. Morris,London. Improvements in Chairs 
for the Permanent Ways of oads and Tram- 
Ways. (8d. 8 Figs.) January 20, 1888.—qa is the body or base 
of the chair, having one jaw b formed in one piece therewith. cis 
a gripping piece, which is fitted to the base of the chair, and forms 
the other jaw. This gripping piece bears against and grips the 
web of the rail d by being drawn up tightly against the rail by 
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means of a ‘‘ draw joint” and pine. fisa groove formed in the 
gripping piece to impart to the latter the requisite elasticity ; it 
extends the whole width of the jaw. In the modification shown 
in eg 5 and 6, a flexible curved piece i is placed between the 
rail d, and the side of the jaw b opposite the gripping piece, 
instead of grooving or channelling the gripping piece, (Accepted 
November 24, 1888). 


6879. E. G, Chamberlain, San Jose, Costa Rica, 
Central America, An Improved Compound Rail- 
way Rail. (8d. 2 Figs.) May 8, 1888.—The improved rail is 
composed of three parallel members, a central member 1 wen, 
a flanged base 2 aul chaiped between channelled side members 





by means of bolts and nuts. The side members 3 rest upon the 
base 2 and extend to the top of the central web 1 and form there- 
with an even surface for the head of the rail. They are of similar 
shape at top and bottom, so that they may be reversed when one 
edge becomes worn, and have a longitudinal channel 7 in their 
outer faces to receive the fish-plates 4 at the joints and the heads 








and nuts of the bolts. To form a continuous rail the central 
and side members may break joint, the central member 1 project- 
ing beyond the side members 3, whilst at the adjacent end of the 
abutting rail the side members 3 project beyond the central 
member 1 so as to overlap the central member 1 of the first-men- 
tioned rail, the overlapping parts at the joints being clamped 
en fish-plates 4 by the bolts and nuts. (Accepted December 
’ 


16,066, J. M. Price, Philadelphia, Pa., and B. H. 
Lightfoot, Pittsburg, Pa., U.S.A. Improvements in 
Rail Joints for Railways. (8d. 10 Figs.) November 6, 
1888..—The ends of the rails A are swaged or pressed aside formin 
tongues B, whose inner faces coincide with the longitudin 
axis of the rails, whereby when the tongues of adjacent rails are 
placed — they form a tread of a width corresponding to the 
normal width of rail treads. On the inner faces of the tongues B 
of each of the rails are formed broad and flat ribs C, and grooves 








D, which extend in the longitudinal direction of the rails, and 
are located at the centre of the inner faces of the tongues of the 
rails, their disposition being such that the rib of one rail enters 
the groove of the opposite rail. The wall of each groove joins 
the adjacent rib, and each tongue of the rail has one rib and a 
groove. The ends of the rails are coupled by means of clamps E 
which embrace the sides and bases of the rails. In Fig. 7, the 
clamp is shown made in two parts, the base of each part being 
formed with a flange provided with bolt holes. (Accepted Decem- 
ber 8, 1888). 


RAILWAY ROLLING STOCK, 


306. T. H. Heard, Sheffield. Improvements in 
Railway Buffers. (8d. 8 Figs.) January 7, 1888.—Accord- 
ing to this invention, the plunger head and rod is made with a 
cylindrical case C, which ircles the plung » leaving an 
annular recess into which enters the neck or forward part of the 


buffer case A when the buffer spring B is compressed by the buffer 








head being driven back. The cylindrical case or annular sleeve C 
serves to support and guide more accurately the plunger rod when 
driven home and when struck by another buffer at an angle. In 
Fig. 2, the neck of the buffer case is provided with an outer = 
a or shoulder H adapted to bear against a corresponding 
nner shoulder formed on.a bushing G situated in the annular 
recess of the buffer head. (Accepted November 10, 1888). 


1310. W. A. H. Hosken, Gosberton, Lincoln. An 
tmqvoved Drawbar Hook and Coupling for Use on 
way Trucks and Carriages. . oe 8.) January 

28, 1888.—a is a slot to receive the front link of the coupling 
chain, b is the opening through which is to be passed the coupling 
link, ¢ is the usual round hole provided to receive the end link d 
of the coupling chain, e is the slot through which the link d is 














passed in and out, f are lugs provided for the purpose of throwing 
the coupling chain forward in a convenient position for lifting, g 
is the drawbar. The end link A is lifted by means of a shunter’s 
pole-hook and raised over the point of the drawbar hook. The 
withdrawal of the pole-hook causes the end link h to drop through 
the opening b into the slot a, down which it slides to the concave 
end bearing k. (Accepted December 1, 1888). 

928. A. Spenees, London. Improvements in Buffers 


for Railway Ve es. (Sd. 2 Figs.) January 21, 1888,— 
A is the buffer head, B the rod, D the buffer case, E a plate closing 
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the end of the case, and connected to it by screws or rivets (not 
shown). The springs are placed between the piates F and G on 
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the buffer rod. The plate G has a sleeve G! extending through 
the headstock of the vehicle, and encircling the rod B, which 
cannot escape from the sleeve on account of the nut C at its 
extremity. When a vehicle equip with buffers according to 
this invention comes in contact with another vehicle or a fixed 
buffer, the buffer head A, with its rod D, will move inward, com- 
ee oJ the spring between the plates F and G. If the butfer 

ead and rod should reb d, on t of the second vehicle 
being driven forward or the first vehicle backwards, it will not 
suffer a violent shock, for the nut C will strike against the end of 
the sleeve of the plate G, which takes an elastic bearing against 
the spring in the case. The blow of the nut C will thus be received 
by a yielding object and be softened. Fig. 1 shows a buffer with 
acast case, Fig. 2 shows a buffer with a forged or pressed case. 
(Accepted November 24, 1888). 


STARTING TRAMCARS. 


1266. J. Monteith, Carstairs, Lanark, N.B. Im- 
pee in Apparatus or Gear for Braking and 

tarting Tramway Cars and other Vehicles. (8d. 
5 Figs.) January 27, 1888.—The improved apparatus comprises a 
shaft A laid parallel to the length of the vehicle and intermediate 
between the axles B, B of the front and rear wheels. On each 
end of the shaft Aa bevel wheel C is secured, and on both the 
front and rear axles of the vehicle two similar wheels D, D', are so 
situa’ as to be capable of being one or other of them thrown 
into gear with one of the bevel wheels C on the longitudinal shaft 
A. This movement of the bevel wheels is effected by levers E 
operated by rods F from a hand lever G on the platform at the 
front or rear end of the car. When one of the bevel wheels D or 





D' on the fore or rear axle is brought into gear with the corre- 
sponding wheel C on the longitudinal shaft A the said shaft is 
rotated so as t> coil up a spring H, one end of which is connected 
to the longitudinal shaft A through a disc K having attached to it 
a pawl k engaging a ratchet wheel L, whilst the other end of the 
spring is connected to the car body. The spring in the act of 
being coiled upserves as a brake on the motion of the vehicle. To 
restart the vehicle the lever G on the platform is operated so as to 
bring the other bevel wheel D! or D on the fore or rear axle into gear 
with the longitudinal shaft A, and the said shaft being rotated in 
the opposite direction by the uncoiling or unwinding of the spring 
the vehicle is again started forward or the power required to be 
exerted by the horses for that purpose is diminished. (Accepted 
December 1, 1888). 


1895. J.de L. Watson, London. (A. A. Watkins, Han- 
over, Germany.) An Improvement in Starters for 
Tramcars or Carriages of any Description. (8d. 4 
/igs.] February 8, 1888.—The ratchet wheel A is fixed to the 
car axle B. Over the ratchet wheel lies a frame C which rides 
loosely on the axle. At one end of this frame is fixed on a pin E 
a pawl D which is adapted to engage with the teeth of the ratchet 
wheel. To a link on the same pin are fixed the ends of a double 
wire rope F which lies on the frame and has its other ends fixed to 
a crosshead H of a connecting-rod I. This rod is pivotted to a 
lever J having two fulcra—j and k—turning first on one and 
then on the other. Thus the horses pulling on the draw- 
bar L have a gradually diminishing leverage on the rod 
I. The illustration represents the apparatus at the moment 





of starting. In this position the pawl D engages with the teeth 
of the ratchet wheel A, and causes it to revolve as the drawbar is 
pulled out, thus starting the car. When the drawbar has reached 
the end of its movement, the ratchet wheel has made abouta 
quarter of a revolution, and the pawi, which is then at the top of 
the wheel, is caused to fall out of gear with the teeth by the action 
of the balance weight p. The connecting-rod I is extended to b, 
and underneath it is a flat steel band f, one end of which is fixed 
to the connecting-rod at b, and the other end to the frame C at d. 
By this means the frame C is returned by the backward movement 
of the lever and connecting-rod into starting ition. This move- 
ment is aided by the action of the spring X. In case of a car 
adapted to be drawn from both ends two sets of apparatus are 
required. (Accepted December 8, 1888). 


MOTORS. 


14,524. G. M. Capell, eee euesies: Northampton. 
Improvements iu Fiuid essure Motors. [lid. 12 
Figs.] October 25, 1887.—The figures are respectively a sectional 


elevation and a sectional plan of a four cylinder double-acting 
expu sion engine. A is a fixed cylinder, C a slide valve, and D its 
chest. E isa central drum, from one side of which the motor 





shaft B projects. ¢ is a central fixed sleeve adapted to serve as a 


bearing for the central drum, and as a circular diaphragm in 
which are formed ports communicating with those in the drum. 
F is the high-pressure cylinder ; and G, H, and I, the low-pressure 
cylinders, divided by sectors f, g, h, and «4; their respective 
cr gamed being J", g', hl, i}; m, m, are plug valves actuated by a 
ink gear in any convenient way. N is the exhaust. The opera- 
tion of the engine is as follows: The steam being admitted to 
the valve chest D, and the supply port j opened, the piston 1 
will be driven towards the sector f. As the piston reaches the 
end of its stroke, the steam exhausts from the cylinder F, through 
the port f?, into the cavity of the sleeve e; and thence through 
the ports g*, h®, and i?, into the respective cylinders G, H, and I. 
At the next stroke of the slide valve C, the port j' will be un- 
covered, and the piston f+ be driven by a second supply of 
high-pressure steam towards the sector i, while the low-pressure 
istons g', h', and i!, are being driven towards the sectors f, g, and h. 
he cylinder H exhausts through the sleeve e into either cylinder 
G orI, and both the latter through the three-way plug valves 
m,m, towards the main exhaust N. The plug valves m, m, and 
the slide valve C, are actuated by any suitable type of valve gear 
with a respectively reciprocating circular and linear motion. 
Sealed December 14, 1888) 


15,557. W. Clarke, J. B. Furneaux, and C. Dowsen, 
Gateshead-on-Tyne, Durham. Improvements in 
Motor Engines Worked by Fluid Pressure. (8d. 14 
Figs.) November 14, 1887.—This invention has reference to motor 
engines having two cylinders (or a multipleof two), and according 
thereto the piston of each cylinder of a pair acts in lieu of a 
valve to admit steam to, and exhaust it from, the other cylinder, 
and each piston likewise cuts off the steam supply to its own 
cylinder, and also compresses the steam therein, Figs, 1 and 2 
are vertical sections of the cylinders of a two-cylinder engine. 
Fig. 3 is a developed view of piston. Figs. 4 and 5 are sections of 
piston on line K, K. Live steam is admitted by means of the 











steam passages Q to the interior of both pistons A through suitably 
situated ports B, and through the ports C directly opposite, and 
at the proper time in the first cylinder. Steam is admitted 
through a port and passage way D in the cylinder, and a passage 
way E in the piston of the second cylinder to the top or bottom 
end of the piston in this cylinder. After doing duty in the latter 
cylinder the steam escapes through one of the passages F in the 
Eaten, and through one of the ports and passages G in the cy- 
inder and through the cavity H in the piston of the first cylinder 
to the at phere or d - way of passage L, and so on 
to each cylinder an 


= piston. (Sealed December 7, 
1888). 
MISCELLANEOUS. 


14,793. J. E. Bott, Manchester, and C. H. Cousins, 
Linco Improvements in the Manufacture of 
Cast Steel Shells and Projectiles, also Applicable 
to other Forms of Steel Castings. [6d.) October 31, 
1887.—The molten steel or iron is pa through an alloy (con- 
sisting of titanium, tungsten, manganese, silicon, combined 
carbon, and iron) of lighter specific gravity than the steel or iron, 
so that the alloy rises and forms a film or layer on the surface 
of the molten metal, through which every particle of steel or iron, 
subsequently melted, passes before reaching the lower part of the 
furnace, where it is tapped. Shells, &c., are made with the use 
of collapsible cores and may be cast in greensand moulds. (Sealed 
October 19, 1888). 


15,168, H, Senier, London. A Process for the 
Separation of Zinc Hydrate as a Crystalline Body 
from Solution in the ed Hydrates. [4d.) 
November 7, 1887.— Zinc hydrate is dissolved in a solution of sodic 
or potassic hydrate. The resulting solution is concentrated by 
evaporation, and then allowed to stand for a time, during which 
the mono-hydrate of zinc will slowly crystallise out. (Sealed De- 
cember 21, 1888). 


15,237. L. R. Bazin, Paris. A Process and Appa- 
ratus for Conversion of Phosphates into Thermo- 
Phosphates or Phosphates Treated with Heat. (87. 
5 Figs.) November 8, 1887.—The phosphates are rendered capable 
of being assimilated by plants by being calcined at a high tempe- 
rature in special muffles (heated externally and internally) and 
there pulverised, (Sealed November 9, 1888). 


17,175. G. E. Gouraud, Beulah Hill, Surrey. (7. 
A. Kdison, Llewellyn Park, N.J., U.S.A.) Improvements 
in Phonographs and Phonograms. ld. 18 Figs.) 
December 14, 1887.—The frame of the machine is composed of a 
top and a bottom plate A, B, each consisting of a spider of four 
arms connected by vertical posts a. To the latter are connected 
the yokes cf four electro-magnets C, C', C?, C3, braced by pieces b. 
The poles of the four magnets project inwardly and concentrically 
towards a heavy flywheel D'. The magnet windings are connected 
to asuitable battery E, and the whole forms a motor in such wise 
that the flywheel D! is caused to rotate at a uniform speed. The 
inner end of the phonogram cylinder G is constructed as a bevelled 
friction wheel upon which bears a bevelled pinion i! mounted on 
the flywheel shaft. The phonogram P consists of a cylinder which 
is slip over the phonogram cylinder G ; it has a surface of wax 
on a of plaster-of-Paris. The phonogram cylinder G is 
mounted on a shaft F which extends between the bearings h and A! 
and is provided with a fine screw thread (100 threads to the inch). 
Parallel with the shaft F is arranged a guide rod H on which is 
mounted a sleeve k capable of moving along on the rod H a 
distance equal to the “— of the phonogram cylinder, 
and carrying a guide arm. The outer end of this guide arm is 
formed as a block bearing upon the screw shaft F and provided 
with a section of the corresponding thread. Upon the other end 
of the tube kis fixed the arm I to which is pivotted a swing frame 
T' made in the shape of a spectacle frame with two eyes, These 
holding eyes my & the recorder and the reproducer. The swing 
frame bi e der or the reproducer to be brought 
at will into operative relation with the ogram cylinder. A 
cutting tool L (Fig. 4) serves to turn off surface of the phono- 
gram so as to make it true for recording, or to turn off one 








record and leave the surface ready for another record. Upon the 

arm I is secured a carrying plate M to which is connected a tube 

M! which serves as the muuth and ear piece of the instrument. 

The r der (shown separately in Figs. 5 and 6) is a circular 

plate N (Fig.4) which may fit either eye of theframeI'. It has 
C7 a 


ofp Fig .3. 
ky, aa 





a central opening p' and a diaphragm N! to the centre of which 
is secured the steel recording point p?, The reproducer consists 
of a plate o (Fig. 3) with a central aperturecovered by a diaphragm 
ol to the centre of which is secured a fine hot | wire which is 
turned downwardly so as to follow the spiral line of indenta- 
tions upon the phonogram. (Accepted October 20, 1888). 


1228. F. W. Walker, Leeds. Improvements in 
Machinery for Loading Co or other Material. 
(8d. 1 Fig.) January 26, 1888.—q@ is an elevated railway along 
which the wagons c travel to and from the tip}. The tip-up 
frame is turned about its pivot b! by means of a hydraulic ram b?. 
A box d for receiving the coal is supported on a carriage e which 
travels along an inclined plane f; g is a cylinder and ram with 
pulleys, chains, and usual appliances for raising and lowering 
the carriage along the inclined plane. i is a crane jib; twochains 
paas over pulleys on the jibhead to the box d. One chain has 
ends which are attached to the frame of the box, and the other 
is provided with links which are attached to hinged doors at the 
bottom of the box, and these serve to keep the doorsclosed ; when 
the chain is allowed to become slack the doors open; k& is a 
standard on the frame, and a chain passes from the jibhead over 
a pulley upon the standard to the snail drum J upon which the 
chain is wound. This drum is operated either by a small hy- 
draulic engine m or by a chain wound upon a cylindrical drum 
on the same axis with the snail drum and which passes around 
the pulleys of the hydraulic cylinder and ram n. The lift- 
ing chains pass down the jib to pulleys at its foot. The 
chain attached to the frame of the box passes up and over 
a pulley on the head of the ram working in the cylinder o, 
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and is then made fast. The «ther chain attached to the 
hinged doors of the bex passes in the same direction over another 
pulley at the foot of the jib and over another pulley on the head 
of the ram and then descends beneath a pulley p on the lower end 
of a small ram working in an inverted cylinder g beneath the 
cylinder 0. The manner of working is as follows: The box d being 
placed upon the carriage ¢, it is raised by admitting water under 
pressure to the cylinder g until its bottom comes up to the lower 
end of the shoot h. Then the wagon on the frame 6 is tipped by 
admitting water to the cylinder b?. The coal runs out of the 
wagon down the shoot until it is stopped by the side of the box. 
Then the box is lowered and the coal passes gradually from the 
shoot into the box until the box is full. The box is next lifted by 
the crane ; both chains aid in litting the box, water being admitted 
to the cylinder 0, whilst the cylinder q is kept full with its ram in 
its lower position. The ‘ed is then derricked out by allowing chain 
to unwind from the snail drum J until the box is over the hold of 
the = lying alongside ; then by allowing water to pass out from 
the cylinder o the box is lowered into the hold. To deliver the 
coal water is allowed to escape from the cylinder q when the doors 
at the bottom of the box open and the coal falls out. Finally, by 
the aid of the cylinders o and q, and snail drum J, the box is taken 
-— to its place on the carriage. (Accepted December 8, 
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DIAMOND POLISHING. 


Dramonp cutting is a very old art; its com- 
mencement being lost in the mists of antiquity. It 
probably had its rise among the Hindoos, for pre- | panion. 
cious stones are believed to have been valued in| There were seventy-five diamond cutters in Paris 
Hindostan before European history commences. | at the time of Cardinal Mazarin, who was a great 
Some Eastern scholars even profess that the record of | lover of gems, but the trade subsequently declined, 
the Koh-i-Noor extends back to the time of Moses, | although it was soon after this time that the method 
and that it was a regal treasure when the ancient | of double cutting, or ‘‘ brillants recoupés,” was in- 
lawgiver was an honoured resident in the court of | troduced by Vincenti Peruggi, of Venice. This is 
the Pharaohs. The earliest allusion to diamonds in | practically the system which is now followed, as by 
Europe mentions that the Emperor Charles had his | its means the full beauty of the diamond is evolved, 
cloak ornamented with them in 1373, whilst actual | and its marvellous power of refraction is made 
stones have been found in some church decorations available to produce the play of light, and the 


to be obtained solely by working one stone against 
another, each grinding off the surface of its com- 
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of an earlier date. In the inventory of the Duke | 
of Anjou, between 1360 and 1368, there is also men- 

tion of a diamond cut in the form of a shield. But 
these early stones were not cut in the sense in which 

we now understand the process. They probably , 
had their outer gum-like coating removed and their | 
natural faces polished with emery, and as Indian | 
stones are often very regular in shape, they thus had | 
a symmetrical appearance, and a certain amount of | 
beauty. But they entirely lacked the fire and | 
brilliance which results from the cutting of facets. | 
It was not till 1456 that this method of treating | 
diamonds was discovered by Louis Berghem, who | 
established a guild of diamond cutters in Bruges. | 
The intolerance of the priests, however, broke up 

the community, many of whom settled in Antwerp 

and Amsterdam. | 

Previous to the time of Berghem the only cutting 

material known was emery, and it was not till oe 
he introduced diamond dust that the art really | too strong to be attacked even by the vagaries of 
made much progress. At that time there were no |fashion. The forms into which diamonds are cut 


Fig.¥4. 




















refuse diamonds, such as exist now under the/are shown in the annexed diagrams, which repre- 
|name of bort or boart, and the diamond dust had | sent two forms of brilliants (Figs. 9 to 14), and one 


of rose diamonds (Figs. 15, 16). It will be seen 
| that the brilliant is composed of two square pyra- 
mids set base to base, a good deal of the pyramids 
| being cut away. The apex of the upper pyramid 
|is removed until the total height is reduced by 
| five-eighteenths of its pe ta dimensions, the 
‘flat thus produced being called the table. The 


| lower pyramid is cut away one-eighteenth its height, 
| the flat being called the culet. The surface of 
| the upper pyramid is styled the beasil or bezil, and 
'the junction of the two pyramids is named the 
girdle, the height from girdle to table being one- 
third of the total thickness of the stone, and from 


girdle,to culet two-thirds of the same dimension. 
The diameter of the table is four-ninths that of the 
girdle, and the diameter of the culet one-fifth of 
the same. The bezil is cut with thirty-two facets, 
and the lower pyramid into twenty-four facets. 
In Fig. 9, d d are pavilions, bb star facets, c ¢ skill 
facets, and hh lower sides. The process of cutting 
reduces the weight of the stone very considerably ; 
small stones lose 38 to 40 per cent., and large stones 
50 per cent. and more of their original bulk. It 
has been attempted again and again to reduce this 
loss by other systems of cutting, but it has always 
resulted in a diminution of the beauty of the stone, 
and hence in a reduction of its value. Diamonds 
are, of course, worn for effect, and it is but little 
satisfaction for a lady to know that the central 
stone in her necklet is 20 per cent. heavier than 
that of some rival beauty, if the latter attracts 
universal attention, while her own is scarcely 
noticed. 

Double cut brilliants are generally of a square 
form as shown in Figs. 9 to 11, but they are 
often round, as in Fig. 12, which is a full size re- 
presentation of the Koh-i-Noor, as it now exists. 
Originally it was some six times its present weight, 
but unskilful treatment in India removed three- 
quarters of its bulk, and one-third of the remainder 
had to be sacrificed when it was re-cut in this 
country. Many stones, however, have not the re- 
quired form for double cutting, and those are usually 
cut as rose diamonds (Figs. 15, 16). The most mi- 
| nute speck of a stone can be cut in this way, indeed 
| it has been stated that there are rose diamonds of 
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which 200 only weigh a carat.* Stones cut with 
twenty-four facets are called Holland roses; those 
with eighteen to twenty facets, semi-Holland roses ; 
and those with six, eight, or twelve facets, Antwerp 
roses. The bottom is always flat, and is polished, 
and something of the effect of undercutting is 
obtained by mounting the stone over a cavity lined 
with metallic foil which reflects back the light which 
passes through the gem. 








In the seventeenth century London was one of 
the chief seats of diamond cutting. At that time 
decorative art of all kinds flourished among us, and 
foreign workmen were welcomed and encouraged to 
teach the native artificer to rival the best produc- 
tions of France and Holland. The English proved 
apt scholars ; stones produced at that date are still 
recognisable for their accuracy and finish. But 
when the Georges came, the diamond polisher, like 
many another humble artist, found that his occupa- 
tion rapidly dwindled, until finally it disappeared 
altogether. Amsterdam then became the home of 
the industry, which it has retained ever since to its 
profit. The diffusion of wealth, which is one of the 
most noticeable features of the progress of the 
nineteenth century, has led to a steady appreciation 
of all gems, particularly of diamonds, which have 
completely changed their ition in the public 
esteem since Benvenuto Cellino appraised them at 





* The carat is a standard of weight which varies in 
different parts of the world, as shown by the annexed 
Table. Lately there has been a disposition to adopt 
205 milligrammes (3.16363 grains avoirdupois) as the exact 
amount, and this will probably become universal : 


milligrammes. 
One Indian carat = 207.5 
German = 205.1 
Leipsic = 205.5 
Holland = 205.1 
Amsterdam = 206 
Portugal = 203.8 
adras = 205.3 
England = 205.3 
rneo = 197 
Poland = 188.5 
Florence = 196.5 
Spain = - 199.9 
France = 205 





one-eighth the value of rubies and one-fourth the 
value of emeralds. In spite of the vast output of 
the African mines there has been a steady increase 
in the market price of diamonds for many years 
past. One curious fact is noticeable in comparing 
the rates of to-day with those of a quarter of a cen- 
tury ago, namely, that it is the stone of moderate 
size which has risen most in value. The middle 
class are ready to absorb these steadily in enormous 





| 





proportions. Yet the sensation of reading the 
‘‘ Arabian Nights,” at a period of life when the 
imagination is not fettered with too much know- 
ledge, is almost recalled by a half-hour’s stay in 
that room. Out of the safe there comes a never- 
ending succession of jewels; not the ‘‘ barbaric 
pearl and gold” of Oriental legend, emblems of 
wealth without taste, but the productions of western 
art, wherein nature shines through an added beauty 
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| quantities, while gems of royal and ducal magni- 
| tude only find purchasers after there has been a 
successful ‘‘ corner” in New York or Chicago. 
After the lapse of more than a century diamond 
polishing has again become a London industry, in 
spite of the secrecy with which the guild at Amster- 
dam have maintained regarding their craft. The 
first intimation the public received of its establish- 
ment was the splendid exhibit of Messrs. Ford 
and Wright at the Colonial and Indian Exhibition. 
The excellence of the machinery, the skill of the 
workmen, and the beauty of the dazzling display 
of mounted stones, attracted universal attention. 
Even the most inconsiderate visitor carried away a 
recollection of the wonderful process by which the 
dim and disappointing natural diamond was trans- 
formed into a glittering jewel, which gathered up 
the pale rays of light, and shot them out again like 
golden arrows feathered with flame. The installa- 
tion represented a small section of the factory 
which Messrs. Ford and Wright have established 
on Clerkenwell-green, and which has now been 
in active operation for some years. It is situated 
in a narrow strip of land separating Clerkenwell- 
road and Clerkenwell-green, the entrance being in 
the former, and the end windows looking into the 
latter. The site is of irregular form, as shown in 
our plan on the previous page, but the best use has 
been made of it, and no space has been wasted. 
On entering, the visitor finds himself in a pas- 
sage having the offices of the manufacturing de- 
partment on his left, and the sale room on his 
iright. Usually it is only this latter which he sees. 
It isan unpretentious apartment, with nothing to 
‘distinguish it from thousands of similar offices in 
} London, except a large safe of especially massive 
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which is the impress of trained human intelligence. 
Rubies, emeralds, amethysts, beryls, garnets, 
opals, sapphires, topaz, carbuncles, and other 
coloured gems are there, but they are scarcely seen 
among the crowd of diamonds. Notthat diamonds 
are necessarily white; in the plenitude of their 
splendour they assume the hues of nearly all other 
jewels, being blue, rose, brown, yellow, and even 
coal black at times. But the bulk of them are 
white, and it is the pure white stone which is in- 
stalled in the public estimation, although the 
coloured specimens fetch fancy prices from con- 
noisseurs. These diamonds are worked into many 
objects, and in a multitude of forms. As they are 
displayed, one by one, first, ornaments of more 
usual kinds, with stones of ordinary size, and then 
articles such as necklets, tiaras, and aigrettes, 
suitable for Court wear, the attention is kept on the 
stretch, and every object excites a renewed interest, 
and a wonder as to how it is to be eclipsed by the 
next. It must be remembered that the designer of 
diamond jewellery can gain no aid from the setting. 
There must always be groundwork to carry the 
stones, but it is a canon of the art that it shall be 
rendered as nearly invisible as possible. The whole 
beauty of the device is due to the individual gems, 
and to the method of grouping them, and it is 
wonderful what an important factor the latter can 
be made in the general effect. 

The visitor to the Clerkenwell diamond polishing 
factory usually sees only the finished productions, 
but by the courtesy of the firm we were permitted 
to inspect the entire plant, and to prepare engravings 
for the benefit of our readers. The polishing is done 
on the ground floor, the shafting being below in the 
basement. There are no driving appliances, neither 
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shafts, belts, nor pulleys visible in the polishing 
room, which in this respect is a startling contrast to 
the Dutch mills. There, the space between each 
row of benches is occupied by shafting and pulleys 
of very rude description, and accidents are of con- 
stant occurrence. The speed of the mills is very 
great, and consequently the rattle of the belts keeps 
up a constant turmoil, which is inimical to the quiet 
attention which is required for the delicate mani- 
pulation of the stones. In Messrs. Ford and 
Wright’s factory there is nothing to be heard 
but the quiet hum of the flying mills, and the 
work is carried on with the tranquility of a 
counting-house. The method of driving and the 
construction of the mills are due, we believe, to 
the mechanical skill of Sir Henry Bessemer, whois 
the grandfather of the junior member of the firm. 
Each mill consists of an horizontal disc mounted 
upon a stiff vertical spindle. The spindle is turned 
down to a point at top and bottom, and runs in 
blocks of lignum-vite. The bottom block j (Fig. 5) 
is fixed ina taper bush c in the bottom boss a? of 
the C-shaped frame. A little distance above the 
bearing is a ring k, which is used to prevent 
the oil being drawn up the spindle or being 
thrown out of the bearing by centrifugal force. 
The upper bearing is adjustable by the screw 
x, and can be fed down as wear takes place. 
The spindle » carries, below the level of the 
bench, a rope pulley m with two grooves; each 
groove is partly embraced by a cotton rope, the 
two ropes being at different levels and running 
in opposite directions. Each row or bench of mills 
is provided with one of these silent ropes which 
runs from end to end, and back again, driving all 
the mills in its progress, and then descends through 
the floor to the main driving pulley. There are six 
benches of mills, as shown in Fig. 1, arranged in 
three rows with a gangway across the centre. 
Underneath this gangway, in the basement, there 
is a belt race in which there run six belts (Fig. 3), 
each of which drives a bench of mills. The two 
centre belts drive the benches nearest the engine- 
house. They run from the main shaft on to pulleys 
o (Fig. 4) fixed on spindles m carried in brackets 
d which slide up and down a vertical Y frame c by 
means of a screw e. At the other end of the spindle 
is a rope pulley n which drives the main cotton 
rope. The two branches of the rope rise vertically 
from this pulley, and then turn round guide pulleys 
into a horizontal plane. The two remaining sets of 
benches are driven in the same way, there being 
six brackets of the kind shown in Fig. 4 in the 
belt race, and each being capable of being raised 
and lowered vertically to slacken and tighten the 
rope. It will be noticed in Fig. 3 that the rope 
is crossed and recrossed between each adjacent pair 
of mills. The object of the crossing is to obtain a 
grip on the pulleys m (Fig. 5), while the recrossing, 
which is effected by aid of an idle pulley, is necessary 
to cause all the mills to run in the same direction. 
The following are the particulars of the trans- 
mission: The engine runs at 160 revolutions per 
minute and carries a 3-ft. pulley on its crankshaft. 
This pulley drives on to a 22-in. pulley on the 
countershaft below (Fig. 3). On this shaft there 
are six pulleys, each 3 ft. in diameter, running at 
262 revolutions, and they each drive on to a 16-in. 
pulley (Fig. 4) connected with a 20-in. rope pulley 
which runs at 589} revolutions. The pulleys on 
the mill spindles are 44 in. in diameter, and conse- 
quently the terminal speed is 2620 revolutions. 
The mills run constantly, but if it is necessary to 
stop one of them, the rope is lifted out of the 
grooves of the wheel by operating the handle e 
(Fig. 5). This brings the two pulleys g! running 
on the studs g against the rope, forcing it out of 
the grooves, and holding it clear of them (Fig. 8). 
Having thus dealt with the machinery, we will 
now describe the process followed in cutting dia- 
monds. The natural angles of the stones are so 
sharp that if applied to the discs of the mills they 
would rapidly cut them away, and practically ruin 
them. These angles are, therefore, abraded in the 
first instance by hand. Twodiamonds are mounted 
on sticks or holders, and the operator, taking one 
in each hand, uses an angle of one gem io cut off 
or reduce an angle of the other, and in this way he 
gradually removes them all, carefully catching the 
dust which falls for subsequent use. Originally the 
stone was practically shaped in this way, and it 
was only the polishing that was done on the 
mill, for the supply of diamond dust was limited 
to that obtained by the mutual attrition of the 
gema. But now there is obtainable an ample 








supply of small diamonds which are worthless for 
decorative purposes, either from the presence of 
flaws, or from the poorness of their colour. They 
are placed in a steel mortar with a tight-fitting 
cover, and are gradually ground into a fine powder, 
which is used upon the mills, and serves to do most 
of the work which was formerly effected in the way 
just described. The whole process is now called 
polishing, the two processes of grinding and finish- 
ing being simultaneous. 

After the natural angles of the stone have been 
removed it is mounted in a ball of lead about the 
size of a large walnut or small apple. The metal 
is heated till it reaches the plastic stage, when the 
jewel is pressed into it, leaving visible the par- 
ticular surface which it is desired to grind. The 
metal is very easily manipulated by those who have 
the skill, and can be ‘‘ wiped” to one side or the 
other so as to vary the position of the stone and 
give it greater or less prominence. At the opposite 
side of the lead ball to the diamond there is a stalk 
of brass wire, and once the metal is set, this stalk 
offers the only means of adjustment by being bent 
to one side or the other. It is perfectly marvel- 
lous how thirty-two facets can be cut on a dia- 
mond no larger than a hemp seed with such means as 
these. Thecutter is truly a handicraftsman, for he 
depends entirely on the senses of sight and touch, 
and has no apparatus to aid him in making his 
minute divisions. When the diamond has been 
fixed in its bed the stalk is clamped in a holder, 
which consists of a heavy bar with a hole to receive 
the stalk at one end, and two feet at the other end. 
Practically the lead ball forms a third foot to the 
bar, which is laid down with two feet resting on the 
bench and the third on the disc of the mill. The disc 
is moistened from time to time with olive oil contain- 
ing diamond dust and runs at a speed of about a mile 
a minute. The small particles of diamond become 
rubbed into its face, which is of soft cast iron, and 
thus produce an abrading surface acting continually 
against the diamond contained in the lead holder. 
The keen edges of the dust, aided by the speed, and 
the weight of the lead ball, gradually wear away 
the stone, which is removed for inspection every 
few minutes. When the workman considers that 
the cutting has proceeded as far as is necessary, the 
lead is softened, and the gem is released, ready to 
be again set in another position. Thus by successive 
stages the cutting proceeds until the jewel finally 
assumes the proper form. 

Each diamond is weighed when it is given out to 
the workmen, and every evening each man puts the 
stones in his care into a small box and returns them 
to the office to be locked ina strong room until the 
morning. He then receives them back again, and 
this practice is followed day by day until a stone is 
complete, when it is finally weighed and valued. 

We have thus traced the art of diamond cutting 
from the earliest times of which we have any record 
to the present day. We have seen that it has had 
many different homes in Europe, and that Bruges, 
Antwerp, Paris, Venice, London, and Amsterdam 
have, in turn, been its principal seats. A second 
time it now comes to our shores, and, we trust, to 
remain permanently. The British Empire practi- 
cally furnishes the entire supply of diamonds, Africa 
being the principal field and India the second. It 
would bea reproach to us if with this advantage we 
were to continue to allow the foreigner to take toll of 
every stone. Messrs. Ford and Wright have erected 
the best equipped diamond factory in the world, 
and they possess a practical knowledge of the sub- 
ject which c4nnot be exceeded in Amsterdam. 
Their enterprise deserves the goodwill and confi- 
dence of their countrymen, and if it succeeds in 
gaining that, it can afford to smile at jealousies of 
the trade and the middleman, who are always 
offended at any innovation. 





LIVERPOOL (VYRNWY) WATER 
WORKS. 
THE VALLEY oF LLANWDDYN. 
(Continued from page 101.) 

THE masonry dam is built at a part of the valley 
where the rock is narrowest. The site was not 
chosen for this reason alone, but because the 
position gives every evidence of being the bar of 
rock which formed the ancient glacial lake. The 
post-glacial deposits which filled up the old lake 
are much deeper further down, and also for some 
distance up the valley ; and thus show clearly the 
position of the old lake basin. An excavation 
1100 ft. long, 120ft. wide, and 60 ft. below the 





surface at its deepest place was made right across 
the valley, and this bar laid bare. Any loose glacial 
boulders on it—some of them several hundreds of 
tons in weight—were cleared away, and the sloping 
rocks were benched or stepped, so as to make a 
thoroughly solid and secure foundation for the 
masonry. The River Vyrnwy, which ran down near 
the left bank of the valley at this point, was diverted 
for some distance, and carried over the excavation 
on the right side of the valley, the most direct 
course, and the building of the dam was then begun. 
The general dimensions, &c., of the structure are as 
follows: 
Total length across valley... 
Height from lowest part of founda- 
tion to parapet of carriageway... 161,, 0,, 
Height from river bed toditto .. 101,, 0,, 
Height from river bed to sill form- 
ing the overflow through central 
arches under carriage way ; also 
maximum depth of lake when 
overflowing te ae ai 84,, 0,, 
Greatest thickness of base exe 1D yp Oey 
Width of roadway between para- 


1172 ft. Oin. 


Stas Sai? en. ae ok. Se 

Batter on opposite side from lake 1 in 7.27 
~ lake side (above level of 

groun Se a ea tte 1in 1.5 
Total cubic volume of masonry 

in dam A al i ... 260,000 cub. yds. 
Total weight of masonry indam... 509,700 tons 
Aggregate water pressure on lake 

side of dam a4 aa > ©6100 -,, 


The stone of which the dam is built was taken 
from a quarry about a mile distant, to the north. 
This stone, like that of the foundation, belongs to 
the Caradoc group of the Lower Silurian system. It 
is a hard, durable, dark grey stone, weighing 2.06 
tons per cubic yard, and having a specific gravity of 
about 2.721. Stones weighing 10 tons were the 
largest size allowed to be built into the work, but 
the average weights were: Stones under 2 tons, 
45.99 per cent. ; stones from 2 to 4 tons, 20.86 per 
cent. ; stones 4 tons and upwards, 33.15 per cent. 
The lower beds of these stones, if not perfectly flat, 
were roughly dressed to a plane surface, and any 
overhanging pieces or undue projections were cut 
off. They were then washed by jets of water under 
the pressure of a 140 ft. head. The stone was too 
hard for pick work ; hammer and chisel, or hammer 
and set, were, therefore, almost exclusively used. 
When brought to the dam by locomotives and 
wagons running on a 3-ft. gauge railway, they 
were lifted into position by steam cranes and de- 
posited on a bed of Portland cement mortar ; the 
interstices between the large stones, when impor- 
tant enough, were then built up with smaller ones 
around which cement concrete was rammed. On 
the finished surfaces so obtained, fine Portland 
cement mortar was again spread, in which other 
similar stones were set and beaten down with heavy 
malls. No grouting of any kind was allowed, the 
necessary intimate mixture and density being 
obtained by ramming. The cement mortar was at 
first made with cleanly washed sharp river sand, 
in the proportion of two parts of sand to one of 
cement. This was afterwards abandoned for a 
mortar made of one part of pulverised rock mixed 
with two parts of clean river sand, and of this two 
parts were mixed with one part of cement; from 
this pulverised stone, sand, and cement a stronger 
mortar was obtained than from sand and cement 
only ; the mixture also was quite free from ‘‘ short- 
ness.” As the wall was raised the proportion of 
cement was somewhat diminished. In September, 
1885, Mr. Hawksley retired from the joint engi- 
neership, and in consequence of certain questions 
arising, the Liverpool Corporation instituted a 
thoroughly scientific inquiry into the stability of 
the structure and the quality of the materials em- 

loyed. Eminent scientists were engaged for the 
investigation, the principal engineer being General 
Sir Andrew Clark, R.E., then Inspector-General of 
Fortifications. In the course of the inquiry a 
vertical shaft was sunk, and a heading driven into 
the heart of the dam. The labour was very great, 
and required the use of a hammer and chisel 
throughout; but eleven large blocks of the con 
crete filling were removed, their age varying from 
one to two years old. When tested by Mr. Kirkaldy 
they were found to bear—before crushing—an 
average load of 300 tons per square foot ; the frac- 
tures ran indiscriminately through both cement and 
stone. The greatest load upon the work, actually, 
is under 10 tons per foot. The sides of the shaft 
and heading exhibit work of the highest character, 
both as to the concrete filling and mortar bedding. 
Of the cement, the average tensile strength, ob 
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THE WESTINGHOUSE SYSTEM 
(For Description, see opposite Page.) 


Fig, 4. 


tained from over 9000 briquettes tested, was| course on the rock bottom to the topmost parapet. 


64 cwt. per square inch ; after being moulded for| The drawings on our two-page plate, reproduced 
eight days and me in water from the second to | from photographs taken during the progress of the 
the seventh day. The report made by the referees | work, describe its growth better than can be done 
spoke most highly of the work as being carried out, | by words ; yet, however perfect any photograph may 
Sir Andrew Clark remarking, ‘‘that nothing short | be, it fails to convey a correct idea of the mag- 
of an earthquake could possible disturb it.” Since | nitude of the structure. Only by walking over it 
the retirement of Mr. Hawksley in 1885 the work |and going down into the valve chambers, and 
has been carried on under the sole charge of Mr. | through the discharge tunnels—now built up—can 
George F. Deacon. an adequate idea of its solidity be gained; in fact only 

The history of the building of this dam is some-| once before did the writer ever experience that 
what uneventful; it progressed steadily from day to | same sense of the everlasting character of a atruc- 
day in the manner described, from the lowest ture, and that was when on a visit to the central 
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OF ELECTRIC LIGHTING. 


Fig. 5. 


chambers of the great pyramid of Gizeh. In order 
that the valley might be dry during the building of 
the dam, two circular tunnels -- the discharge 
tunnels—each. 15 ft. in diameter, were built in the 
masonry ; through both of these the river flowed. 
When the time came for filling the valley with 
water, these tunnels were built in with brickwork, 
set in cement, and into this brickwork the valves 
were built for regulating the outflow of water to 
the river below. The ordinary compensation water 
amounts to 10,000,000 gallons daily—3%$ times the 
natural dry weather supply—to which is added on 
thirty-two days during the driest part of the year 
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a flushing supply of 40,000,000 gallons per day. 
This unprecedented quantity and other considera- 
tions considerably increased the cost of the work, 
by requiring a larger storage of water, and con- 
sequently greater height of dam. During the pro- 
gress of the masonry, a puddle wall was carried up 
from the rock foundation against the inner face of 
the dam to within some 58 ft. of the overflow water 
level; at each end of the dam this puddle is carried 
to above water level. At the northern end of the 
dam the masonry is built into the rock forming at 
this point one side of the valley; on the southern side 
there is a large bed of boulder clay overlying the 
rock. The masonry follows the rock to within 
39 ft. of the overflow, and is tied into it and into 
the clay at the sides by a mass of puddled clay, 
which joins the puddle wall brought up from the 
rock foundation at the face of the dam. 

The general particulars of Lake Vyrnwy are as 
follows : 


Surface area 1121 acres 
Length _... = ane es 42 miles — 
Width sa si = .. to §ofamile 
Volume of water above aqueduct 

level me as fee ... 12,131,000,000 gals. 
Greatest depth 84 ft. 


The valves in the dam were closed on November 
28 ult., except for the passage of 10,000,000 gallons 
daily, compensation water, and within ten days 
from the time of closing, the lake was over four 
miles long. f : 

The straining tower——the point at which the 
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water enters the aqueduct, some three- 
direction of the head of the lake—is a very 
graceful structure, standing in 50 ft. depth 
of water, some 140 ft. distant from the shore, 
to which it is connected by a stone viaduct 
built on four arches. The material is the same 
as that of the dam, as far as outward appear- 
ance goes. The total height of the tower is 
160 ft. ; the outside diameter at the base is 
47 ft., which tapers slightly towards the top. 
The inside diameter is 30 ft. 6in. The outer 
casing is of the same grey masonry as the dam, and 
in both cases the outer joints in the stonework were 
left open ; the cement mortar not being brought to 
within about 6in. from the surface in the case of 
the dam, and 2 in. in the case of the tower, then 
an almost dry cement mortar was worked into the 
joints with plugging tools and mallets until an 
exceedingly close, hard surface was formed in all 
the joints. The rough-dressed faces of the stones 
standing apart and projecting over the smooth 
joints by about }in., give a peculiarly finished 
appearance to the work, and take away any look 
of harshness. The inside of the tower is built of 
cement concrete of the same proportions as in 
the dam, but as the outer casing of stone and the 
inner ring of concrete were built together, they 
form a perfectly homogeneous structure. This tower 
serves two purposes; it is the point at which the 
water is drawn from the lake, and serves to supply 
the aqueduct from near the surface of the lake, 
whatever may be the level, and within it also all the 
water is strained clear of suspended organic matter 
and impurities before it is sent away on its course 
to Liverpool. The drawing of the water from the 
lake is arranged as follows: On the outside of the 
tower and standing in a recess are two parallel 
columns of cast-iron pipes 44 in. in diameter in short 
lengths, with gun-metal bearings, so that they sit 
tightly on their faces ; these pipes are carried down 
through the masonry and up inside the tower in the 
same manner as on the outside. When water is 
required it may be drawn from any depth in the 


quarters of a mile distant from the dam in the 





lake by lifting these pipes at any joint by hydraulic 
machinery in the tower ; the inner pipes may also 
be lifted in the same manner, so that the intake 
from the lake and flow into the straining tower 
can be easily regulated ; in this way the strainers 
inside the base of the tower may stand in compara- 
tively still water. In the base of the tower are 
three vertical outlet pipes, all communicating with 
the main culvert ; they are each controlled by a 
throttle valve, worked from the hydraulic machi- 
nery floor above water level inside the tower. On 
the mouths of these outlet pipes stand cylindrical 
wrought-iron frames 9 ft. in diameter and 25 ft. 
high, covered with a copper wire gauze of 14,400 
meshes to the square inch ; an aggregate straining 
surface of 2034 square feet. Any heavy particles 
in the water which will not stick on this gauze when 
strained out of the passing water will fall into the 
conical-shaped bottom of the straining tower, from 
whence it may be cleared out by a device designed 
for that purpose. When the flow through the 
gauze becomes impeded from accumulated particles 
of suspended matter clinging to it, it so acts upon 
certain mechanism as to start automatically the ring- 
ing of a large bell; this will continue to ring until 
an attendant closes the throttle valve under the dirty 
screen. The screen is then lifted by hydraulic 
machinery to the washing floor above and washed 
by jets of water, like a ‘‘needle bath,” forced 
against the inside of the cylindrical gauze strainer; 
the dirty water is then delivered through a drainage 
pipe to the down stream side of the tower. All the 
machinery in the straining tower is hydraulic, and 
is worked by water obtained from a small reservoir 
far up the hillside. By means of hydraulic force 
pumps the pressure can be raised to 750 lb. per 
square inch. The main culvert under the three 
throttle valves in the straining tower connects direct 
with the Hirnant tunnel, the first big work on the 
aqueduct proper. 
(To be continued.) 





THE WESTINGHOUSE ELECTRIC LIGHTING 
SYSTEM 

On page 56 ante we gave an account, with illus- 
trations, of the dynamo and exciter used in the West- 
inghouse electric lighting system. We now publish 
engravings of some of the smaller instruments and 
apparatus used in the same system. 

ig. 1, page 126, represents a voltmeter to be used in 
the central station to inform the person in charge if the 
mains are being worked at the right pressure. Usually 
there are several mains diverging from the station, and 
each main has its own meter, which needs to be watched, 
since it furnishes the indication of the consumption of 
energy on that conductor. The voltmeter is not 
coupled directly to the circuit but is served by a small 
converter or transformer connected with the main 
circuit. Neither does it afford indications having a 
graduated numerical value, The dial has only a central 
point and two dots, the medium mark corresponding 
to the proper pressure at which the main should be 
run, and the two dots to the limits of allowable di- 
vergence. Ifthe index strays beyond the marks the 
lamp will either burn dimly or be incandesced to a 
dangerous degree. 

The construction of the voltmeter is exceedingly 
simple, but is based on a very ingenious idea, The index 
is carried on the spindle of a balance lever, having at one 
end a weight, and at the other end a core dipping into 
a solenoid. When the current circulating in the wire 
of the solenoid increases, the core is drawn further 
down, and when it diminishes the counterweight 
raises the core. This action, taken alone, would give 
a very short range to the pointer for the prescribed 
variation of the electromotive force, and even this 
range would be decreased by the augmented resistance 
of the coil due to the increased temperature set up as 
the current became greater. To increase the sensitive- 
ness of the instrument there are introduced into its 
circuit three incandescent lamps. When the current 
passing through these filaments increases, the resistance 
diminishes very sensibly, and thus the total resistance 
of the circuit becomes less. Hence an increase of 
pressure in the mains is followed by a greater aug- 
mentation of the current in the solenoid than that 
merely due to the increased electromotive force. By 
means of a resistance, not shown in the engraving, the 
voltmeter can be tested. 

To measure the current sent into a main conductor 
there is employed an ammeter, such as that illustrated 
in Fig. 2, which shows an instrument suitable for use 
with a 1500-light dynamo. In this case, as in the last, 
the index is moved by the attraction of a solenoid for 
its core. As the entire current from the dynamo 
passes through the solenoid the coil is formed of a strip 
or sheet of copper wound into a spiral with an air 
space between the adjacent convolutions. The core 
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is connected to the end of a lever, to which there is 
attached a toothed segment gearing with a pinion upon 
the spindle of the index finger. Upon the same 
spindle is an arm or lever, having a weight near its 
extremity. By properly adjusting the position of this 
lever, which opposes the attraction of the coil on the 
core, the index may be made to move through equal 
angles for equal increments of current. The core is 
built up of soft iron wires, carefully insulated from 
each other, to enable the reversals of magnetism , which 
take place at each alteration of the current, to be 
rapidly made, and to prevent Foucault currents. The 
top and bottom of the case are perforated to permit a 
circulation of air to keep the solenoid cool. 

Another interesting fitting of a Westinghouse electric 
lighting station is the changing switch (Fig. 3, page 
127). ‘his is for the purpose of coupling a dynamo to 
either of two circuits. The two poles of the machine 
are connected to the middle terminals at each side of 
the base of the switch. The two terminals at the top 
of the switch are connected to one of the circuits, and 
the two at the bottom to the other. In the position 
shown it is the bottom circuit which receives the 
current. When it is desired to change over to the 
other circuit the handle is raised suddenly, the two 
blades which it carries being drawn out of the spring 
clips in which they are held, and their opposite edges 
are introduced simultaneously into the upper sets of 
clips. The current then flows through the blades to 
the upper circuit. The handle is formed of insulating 
material, 

Fig. 6, page 127, shows a 16 candle-power lamp of 
the type adopted by the Westinghouse Company. 
The socket is illustrated in detail in Fig. 4, a com- 
plete keyless wall socket being shown in Fig. 5. On 
the neck of the lamp there is cemented a collar having 
a ring round it adapted to be grasped by the spring 
arms of the socket (Fig. 5). At the centre of the 
lamp collar there is a stud connected to one terminal 
of the filament. When the lamp is placed in the 
socket this stud is forced between the spring contact 
fingers seen in Fig. 4. These fingers are connected 
to the binding screw of the socket by an elastic 
connection, which is made and broken by turning 
the key or switch handle. The other terninal of 
the socket is in direct connection with the spring 
fingers, and the current passes from them to the collar 
of the lamp, and thence to the other terminal of the 
filament. Fig. 4 shows an inclosing cover which 
envelopes the socket, and a base piece by which the 
socket can be connected to wns 5 fittings. 





THE SURPLUS OF THE GLASGOW EXHI- 
BITION AND ITS DISPOSAL. 

THE surplus in connection with the Glasgow Exhi- 
bition is expected to reach something between 40,000/. 
and 50,000/. How this money is to be spent has been the 
subject of contention since the Exhibition closed, we 
might almost say since it was first thought of, for the 
people of Glasgow no sooner conceived the idea of 
having an Exhibition than they decided that they 
could and would make it a success, and then the ques- 
tion was, ‘‘ What is to be done with the surplus?” 
The articles under which the Exhibition was held pro- 
vided that the surplus was to be spent in furthering 
‘*art and science.” This has been found a wide enough 
nemee, and has, therefore, afforded much contention. 

nnumerable proposals have been made, but few have 
yet been backed by any authority. There were advo- 
cates for a large polytechnic, others for picture 
galleries and museum, while scientists thought that 
the technical colleges should be helped, and others 
spoke of providing an experimental tank, on the prin- 
ciple of Dr. Froude’s, at Torquay, in connection with 
the naval architectural classes at the Uhiversity. A 
magnificent building for a museum and art galleries, 
however, has been most favoured, and even a site was 
chosen by theadvocatesof this structure. Butthe surplus 
will not be sufficient for the large building suggested, 
and a more modest scheme is now proposed officially. 
Mr. John Carrick, the City Architect, in response to 
a remit by one of the committees of the Town Council, 
has prepared a scheme which he says. ‘“if carried out, 
may serve to reconcile the divergent views which pre- 
vail regarding the application of the expected surplus 
from the recent International Exhibition, which falls 
to be disposed of by the Town Council, in terms 
of the Articles of Association.” It will probably 
be remembered that the Exhibition was built on 
ground on the banks of the Kelvin, owned by 
the Corporation and extending to 19} acres. (See 
ENGINEERING, page 387. vol. xlv.) It is proposed 
to lease that part of the ground now occupied by 
the buildings of the Exhibition, which are to be 
demolished, for houses of a superior class, and to lay 
out the ground behind with plants, parterres, drives, 
and walks in the same way as the immediately adjoin- 
ing park—Kelvingrove Park. At the east end of the 
ground, where the picture galleries, women’s section, 
— hall, and other courts of the Exhibition were 
puilt, it is ee ogee to erect a permanent museum and 
fine art galleries for the Corporation. This idea has 








been influentially urged, and Mr. Carrick has prepared 
plans of it. The buildings will take the form of an 
with flower beds, &c., in the intervening spaces. In 
the centre there will be a grand hall surrounded by 
corridors, on the sides science and art museum, with 
galleries for the pictures belonging to the Corporation, 
a suite of salons adapted for the exhibition of pictures 
and sculpture, and an institution of fine art, including 
the School of Design and Haldane’s Academy. The 
building will be arranged in such a manner that the 
whole accommodation may be en suite when occasion 
requires. The extent of the ground to be occupied is 
13,586 square yards, It is suggested that the Doulton 
Fountain and the Fairy Fountain may be retained in 
their present sites. The scheme is admittedly a good 
one, and as there is plenty of space for effective archi- 
tectural treatment, it is hoped that the building will 
be of handsome design. The surroundings, indeed, 
demand it, in view of the proximity of the Glasgow 
University, one of the most magnificent edifices in 
Scotland and of many other imposing erections, 





BELLITE. 


On Tuesday last a series of experiments were made 
at Chadwell Heath with the new explosive bellite, in- 
vented by Mr. Carl Lamb, and described in our issues 
of July 1, 1887, and November 9, 1888. The new 
series of experiments were — as successful as those 
described in these articles, and the absolute safety of 
the new explosive has now been placed beyond cavil. 
The experiments were arranged in groups, each of 
which was intended to illustrate either a distinguishing 
characteristic of bellite or its adaptability to some 
specified end. The first experiment was intended to 
exemplify its use in submarine mining; 14lb. of tne 
material was inclosed in a tin canister, and on being 
fired by a detonator, the explosion sent the spray fully 
150ft. high. The next group of experiments were 
made with the object of showing the perfect safety of 
the material and that it could only be fired by a deto- 
nator. A bellite cartridge was broken in two, and one- 
half thrown ona fire, where it slowly burnt away with 
a reddish flame. The other half, weighing about 2 oz., 
was then exploded on a wrought-iron plate 12in. by 
12 in. by % in. thick, the charge being tamped with 
clay. The shock bulged the plate to a depth of 
about 2in. but did not pierce it. To our mind an 
even more convincing proof of its safety was afforded 
by the chairman of the company, who, holding 
part of a naked bellite cartridge in one hand, 
calmly applied a lighted fusee to the fragment with 
the other. The bellite charred and smouldered but 
went out immediately on removing the match. The 
next experiment was a repetition on a somewhat smaller 
scale of one of the Middlesbrough experiments, de- 
scribed in the second of our articles quoted above. 
An iron weight, weighing 120 lb., was dropped from 
a height of 18 ft. on to a number of naked bellite 
cartridges supported on an iron plate. The test was 
repeated twice, as on the first occasion the weight fell 
somewhat to one side, but on the second trial, with 
more careful centering, the mass of bellite was crushed 
to a powder. This test was much less severe than 
the Middlesbrough one, when the weight was half 
a ton, and fell from a height of 20ft.; but a 
heavy weight of this character is not easily moved 
from place to place, and hence the reason for the 
lighter one. A small canister capable of holding 5 oz. 
was then filled with the fragments resulting from the 
last experiment, and laid on the web of an old Great 
Eastern Railway Company’s steel-faced rail, the charge 
being slightly tamped with clay. On firing, the rail 
was snapped in two, a piece about 1 ft. long being 
flung 6 yards, and smaller fragments much further, 
whilst a pit 15 in. deep was sunk in the ground im- 
mediately underneath the position of the charge. 

The next experiment was a repetition of one first 
made at one of the collieries of South Wales. In it 
1 lb. of ordinary blasting powder and 1 lb. of naked 
bellite cartridges were placed together in an open pit 
1 ft. 10 in. deep, and the powder ignited. Some 
pieces of the bellite were thrown out of the hole, 
and all were slightly charred, but none of it exploded. 

To further illustrate the safety of the material, a 
fragment of bellite was fired from a large calibre gun 
(No. 8) with two drachms of powder, against an iron 
plate, without any explosion of the bellite occurring 
either in the bore of the gun or on striking the target. 
This experiment would, moreover, seem to prove that 
bellite is well adapted for use in shells, and our 
Government is accordingly to be congratulated on 
not having spent large sums in acquiring the secret of 
melinite. It had been the intention of the experi- 
menters to fire a bullet from the same gun at a target 
formed of bellite cartridges backed by an iron plate, 
but owing to the jamming of a cartridge in the gun, 
this experiment had to be abandoned. 

To compare the effects of bellite with those of 
dynamite, 2 oz. of each explosive were fired on 
wrought-iron plates measuring 12 in. by 12 in. by 
8 in. thick, each plate, with the object of rendering 





the conditions as uniform as possible, being sup- 


H | ported above the ground by a narrow cast-iron ring, 


about ;5,in. thick, 3 in. high, and 11 in. internal 
diameter, the charge in each case being tamped with 
clay. Both plates were pierced through, but the rents 
in the one on which the dynamite had been fired were 
considerably larger, whilst, on the other hand, the 
bulge in this plate was only 24 in, deep, as compared 
with 3 in. in the case of the other, thus showing the 
action of the dynamite to be more local. 

The next series of experiments were made witha 
view to showing the adaptability of bellite to military 
purposes. To this end the ballistic properties of bellite 
and Curtis and Harvey’s rifle powder were first com- 
pared, a 6-in. ball weighing 32 1b. being fired from a 
mortar first, with 4 oz. of powder, and, secondly, with 
t oz. of bellite, the weighings being carefully made in 
the presence of two representatives of the press. With 
the powder the ball was thrown a distance of 40 yards 
1 ft., and with the bellite to a distance of upwards of 
100 yards, the penetration into the ground being also 
much greater in this case. 

Two mines had been prepared, one with 6 lb. of 
powder laid at a depth of 5 ft., and the other with 6 lb. 
of bellite laid at the same depth. In trying to explode 
these, however, it was leona that in the passage of 
some of the spectators Over the mine both fuzes had 
been pulled out from the bellite charge, and the 
attempt to fire it accordingly failed. A good idea 
of what the effects would have been was, however, 
gained in the next experiment, in which a mine con- 
taining 8 lb. of bellite was fired underneath a length of 
railway laid down for the purpose. The explosion 
smashed both rails clean through, and several of the 
sleepers were splintered, a large piece of one being 
flung fully 40 yards, whilst the crater formed was 
upwards of 12 ft. in diameter. This, the most 
striking of the experiments, was also the last, and the 
spectators then returned to town. 





NOTES FROM THE SOUTH-WEST. 

Bristol and South Wales Railway Wagon Company 
(Limited).—The fifty-sixth half-yearly meeting of this com- 
pany was held on Friday at Bristol, under the presidency 
of Lieut.-Colonel Savile. The report, which was adopted, 
stated that 5007. had been carried to the contingent fund, 
and that the revenue account showed a disposable balance 
of 64371. 9s. 7d. From this the directors recommended a 
dividend at the rate of 10 per cent. per annum, with a 
bonus of 6d. per share, free of income tax. This absorbed 
59191. 7s. 6d., leaving a balance of 518/. 238, 1d. The roll- 
ing stock of the company now consists of 11,161 wagons 
and carriages and 22 locomotive engines. 


Defences of the Severn.—Colonel Higginson, R.A., has 
been placed in charge of the defences of the Severn and 
of the artillery mining operations and boat duties in con- 
nection therewith. Colonel Higginson’s command will 
include the Severn Submarine Mining Volunteers, the 
bristol Volunteer Artillery and Engineers, and probabl 
the control of the Bristol Corps of the Royal Naval Artil- 
lery Volunteers, as well as a tield battery of Royal Artil- 
lery quartered at Bristol. 


Exeter and the Electric Light.—The Exeter Electric Light 
Company has purchased the ‘‘ Rockfield Hat” block of 
buildings in New North-road, and machinery is to be 
erected at once for the supply of private houses in the city. 


Devonport and Keyham.—The Lords of the Admiralty 
have decided to spend 4000/. for labour and 7000/. for 
material on an improved vessel of the ree pew class, 
to be built at Devonport during the financial year 1889 90, 
and 26,000/. is to be expended for labour on an improved 
Vulcan torpedo steamship to be built at Devonport durin 
the same period. There are at present more men employe 
in the Devonport and Keyham dockyards than for several 
years past, not counting the excess of joiners specially 
employed in fitting out the Impregnable as a training ship 
for boys, and the | Reston as a torpedo school ship. 


Clevedon and Penarth Piers.—It has been decided to 
extend the present pier at Clevedon. The estimated cost 
of the new works is: Pier-head and landing stage, 3500/.; 
pavilion, band stand, &c., 1000/. ; repairs to decking o 

resent pier, 500/.; contingencies, 1000/.; total, 6000/. 

he erection of the new pier-head and landing stage is to 
be pushed forward so as to have them ready for next 
season. Communications have been opened with several 
steamship owners with the view to their organising a 
daily service of steamers between Bristol, Clevedon, and 
the principal ports and watering places in the Bristol 
Channel. 


Aberdare Junction.—It is stated that the Dowlais Com- 
pany has decided to sink a colliery on the common at 
Aberdare Junction. 

Barry Dock and Railways.—Colonel Rich has inspected 
this system as far as the Barry Dock Station, and the 
passenger line as far as the terminus at East Barry. 
Colonel Rich was out in his inspection by the 
general manager (Mr. R. Evans), Mr. J. Robinson (resident 
engineer), and Messrs. Saxby and Farmer’s representative. 
The trafic manager proposes to open the line to East 
Barry for passengers to-day (Friday). 

Wages in South Wales.—A conference between repre- 
sentatives of those employed in the associated collieries 
of South Wales and Monmouthshire and their employers, 
was held on Friday at Cardiff, with a view to the work- 
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men receiving an advance in wages. A decision in the 
matter was, however, postponed until the result of the 
last four monthly audit is made known. 


Llanelly Railway and Deck Company.—At the half- 
yearly meeting of this company a dividend was declared 
at the rate of 6 per cent. per annum on the ordinary and 
** A” preference stock. Approval was given toa Bill for 
—— the company’s undertaking with the Great 
Western Railway Company. 


Cardif.—The demand for steam coal has continued 
brisk. Prices have experienced a further improvement, 
the best qualities having made 13s. 6d. to 14s. per ton ; 
second-class coal, 12s. 6d. to 133. per ton ; and best Mon- 
mouthshire, 11s. 6d. to 12s. per ton. The demand for 
house coal has been active at firm prices. The local iron 
and steel works have showna fair amount of activity, but 
a seca for rails have remained at an unremunerative 
ave’, 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Tron Market.—There was quite a listless 
feeling in the pig-iron market last Thursday, and not even 
a reduction in the Bank rate caused any improvement. 
The price of Scotch iron dropped 3d. per ton in the fore- 
noon, and in the afternoon 1d. further, or 14d. on the day. 
Cleveland declined 4d. per ton, but hematite iron re- 
mained unchanged. The settlement prices at the close 
were—Scotch iron, 40s. 10}d. per ton ; Cleveland, 33s, 6d. ; 
hematite iron, 44s. 14d. per ton. On Friday the depres- 
sion was continued, Scotch warrant iron declining another 
1d. per ton. Sellers of Cleveland were offering at 4d. per 
ton and sellers of hematite iron at ld. per ton under the 
previous day’s closing quotations. The closing settlement 
prices for Scotch and Cleveland iron were unchanged, 
but that of hematite iron came down to 44s. per ton. 
Monday’s market was stronger in tone, owing to several 
alleged causes, one of which was a scarcity of warrants, 
but only a small amount of business was done. At 
one time Scotch warrant iron was quoted at an advance 
of 4d. per ton, but the full advance was not main- 
tained, and the close was buyers at 24d. per ton 
over last week’s close, while hematite iron closed 
with buyers at 14d. per ton up, and Cleveland iron at 
4d. per ton up. The closing settlement prices were— 
Stotch, 41s. 14d. per ton; Cleveland, 333. 74d. ; hematite 
iron, 44s. 14d. perton. The market was decidedly strong 
yesterday forenoon, some heart being given to holders by 
the fact that some iron had been withdrawn from the 
public stores, and by the favourable character of the 
Cleveland iron trade returns for the monthof January. 
Scotch iron ran up in price 5d. per ton, which with Mon- 
day’s advance made an improvement of 8d. in two days. 
The price of Cleveland iron rose 4d. in the forenoon and 
2d. further in the afternoon, and at the two sittings of 
the “ring” a total of 34d. per ton was recorded in the 
price of hematite iron. At the close the settlement prices 
were—Scotch iron, 41s. 6d. per ton; Cleveland, 34s. ; 
hematite iron, 44s. 6d. per ton. The market was steady 
this forenoon, and there was a further slight improvement 
in prices, up to 41s. 64d. per ton cash being paid for Scotch 
iron, from which there was practically no change in the 
afternoon. For Cleveland iron 34s. 14d. cash was paid, and 
business in hematite iron was done at 41s. 64d. per ton cash. 
An additional hematite furnace has been blown in at Gart- 
sherrie Iron Works, so that there are now in actual 
operation in Scotland 80 furnaces in blast, as compared 
with 83 at the same time last year. There seems to be 
a probability of more furnaces being put on hematite, 
owing to the improvement in demand for hematite pig. 
It has been specially mentioned that some of Dixon’s 
(Govan) furnaces are to be taken off Scotch iron and 
turned on hematite. This improving demand for Scotch 
hematite iron on the part of the steelmakers has led to 
the price going up-to 503. per ton within the past few 
days. Scotch special brands have lately been a shade 
easier in price, and the following are some of the current 
quotations: Coltness, 50s. 6d.; Summerlee, Langloan, 
and Calder, 50s.; Gartsherrie, 48s. 3d. per ton—all for 
No.1 iron. Last week’s shipments of pig iron from all 
Scotch ports amounted to 7227 tons, against 7581 tons in 
the corresponding week of last year. They included 528 
tons for the United States, 250 tons for South America, 
860 tons for Australia, 220 tons for France, 150 tons for 
Holland, 270 tons for Italy, 120 tons for Spain and 
Portugal, smaller quantities for other countries, and 4938 
tons coastwise. The stock of pig iron in Messrs. Connal 
and Co.'s public warrant stores stood at. 1,034,307 tons 
yesterday afternoon, as compared with 1,034,032 tons 
yesterday week, thus showing for the week an increase of 
only 275 tons. 

Shipments of Machinery, &c, from the Olyde.—The foreign 
and colonial ship ts of hinery, &c., from the Clyde, 
reported last week, included the following: Locomotive 
engines for Cape Town and Natal, valued at 8640/. ; rice, 
paper, and sugar mills, and other machinery, of the value 
of 11,720/., chiefly for Penang and Singapore, Demerara. 
Japan, and Sydney ; steel manufactures, valued at 5000/.; 
pipes and other castings, malleable iron tubes, sheets, 
plates, bars, and miscellaneous iron manufactures, of the 
value of 32,7001. Bombay and Sydney took pipes, &c., of 
the value of fully 17,0002. Sewing machine parts, valued 
at 2716/., were shipped to Bordeaux, the Cape, Rouen, 
Antwerp, and Singapore. 


Clyde Shipbuilding ; Launches in January.—During the 
month of January there was an output of new shi ping 
from the Clyde shipbuilding yards amounting to eleven 
vessels of an aggregate of 14,670 tons. That amount was 
only 457 tons over the output of the corresponding month 
of last year, but such a comparatively small total does 
not fully represent the actual condition of the industry, 














There are close upon 120 vessels in course of construction 
at the various yards on the Clyde, many of which are 
only in early stages. In one yard there are as many 
as fourteen vessels in hands, in another there are eight, 
and in another six, while there are five in hand in each 
of six yards. 


Royal Society of Edinburgh.—At the ordinary fortnightly 
meeting of this Society, held on Monday evening, Mr. 
John Aitken submitted a communication on improve- 
ments in the apparatus for counting the dust particles in 
the atmosphere, and explained that he had made a 
number of experiments last month at Colmonell, Ayr- 
shire, in a largely pastoral district, with pure air. He 
there found that the number of dust particles in the air 
ranged from 500 to 9000 per cubis: centimetre. He also 
detailed the results of his examination of air in a country 
district a considerable distance from Falkitk. At the 
suggestion of Professor Tait, Mr. Aitken tested the air of 
the meeting room, and found it to contain 400,000 dust 
particles per cubic centimetre, while the air near the ceil- 
ing was found to contain 3,500,000 particles per cubic cen- 
timetre. 


Institution of Civil Engineers.—The third general meet- 
ing of the Glasgow Association of Students of the Insti- 
tution of Civil Engineers was held on Monday night in 
their rooms, Mr. John A. Warren, Assoc. M.Inst. C.E., 
vice-president of the Association, in the chair. A paper 
by Mr. Robert H. Read, Assoc. M.Inst. C.E, on ‘*‘ Ex- 
pansion Bearings for Girders,” was read, giving a descrip- 
tion of the various modes adopted by engineers for pro- 
viding for the expansion in girders due to variations of 
temperature. Mr. Read gave a description of the arrange- 
ments adopted for this purpose on the Hooghly Jubilee 
Bridge, the Forth Bridge, and the roof trusses of the 
National Agricultural Hall, London, &c. The paper was 
extremely well illustrated with numerous diagrams, and it 
was listened to with great interest. A discussion followed, 


in which Mr. C. P. Hogg, Mem. Inst. C.E., and others 
joined, 


Society of Chemical Industry.—A meeting of the Glasgow 
and Scottish section of the Society of Chemical Industry 
was held in Edinburgh last night. One of the papers read 
was by Mr. D. R. Stewart, ‘‘On the Manufacture of 
Paraffin Oil.” After describing the workings of the Brox- 
burn Oil Company, he stated that the capital invested in 
the Scottish oil trade was about 2,000,000/., giving employ- 
ment to about 10,000 workmen. The quantity of shale 
distilled annually was about 2,000,000 tons, producing 
about 60,000,000 gallons of crude oil, and the money value 
of the products amounted to nearly 1,500,000/. per annum. 


East of Scotland Engincering Association.—The seventh 
fortnightly meeting of the East of Scotland Engineering 
Association was held last night in Edinburgh—Mr. J. B. 
Bennett, C.E., in the chair. Mr. James Thomson, A.M. 
Inst. C.E., read a paper on ‘‘ Refuse Destructors,” in 
which he described the various forms of apparatus 
patented and erected in this country and in America for 
the destruction of town refuse, condemned meat, and in- 
fected clothing, and showed that these had been success- 
fully worked in most of the large English towns. He 
recommended them as the best and only way of dealing 
with the refuse in a manner which would satisfy 
sanitary requirements. The paper was illustrated by 
drawings of the most improved furnaces in use. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron, Steel, and Engineering Trades.—The position of 
the heavy iron, steel, and kindred trades of the district, 
continues to improve. At the iron mills, almost the 
whole of the plant is now running full time, on the follow- 
ing increased quotations for the output: ordinary bars 
from 5l. 8s., and best from 6/7. Horseshoe iron from 
5l. 11s. and rods from 5l. 18s. Hoops are fetching from 
5l. 10s. to6/. 15s. Sheets from 7/. for ordinary to 10/. 15s. 
fortriple best. The whole of the output of the Bessemer 
and Siemens furnaces sells freely at advancing rates, Bes- 
semer billets ranging from 4/. 17s. 6d. to 6l. per ton, and 
Siemens even higher, All the steel rolling mills are running 
full time, and tyre, axle, and spring makers are becoming 
much busier. Engineering houses throughout the whole 
of the district are much better employed, and there are 
now few idle hands, or men even partially employed. 
There are heavy orders in hand for all classes of electric 
machinery, tramway and bogie engines, for home and 
export, and ordinary district machinery requirements. 
Boilermakers are also busier. Business in these branches 
is therefore much brisker than at the close of last 
quarter, 


A Ponderous Bedplate.—Some remarkable work for 
shipbuilding purposes is in hand at the Harleston Iron 
Works, Sheftield. The company have just taken out of the 
sand a bedplate 50 ft. in length, It is one of four bein 
made for Palmer’s Shipbuilding Company (Limited), an 
is one of the longest bedplates ever cast in the district. 
It will be planed. 


Marking Foreign Goods.--A strong feeling has been 
expressed at the Sheffield Chamber of Commerce in favour 
of causing imported foreign goods to be marked with their 
place of origin. 


Staveley Coal and Iron Company, Limited.—The direc- 
tors of this company have announced an interim dividend 
of 30s. per share on the A and C shares (60/. paid up) and 
5s. per share on the B and D shares (10/. paid up), or at 
the rate of 5 per cent. per annum for the half-year. This 
is an increase of 10s. per share on the A and C shares and 
of 1s. 8d. on the B and Dshares. The North Central 
Wagon Company, Limited, announces a dividend at the 
rate of 6 per cent, per annum. 





_ Miners’ Disputes and the Coal Trade.—A voluntary levy, 
increasing each week in its results, bas for a month past 
be made amongst the miners of the district in aid of the 
men now on strike at Church-lane, Gawthorpe, and 
Stanley Main. They are still standing out for the rise of 
10 per cent. For steam coal there is a fair demand, but 
for house coal only a poor one. At the pit banks, Silk- 
stone is nominally quoted at 8s. 6d. per ton, and Barnsley 
bed at 7s. 6d., but much lower prices are accepted for 
large contracts. 


Meeting of South Yorkshire Coalowners.—A meeting of 
South Yorkshire coalowners was held this week at Barnsley 
to further consider the withdrawal of the rebate of 3d. 
per ton on the carriage of coal to Hull. It was stated that 
the 1ailway companies had not replied to the late resolu- 
tion of the owners asking for the restitution of the rebate. 
It was also stated that already the advance in carriage 
rates had seriously affected the trade, and that owing to 
it some vessels had already left Hull without cargoes, 
which would otherwise have taken coal. The action of 
the Hull and Barnsley Railway Company in the matter 
was deprecated by the coalowners, and it was resolved 
that every effort should be made to secure the withdrawal 
of the order, which took away the advantage which for 
eighteen months had been enjoyed. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was & 
fairly numerous attendance on ’Change, and the tone of 
the market was cheering. No. 3 Cleveland pig iron was 
firm at 34s. per ton for prompt delivery, and there were 
makeis who declined to book orders under 34s, 3d. for 
this quality. The fluctuation in prices at Glasgow have 
not so great an effect on the Middlesbrough market as 
they had some little while ago, and Cleveland makers are 
confident that the present favourable condition of trade 
cannot fail to advance prices. On Monday night, Messrs. 
Connal and Co., the warrant storekeepers, had in stock at 
Middlesbrough 246,968 tons of pig iron, an increase of 
776 tons on the previous week. Messrs. Connal now hold 
in Glasgow astock of 1,034,382 tons. The manufactured 
iron trade is good, and prospects are very encouraging. 
Ail the firms are well supplied with orders, and the out- 
put is increasing. In the steel trade, there is great 
activity and prices are improving. 


Engineering and Shipbuilding.—Throughout the North 
of England, all the engineering and shipbuilding firms 
have a lot of work on hand, but unfortunately duriug the 
past week or two wages disputes have interfered with 
progress. The men at the shipyards at Stockton and the 
Hartlepools have refused to comply with the employers’ 
offer of an immediate advance of 5 per cent. in piece 
prices and 1s, per week in time wages; and they made an 
alternative offer of 74 per cent. and 1s, 6d. advance, con- 
ditionally on its lasting for at least ten months, which 
would make it equivalent to the Tyne and Wear 
arrangements. The men demand an unconditional ad- 
vance of 7} per cent. in piece prices and 1s. 6d. per week 
on time wages, which if granted, would enable them to 
demand a further advance, when in July, 5 per cent is 
due tothe Tyne and Wear men. The men’s action is not 
solely due to a feeling that the employers’ terms are 
inadequate, but to a considerable extent to the impression 
that their executive in Newcastle are pursuing a dic- 
tatorial policy towards them, in seeking to compel them 
to accept terms, in the making of which they have not 
been allowed a voice. According to the rules of the 
Amalgamated Society of Boilermakers and Iron Ship- 
builders, the men are not entitled to strike money, because 
their action in refusing the employers’ terms is not 
approved by the society’s executive. Last night, meetings 
of the shipyard men were held at Stockton and the 
Hartlepools, and it was finally agreed that the wages 
should be advanced to 74 per cent. till November 1 next. 
A threatened protracted strike has thus been avoided, 
and thousands of men have resumed work this morning. 


Settlement of the Platers’ Helpers’ Dispute. —On Tuesday, 
the dispute between the ship-platers and their helpers at 
the Middlesbrough shipyards was brought to an amicable 
settlement. Recently the platers obtained a conditional 
advance of 74 per cent. in their wages, and their helpers 
sought for a similar advance from them. An agreement 
was not arrived at, and the helpers came out on strike 
about a fortnight ago and have been idle eversince. A 
meeting of the delegates of platers and helpers was held 
on Tuesday, at Middlesbrough, and it was decided on the 
part of the piaters to concede an advance to the helpers of 
1s. 6d. per week, but in the event of the advance through- 
out the North of England shipyards being only 5 per cent., 
the advance to the helpers is to be reduced tols. We 
understand that full work was resumed at the Middles- 
brough yards this (Wednesday) morning. 


The Make and Disposal of Pig Iron in Cleveland.—A 
few days ago the Cleveland [ronmasters’ Association 
issued from their offices at Middlesbrough their usual 
monthly returns showing the make and disposal of pig 
iron in Cleveland. Of 155 blast furnaces built 99 have 
been in operation, and have produced 226,767 tons of pig 
iron during the month of January, being an increase of 
2783 tons on the previous month. The total stocks at 
the end of January stood at 466,098 tons. This is a de- 
crease on the month of December last of 6530 tons. Up 
to the end of last month 70,465 tons of iron were shipped 
to foreign ports and coastwise from Middlesbrough. This 
is a decrease on the previous month of 4260 tons; but an 
increase as compared with January last year of 9165 
tons. The statistics are regarded as highly satisfactory. 
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WORKING LOCOMOTIVES WITH 
* PETROLEUM FUEL. 
Supplementary Paper on the Use of Petroleum Refuse as 
Fuel in Locomotive Engines.* 
By Mr. THomMAS UrquHART, Locomotive Superintendent, 
Grazi and Tsaritsin Railway, South-East Russia. 
THE object of the present paper, which forms a supple- 











* Paper read before the Inst. of Mechanical Engineers, 
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ment to the author’s previous paper on the same subject 
in 1884 (Proceedings 1884, page 272), is to bring before the 
Institution the more recent results of his experience in 
the use of petroleum refuse as fuel on an unpreceden 

scale upon the Grazi and Tsaritsin Railway, South-East 
Russia. The very general and increasing interest arising 
out of the former paper and its discussion, bears testimony 
to the growing importance of the subject in all countries ; 
and any authentic data from the ts of practical expe- 





















rience extending over a number of years are sure, there- 
fore, to be more or less acceptable. Since the publication 
of the original aper in 1884 nothing new in principle has 
been discovered ; the same appliances still continue in 
use, having undergone only the very slight modifications 
suggested by experience and by constant observation 
with a view to simplicity and cheapness. 

Since November 1, 1884, the whole of the 143 locomo- 
tives under the author’s superintendence have been fi 
with petroleum refuse, besides fifty stationary boilers, both 
horizontal and vertical, two scrap-welding furnaces 
four tyre-heating fires, two brass-melting furnaces, an 
three plate and spring heating furnaces. Petroleum 
refuse is in fact the fuel used for all steam-generati 
purposes, to the complete exclusion of all solid fuel, 
except a very small quantity of wood for starting the 
fires in horizontal boilers of pumping engines. For all 
metallurgical operations also at the central works at 
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| Borisoglebsk, petroleum is used as fuel, except for t 


smiths’ fires and the foundry cupolas ; and from experi- 
ments now in progress the author does not despair of 
overcoming the present difficulties in its application to 
these two remaining exceptions. 

Spray Injector.—For all goods locomotives exactly the 
same spray injector is used now as formerly, as shown in 
Figs. 1 to3; but for passenger locomotives it is provided 
with a ao nozzle, as shown in Figs. 4 and 5,* which is 
indispensable on account of the trailing axle being so close 
to the back of the firebox, and thus coming in the way 
of the injector. The main dimensions of the spray injec- 
tor in Figs. 4 and 5 are exactly the same as in Figs. 1 to 
8, the only difference being in the length of the nozzle. 
The divider or vertical grid at one time used inside the 
firebox, close in front of the orifice of the spray injector, 
for the purpose of still more thoroughly breaking up the 





* [We have not considered it necessary to reproduc 
Figs. 4 and 5.—Ep. E,] 
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spray jet, is now discarded in favour of bringing the 
brickwork closer up to the orifice, so that the spray may 
break itself against a rugged brick wall. 

Regenerative or Accumulative Combustion Chamber.— 
Many experiments were made with a variety of forms of 
brickwork inside the furnace or firebox. For locomotives 
the author’s mature experience has reduced these to the 
two constructions, shown in Figs. 6 and 7 for six-wheeled 
goods and passenger engines, and in Figs. 8 and 9 for 
heavy eight-wheeled goods engines. Inthe latter case the 
spray injector is placed under the firebox ring, and 
delivers the jet through the rear end of the ashpan, these 
engines having deep ashpans which admit of this arrange- 
ment. In Figs. 10 to 18 are shown the arrangements of 
brickwork severally used for Galloway and marine boilers, 
and also for horizontal boilers fired underneath, and for 
vertical boilers. For the latter, even when quite cold, the 
fire is started with petroleum alone, without any wood, 
by means of a simple contrivance which serves its purpose 
very well; as shown in Figs. 15 and 16, a cast-iron pan P, 
Fig. 14, is inserted through a firedoor above the brick 
vault, and is filled with petroleum refuse poured in from 
the outside and ignited, air being admitted to the burning 
liquid through nipples in the bottom of the pan; as soon 
as steam is raised, the pan is withdrawn and the door 
closed, and the spray injector started at the bottom of the 
furnace. The vertical boiler here shown is 7 ft. 9 in. high 
and 3ft. 6in. in diameter, with 50 tubes of 2 in. in diameter 
and 155 square feet total heating surface ; working at 
55 lb. per square inch above the atmosphere, it drives an 
engine of 8 horse-power nominal, and burns 27 lb. of 
petroleum refuse per hour. In Figs. 19 and 20 is repre- 
sented acombination of furnace for petroleum and wood 
firing, as actually used in the wagon-repairing shops at 
Borisoglebsk, where quantities of chips, shavings, old 
timbers, and sawdust are to be had for fuel; but should 
there be any scarcity of wood fuel, the petroleum-burning 
appliances fitted to the furnace, as here shown, can be 
atarted at a moment’s notice. It is still the author’s 
opinion, as it has been all along, that the form, mass, and 
dimensions of the brickwork are certainly the most im- 
portant elements in this pian of utilising liquid fuel, if 
not indeed in any plan. 

Cost of Altering Locomotives for Petroleum Firing.—In 
Table I, (appended) is shown the cost of altering a loco. 


TABLE I.—Cost of Alterations for Petroleum Firing in Six- 
Wheel and Kight-Wheel Coupled Goods Locomotives on 
the Grazi and Tsaritsin Railway of 5-Ft. Gauge. 

















Spray Injector and Connections. “<" — 
& 8. d, 
Spray injector ° 260 
Indicator to injector 011 0 
Gas pipe, 2 in. in diameter . 0 6 0 
Copper pipe, 2 in. in diameter. . 080 
Gas pipe, } in. in diameter, 23 1b... 0 711 
Worm and other copper pipes, 61 lb. 400 
Wire netting for strainers oe oe es 03 2 
Iron fittings, various, 451b. .. oe oe 17 6 
Brass cocks, various... <a oe 100 
Elastic hose with brass end sockets .. 08 0 
Brass mouthpiece on injector, 7 1b. .. 06 3 
Steam valve, } in. me o> es ee 040 
Two triple connections for steam pipes, 7 lb, 0 6 2 
Workmanship... = os pe oe 814 0 
Total cost of engine fittings 17 0 
i Eight- 
Brickwork in Firebox. ee Wheel 
x Engine. 
Firebricks from Glenboig Works, 350 and| £ s. d.| £ s. d. 
400, at 20s. per100.. o* os --| 810 0 400 
Fireclay, two barrels=400 Ib. .. ein fs 260 
Bricklayer'’s wages " 060 060 
Total cost of brickwork .. ne “a Ss 2 -o 611 0 
Tender. ‘ - ‘ * 
Tron plate, y in. thick, with angle irons ..) 13 2 0/) 
Workmanship pial Oe pe os -| 56 0 O75 55 0 0 
Total cost of tender alterations 2s 2.99 8 OO 
Total cost of engine and tender alterations! 39 10 0| 7618 0 











* The eight-wheel engine has a separate tank added on the top 
of the tender, Fig. 22, thereby increasing the cost so much above 
that in the six-wheel engine, Fig. 21. 
motive of 5 ft. gauge, according to the two different plans 
followed by the author on the Grazi and Tsaritsin Rail- 
way, the difference relating more to the tender than to 
the engine. The figures given of the costs include all 
details of the alterations, and are at local Russian prices; 
and as the rate of exchange at the time of the former 
paper in 1884 made one paper rouble equal to 2s., this 
value is adhered to throughout the present paper also. 
In the six-wheeled engines the original coal space in the 
tender was found to be of sufficient capacity for contain- 
ing the necessary supply of liquid fuel, and required there- 
fore simply to be plated over, as shown in Fig. 21; it is 
plated top and bottom, and a bulkhead is added across 
the front ; the tank so formed contains 123.9 cubic feet, 
or 772.5 gallons. In the eight-wheeled engines the 
capacity of the coal space was inadequate ; and here there- 
fore a separate tank had to be resorted to, which is placed 
above the tender tanks, as shown in Fig. 22, and hasa 
capacity of 227.3 cubic feet, or 1417 gallons. This ar- 
rangement is of course the more expensive of the two, 

Results of Working.—In Table II. and the correspond- 
ing diagrams, Figs. 23 and 24, are clearly shown both 
tabularly and graphically for six-wheel coupled 36 ton 
goods locomotives the comparative consumption and cost 








TABLE II.—Consumption anp Cost or Coat In 1882, 


AND OF PETROLEUM REFUSE IN 1887, PER ENGINE-MILR, 


IN Six-WueEEL CovupPLeD 36-Ton Goops Locomotives ON THE GRAZI AND TSARITSIN RatLway. (See Diagrams, 


Figs. 23 and 24.) 





Coal in 1882, including Wood for Lighting Up. 


| Petroleum Refuse in 1887. 











| 

| Pas 

Average | Average per 

Months. Number 

“, -m Total Total Total 

Pranks Train- | Truck- Engine- 

| re Miles. Miles.* Miles. | Con- 

| fay sump- 

| Train. on 

| No. | Ib. 
January .. ..| 2182 | 42,112 897,821 | 78,244 | 60.79 
February .. -.| 27.47 | 20,150 560,152} 43,158 | 53.54 
March | 26.52 | 12,415 | 329,250/ 27,752 | 61.21 
April | 28.59 | 35,117 | 1,004,119 57,614 | 52.29 
May.. | 81.90 | 70,206 23,941,277 | 111,181 | 55.60 
June | 30.74 | 99,002 | 3,043,845 | 147,720 | 55.87 
July | 28.39 | 93,406 | 2,652,502 | 145,232 | 47.29 
August... --| 27.04 99,951 2,703,476 | 152,649 | 48.44 
September + 28.93 | 92,887 | 2,693,239) 143,000 | 53.88 
October .. ..| 23.30 |109,602 3,101,778 | 163,443 | 60.49 
November.. .-| 21.61 116,029 | 2,508,388 | 169,670 | 62.03 
December .. «.| 20.04 75,707 1,518,073 | 112,119 66.39 


Engine-Mile, Average’ 


| | Average per 
Engine-Mile. 


‘Number otal | Total | Total 














Means and totals) 26.32 (866,584 |23,253,920 /1,841,782 | 55.65 
' { 











Loe ; | 

| Train- | Truck- Engine- | 
es | Trucks Miles. | Miles* | Miles. | Con- * 
ost. | a 4 | sump- | Cost. 

| Train.* | | | tion. 
d. No. | | Ib. d. 
8.70 21.29 | 84,982 1,876,286 | 115,486 | 33.62 | 4.81 
7.34 21.48 | 61,716 | 1,324,729| 87,987 | 3558 | 510 
wAL 21.60 | 59,022 | 1,269,660 | 92,139 | 33.78 | 4.76 
7.22 25.46 | 79.763 | 2,080,998 | 112,808 | 32.04 | 4.68 
7.60 2624 | 109,624 | 2,942,454) 151,117 | 380.90 | 4.42 
7.85 25.43 | 100,602 | 2,556,849 | 138,015 | 2590 | 3.70 
6.63 26.14 | 97,409 | 2,646,251 | 137,159 | 29.16 | 4.17 
a4 26.87 | pa | a 138,222 | 28.23 | 4.04 
.09 23.85 3, | 2,000, : 120,577 | 28.90 | 4.15 
8.23 24.01 | 97,205 | 21332,700 | 130928 30.75 | 4.41 
8 50 21.11 | 94,940 1,995,114 | 133,288 | $1.67 | 4.44 
9.03 21.69 | 57,648 1,249,919, 90,025 | 28.93 | 4.62 
7.64 | 23.54 1,024,778 (24,560,661 1,450,048 | 80.72 | 4.43 


( 





* Trucks each 16 tons gross weight. 


TABLE III.—Consumption anp Cost or Coat In 1882, 


AND OF PETROLEUM REFUSE IN 1887, PER ENGINE-MILE, 


IN EIGHT-WHEEL CoupLED 48-Ton Goops LoOcoMOTIVES ON THE GRAZI AND TSARITSIN Rattway. (See Diagrams, 


Figs. 25 and 26.) 
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| Coal in 1882, including Wood for Lighting Up. 


Petroleum Refuse in 1887, 





| | | 
| } 






































| Average per : | Average per 
Months. jAverage Engine-Mile. - aan Engine-Mile. 
Number! otal | Total | Total |» s§»_—s Number, rotary | Total | Total niesatih 
Penake Train- | Truck- Engine- | | Tracks | Train- Truck- — Engine- 
ie Miles. | Miles.* Miles. | Con- lita in| Miles. | Miles.* | Miles. | Con- le 
| ae sump- F se | sump- Cost. 
| Train. en. | Train. | | — 
Ib. dc. | aio: | Ib. d. 
January .. --| 83.82 | 88,271 | 1,294,696 45,274 | 95.97 13.71 | 8633 71,544 | 2,563,434 89,001 45.48 | 6.51 
February .. --| 84.21 | 31,674 | 1,082,924 37,444 83.17 11.76 | 36.92 64,444 2,009,996 68,294 46.46 | 6.65 
March --| 83.41 | 18,925 632,410 20,881 84.91 12.06 | 36.57 48,733 1,715,700 62,156 43.84 | 6.39 
April --| 88.14 | 20,964 850, 147 24,293 70.89 9.84 | 39.59 42,861 1,697,150 64,514 87.10 | 5.81 
May ary «-| 41.24 | 28,388 | 1,170,965 33,146 68.58 9.63 | 41.88 | 63,453 2,643,036 78,057 36 39 | 5.21 
June ° “7 40.63 | 32,613 | 1,821,835 87,520 70.92 9.98 | 41.75 | 58,395 2,713,863) 73,821 31.55 | 5.69 
July * --| 43.64 | 23,947 | 1,045,201 29,749 | 69 67 9.80 | 41.16 64,799 2,667,427 79,001 35.58 | 5.10 
August --| 89.99 | 33,123 | 1,808,734 39,151 69.22 9.30 | 41.54 75,417 3,132,076 91,693 35.51 | 5.08 
September wel 39.54 | 47,188 | 1,865,870| 56,486 74.06 10,00 | 41.54 76,988 3,198,009 93,279 39.17 | 5.60 
October --| 35.13 | 659,250 | 2,080,474 71,141 74.83 10.25 | 42.28 94,722 4,096,444, 115,493 44.25 | 6.34 
November.. ++ 36.66 | 57,818 | 2,114,172 70,466 89.84 12.52 | 36.70 75,842 2,783,918 94,320 43.78 | 6,27 
December .. +] 84.00 | 41,619 | 1,416,010 52,763 96.94 13.41 | 35.55 57,672 2,050,568 71,792 46.55 | 6.03 
79.08 | 11.02 | 39,32 | 754,870 31,721,621, 971,421 
| | 


Means and totals) 87.52 | 483,780 |16,183,438 | 518,313 


| 40.47 | 5.84 
1 





* Trucks each 16 tons gross weight. 


TABLE IV.—Comparative CONSUMPTION OF ANTHRACITE AND OF PETROLEUM REFUSE, PER TRAIN-MILE AND 
PER ToN-MILE, IN S1x-WHEEL AND EiGHt-WHEEL CourLeD Goops LOCOMOTIVES ON THE GRAZI AND TSARITSIN 



































Ratiway. 
} | | 
| | | \Consumption of Fuel, including 
| Gross Weight' } Wood ~ me ~ when 
| f Train, Ex- Total urning Coal, 
Coupled Goods | gacti . | Date of bls isn : otal 
sti ection of Line. A Fuel. clusive of En-| Train- ‘ = 
Locomotive. | Trials, gine and Miles. eens ip i | ie 
ender. | er Train-| Per Ton- 
| | | | Total. |'"Mile. | Mile. 
|. aeets | ieee tons tons Ib. Ib. 
ete, a Loma July = ner se 480 194 | 98,120 5.709 65.92 | 0.1373 
36 tons adhesive'sin and Archeda, Petroleum 
— | wane | er te i 480 194 93,120 | 2.725 | 31.46 | 0.0655 
| Fig. 28 | 1884 
gene the ome bere age youd one, P se , 620 410 | 254,200 | 14.53 79.€8 0,1280 
48 tons adhesive glebsk and Filo- ay an etroleum 
weight | noff, 69 miles | Sane Refuse | 706 | 1639 awe 29.45 40.25 0.0570 








* When burning coal the wood for lighting up was converted into its equivalent of coal and added to the total consumption. 


TABLE V.—Cost or Furt, AND OF ENGINE AND TeNDER Reparrs, PER 1000 AxLx-MILEs or Trucks, Wacons, 
oR CARRIAGES (NOT LOCOMOTIVES) ON THE GRAZI AND TSARITSIN RAILWAY, DURING TWELVE YEARS, 1876 TO 


1887. (See Diagrams, Figs. 29 and 30.) 





Per 1000 Axle-Miles 
of Trucks, Wagons, or Carriages 
(not Locomotives). 


Coal Alone, 


Petroleum | Petroleum 
fuse Refuse 


25 per Cent.,|40 per Cent., Petroleum 
Coal Coal 


ae Refuse Alone. 
75 per Cent.| 60 per Cent. 





Year .. os ee oe Pr ..| 1876 | 1877 | 1878 | 1879* | 1880* | 1881 | 1882 1883 1884 1885t | 1886 | 1887 

Cost of fuel .. = ° shillings) 18.7 | 16.5 | 15.9 | 172 | 189 | 18.4 | 17.1 16.5 13.1 9.9 9,0 | 8.033 
(See diagram, Fig. 29.) | | 

Repairs of engines and tenders _,, 6.5 | 4.5 7.6 6.3 | 4.7 4.8 4.5 4.1 | 2.7 | 2.265 





3.3 | 5.8 
(See diagram, Fig. 30.) | 











| 





* During 1879 and 1880 the expenses of repairs were somewhat increased by the amalgamation of the Volga Don line with the 


main line, the rolling stock of the former being in bad condition. 
t The considerable cost of repairs in 1885 was due to change of 


fireboxes damaged or worn by coal firing. For 1887 the cost 


of repairs is even less than for 1886, as no fireboxes are now being renewed. F 
t The cost of petroleum refuse per ton for 1887 was 263. 6}d., which mainly accounts for the reduction in cost per 1000 axle- 


miles. 


of fuel per engine-mile over a whole year wle1 burning 
coal only and petroleum refuse only. A corresponding 
comparison for eight-wheel coupled 48-ton goods locomo- 
tives is shown in Table III. and Diagrams Figs. 25 and 
26. In 1882 coal only was used, of which 63 per cent. 
was anthracite and 37 per cent. bituminous ; whereas in 
1887 all the fuel used was petroleum refuse. The Tables 


and diagrams show for both fuels alike the whole eervice 
of each class of locomotive, including train haulage, 
shunting, running without train, and standing in reserve 
under steam ; discrepancies therefore cannot occur. More- 
over these results include the effects of good, bad, and 
indifferent firing ; they consequently show broad averages, 
which the author considers can be thoroughly relied upon, 
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TABLE VI.—WORKING COST OF LOCOMOTIVE DEPARTMENT PER 1000 AXLE-MILES OF TRUCKS, WAGONS, OR CARRIAGES (NOT 
LOCOMOTIVES) ON THE GRAZI AND TSARITSIN RAILWAY DURING TWELVE YEARS, 1876 TO 1887. (See Diagram, Fig. 31.) 
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| | 
Fig. 31. | Ttems of Cost. 1876.* 1877.* 1878.* 1€79.* 1880,* 1881.* 1882,* 1883. t 1884 ¢ 1885 § | 1886.§ | 1887.§ 
AAA | Salaries of locomotive superintendent and 8. 8. 8. 8. 8. 8. 8. 8. | 8. | s. | 8. | 8. 
assistants and office management aa aa 0.516 0.503 0.441 0.366 0.431 0.465 0.422 0.409 | 0.386 0.403 | 0.525 | 0.483 
BBB | Wages and premiums to enginemen, including) | | 
shed foremenand men .. es ee a3 7.248 5.826 5.654 6.151 6.277 5.493 5.433 5.232 | 5.068 4.627 4.790 4.449 
CCC | Fuel for engines, engine sheds, and drivers’ | | 
| rooms, including management .. ‘a --| 19.081 16.901 16.341 17.509 19.137 18.570 17.125 16.626 | 13.174 | 10.067 | 9.08% | 8.335 
DDD | Lubrication of engines and all rolling stock and } 
machinery .. e ae «< ve --| 1.886 1.291 1.245 1.417 1.380 1.217 1.191 1.167 1.083 | 0.845 | 0.702 | 0.664 
EEE | Waterandpumping.. -. *. <2 22. Isae 1.590 1.377 1.440 1.630 1.209 1.244 1.184 1.292 | 1.068 | 1040 | 0,875 
FFF | Repairing shops, management and wages ae 1.981 1.622 1.739 2.119 2.386 1.629 1.64¢ 1.792 1.507 | 1.639 | 1.736 | 1.479 
GGG | Cleaning of rolling stock .. oe ee ee 0.575 0.431 0.434 0.519 0.491 0.405 0.392 0.265 | 0 368 | 0.234 0.369 | 0.302 
HHH | Renewals and repairs of engines and tenders .. 6.493 4.526 3.293 5.312 7.538 6.291 4.727 4.838 | 4.544 | 4.081 2.682 | 2.266 
JJJ | fe bs * carriage and wagon} | | | | 
stock .. < ida re Ce es ae | 8.236 6.698 7.318 9.956 9.446 8.188 6.955 6.664 | 5.197 | 4.383 | 3.941 | 8.443 
Batra et aie nae | | 
KKK _ | Total cost per 1000 axle-miles in shillings -+| 47.860 39.388 37.847 | 44.789, 48.716 42,467 39.133 38,177 82619 | 27.342 | 24.869 | 22.316 
Total axle-miles of trucks, wagons, or carriages ee .. | 48,406,497 56,320,287| 71,889,982) 71,958,659] 74,413,099) 88,151,537/ 97,927,740) 113,579,960 | 124,461,989 | 126,569,995 | 118,900,533 | 136,420,000 
Total working cost in pounds anes ..| 115,6212. | 111,2552. | 136,9412. | 160,9692. | 181,0207. | 186,9810. | 191,4427. | 216,473/. | 202,7747. | 173,1182, | 147,721, | 152,278. 











* In 1876-82 coal alone was used in the locomotives. 





+ In 1883 petroleum refuse 25 per cent. and coal 75 per cent. 
§ In 1885-87 petroleum refuse alone. 





{ In 1884 petroleum refuse 40 per cent, and coal 60 per cent. 


Besides the separate monthly statements, a summary of the | 1882, the last year in which coal was used alone, the work- | 33 in., and 54 in., by 36 in. stroke, and are supplied with 


year’s working is given at the bottom of each Table, which 
may be taken as very conclusive. In the six-wheeled en- 
gines the average cost of fuel per engine-mile is seen, from 
Table II., to have been reduced from 7.64d. for coal in 
1882 down to 4.43d. for petroleum refuse in 1887, being a 
reduction of 42 per cent. ; while from Table III. it is seen | 
that in the eight- wheeled engines the reduction was from | 
11.02d. for coal in 1882 down to 5.84d. for petroleum refuse | 
in 1887, which is a saving of 47 percent. The yearly cost, | 
as summarised for each class of engine, must of course | 





| 43 per cent. Consequently, although the total axle-miles 
rose from 97,927,740 in 1882 to 136,420,000 in 1887, the 
total working cost was brought down from 191,442/. in 
1882 to 152,278/. in 1887, being a reduction of 39,1641. in 
the locomotive department of the railway. 


(To be continued). 





LAUNCHES AND TRIAL TRIPS. 


vary with the fluctuations in the cost of the petroleum; A parcrand powerful twin-screw tugboat, named Lord 


refuse per ton. In 1885 the cost per ton in the barges at 


Stanley, was on Tuesday launched from the yard of 


Tsaritsin on the Volga was 17s. 5d., whereas at theend of | Messrs. D. and W. Henderson and Co., Partick.” She is 


1887 it had fallen to 133, 7d. The cost per engine-mile, 
given in Tables II. and III., includes cost of transport, 
storage, superintendence, and depreciation of tanks, 
pumps, pipes, &c. 


From Table II. it will be seen that the equivalent of 


100 tons of coal in 1882 in the six-wheeled engines was 
55 tons of petroleum refuse in 1887, being a reduction of 
45 per cent. in weight of fuel; while from Table ILI. the 
saving of weight in the eight-wheeled engines came up to 
49 per cent. in 1887, that is 51 tons of petroleum refuse 
were equivalent to 100 tons of coal. These broad com- 
parisons, extending over a whole year’s running with 
each fuel, include of course all the ordinary fluctuations 
both in working and in condition of engines. With a 
locomotive in first-class order and in the hands of a skilful 
driver, the author has no hesitation in saying that 50 tons 
of petroleum refuse are equal to 100 tons of first-class coal, 
while in special trials this ratio has even been exceeded. 
But it would not be safe to draw from special trials con- 
clusions regarding ordinary working; and therefore the 
comparison presented by Tables II. and III. is to be pre- 
ferred as most authentic. 

In Table IV. is given the comparative consumption of 
anthracite and of petroleum refuse per train-mile and per 
ton-mile in uhe six-wheeled and eight- wheeled goods loco- 
motives, as ascertained in special trials made respectively 
in 1883 and 1884. The trials of the six-wheeled engines 
extended over one double journey, with each fuel, on the 
section of line between Tsaritsin and Archeda, a distance 
of 97 miles, of which the profile is shown in Fig. 27, with 
the gradients marked thereon. The result is seen to be 
that the equivalent of 100 tons of anthracite was 48 tons 
of petroleum refuse, being a reduction of 52 per cent. in 
weight of fuel. The trials of the eight-wheeled engines 
were made on the 69 miles length of line between 
Borisoglebsk and Filonoff, of which the profile is shown in 
Fig. 28 with the gradients marked. The coal-burning 
engine ran six double journeys and the petroleum engine 
twenty-four, with the result yer ton-mile that 45 tons of 
petroleum refuse were equivalent to 100 tons of anthra- 
cite, being a reduction of 55 percent. in weight of fuel 
per ton-mile. These comparisons were made with the 
greatest care possible, with engines in first-class order, 
thus showing the highest efficiency possible in locomotive 
practice; the results must therefore be looked upon as 
exceptional. 

In order to present in another form the comparative 
cost of working with coal and with petroleum, the cost of 
fuel is given in Table V., and in diagram Fig. 29, per 
1000 axle-milesof trucks, wagons, or carriages (not locomo- 
tives), whether loaded or unloaded, extending over a 
period of twelve years from 1876 to 1887 inclusive. Dur- 
ing the first seven years to 1882 coal alone was the fuel 
used ; in 1883‘about 25 per cent. of the work was done with 
petroleum refuse, and in 1884 about 40 per cent. ; while in 
1885 to 1887 petroleum refuse was the sole fuel used. It 
will be seen that from 17s. in 1882, the last year in which 
coal was used alone, the cost fell to 8s. in 1887, being a 
saving of 53 per cent. 

The entire working cost of the locomotive department 
for the same period of twelve years from 1876 to 1887 in- 
clusive, per 1000 axle-miles of trucks, wagons, or carriages 
(not locomotives), whether loaded or unloaded, is given 
in Table VI. and diagram, Fig. 31. The item of fuel, 
which in Table V. consisted of that burnt in the locomo- 
tives only, here includes also that burnt in the engine 
sheds and drivers’ rooms, as well as expenses of manage- 
ment of the fuel department; it is consequently rather 
higher than shown in Table V. At the foot of Table VI. 
are added the total axle-miles in each year, and the total 
working cost. It will be seen that from 39.13 shillings in 


| built of steel, and is 140 ft. long, 24 ft. beam, and 12 ft. 
| deep, with a gross tonnage of 280 tons. 


pany, Limited, launched a steel screw steamer of about 
2500 tons deadweight, named the Petunia, and built to 
the order of Messrs, Lilly, Wilson, and Co., West Hartle- 
pool. Her engines are triple-expansion, and will be 
supplied and fitted by Messrs, Black, Hawthorne, and 
Co., Gateshead-on-Tyne, with cylinders 20 in., 33 in., and 
54 in., by 36 in. stroke, working at 160 1b. pressure, 





On Thursday, the 31st ultimo, there was launched from 
the yard of the Tyne Iron Shipbuilding Company (Li- 
mited), a steel screw steamer named the Dora Forster, and 
built to the order of Messrs. Hunting and Pattison, of New- 
castle and London. Her dimensions are : Length 300 ft. ; 
breadth, 384 ft. ; depth, 23 ft. 3in., and she will be fitted 
with powerful triple-expansion engines by the North 
Eastern Marine Engineering Company (Limited), of 
Wallsend-on-Tyne, 





The s.s. Joseph John, recently launched by Messrs. 
William Doxford and Sons, of Sunderland, sailed from 
the Wear on Friday the 1st instant, to run her trial 
trip. The day was spent in trials on the mile at Whit- 
ley, when aspeed of 13}? knots was attained in ballast 
trim. The vessel has been built to the order of Messrs. 
Jaffe Brothers, and Mr. John Jaffe, of Belfast, and con- 
structed under the supervision of Merrs. Carlisle and Co., 
of London, per Mr. C. P. W. Bond. After the trial trip 
the vessel proceeded direct to Antwerp. She isin every 
way a duplicate of the s.s. Daniel, recently built by 
Messrs. Doxfords, for Mr. Otto Jaffe, of Belfast, 


The s.s. Wild Flower, built by Messrs. Probert and 
Thompson, and Sons, of Sunderland, to the order of 
Messrs. Alfred Suart and Co., of London, was successfully 
launched on the 2nd inst. Sheis 300 ft. long, 40 ft. beam, 
and 26 ft. 6 in. deep, and is specially constructed for the 
conveyance of petroleum in bulk. She goes to Messrs. 
Clark’s yard to receive her engines, which have cylinders 
24 in., 39 in., and 46 in. in diameter, by 42 in. stroke, 
taking steam from large boilers with about 4200 ft. of 
heating surface. The Wild Flower will carry 3000 tons 
of oil on the extremely light draught of 18 ft., and has 
been built from the designs of Messrs, Flannery, Bag- 
gallay, and Johnson, of London and Liverpool, and under 
their inspection. 





Messrs. Fleming and Ferguson, engineers and ship- 
| builders, Paisley, launched from their yard on Saturday, 
| the 2nd inst., a steel screw steamer, the Singapore, in- 
| tended for passenger and cargo service between China 
| and Singapore. This is the largest steamer yet launched 

on the Cart. Her dimensions are 275 ft. in length, by 

| 36 ft. beam. She will be fitted by the builders with their 
| balanced quadruple-expansion engines, to indicate 1600 
horse-power. 








The s.s, William C. Mitchell was successfully launched 
from the yard of Messrs. William Doxford and Sons, at 
| Pallion, on Saturday the 2nd instant, the boat being built 

to the order of the Steam Navigation Company of Ireland 
of Belfast, for the general trades. Her principal di- 
mensions are : 265 ft. by 37 ft., by 18 ft. 6 in. deep, and she 
is to be fitted with engines of the triple-expansion three- 
crank type by the builders. The cylinders are 21 in., 





On Tuesday, the 29th ult., the Blyth Shipbuilding Com- 


ing cost fell to 22.35 shillings in 1887, being a saving of high-pressure steam from exceptionally large boilers. 





On Saturday, the 3rd inst., there was launched from 
the shipbuilding yard of Messrs. Finch and Co., of 
Chepstow, three more 150-ton steel coaling lighters, built 
to the order of the Lords Commissioners of the Admiralty 








Tue New Centrat Ralitway at GLascow.—We under- 
stand that arrangements for the construction of this 
important line will be commenced shortly. The engineers 
will, it is said, be Messrs. George Miller Cunningham, 
Edinburgh, and Charles Formans, Glasgow, and the 
consulting engineer will be Mr. Wolffe Barry, London. 
We gave recently (page 331, vol. xlvi.) a general descrip- 


|tion of the line, with various illustrations; but may 


here be mentioned that the new railway will extend 
from the east to the west end of Glasgow, running for 
the greater part of its length in line with the River 


| Clyde and under several of the principal thoroughfares. 


It is seven miles long, and of this distance about six miles 


|is underground. Theline starts from the Rutherglen and 
| Dalmarnock section of the Caledonian system at a point 


| 
| 





| 
| 





immediately north of the Clyde, and it more closely con- 
nects the coalfields with the Queen’s Dock in the harbour, 
The estimated cost of the new railway is 1,131,000/., of 
which 227,000/. is for lands and 904,500/. for works. To 
this there is added 10 per cent. for contingencies, bringing 
the cost per mile to 177,000/. 


Socrety or Encingers.—The first ordinary meeting of 
the Society of Engineers for the present year was held on 
Monday evening, February 4, at the Town Hall, West- 
minster. Mr. Arthur T, Walmisley, the President for 
1888, first occupied the chair, and presented the premiums 
of books awarded for papers read during his year of office. 
The “‘ President’s Premium” was presented to Mr. Henry 
Faija for his paper on ‘‘The Effect of Sea Water on 
Portland Cement.” The “‘ Bessemer Premium” was pre- 
sented to Mr. C. Nicholson Lailey for his paper on ‘* The 
Acton Main Drainage Works.” A Society’s Premium was 
arg to each of the following gentlemen, viz. : To Mr. 

orby Beaumont for his paper on ‘* High-Pressure Steam 
and Steam Engine Efficiency”; to Mr. W. Santo Crimp 
for his paper on ‘‘ The Wimbledon Main Drainage and 
Sewage Disposal Works”; to Mr. H. Ross Hooper for 
his paper on ‘‘ The Practice of Foundry Work”; to Mr. 
William Lawford for his paper on “ Light Railways”; 
and to Mr. E. Perrett for his paper on “‘ Filtration by 
Machinery.” Mr. Walmisley introduced the President 
for the present year, Mr. Jonathan R. Baillie, to the 
meeting, and retired from the chair, receiving a hearty 
and unanimous vote of thanks for his services during the 
past year. Mr. Baillie then took the chair, and proceeded 
to deliver his inaugural address. 

THE JUNIOR EncingERIne Socrety.—At the meetin 
of this Society held on Friday last, the paper read an 
discussed was ‘“‘On the Design and Fitting of Public 
Baths,” by Mr. P. T. Waldram. Particulars were given 
of the size and general arrangement necessary for various 
baths, according to number of population, of locality, 
where situated, and other circumstances. Specimens were 
shown of the different forms of valves employed in the 
fitting of the small baths, the construction of which, as 
also of the swimming baths, was describedindetail. The 
methods of heating the water of the latter to the required 
temperature of about 70 deg. Fahr. were most fully con- 


| sidered, illustrations of the systems being drawn from tlie 


baths in operation at Greenwich, Notting Hill, Hamp- 
stead, Chelsea, Finsbury, and Putney. The author next 
proceeded to a description of the fitting of the laundry 
department of public baths, including its hot and cold 
water service, its washing machines, centrifugal hydro- 
extractors, heating of drying apparatus by hot air or 
steam, and the driving of its machinery. The discussion 
was opened by Professor Roger Smith, who, after alluding 
to the complete and accurate character of the paper, in 
the course of his remarks referred to the neces ity of main- 
taining at an equal temperature the atmosphere and the 
water of the swimming bath, and also commented on the 
want which at present existed of a reliable water meter. 
Other gentlemen meg i mayo their views and in- 
quiries on the subject before the meeting, the author 


| replied, and was accorded a vote of thanks for his paper. 
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C.E. Mr. William Stroudley, M.Inst. C.E., in the chair. Ordinary 
meeting, Tuesday, February 12th,at8 p.m. Paperto be read, with 
a view to discussion: ‘‘Some Canal, River, and other Works in 
France, Belgium, and Germany,” by L. F. Vernon-Harcourt, 
M.A., M.Inst. C.E. A 

Liverroon Pouyrecunic Socrety.—Monday, February 11th, at 
the Royal Institution, Liverpool. Paper on “ Crude Liquid 
i aaa for Heating and Lighting Purposes,” by B. H. 

aite. 








INSTITUTION OF ELECTRICAL ENGINEERS. — Ordinary general meet- 
ing, Thursday, February 14th, at8 p.m. ‘‘ The Insulation Resist- 
ance of Electric Lighting Circuits,” by Professor A. Jamieson, 
F.R.S.E., Member (conclusion of discussion); ‘‘On Certain Phe- 
nomena connected with Imperfect Earth in Telegraph Circuits,” 
by A. E. Kennelly, Associate. 

Nortu-Fast Coast INSTITUTION OF ENGINEERS AND SHIPBUILOERS.— 
Monday, February 11th, at 7.50 p.m., in the Lecture Hall of the 
Literary and Philosophical Society, Newcastle-upon-Tyne. The 
adjourned discussion on Mr. G. Bergstrom’s paper ‘‘ On the Struc- 
tural Strength of Cargo Steamers” will be resumed. Mr. G. W. 
Sivewright will read a paper ‘‘On the Development of the Well- 
Deck Cargo Steamer.” : 

Tue INSTITUTE OF PATENT AGENTS.—Wednesday, the 13th inst., 
at 7 o'clock precisely. Business: 1. To read and discuss a paper 
by Mr. P. Jensen, Fel. Inst. P.A. ‘On Previous Interfering 
Patent Applicati * ae ider the following resolution, of 
which Mr, P. Jensen has given notice: ‘‘To consider the expe- 
diency or otherwise of memorialising the Attorney-General on 
the subject of affording patent applicants the opportunity of 
obtaining reports from the Patent Office as to interfering pending 
applications of prior date.” 3. To read and discuss a paper by 
Mr. E. Carpmael ‘‘On a Recent Important Decision under the 
Merchandise Marks Act, 1887.” 4. To further consider the question 
of conflicting inventions. 

Tue Sanitary InstiTUTE.—On Thursday, February 14th, at the 
Parkes Museum, 744, Margaret-street, W., at 5 p.m., when a lec- 
ture will be delivered by Dr. B. A. Whitelegge, on ‘* Notification 
of Infectious Diseases.” 
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PERMANENT WAY AND PUBLIC 
SAFETY. 

THE extreme importance of having the perma- 
nent way of railways as strong, durable, and reliable 
as it is posible to make it, is so trite and obvious a 
proposition, that it would, one would suppose, be 
quite unnecessary to insist upon it. The safety of 
the public is the first and most paramount con- 
sideration of the State, which, however, is accus- 
tomed to grant special privileges, and often 
extensive and valuable monopolies, to railway 
companies without insisting, except in a general 
way, upon the rigorous fulfilment of this condition. 
It is true that in our own, and in perhaps all other 
countries, it is customary to insist upon an inspec- 
tion of the line before a railway is opened, to 
examine and pass all the bridges, viaducts, em- 
bankments, and other structures, and to pronounce, 
in short, upon the general capacity of the under- 
taking for the business that it is designed to carry 
on. But this, after all, is far from sufficient. A 
line, as originally constructed, may be absolute 
perfection if the conditions of its working remained 
the same throughout. But the safety of a railway 
track, and the security of the lines, and property 
of those who travel upon it, are not safe-guarded 
as they ought to be from the point of view of the 
most recent requirements of the public and the 
most usual and imperative demands made upon the 
railway companies. In the early days of the rail 
and the locomotive, the former did not often exceed 
50 Ib. weight to the yard, and the latter were con- 














0| sidered heavy if they weighed more than 10 tons. 


Gradually the size of rails has been increased 
until in this country the main lines are generally 
laid with rails of 75 lb. to 80 lb. per yard, while 
the weight of locomotives has been increased to 
upwards of 40 tons, and, in not a few cases, to 
upwards of 50 tons. But this is not all. When 
railways were still in their infancy, the speed of a 
passenger train did not often exceed 25 miles per 
hour, while that of a goods train varied between 
10 and 15 miles. Now, however, passenger trains 
in this country are run at an average speed on our 
main track lines of 40 miles or more, and goods 
and mineral trains are run at 20 to 25 miles. The 
element of speed is one that exercises an important 
influence on the question under consideration. 
The higher the speed, the stronger the permanent 
way must be if safety is to be secured ; and while 
the permanent way of English main lines leaves 
on the whole but little to be desired, the same 
merit cannot be claimed for many local lines, nor 
for the trunk of Continental railways generally. 
The consequence has been a very heavy catalogue 
of accidents, due to defective or insufficient perma- 
nent way, of which the serious accident to the 
Czar’s train in October last, and the appalling 
accident that happened on Sunday morning on the 
Brussels-Luxemburg line, are two of the latest and 
most serious examples. 

The problem which accidents of this description 
present for solution can only be satisfactorily solved 
by the adoption of heavier permanent way, heavier 
rolling stock, and greater attention to the manu- 
facture and maintenance of both. We cannot have 
our cake and eat it. We cannot have a heavy 





traffic and a high rate of speed, with a light and 
flimsy track, and a defective equipment. Nor would 
it be desirable, if we could. The true economy for 
the railways is that which lies along the path of 
public safety. One bad accident often compels a 
railway company to expend more in the form of 
repairs and damages than would equip many miles 
of strong and durable track. The public interest 
in this question is so obvious that the pressure of 
governmental enactments should be brought to 
bear upon those companies who will not discharge 
their duty satisfactorily without such a stimulus. 
The State may fairly be asked, not in this country 
only, but in all other countries as well, to demand 
that the weight of the permanent way shall bear a 
certain fixed relation to the speed of travel and 
the weight of the rolling stock employed. As it is, 
there is nothing to prevent a railway company from 
using 40-ton locomotives and 20-ton wagons on a 
line that is only constructed with 40-lb. rails. This, 
no doubt, is an extreme case, but that it should be 
at all a possible case is a sufticient reason for ask- 
ing the State to interpose for the safety of the 
public. Nor is it enough to say that, as the main 
lines of this country are particularly well equipped, 
the matter is one that concerns England less than 
other nations. That this is the case may readily be 
allowed, so far as those who only travel on English 
railways are concerned. But most Englishmen and 
Englishwomen of ordinarily'good circumstances are 
more or less accustomed to travel on the Continent. 
Let them ask themselves, when so travelling, what 
is the condition of the railways they make use of ? 
They will find that the roads are generally very 
uneven, and that when trains are travelling at a 
high rate of speed, it is all but impossible, in many 
cases, to avoid feeling seriously alarmed. In general, 
high speed on Continental lines, however much it 
may be desired by travellers, is quite inconsistent 
with public safety, and until the permanent way 
has been radically reformed, the conditions of travel 
upon which we are accustomed to plume ourselves 
in England will be practically unattainable in France 
and Germany. 

If this argument were incapable of being sup- 
ported by proofs, apart from the obvious common 
sense of the matter, it would be well. But un- 
fortunately it derives the strongest confirmation 
from the records of railway accidents at home and 
abroad. Notwithstanding the exceptional speed 
adopted on English railways, and the enormous 
traffic that they carry, they are about the safest 
in the world, mainly because of the general adapta- 
tion of the permanent way to the conditions im- 
posed by the character of the traffic. The average 
number of passengers carried, relatively to the 
numbers killed and injured were, in a recent year, 
as under : 

Number Killed for Number Injured 
every Million _for every Million 


Carried. Carried. 
United Kingdom <a> oe 6.12 
Germany ise <<< ae 8.05 
Austria-Hungary i 10.17 
Belgiun ... ie oe 13.79 
Russia ... ead ee 19.35 
Italy... ges | a 24.65 


In France, the record is somewhat better than in 
some of the other countries of Europe, but even in 
France, where the railway system is under a form 
of discipline which almost corresponds with martial 
law, they managed to kill 2.59 per million pas- 
sengers carried, which is 52 per cent. more than 
the number similarly killed in the United Kingdom. 
In the United States, during the four years ending 
1886, 1549 persons were Lillea, and 6788 were 
injured by railway accidents, of which 762 were 
killed by derailments, and 4145 were injured from 
the same source. As derailments are chiefly due 
to defective permanent way, it may be assumed 
that, if the rails had been heavier and stronger, 
this excessive mortality would have been greatly 
reduced. 

The question of how the adoption of heavier 
permanent way would be likely to affect the railway 
companies themselves is one that will naturally 
claim consideration. The motif of the railways for 
some years past, while trade has been more or less 
depressed, has been to avoid needless expenditure, 
and it is a very open secret that in our own country 
more than one railway company has only been able 
to make dividends by starving the permanent 
way and rolling stock. There are those who hold 
that the State should take cognizance of this sort 
of thing, but it would manifestly be difficult, even 
for a Board of Trade inspector, to prescribe exactly 
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the period within which permanent way should be 
renewed, inasmuch as no two lines have exactly the 
same traffic, nor do we find exactly the same 
amount of wear and tear on any two considerable 
sections of even the same line. But if the State 
were to order that on all main lines the weight of 
rails employed should not be less than 80 lb., 
public security, comfort, and confidence would be 
greatly advanced. On the chief English lines, where 
the amount of traffic carried, mile for mile, is 
greater than on any system in the world, 100 lb. to 
the yard is by no means too much, and Mr. C. P. 
Sandberg, of Westminster, reports, in a recent 
paper published by the Institution of Civil Engi- 
neers, and reproduced by us on another page of this 
issue, that the Belgians hope, by the adoption of 
rails of this weight, to greatly reduce the distance 
between Brussels and Cologne, the reduction aimed 
at being more than three hours. There is, on the 
face of it, something startling in the suggestion that 
rails shall be increased from 50 lb. or 60 1b. to 
100 lb. per yard, but the difference of cost en- 
tailed by the change would not, after all, be 
very serious. Rails of 50 1b. to the yard represent 
79 tons to the mile, and rails of 100 lb. just 
double that weight. The present price of steel 
rails is under 4/. per ton, but if we assume that 
figure as an average one, the difference of cost 
entailed by the increase of weight would only be 
3161. per mile. On the 19,500 miles of line now 
open in the United Kingdom, the difference would 
be much less than this—probably not more than 
2001. per mile—because a great part of the English 
railway track is laid with rails of 80 lb. or 82 lb. 
There would, however, in every case be a certain ad- 
ditional expenditure incurred for stronger sleepers, 
fastenings, &c , and if this were put at 501. per mile 
more, it would mean an expenditure of 4,895,000I. 
for the 19,500 miles of railway now open in the 
United Kingdom, a sum which, although it looks 
considerable in itself, would yet be very little—one- 
half of 1 per cent. of the total railway capital of 
this country. On foreign railways, where the 
average capital per mile opened, is much less than 
in our own country, and the present weight of rail is 
also generally less, the relative increase of expendi- 
ture involved would of course be greater, but it 
would not be more than the railways could afford, 
as a rule, and they would be fully compensated for 
the outlay by the longer life of their roads, and by 
much greater immunity from accidents. 





NATIONAL DEFENCE. 

Lorp WoLsELEY, in his recent speeches in War- 
wickshire, took pains to emphasise three matters : 

Firstly, the advantages to be gained from a well- 
equipped and well-trained volunteer force. 

Secondly, the good effects produced upon youths 
by a soldier’s short service training. 

Thirdly, the necessity of making our Army and 
Navy efficient for the duties required in protecting 
a great empire. 

Compulsory service was lauded, not so much as a 
means for producing military or naval efficiency, as 
for the benefit to be derived in a moral and physical 
sense. The suggestion cynically made in the Times 
that this part of the discourse might be headed, 
‘©The Barrack Yard as a School of Morals,” implies 
with some truth that there may be another way of 
looking at this question. But the principal point 
of Lord Wolseley’s speech was the prayer and 
exhortation to arm, and arm well. With this no 
one who knows anything of what is occurring 
abroad can cavil or disagree, but we must confess 
to feeling some disappointment that Lord Wolseley 
did not enter into details, and state boldly and with 
precision the additional forces he considers to be 
necessary. The naval reformers are more explicit, 
although each may differ from) the other, but 
military men appear afraid to state their require- 
ments. Is it on account of their magnitude, or 
is it because they have never formulated them ? 
We are constantly being told that an army corps 
is ready for the field, and a second nearly ready. 
We naturally ask—what field? The answer to 
this apparently simple question should govern, not 
only the whole of our organisation, but the whole 
of our diplomacy. Other European nations are 
armed to the teeth, and have universal service. 
We have deliberately refused to follow them, and 
operations on European soil are therefore as far 
beyond our means as naval operations are now 
beyond the resources of Russia. 

Lord Wolseley appears to consider that public 








opinion being fairly aroused about naval matters, it 
is a good time to bracket the Army and Navy 
together, and to ask for bayonets, because the sister 
service is asking for ships. If, however, our policy 
be one of defence, any strengthening of our naval 
forces decreases the necessity of providing heavy 
military armaments. It is acknowledged that the 
military defence of our island home will rest to a 
great extent on the volunteer forces. Why, then, 
are they left in their present chaotic state, unpro- 
vided with guns, cavalry, or transport? Why are 
not the volunteers told off into divisions, and pro- 
vided with the proper assortment of the three arms ? 
Each nation has to meet difficulties peculiar to 
itself. Most of the European nations are compelled 
to keep huge standing armies. England is not, but 
she is equally compelled, if she values her existence 
as an empire, to keep a huge navy. Our military 
advisers seldom speak on naval matters, but they 
must know that, comparatively, we spend too much 
on the Army and too little on the Navy ; also, too 
much on the reguiar soldier and too little on the 
volunteer. We have increased the pay of Tommy 
Atkins when the price of labour in the open 
market was diminishing, and we have, year after 
year, added this, that, and the other new-fangled 
reform until he has become by far the most costly 
soldier in the whole world. If the Navy were of 
such strength as to give us complete confidence, 
and if our volunteer forces were properly organised, 
we could jog along comfortably enough with a 
considerably smaller regular army than the one 
we now possess. India must be secure, but the 
amalgamation of the English and Indian forces 
was one of the most stupendous errors ever com- 
mitted. 

The short service system is entirely unsuited 
to India, and an Indian army on the model of 
that existing at the time of the Mutiny should 
again be resorted to. Our fortresses abroad, viz., 
Gibraltar, Malta, Bermuda, and perhaps Halifax 
(although this is no fortress, being open to capture 
from the land side), should be the only foreign 
stations of our army. All the coaling stations 
should be under the sole protection of the Navy, 
and be garrisoned by Royal Marines and Royal 
Marine Artillery, which forces would have to be 
largely augmented. Some of the coaling stations 
could be defended by coloured troops officered by 
the Royal Marines. The colonies should provide 
their own garrisons, as also such places as Hong 
Kong, Singapore, &c. 

The Egyptian question is another matter. If 
we continue to hold Egypt, the army of occu- 
pation should be organised on the long service 
system, and be recruited from India, the cost 
being defrayed by Egypt. Cyprus, so long as it 
is not fortified, need not be garrisoned at all. At 
present the army is called upon to garrison too 
many positions, and the Adjutant-General naturally 
feels the great inconvenience and weakness occa- 
sioned thereby. An army to be useful must be 
concentrated. We fritter away our military forces 
by a want of method and system. Our Army is 
divided into too many detachments. If the Navy 
were stronger we could concentrate more of our 
soldiers at home, and there would be much less 
necessity for any military augmentation. The power 
to organise would, moreover, be immensely facili- 
tated, and an army which would make invasion 
almost impossible would be maintained without 
difficulty, and be the natural outcome of the reforms 
which have been roughly sketched in the foregoing 
sentences. 








THE BOARD OF TRADE AND THE 
ELECTRIC LIGHTING COMPANIES. 
Tue Board of Trade is making great efforts to 

bring all the electric lighting companies under 

legislative control. Those who are already work- 
ing with overhead wires, or are about to do 
so, have been recommended to apply for pro- 
visional orders, while such as have made a com- 
mencement of putting their wires underground, 
before obtaining provisional orders, are now tuld 
they have no right to interfere with the streets 
even with the consent of the local authorities. 
This information, which was embodied in a letter 
addressed to the vestries (see page 143), has taken 
most people by surprise. It seems that no one may 
legally create an obstruction in the public highways, 
except on the strength of an Act of Parliament, and 
that any one who dves so may be proceeded against 
on the initiative of a private person, We have no 





doubt that the Board of Trade have satisfied them- 
selves that such is the law, but unless they 
are themselves prepared to become the com- 
plainants there is not much likelihood of the 
law being brought into action. Any one sum- 
moning a wealthy electric light company for 
opening a road must be prepared to face a lengthy 
course of litigation should he be successful in the 
first instance. But if the defendants can prove 
that they have the consent of the vestry, and that 
the police raise no objection, it is certain the 
magistrates would only inflict a nominal penalty, if 
any. The wrong done to any individual person is 
infinitesimal and de minimis non curat lex. 

The efforts of the Board of Trade to cast the net 
of the law over the electric light companies is one 
which will command the sympathies of all dwellers 
in towns, but it is one which may easily defeat its 
ownends. If the conditions are made too hard the 
companies will avoid them by going overhead. As 
matters now stand, overhead wires are free from 
all control, and are not subject to the compulsory 
purchase clauses of the Act. They are cheap to 
erect, and where customers are far apart they pre- 
sent the only feasible means of reaching them. Were 
it not that the difficulty of getting way-leaves is often 
very great, and that the chance of special legislation 
cannot be overlooked, it would need very little 
opposition on the part of local authorities and the 
Board of Trade to provoke half the companies into 
taking to the housetops. This would certainly be 
a great evil ; a large network of heavy mains carry- 
ing currents of 2000 volts pressure would not only 
be unsightly, but dangerous. 

The questions which are now causing the greatest 
perplexity to the Board of Trade, centre in the 
West-end of London. Several companies are com- 
peting for the privilege of supplying electricity in 
the parishes of St. Mary Abbott, Chelsea, and 
St. George’s, Hanover-square. If they all obtain 
orders the effect on the roads will be calamitous, 
while if some are rejected they will raise the cry 
of ‘* Monopoly” and will seek their revenge by in- 
vading their rival’s districts from above. Neither 
prospect is pleasant for the inhabitants of these 
localities. The proper way out of the difficulty 
would be, in our opinion, for the vestries to take 
the matter in hand and lay conduits in all the main 
residential thoroughfares, allowing any one to place 
electric mains in them whochose. There would be 
no financial risk in the proceeding, for within 
the next ten years the electric light will become 
universal in the West-end. The authorities could 
borrow the necessary money at 3 per cent., and 
could charge a fair rent for the use of their pipes. 
Practically they can veto any attempt to gain a 
provisional order without their consent, and if they 
offered facilities to all for laying wires, the Board 
of Trade would not interfere to prevent them 
getting reasonable interest and amortisation on 
their outlay. For the present, outlying streets 
must be served overhead, but as the demand in- 
creased the companies would be glad to lay their 
wires in the conduits as they were provided, and, 
indeed, could be compelled to give an undertaking 
to do so before they were allowed to start opera- 
tions in the first instance. 

In this way the consumer would get the benefit of 
a very active competition, and if he were dissatisfied 
with the service of one company, could transfer 
himself to another. The roads need only be broken 
once, and a time of year could be chosen for the 
operations when the least inconvenience would be 
given to the residents of the West-end. Under 
such conditions the purchase clauses would pro- 
bably never be brought into effect. Municipalities 
do not seek to become purveyors of gas on theoretical 
grounds, but simply because they see an opportunity 
of carrying on a business which does not suffer from 
competition. If gas could be delivered like coals, 
the local authorities would have nothing to do with 
it, since they would be certain to be undersold by 
competitors whose commercial arrangements were 
less fettered with red tape. Similarly if any one 
who chose to put down electric light machinery, 
could distribute current to all who required it, it 
would not be worth the while of any municipal body 
to buy up his plant. 





THE WEATHER OF JANUARY, 188°. 
Tue weather of January exhibited little of a 
wintry character ; for the most part it was genial as 
regards temperature, though often disagreeable from 
the prevalence of fog and mist, The mean pressure 
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and temperature of the atmosphere at extreme 
positions of the British Islands, to which the Isle of 
Man is central, were as follows : 

















P Mean . 
P Mean Difference Difference 
Positions. | pressure. [from Normal. — from Normal. 

| in. in. deg. deg. 
North 29.84 above 0.20 44 above 5 
South ../ 30.21 we 44 ey ay 
West ool SOF 2 -29 46 aia 
East ae 30.15 a -29 88 below 1 
Central .. | 30.11 a 28 4% above 3 








The distribution of rainfall in amount and fre- 
quency may be inferred from the following results : 











| | Difference 
Places. Rainy Days. Amount. trom Normal. 
in. in. 
Sumburgh .. Ss 27 3.76 more 0.10 
Scilly .. ee as 14 2.10 less 1.83 
Valencia oe ua 21 8.81 more 2.02 
Yarmouth .. ‘es 10 | 0.68 less 1.38 





Atmospheric pressure was high, but its distribu- 
tion was such as to represent a nearly normal trans- 
ference of air over theseislands. The daily general 
directions of the winds over the area give a re- 
sultant from W. by S., the normal resultant being 
from S.W. by W. The mean temperature was 
much above the normal in the north of Scotland, in 
Treland, andthecentral district, but in England it was 
only about seasonable. A large amount of rain fell 
in Ireland, asmall amount in England, and about the 
normal quantity in Scotland, though rainy days were 
very frequent there. As a set-off against few rainy 
days, England experienced more than usual fog and 
mist. Wet snow fell in London during daylight of 
the 12th. Rainfalls exceeding 1 in. in twenty-four 
hours were measured on the 7th at Valencia, 1.10; 
8th, at Valencia, 1.08 ; 16th, at Valencia, 2.41, and 
at Roche’s Point, 1.06. At the beginning of the 
month there were some striking differences of tem- 
perature, at 8 a.M.; Ist, Scilly 48 deg. Cambridge 
23 deg.; 2nd, Scilly 48 deg., London 23 deg. ; 
3rd, Sumburgh Head 49 deg., Loughborough 26 deg. ; 
4th, Sumburgh Head 48 deg., Loughborough 21 deg. ; 
5th, Stornoway, 48 deg., Oxford 22 deg.; 6th, 
Valencia 46 deg., Leith 44 deg. ; but Cambridge 
only 15 deg.; 7th, Scilly 49 deg., Oxford 20 deg. 
The highest temperature, 58 deg., was reported at 
Aberdeen on the 18th ; the lowest, 14 deg., at Cam- 
bridge on the 6th. The greatest pressure, 30.7, 
occurred on the 3rd ; the least, 29.0 in., on the 30th. 
The weather notations indicate six clear days in the 
north of Scotland, but only two in the south of 
England ; 23 overcast days (including 10 foggy) in 
east England ; and only 15 in west Ireland, whence 
fog was not reported. The duration of bright sun- 
shine during the four weeks ending the 28th, esti- 
mated in percentage of its possible amount, was for 
the United Kingdom, 17 ; Channel Isles, 30; east 
Scotland, 21; south-west England, 20 ; south Ire- 
land and north-west England, 17; north-east Scot- 
land and south England, 16; east and central 
England, 15; west Scotland, 13; north Scotland, 
12; north Ireland, 10. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

In our last issue we gave an account of the pro- 
ceedings on the first day—Wednesday, the 30th ult. 
—of the recent meeting of the Institution of Mecha- 
nical Engineers, and we now proceed with our report 
of the further proceedings on Thursday, the 31st 
ult. Mr. Cochrane, the President, occupied the 
chair, 

Compound LocomorIvEs. 

At this sitting the second paper on the list was 
taken, this being one contributed by Mr. R. Her- 
bert Lapage, of London, late locomotive super- 
intendent of the Argentine Government Railway, 
on ‘*Compound Locomotives.” The question of 
compounding locomotives had already been brought 
before the Institution at previous meetings in the 
years 1879, 1883, and 1886, and a paper on the 
subject has also recently been read at the Institu- 
tion of Civil Engineers.* As we intend shortly to 
publish Mr. Lapage’s contribution in full, and as we 
last week published an illustrated description of the 
class of compound locomotives (Worsdeli and Von 
Borries’ system) with which he especially dealt, we 








* See page 34 ante, 


will at once proceed to the discussion which followed 
the reading. 

A letter from Mr. S. W. Johnson, of the 
Midland Railway, was first read by the secretary. 
The writer said he had had no personal experi- 
ence with compound locomotives, but had watched 
their development very closely. He found the 
results such as he would expect to be obtained 
by higher pressures and greater expansion, even if 
not accompanied by compounding. He had seen 
no data by which a comparison. could be formed 
between the respective merits of simple and com- 
pound locomotive engines in which the same pres- 
sure and same number of expansions had been used 
in both cases. He considered data otherwise 
obtained of no value. The increased pressure used 
in compound engines had resulted in an economy 
of fuel, but the real question was, Would that 
economy have been obtained had the higher pres- 
sure steam been expanded to an equal ratio in an 
ordinary engine? If this question were answered 
in the affirmative, where was the advantage of com- 
pounding? The writer gave some particulars of 
coal consumption, &c., which had come under his 
experience in an ordinary engine using steam at a 
high pressure, and these, it appeared, came out 
about the same as those recorded in connection with 
Mr. Webb’s compounds. 

Mr. J. McFarlane Gray was the first speaker. He 
said, with regard to the steam effect, he would give 
what might prove a useful rule, but which, it must 
be understood, was purely empirical. The square 
of the mean effective pressure in a compound engine, 
referring all to the low-pressure cylinder, would be 
six times the boiler pressure, or P?—6 B, in which 
B is boiler pressure registered on the gauge, or the 
pressure above atmospheric pressure. The mean 
effective pressure thus obtained would be that 
obtained supposing all work were done in the low- 
pressure cylinder. 

Mr. David Banderali, of Paris, assistant-super- 
intendent to the Locomotive and Carriage Depart- 
ment of the Northern Railway of France, was the 
next speaker. His experience of compounding 
locomotives was to the effect that by it a saving of 
12 per cent. in fuel was obtained. This was founded 
on experiments in which the same boiler pressure 
was used both for the simple and compound engines. 
The author had stated that, in the engine referred 
to in the paper, the smokebox was made large in 
order to allow for a suitable spark arrester. He 
would be glad of further information on that point. 
There was sometimes a difficulty with the blast in 
compound locomotives, and he would like to know 
if the spark arrester interfered with the working 
of the blast pipe. The author had also stated that 
the steam receiver, or reservoir, should be large 
enough to contain about one high-pressure cylin- 
derful of steam during the short period of the first 
revolution when starting ; that isits capacity should 
be at least equal to that of the high-pressure cylin- 
der. The speaker was of opinion that the capacity 
of the receiver should be greater than that laid 
down by the author. He would make its contents 
one anda half times that of the high-pressure 
cylinder. There were running on his line com- 
pound locomotives with both three and four 
cylinders. He found the saving of coal stated, 
but it remained to be proved by experience, 
which would come only with time, if the total 
working expenses were greater or otherwise. So 
far the records of the compound engine were not 
unfavourable in this respect, although a little 
more oil had been used than with the non-com- 
pounds. This latter fact he attributed to the 
want of knowledge on the part of the drivers who 
lubricated both the high and low-pressure cylinders. 
This was not necessary, as the steam once having 
been oiled, nothing more wasrequired. The proper 
way was to apply the lubricant to the steam before 
it entered the high-pressure cylinder. In answer 
to a question, the speaker said that in the three- 
cylinder compound the inside cylinder was the 
high-pressure, and the two outside ones were low- 
pressure. They all acted on one pair of wheels. 

Mr. Schénheyder said that there were two systems 
of compound locomotives now prominently before 
English engineers. These were the Webb system 
and the Worsdell system. One of Mr. Webb’s great 
objects had been to do away with coupling rods, 
and this end he had attained in the manner doubtless 
well known toall present. The question then arose, 
Were coupling rods so great an evil as to warrant the 








additional complications Mr. Webb had intrcduced ? 
He had three cylinders, three sets of reversing 








gear, and two actions in starting. In addition to 
this, when the low-pressure engine was on centres 
there was only the smaller power of the high-pres- 
sure cylinders available tc start the engine ; and the 
speaker had seen one of these engines backed three 
times at Rugby before the train could be got under 
way. The passengers often got very unpleasant jerks 
at starting. The speaker considered Mr. Worsdell’s 
system the better of the two, as it was simpler. 
There were only two cylinders and two sets of 
reversing gear. The engine could be arranged so 
that there would be only the regulator and revers- 
ing levers to handle in starting, as inordinary engines. 
He did not look on the difference in the sizes of 
cylinders as an objection, because the cylinders 
could be put outside and a balance could be got by 
making the parts of the same weight. With regard 
to the coupling-rod question, the speaker did not 
find any difficulty arise in this respect. He was of 
opinion that locomotive engineers do not go to work 
properly in designing compound engines. They 
seem to start with the high-pressure cylinder as a 
basis for calculation, and let the low-pressure 
cylinder be controlled in its dimensions by the 
former. This was wrong, as the distribution should 
be referred to the low-pressure cylinder and the first 
cylinder be arranged accordingly, although allow- 
ance must be made in proportioning the size of the 
two, so as to give the latter sufficient power for 
starting. Mr. Schénheyder next criticised in some 
detail the way in which the author had set out 
his indicator diagrams, which he thought defective. 
In the combined diagrams, showing the distribu- 
tion of work, the low-pressure cards should be 
placed more to the right with regard to the high- 
pressure diagram above it. He also appeared 
somewhat sceptical as to the soundness of Mr. J. 
McFarlane Gray’s formula quoted above, and pro- 
ceeded to explain that the number of expansions 
might alter the results, but was reminded by the 
President that the rule was put forward as empirical, 
and only to be taken as of general application. 

Mr. Holden, of the Great Eastern Railway, was 
the next speaker. He had, he said, twelve com- 
pound locomotives at work, eleven being express 
engines and one a goods engine. The former had 
18 in. and 26 in. cylinders by 24 in. stroke. The 
goods engine was six-coupled, the cylinders being 
the same size. They were all working up to a pres- 
sure of 160 Ib. to the square inch, and the drivers 
found no difficulty in keeping steam except per- 
haps at the first introduction of the system, when 
there was a want of experience. There was a long 
bank of half a mile with a gradient of 1 in 70 leading 
up from the Liverpool-street Station, and this had a 
stop signal in the middle. At first the drivers used to 
be nervous about this. They were anxious not to 
stop their engines with the grade against them for 
starting again, and would so go creeping on, some- 
times so slowly that they would be afraid the engine 
was going to stop. The consequence would be that 
they would suddenly put on high-pressure steam 
and send the wheels spinning round. They had, 
however, got over that difficulty with experience. 
As to economy, he had tried sister engines built 
exactly the same in all respects, excepting that the 
one was compound and the other non-compound, 
and that the former had a single pair of leading 
wheels in place of a bogie. The compound engine 
worked at 160 lb. and the simple engine at 
140 1b. The result of working showed an economy 
in favour of the compound of 14 per cent. in 
fuel and 8 per cent. in water. There was no 
difference in the economy of repairs except at first, 
when there was some excess of wear in the bottom 
of the cylinders of the compound engines. Tail 
rods had then been fitted to the pistons, and since 
these had been carried through the covers the diffi- 
culty had been entirely got over. With regard to 
small stores, the records showed no difference 
between the two systems. There had been a little 
difficulty with the firebox stays of the compound 
engines, but this had nothing to do with the fact 
of their being compounded, and his experience was 
that there was no more wear in the boilers of com- 
pound engines than in those of simple engines. It 
was true that with compound engines higher pres- 
sures were used. He wasthen building some com- 
pound engines to run at 175 1b. pressure, and he 
intended to build some simple engines at the same 
time to run at the same pressure, so that a satis- 
factory conclusion might be arrived at. 

Mr. A. Paget asked if the speaker found any 
difficulty in starting his. engines; to which Mr. 
Holden replied that all the passenger engines were 
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fitted with the Worsdell and Van Borries valve, and 
so there was no trouble in this respect. 

Mr. McDonnell, who rose at the invitation of the 
President, said that theoretically the compound 
engine was more economical than the simple engine ; 
the question locomotive engineers wished to decide 
was whether theory was borne out in practice. 
Before any definite conclusion could be arrived at 
accurate data were wanted as to the wear of boilers 
under the higher pressures. Three or four cylinders 
were more complicated than two. He had not 
found any trouble in using coupling rods, but it 
would be an advantage to do away with them. 
There were, however, other things in railway 
economy that English locomotive engineers might 
turn to with greater benefit than the compounding 
ofengines. In foreign countries, where coal was 
dear, it might be worth while, but in this country 
it was not so. One great difficulty in the way of 
successfully working locomotive engines on the com- 
pound principle was the variable load they had to 
contend with, although that did not appear to be 
so in the engines selected. He had built engines 
with 18-in. cylinders to take the place of 17-in. 
cylinders, expecting to find an advantage. There 
was such an advantage when a full load was on, 
but the work was so variable that, taken on the 
whole, the smaller cylinders did best, as they more 
nearly approximated to the requirements of the 
average load. A train may start from London and 
lose half its load before going far. Again, as engines 
get old, they are moved on to branch lines, where 
the loads are lighter, and then the compound 
engine is at a great disadvantage if designed for 
heavier loads. It would, however, take years to 
accumulate sufficient experience to establish the 
success of the compound system for locomotives, 
but there could be little doubt that the com- 
pound engines must cost more at first hand. 
All the valves and other devices, shown on the 
diagrams before the meeting, could not be sup- 
plied for nothing. On the railway he had been on 
—the Great Southern and Western of Ireland— 
they had been running the Dublin and Cork mail 
train with engines 17 in, cylinders by 22in. stroke. 
Since that time the cylinders had been increased 
to 18 in. in diameter and the stroke to 24 in., whilst 
the pressure had been raised to 1751b. The load 
was uniform (twelve carriages), and the run of 165 
miles was made in four hours, including three 
stops—one of ten minutes. By the improved 
engines the consumption was reduced from 25 lb. to 
23 lb. 

Mr. J. G. Mair was of opinion that the author 
would get a better result if he had not contracted 
the heating surface and grate surface. The meet- 
ing had been told that there was a saving of 8 per 
cent. of water by compounding. This, however, 
was not borne out by the data given by the author 
in his Table. 

Mr. Halpin was of opinion that the intermediate 
receiver should be larger than the high-pressure 
cylinder, in this respect agreeing with Mr. Ban- 
derali. With four-cylinder engines it was better to 
have only one receiver, both high-pressure cylinders 
exhausting into it in common. The author had 
referred to the effect of blows on the crankpin. 
That, however, was a question of degree, and in- 
deed the crank may be pulling the piston so that 
no blow would occur at all on account of the 
inertia of parts at the reversal of motion. This was 
a point having considerable influence in these 
quick -running engines. Whether the two or 
three-cylinder engine was best at present was 
a matter of opinion. With regard to coupling- 
rods it was well known that the big single-wheeled 
‘engines did better work, and the 42 per cent. 
efficiency, or useful work, given out on the drawbar, 
which was obtained on the “astern Railway of 
France, had been confirmed in the United States. 
The speaker was of opinion thai data by which the 
problem could be solved would not be got on the 
road, but in the laboratory. Engineers must work 
analytically, taking the engine piece by piece and 
assigning values for each part, as had been done in 
America. In the diagrams on the wall he saw the 
old trouble. An enormous expense was gone to in 
order to get most beautiful boilers to carry the 
higher pressure steam, and then the steam was 
throttled by small pipes and passages, so that the 
gain which might have accrued through wider ex- 
pansion was turned into aloss. Of the intercepting 
valve shown and described the speaker appeared to 
have a very poor opinion. This valve, which was 


one of the chief novelties described, was designed so 





that steam from the boiler direct, but wire-drawn 
so as to be at about half boiler pressure, could be 
delivered into the low-pressure cylinder, but at the 
same time could not return to the exhaust side of 
the high-pressure cylinder. The valve was auto- 
matically thrown out of action when one stroke of 
the engine had been made, by the exhaust from the 
high-pressure cylinder having a large area of the 
valve to act upon, and thus forcing its way through.* 
Mr. Halpin considered this arrangement led to com- 
plication, and he himself was working in a different 
direction. He was afraid that the pistons by which 
the valve was actuated could not be kept tight, and 
once they begin to leak they would be soon cut 
through, after which one would never know what 
was in the high and what in the low-pressure 
cylinders. The question that arose in this problem 
was, up to what pressure the simple engines can be 
worked with advantage ? 

Mr. T. W. Worsdell, of the North - Eastern 
Railway, referred to Mr. S. W. Johnson’s letter, 
in which it was said that a certain fuel economy 
was obtained in virtue of higher pressure irre- 
spective of compounding, but was this, the speaker 
said, a real economy throughout? Take a boiler 
pressure, for instance, of 170 1b., and admit steam 
to the cylinder of a simple engine. The steam 
would be expanded, after cut-off, to say 51b. or 10 lb. 
above the atmosphere, and that would be about the 
back pressure on the return stroke. On the other 
side of the piston steam would be again admitted at 
full boiler pressure up to the point of cut-off, and 
opposed to this there would be only the 10 Ib., leav- 
ing an effective pressure of 1601b., and this at the 
early part of the stroke becomes a knocking pressure. 
In the compound engine the pressure on the working 
side of the low-pressure piston is back pressure on the 
exhaust side of the high-pressure piston, and this 
materially reduces the knocking effect due to higher 
pressure steam. It was due to such causes that the 
compound engines came less frequently into the 
shops than the ordinary locomotives, of which fact 
the speaker gave some instances from his own ex- 
perience. A question had been asked as to the 
spark arrester. There was no doubt it did affect 
the blast, and that materially. This brought for- 
ward a strong point in favour of the compound 
locomotive engine. The blast in that type was 
steadier and more equable than with the simple 
engines. There were no sudden and violent pulsa- 
tions in the passage of steam through the exhaust 
nozzle to drag up burning cokes and distribute them 
abroad ; a spark arrester, therefore, became less of 
a necessity. Mr. Worsdell said he had left a com- 
pany working over a district where coal was cheap 
and gone to one where it was dear, and that had 
impressed on him the necessity of adopting the com- 
pound system. He could not proceed with the 
boldness of Mr. Webb, who had so rich and power- 
ful a company at his back, and whose position was 
assured by long service. He had, however, built 
a compound locomotive similar to that shown in the 
diagram on the wall, but when it was finished he could 
not make it start. He had then devised and applied 
the automatic intercepting valve described by the 
author of the paper, and after that there had been 
no difficulty. Since then he had built seventy-six 
such engines and they all started as easily as the 
more usual type. If the high-pressure crank was in 
a favourable position it was all right for going ahead, 
asin the case of an ordinary engine; but if the 
high-pressure piston was at the end of its stroke 
and the low-pressure crank wasin the starting posi- 
tion, then the intercepting valve came into play and 
the low-pressure engine did the work. Indeed, it 
was easier to start with the low-pressure cylinder, as 
it had a larger area and was more powerful. He 
was glad to hear Mr. Banderali speak so well of the 
French experience with compound locomotives. 
The engine shown in the diagrams on the wall could 
take heavy or light work, and had run on the 
accelerated Scotch express service, of which we had 
all heard so much last year, when it took the 1244 
miles section between Newcastle and Edinburgh, 
and had also run between Newcastle and York. It 
had been stated during the discussion, that engines 
with increased size of cylinders could not do such 
good work with light loads. This, however, was 
not the case, excepting when running down hill 
with steam shut off, but then the ‘‘suction” 
of the low-pressure cylinder should be destroyed 
by means of the relief cocks. As to coupling- 
rods, their absence was said to be desired. 








* The arrangement of valve referred to was illustrated 
on page 106 of our last issue. 


This might be so, but the opposite may be 

the case. At the Manchester Exhibition he had seen 

a three-cylinder engine on Webb’s system, but the 

high-pressure cylinders were coupled to four wheels 

connected by coupling-rods, whilst the low-pressure 

cylinder was attached to one pair of the same-sized 

wheels. This, the speaker said, did not give an 

equal distribution of the work. As to starting, if 

the high-pressure steam were in two cylinders, there 

would only be the same effect as in the ordinary 

engine, and therefore the two-cylinder compound 

had the advantage. Mr. Halpin had spoken of the 

intercepting valve as complicated, but the speaker 
did not see how anything could be much less compli- 

cated than a simple valve. The working parts 
were all bored and turned true to gauge, so that a 
good fit was got in a very inexpensive way. The 
sectional drawings might perhaps look a little 
intricate, but the device was much simpler than it 
appeared to be by the diagramson the wall. As to 
Mr. Mair’s criticism as to the 8 per cent.’ saving of 
water used not being borne out by the Tables, the 
evaporation always varied whether in compound or 
simple engines. Mr. McDonnell appeared to have 
some difficulty in crediting that the first cost of the 
compound engines was not substantially in ex- 
cess of simple engines, but the speaker could 
assure him that in the two-cylinder type of 
compound the two leading items of additional 
cost were the intercepting valve and the larger 
size of the low-pressure cylinder. He _ consi- 
dered the instance given by Mr. McDonnell of the 
mail express between Dublin and Cork, taking 
twelve coaches at 23 1b. per mile, a remarkably 
good performance. (Mr. McDonnell explained that 
Welsh coal was used.) The speaker had twenty 
goods engines off the same drawings, excepting they 
were altered so far as to allow of ten being compound 
whilst the other ten were non-compound. The 
simple engines had cylinders 18 in. by 24 in., whilst 
the compounds were 18 in. and 26 in. by 24 in. 
There was the same heating surface, grate surface, 
&c., in all. After twelve months’ actual running, 
the saving in fuel for the compounds, taking a 
mean from the running of the whole ten, was 144 
per cent. The non-compounds worked at 140 lb. 
and the compounds at 160 1b. pressure. All the 
latter had been working two years, and some two 
years and ten months, but not one of them had 
been inside the repairing shops. There were 
also on the North-Eastern line a’ number of 
tank compound engines working mineral traffic. 
They had to take their trains for 10 miles over 
a grade of 1 in 59, and stop for water in the 
middle, but no difficulty was found in this. With 
regard to wear and tear of boilers, he advocated high 
pressures in any case, and at a given pressure it made 
no difference to the boiler whether the engine worked 
compound or simple. The friction of dust and 
ashes, and also of the products of combustion and 
gases, was greater in the non-compound engine, 
owing to the more equable and milder exhaust of 
the other system. At first he had feared there 
would be greater liability of the boilers to prime 
with the compound engine, and he had accordingly 
fitted relief cocks to the cylinders. Any additional 
precautions were, however, found unnecessary, and 
indeed there was less, rather than more, priming 
with the compound engines, which the speaker was 
understood to say he attributed to the fewer pulsa- 
tions in the draught of steam. The question of 
balancing the compound locomotive had been raised, 
and it appeared to be thought that the two-cylinder 
type would be lop-sided. This, however, was not 
the case. The work was set out so that there 
would be an equality between the two cylinders, 
say 500 indicated horse-power in each, forhe had 
run some of these engines nearly up to 1000 indi- 
cated horse-power, In the accelerated Scotch mail 
of last year they had run both compound and non- 
compound engines on the same service. The former 
consumed 25 lb. of fuel per mile, and the latter 
31.4 1b. This was with the same weight of train in 
both cases. The speaker did not claim a saving in 
fuel of more than 15 per cent., but on this two 
weeks’ trial in actual service there was a saving of 
over 20 per cent. 

Mr. Halpin rose again to say that the loss really 
due to wire-drawing of the steam, as shown by the 
diagrams on the bottom alone, amounted to 150 in- 
dicated horse-power. He had not calculated the 
loss at the top. : 

Mr. Joy said he had come to the meeting with a 








view to say something on the subject, but in listen- 
ing to the discussion he had got so mixed that he 
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doubted whether he should have spoken at all had 
the President not called upon him. The gist of 
the matter, however, appeared to be this: ‘‘ The 
saving of fuel recorded is due to higher pressures, 
but to work with these higher pressures it is neces- 
sary to compound.” As to wear and tear of boiler, 
that, the speaker said, had been fought out by 
marine engineers, and the problem had been solved. 
With regard to wear and tear of moving parts the 
same thing might be said. It would be impossible 
to run our large modern marine engines unless 
they were compounded, and he believed there was 
less wear and less strain with that system. 

Mr. J. McFarlane Gray asked permission to add 
a few words in explanation. Some of his friends 
appeared to be under the impression that in the 
compound engine the steam was used twice over, 
and he had, therefore, adopted a parallel in nature 
to bring the facts home to their comprehension, 
and this he would repeat to the meeting. ‘‘ You 
take a cow,” said the savant and philosopher of the 
Board of Trade. ‘‘ Very well! You watch it ruminate 
—chew the cud—very well—do you think it has 
had two dinners ?” 

Mr. McFarlane Gray has written many deep and 
learned disquisitions on the theory of the steam 
engine ; but probably not all the rest of his labours 
will compare with this pithy simile for dissemi- 
nating knowledge upon the theory of the compound 
engine. 

Mr. Lapage, in replying to the discussion, said that 
Mr. Worsdell had dealt with so many of the re- 
marks made by previous speakers that there re- 
mained little for him to say. With regard to sparks 
from the chimney, he had made some locomotives 
with long smokeboxes after the American pattern 
so as to let the sparks drop, but this he had ulti- 
mately found unnecessary with the compound 
engine for reasons already dwelt upon. The criti- 
cism on the size of the intermediate receiver was 
just, but it was to be remembered that the engine 
in question was designed three years ago, and it 
had a smaller receiver than he would now use. He 
thought that the complication of the intercepting 
valve was more apparent than real, and with regard 
to the chance of steam getting through, the parts 
were bored and turnedaccurately. The valve could 
be taken out and examined in a few minutes, whilst 
steam was up if necessary, but it certainly ought to 
run three or four years without attention. There 
was plenty of data to be got from the Tables with 
regard to the consumption of simple and compound 
engines running at like pressures. With regard to 
throttling, he hoped ports and passages might be 
made larger as experience extended, but there were 
many points to take into consideration, so that it 
was desirable to proceed with caution. He pre- 
ferred the valves on the top of the cylinders, after 
the American plan, as shown in the drawings on 
the wall. He was of opinion that something might 
be done to shorten the passages. In conclusion, 
he wished to draw attention to the alarm bell used. 
This worked automatically when put in operation, 
It was found far more effectual than the whistle in 
warning plate-layers and others, who seemed to get 
used to the whistle and take no notice. 

The meeting then adjourned until the next 
evening, but our report of the proceedings on that 
occasion the demands upon our space compel us to 
defer until next week. 








NOTES. 

New Brancu of THE GRanp Trunk Ratiway. 

Tue Grand Trunk Railway of Canada celebrated 
the commencement of the new year by opening the 
South Norfolk Railway, a short line of 17 miles in 
lengthfrom Simcoe to Port Rowanon Lake Erie. The 
former of these is the town at the intersection of 
the North and South Railway from Georgian Bay to 
Lake Erie with the air line from Buffalo to Detroit, 
being 85 miles west of the former of these American 
cities and 158 miles east of the Michigan city. The 
new line runs from Simcoe south-west to Lake 
Erie, through a magnificent farming country, which 
was settled in the earliest days of Upper Canada. 
The only town on the route is Vittoria, which has 
the reputation of being the oldest town in the 
present province of Ontario. It was there that the 
United Empire Loyalists made their first attempt at 
a village in the wilds of Canada, sacrificing their 
homes and property in the revolted colonies, to finda 
home under the British flagin Canada. Port Rowan, 
the Lake terminus, was formerly a place of consider- 





able business, the principal trade being in lumber, 
which was exported from here to the large towns 
south of Lake Erie, but everything in the shape of 
timber has long since disappeared before the axe of 
the settler, and the whole country is now arich agri- 
cultural district, as thickly settled and as carefully 
worked as any similar locality in the old world. 
The new line was built by a company organised as 
the South Norfolk Railway, and the principal por- 
tion of the expense has been contributed by the 
local municipalities, supplemented by a bonus of 
3200 dols. per mile from the Dominion Government. 
It is proposed to put ona service of trains from Port 
Rowan to Buffalo, Hamilton, and Toronto, and to 
make some important additions to the depdt at 
Simcoe, which will now be the focus of five arms 
of the Grand Trunk system. 


EXTENDING THE TRANSCASPIAN RAILWay. 

Russia’s boldness in pushing on her railway 
system across the Turcoman region to Central Asia 
has received its due reward. Already the line is 
declared to be paying its working expenses, and 
General Annenkoff, the designer, has been en- 
couraged thereby to ask permission of the Emperor 
to extend the line still further to Tashkent. In all 
probability the request will be acceded to, because 
Tashkent, besides being the administrative centre 
of the province of Turkestan, is a town with a 
population of 100,000 people, and the extension of 
the Samarcand section thither would not only tie 
an important political and trading centre to the 
Russian railway system, but also link the Syr Daria 
river and the Aral communications with those of 
the Caspian. The Aral fleet, as originally established, 
used to ply on the Syr Daria river, along the 
banks of which the Russians marched and founded 
a series of forts and colonies in their advance upon 
Tashkent and Samarcand. The great drawback 
the steamers had always to contend with was the 
absence of any fuel except a kind of briarwood 
known as saxaul. If the Samarcand line were 
extended to Tashkent, it would cross the navigable 
head of the river on its way, and be able to provide 
the steamers with liquid fuel from the Caspian, 
similar to the supply the railway was able to accord 
to those on the Oxus when it penetrated to that 
river a year ago. North of Tashkent stretch a series 
of steppes, adjoining those of Siberia, which are 
being gradually settled by colonists from Russia. 
This region, which is well adapted for agricultural 
and pastoral pursuits, would benefit considerably by 
the extension of the railway to Tashkent, so that 
General Annenkoff has many cogent reasons, 
besides those of a military character, to adduce in 
support of his project. It is curious to contrast 
this activity of the Russians with the lethargy of 
our own authorities in regard to the Indian frontier 
communications. If the completion of the Quetta 
line to Candahar would not pay the whole working 
expenses of the railway from the Indus, it would 
at least more than pay that on the extension, while 
adding immeasurably to the security of our Indian 
Empire. In Burmah again, where General Sir 
Frederick Roberts, four years ago, urged upon the 
Government the rapid construction of railways as a 
means of pacifying the country, no important lines, 
except the slow-paced Tounghoo-Mandalay line 
have been taken in hand, and money is being 
wasted in punitive expeditions against dacoits and 
tribesmen, which would have been far more advan- 
tageously spent on railway works. The shining 
example of the Merv Railway, which completely 
tamed the Tekke Turcomans, seems to be quite lost 
on the Indian Government, 


THE Proposep Surp Cana Across SCOTLAND. 

Two or three weeks ago we referred to the sub- 
ject of a ship canal across Scotland, which has for 
some time been engaging the attention of engineers 
and the general public. The project then discussed 
by us was the deepening and broadening of the 
present canal between Bowling on the Clyde and 
Grangemouth on the Forth, but since then the idea 
has been suggested of constructing an entirely new 
canal, taking in part of Loch Lomond. It is pro- 
posed by those favouring this scheme that the river 
Leven, from its confluence with the Clyde to Loch 
Lomond, should be deepened to the required depth. 
The harbour authorities of Dumbarton have done 
much recently to improve the lower part of the 
river, so as to give greater facilities for the ship- 
builders there, and here no difficulty would be met; 
but then there are two bridges spanning the river, 
one of stone arches for street traffic and one with 
masonry piers and girders for railway traffic, and, 





as these could not allow ships of any size to pass 
through, bridges more suitable for the canal would 
require to be provided. Nearer Loch Lomond 
there are two suspension bridges. The depth of water 
is very shallow, so much so, that the greatest 
difficulty is experienced in getting the light draught 
passenger steamers to the Loch after they are built. 
The Leven is about 74 miles long and has a rise 
of something like 14 ft. Loch Lomond of course 
would not require any ‘“‘treatment.” It is deep 
enough. A good outlet for a canal would be at a 
point furthest to the east near the Ettrick water, 
and about five miles from the outlet to the Leven. 
Here the canal proper would begin and would be 
about as long as the present Forth and Clyde Canal. 
The route proposed tobe taken is along the line of 
the Forth and Clyde Junction Railway vié Dryman, 
Bucheyre, and Keffen to Stirling. Within seven 
miles of leaving Loch Lomond a height of about 
260 ft. would require to be attained, and thereafter 
there is a pretty sharp decline. From Stirling to 
the Forth the ground is very flat, and at the former 
town the River Forth might be joined; but it would 
require to be deepened and straightened, for its 
windings at present make it between thirteen and 
fifteen miles long from Stirling against five on the 
straight. This scheme has therefore disadvantages 
which weigh against its preference by the public. 
Nor does it pass within the range of the col- 
liery district, as is the case with the Forth and 
Clyde Canal. The subject at the present time is 
being discussed with much interest in view of the 
benefits which a ship canal would confer; but 
the adaptation of the present canal for ships is the 
scheme most favoured. 


Tue Norturieet Serres Erectric TRAMWAY. 

On Friday last the students of the Institution of 
Civil Engineers paid, through the courtesy of the 
directors, a visit to the works of the Series Electric 
Traction Syndicate at Northfleet, where a tram line 
three-quarters of a mile in length has been laid 
down. The method of working may be described 
as follows: A narrow conduit is laid alongside one 
rail communicating by a narrow slot with the sur- 
face. At intervals of 21 ft. in this conduit are 
placed contact pieces made of phosphor-bronze 
plates, pressed into close contact by stiff springs. 
The current on leaving the dynamo is led through 
a well insulated cable to one of these contact 
pieces, and, passing through it, is taken to the 
next, and so on for the whole length of the line, all 
the contact pieces being thus in series with each 
other. A return cable is used to connect the end 
of the line to the dynamo. The car is fitted with 
a long arrow, which travels with the car, but within 
the conduit, being connected to the framework of 
the car by carriers passing through the slot in the 
readway. This arrow, which extends the whole 
length of the car, consists of two thin strips of 
phosphor-bronze, insulated from each other by two 
thicknesses of rubber belting, and each end is fitted 
with a chisel point. As the car moves this point 
separates the spring contacts, and the current in 
consequence flows through one of the phosphor- 
bronze strips up into the car, through the motor, 
and back through the other strip to the other side 
of the spring contact. As the arrow is sufficiently 
long to reach between two successive contacts, a 
current is continually supplied to the car motor. 
The dynamo employed is of 30,000 watts, and 
was manufactured by Messrs. J. G. Statter and 
Co. Itis constructed to give a constant current 
of 50 amperes, the regulation being effected by 
automatically shifting round the brushes, spark- 
ing being avoided by a special construction of 
the pole-pieces of the field magnets. The cross- 
ing points of the permanent way necessitated a 
somewhat peculiar construction, but all diffi- 
culties in this connection appeared to have been 
completely overcome by Mr. Waller, the engi- 
neer to the company, and a former student of 
the Institution. Before leaving, the visitors had a 
ride on the car, and though this was practically the 
first run, everything worked with perfect smooth- 
ness, the car being handled with great ease, and 
when desired, its motion was reversed with great 
suddenness. The next visit of the students of the 
Institution will be to the works of Messrs. Saxby 
and Farmer, railway signal engineers, Canterbury 
Road, Kilburn, on Wednesday, February 13th, 
assembling at the works at 2.15 P.M. : 

Coat Mrnine IN BeEteium. 

The aggregate production of coal in Belgium in 

1887 amounted to 18,378,624 tons. The proror- 
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tions sustained in this total by the three provinces 
of Belgium were as follows :—Hainaut, 13,470,060 
tons; Namur, 359,255 tons ; and Liége, 4,549,309 
tons. The output of coal in Belgium in 1887 was 
the largest on record, and 1,093,081 tons in excess 
of that of 1886. The value of the coal production 
of Belgium in 1887 was computed at 5,886,9601., 
as compared with 5,701,680/. in 1886. The 
average sale price per ton of coal raised de- 
clined, however, to 6s. 6d. per ton in 1887, 
showing a fall of 2d. per ton as compared with 
1886. The number of pits in activity in Belgium 
declined to 268 in 1887, or twelve less than in 1886. 
This fact, coupled with the very appreciable in- 
crease in the production in 1887, shows that sus- 
tained and persevering efforts have been made to 
concentrate extraction with a view to a reduction 
in working expenses. The average output effected 
by each working miner in 1887 was 244 tons, or 
15 tons more than in 1886. This result was due to 
an increase in the number of working days in 1887, 
and also to a reduction during the year in the 
number of women and children employed. The 
aggregate number of workpeople employed in Bel- 
gian collieries in 1887 was 100,739, or 457 more 
than in 1886. The number of women employed 
declined to 3201, the number of boys under 
sixteen years of age to 7920; and the number of 
girls below sixteen years of age to 1032. The 
wages paid in 1887 averaged 321. 12s. per head, or 
ll. 5s. 8d. per head more than in 1886, The rate of 
wages was sensibly higher in 1887 in the Liége 
basin than in the Hainaut and Namur districts. 
Allowing for the smaller remuneration accorded to 
women and children, the average wages received by 
each Belgian coal miner properly so called in 1887 
may be estimated at 2s. 8d. per day. The 
profits realised by Belgian colliery proprietors in 
1887 is estimated at 349,640/., or 143,6001. more 
than in 1886. The working of ninety Belgian 
collieries was attended with a profit in 1887, the 
gross profit realised by them having been 433, 1601. ; 
on the other hand, fifty Belgian collieries were 
worked in 1887 at a loss of 83,5201. The cost of 
production averaged 64d. per ton in 1887, so that 
the average profit realised per ton raised was 43d. 
Since 1861, Belgian collieries have always been 
worked at a protit, except in 1877, 1878, 1879, 
and 1881, when slight losses were sustained. The 
largest profit ever realised per ton raised was 
obtained in 1873, viz., 4s. 9d. per ton. Since 1876 
the profit secured has always been less than 5d. per 
ton. The production of coke in Belgium in 1887 
is oflicially estimated at 1,202,879 tons as compared 
with 1,854,173 tons in 1886. The average selling 
price of coke in 1887 was 9a. 9d. per ton, as com- 
pared with 9s. 10d. per ton in 1886. The imports 
of coal into Belgium in 1887 amounted to 1,016,678 
tons ; the exports of coal from Belgium during the 
year were 4,591,000 tons. The imports of coke 
into Belgium in 1887 were 18,788 tons ; the exports 
of coke from Belgium during the year were 
926,545 tons. Including stocks on hand at the 
close of 1886, it is estimated that Belgium had 
20,346,195 tons of coal and coke at its disposal for 
1887. The exports of coal and coke from Belgium 
in 1887, and the stocks on hand at the close of the 
year are estimated at 6,309,085 tons. It follows 
that the consumption of coal and coke in Belgium 
in 1887 should be estimated at 14,037,110 tons. 








QUEENSLAND Raitways.—A tender of Messrs. T. J. 
Esser and Co., for the second and third sections of the 
North Coast Railway of (Queensland, was recently ac- 
cepted by the Queensland Government, The amount of 
the tender was 169,361, 


Tur Port or Havre.—The French Chamber of Depu- 
ties has adopted a Bill having for its cbject the improve- 
ment of the port of Havre. It has become abundantly 
evident that something must be done to enable Havre to 
keep pace with competing ports. Thusthe average depth 
of water at Havre is only 26 ft. 2in., while the corre- 
sponding average depth at Liverpool is 31 ft. 3in; at 
Antwerp, 32 ft. 10 in.; and at London, 40 ft. Asa con- 
sequence of the inferior accommodation afforded by the 
existing port of Havre, the French General Transatlantic 
Company is obliged to restrict the maximum draught of 
water by any of its steamers to 25 ft., while steamers 
drawing 26 ft. 8 in. have been built in England. The 
French General Transatlantic Company has also been 
obliged to restrict the maximum length of its steamers to 
516 ft. from the same cause. The Bill for increasing the 
facilities afforded to shipping at Havre was opposed by 
the Protectionist party in the Chamber of Deputies ; but, 
as has been already stated, it was adopted in spite of their 
resistance. 





THE NEW SPANISH MAIL STEAMERS 
‘‘ALPHONSO XIII.” AND ‘‘REINA MARIA 
CRISTINA.” 

THERE has just been despatched from the Clyde the 

first of two steamers remarkable for the elegance of 

their internal furnishing and decoration. They have 
been built by Messrs. William Denny and Brothers at 

Dumbarton for the Compania Transatlantica. The 

vessel which has already gone to Spain is named 

Alphonso XIII., and the other now being completed 

at Messrs. Denny’s works is the Reina Maria Cristina. 

The vessels are 400 ft. long, 48 ft. broad, and 32ft. 

deep moulded, and are constructed to conform with 

the highest classof Veritas. Accommodation has been 

provided for 176 first-class, 56 second-class, and 42 

third-class passengers, while 900 troops may be housed 

on the lower deck. The main dining saloon in the 

Alphonso XIII. is on the spar deck, at the forward 

end of a citadel deck, and the music-room is above it. 

The decoration of these two apartments is in the 

Moorish style, and the great scope for elaborate orna- 

mentation which it affords has been taken advantage 

of. The framing of the music saloon is of sycamore, 
stained in many tints, while the ceiling is panelled in 
interlacing design, filled in with blue and gold lines. 

The windows are large, and have stained glass, and 

curtains have beert specially woven to suit the style 

of the saloon. The feature of the saloon is the unusual 
size and beauty of the skylight. It is 20ft by 16ft., 
and is 20 ft. above the floor of the saloon, The dining 
saloon is 52 ft. long and the whole width of the ship. 

The doors are richly carved in designs peculiar to 

Oriental art. The smoking-room is at the after end 

of the citadel deck. The framing is of teak, with satin- 

wood panels, having a margin highly coloured by a 

French inlay. The ceiling is in pine, panelled and 

stencilled similar to the music-room. The ladies’ 

room, near the dining saloon, is framed with pine, 
painted. Over the sofa seat a tile dado is inlaid. 

Twenty-eight state rooms are specially designed for 

families travelling. The ship, of course, is lighted by 

electricity, there being 430 lamps. The mechanism is 
duplicated. Messrs. Paterson and Cooper provided 
the dynamos, and Messrs. M. Paul and Co. the 
engines. There are also six electrically driven fans 
for ventilation purposes supplied by Messrs. King, 

Brown, and Co. The fans can deliver, under favour- 

able circumstances, 200,000 cubic feet of air per hour. 

A complete installation of hydraulic plant is provided, 

including pumping engines, derricks, windlass, steer- 

ing gear, &c., warping winch, winch amidships for 
lifting the boats, &. A refrigerating chamber is 
fitted in the after hold, and the engine is by Messrs. 

Haslams, of Derby. 

The engines are of the triple-expansion type, which 
is rather unusual, as Messrs. Denny now build a large 
number of quadruple-expansion engines. The cylin- 
ders are 34 in., 57 in., and 91 in. in diameter respec- 
tively, and the piston stroke is 60 in. Steam is sup- 
plied from three double-ended boilers, having eighteen 
furnaces, and they work to a pressure of 170 lb. to the 
square inch, They are worked under forced draught 
on the closed ashpit system. Twoof Gwynne’s centri- 
fugal pumps are used for circulating the water in 
the condenser, and Weir’s system of feed heating is 
adopted. A small auxiliary engine is provided for 
working the steering gear so as to admit of the large 
engine being overhauled at sea when necessary. 
Brown’s hydraulic ash hoists are fitted in the stoke- 
hold for hoisting ashes. As the vessels are to be em- 
ployed by the Spanish Government as armed cruisers 
in times of war, the engines and boilers are surrounded 
by the coal bunkers, and the deck is strengthened so 
that eight breechloading guns may be carried. 

Before the Alphonso XIII. left the Clyde, ex- 
haustive trials were made of her machinery. The 
maximum speed was attained on Monday, January 21, 
when on the measured mile, with half her guaranteed 
deadweight on board, she steamed 17.3 knots per 
hour. Two six hours’ run were made. The one with 
natural draught was at a speed of 16.8 knots per hour, 
and another on forced draught at aspeed of 17,3 knots, 
These results were considered satisfactory, 





Gas IN Paris.—The revenue of the Parisian Company 


for Lighting and Heating by Gas amounted last year | hog 


to 3,075,127/. The corresponding sum in 1887 was 
3,005,977/., showing an increase of 69,150/., or 2.30 per 
cent., last year. 


LOCOMOTIVES ON THE LONDON AND SovurtH - WESTERN 
Rattway—At the close of December, 1888, the London and 
South-Western owned 548 locomotives and 369 tenders. 
The cost of locomotive power for the second half of 1888 was 
211,466/. as compared with 213,047/. in the corresponding 
period of 1887. The total distance run by trains in the 
second half of 1888 was: Passenger trains, 4,469,270 
miles ; goods and mineral trains, 1,680,201 miles, making 
an aggregate of 6,149,471 miles. The total distance run 
by trains in the second half of 1887 was: Passenger 
trains, 4,382,060 miles ; goods and mineral trains, 1,669,222 
miles ; making an aggregate of 6,051,282 miles. 





QUICK-FIRING GUNS. 
To THE EpiToR OF ENGINEERING. 

Srr,—I have read with much interest the article which 
appeared in your issue of the 25th of last month relating 
to the lecture on ‘‘ Quick-Firing Guns for Fortress De- 
fence,” recently delivered in the theatre of the Royal 
United Service Institution by Captain Stone, to which 
lecture I was a patient, though in some measure a dis- 
appointed listener; and, subject to your courtesy and 
favour, I would like to add a few remarks on the same 
subject. The disappointment to which I have alluded I 
will at once explain. The lecturer announced in the 
very beginning that he should exclude ‘‘ machine” guns 
from consideration as “‘ quick-firing” guns; his definition 
of the latter a firing small shells and not bullets. 
As all guns may be properly described under the head of 
machines, and as the so-called ‘‘machine guns” are 
capable of much quicker firing than the so-called ‘‘ quick- 
firing guns,” there being nothing, it may be added, in the 
nominal specification of either class of weapon to denote 
whether shells or bullets are the projectiles thrown by 
them, there is ae facie reason of the most substantial 
character for the inclusion and against the exclusion of the 
mitrailleuse class of gun when the subject under treat- 
ment and offered for discussion is that of ‘* quick-firing 
guns.” Upon that ground alone, therefore, the logical 
mind would be justified in rejecting the barrier thrown in 
the way of the introduction into the discussion of an argu- 
ment in favour of the weapons designated ‘‘ machine guns.” 
Believing that claim, and permitting the lecturer to 
enjoy a prerogative to define ‘‘ quick-firing guns” as he 
might please (I am aware that his definition, however 
wrong in the literal sense, has obtained technical currency), 
I yet maintain that machine guns ought not to have been 
barred in a discussion relating to the use of quick-firing 

ns for fortress defence. Such a subject resolves itself 
into the question, What are the best weapons to be 
adopted for the defence of fortresses? It is not sufficient 
to lay down, with all the emphasis of a Papal dogma 
issued ex cathedrd, that a certain class of weapon called 
ne —— guns” is good for the purposes of fortress 
defence or for the other purposes dealt with by Captain 
Stone, whose lecture was not confined to the narrow limits 
of its title ; it is absolutely necessary to consider if that is 
the best species of weapon for the objects specified ; and 
the question presented in that form—the only rational 
form in which such a question can be put—embraces not 
— the matter of efficiency but also that of economy. 

he chairman, Lord Wolseley, ruled that I was out of 
order in attempting to open and pursue the line of argu- 
ment pre-shadowed in the sentences just written. Lord 
Wolseley ruled in that direction immediately I mentioned 
@ particular machine gun, and before he knew upon what 
basis I intended establishing my position. I pass by the 
fact which (because I consider my other contention strong 
enough to stand by itself) does not require dilation, 
namely, that the chairman had allowed preceding speakers 
to refer to machine guns and to dwell upon many points 
which had no relationship of any kind to the subject of 
the lecture, interrupting none except myself, and only 
interrupting me when I mentioned, by way of illustra- 
tion, the name of a particular gun ; but I cling firmly to 
my other position, upon which I have advanced a theory 
which cannot rationally be gainsaid, namely, that the 
discussion of the question of adopting quick-firing guns 
for fortress defence must turn on, and, therefore, admit 
within its scope the question, Which is the best weapon 
for the purpose ? 

Of the science of machine gunnery I have been an ardent 
student for many years, and I have not been at the dis- 
advantage of lack of practical experience in the direction 

ursued by my theoretical studies, an experience which at 
east gave me substantial ground to join issue with the 
lecturer upon more than: one point of his lecture. For 
instance, the lecturer used as material for the erection of 
his argument in favour of quick-firing guns (as limited by 
his definition), the case of Plevna, Osman Pacha’s strong- 
hold in the Russo-Turkish war. Captain Stone’s conten- 
tion that the guns with which he was more particularly 
dealing would have been of greater service in front of 
Plevna than any other type of light weapon, was drawn 
entirely from imagination and had no substantial ground 
for its recommendation, for he had no personal experience 
of Plevra and no personal knowledge of what was best 
suited to the circumstances, I was there, and had excep- 
tional opportunities of forming an opinion, not only as to 
what type of weapon would have been most suitable, but 
also of learning what kind of gun the besiegers generally 
desired; and I have no hesitation in asserting that 
machine guns in small numbers would have been infinitely 
more useful than a much larger number of quick-firing 
guns (using these terms in Captain Stone’s — and 
that the wish most frequently emphasised on all hands 
was for Gatlings. 

Captain Stone dwelt at some length upon the useful 
employment of guick-firing guns in opposition to torpedo 
ts. Upon that point there is no necessity to say more 
than that many excellent authorities have proposed to 
recommend the use of machine guns, the particular class 
of guns specified by them being Gatlings. If Captain 
Stone should reply that he commends, in this connection, 
the use of quick-firing guns in preference to machine 
guns, because of the great resisting matter with which 
they have to be brought into opposition, I simply assume 
that if the larger-sized Gatlings are not of sufficient 
penetrative and destructive force to place hors de combat 
the heavier armoured torpedo boats, the ordinary shell 
guns can be left todo the work without any necessity of 
going to the extra expense of buying the a 
guns and Gatlings (or other machine guns, if there are 
any as good or a can be used for lighter but still 
necessary work in relation to torpedo-boat attacks—the 
Gatlings being more generally useful and cheaper than 
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the quick-firing guns. But it is to the main point of Cap- 
tain Stone’s lecture that I wish to turn attention, namely, 
fortress defence. 

Surely none can deny that the following count among 
the most important details of the question of fortress 
defence ; defence of ditches, short flanks of works, capon- 
niéres, counterscarp galleries, and in breaches. Captain 
Stone himself assigned great importance to those points. 

What do the authorities on this subject then recommend 
in this connection ? 

Captain Owen, R.A., who has devoted much time to 
the study of the matter, says: ‘‘ Employment of machine 
guns (Gatlings) for fortresses or siege works: There is 
very little difference of opinion as to their mode of employ- 
ing these guns. Where space is limited, the front clear 
and range known, asin permanent works, these weapons 
would be most useful in caponnibres, counterscarp galleries, 
&c., for the defence of ditches as well a3 of the short 
flanks of works, while in a breach their effect would be 
most formidable. Where you have in the field a space 
prepared for the fire of a machine gun, as you have in the 
glacis of a fort, the advantage of Gatlings is enormous. 
'These weapons have little or no recoil, so that, both in 
boats and caponnitres, the importance of their employ- 
ment can hardly be exaggerated.” 

Mr. Benson, R.A., another officer who has closely 
studied the subject, says on the same point : ** The value 
of these weapons (Gatlings) in the defence of fortresses and 
fortified positions is too universally recognised to require 
further comment.” 

A committee of British officers appointed to investigate 
the merits of a number of different guns for divers pur- 
poses reported that the Gatling was’ superior to its rivals, 
whether of the machine or other class, and, in reference 
to the particular point of fortress defence, &c., said, ‘‘ Of 
the designs submitted for their consideration the Gatling 
is best adapted to meet all military requirements. It 
would be invaluable for the defence of such positions as 
field-works, caponnitres, breaches, &c., and for employ- 
ment in advanced trenches, field-works,” &c. 

I will quote but one more of the numerous authorities 
which could be arrayed in favour of machine guns for 
employment in such reference as that in which Captain 
Stone commended the use of quick-firing guns. 

A Board of skilled officers of the United States Service, 
formed for the purpose of reporting on a competitive trial 
of different guns, held with the object of discovering the 
weapon best adapted for employment in the defence of 
the flanks of fortifications and other works, stated in their 
report: ‘‘The record of the trials shows the vast 
superiority of the Gatling. The Gatling is, beyond question, 
such an arm as best answers the requirements of the gun 
most to be desired. For the defence of detached field 
fortifications, &c., the Gatling would be superior to any 
other species of artillery.” As I have said, these opinions 
I have quoted are but a tithe of the mass of authoritative 
evidence which could be brought forward to prove 
the superiority of machine guns and of the Gatling 
in particular over all other weapons required for 
fortress defence; but I will stop here, because I have 
already made too great a demand on your courtesy, 
and because I think I have furnished ample argument to 
uphold what I have contended, namely, that to advance 
the theory that machine guns were not-only pertinent to 
the subject of a lecture on ‘‘ Quick-Firing Guns for 
Fortress Defence,” but that they are better suited to the 
purpose of fortress defence than the other so-called quick- 
firing guns, was not only a justifiable and perfectly 
orderly, but was further a perfectly tenable proposition ; 
and no further evidence is necessary to prove that the 
chairman was wrong in ruling me out of order for attempt- 
ing to maintain such a position. 

Finally, I urge (and [ urge the point with deliberate 
emphasis) that it would be folly to waste the public 
money upon the so-called ‘‘quick-firing guns” of the non- 
‘*machine-gun” class when the guns of the ‘‘ machine” 
class are better entitled to be styled quick-firing, are 
better adapted, generally, to the defence of fortified posi- 
tions, and are very much cheaper than the quick-firing 
guns commended by Captain Stone. 

I hope you will permit me to set forth these important 
points in your columns, even at such an expense of space ; 
and I have the honour to be your obedient servant, 

HILIp H. B. SaLusBury. 

P.S.—I was sorry to notice that none who took part in 
the discussion following Captain Stone’s lecture showed 
the slightest signs of anxiety about the expenditure of the 
public money. In my opinion that should be the most 
important and initial point in the consideration of such a 
question, and for that reason I have emphasised the word 

cheaper” in the last sentence of my letter.—P. H. B. S. 





TRIPLE-EXPANSION PUMPING ENGINES. 
To THE EpiTor oF ENGINEERING. 

Stz,—Referring to the triple-expansion pumping engine 
described in ENGINEERING of January 18th, and the letters 
of your correspondents ‘‘ Crank” and others, in the last 
two numbers of ENGINEERING, it is not mentioned in the 
description of the engines, and the drawings do not show 
whether the cranks are all placed equally apart, or if the 
two outer low-pressure cranks are opposite to the centre 
cranks. If the cranks are opposite it is clear that the 
engines will be well balanced and the arrangement must 
on that account be an exceedingly good one for high 
speeds. I May point out that the arrangement of the 
cylinders is the same as one of several combinations 

tented a few years ago by Mr. Alexander C. Kirk, of 

lasgow. His combination was, however, for screw 
engines, and is shown in his patent specification with the 
three cranks spaced equally apart round the shaft. The 
name of Messrs. Chaffey, of Australia, mentioned as 
having prescribed the arrangement and as being respon- 





sible for the design of the engines you illustrated, is a 
name I recollect very well from the fact that many years 
ago while residing in one of our colonies, I met with some 
good examples in design and in details of steamboat and 
other engines by engineers named Chaffey—possibly the 
same, only now removed to Australia, who have adopted 
the design of the engines under notice, and if so I would 
venture to say they are quite able to select a design which 
will work well, and that the difficulties predicted by your 
correspondents are not likely to happen. 
Yours truly, 


February 4, 1889. A MECHANICAL ENGINEER. 





ELECTRIC SMELTING OF ALUMINIUM. 
To THE EpriTor oF ENGINEERING. 

S1ir,—It may interest those engaged in the production 
of aluminium to know that electric deoxidation of alumina 
is not a recent discovery. On page 37, “‘ Townsend’s 
Manual of Dates,” edition 1862, is the following: ‘‘ Alu- 
minium, one of the most abundant metals in nature, being 
the metallic basis of alumina or pure clay, was first dis- 
covered in 1828 by Wohler, who freed it from its com- 
bination with oxygen by electric means, and obtained it 
in 1846 by decomposing chloride of alumina by means of 
sodium.” 

Your obedient servant, 
F, J. JONES. 
Hugo-street, Leek, Staffs., Feb. 4, 1889, 





WATER GAS. 
To THE EDITOR OF ENGINEERING. 

Srr,—There bas been a good deal of correspondence lately 
on the subject of water gas, and we notice in your last 
issue a letter from Mr. Wilson claiming that his apparatus 
was the first erected in this country. ill you permit us 
to say that in the year 1881 we were requiring for certain 
purposes a large gas supply, and erected and used a water 
regenerative gas apparatus, which, as far as we are aware, 
was certainly the first erected in this country on any- 
thing beyond an experimental scale. The erection and 
working of this furnace must be well known to many gas 
engineers, as the Gas Institute happened to have their 
summer meeting in Birmingham that year, and many of 
its members came here and inspected the furnace and its 
working with interest. 

Yours faithfully, 
THomas PiccorT AND Co. 
Atlas Works, Spring-hill, Birmingham, 
February 5, 1889. 





To THE EpiTor oF ENGINEERING. 

Srr,—I really do not see what Mr. Wilson’s remarks 
lead to, except an advertisement of his claim for priority 
in the erection of a water gas plant in this country ; this 
claim he is not entitled to, because there was in this 
country a splendid water gas plant erected earlier than 
the date mentioned in his letter. 

In the Thwaite gas generator and others of the same 
class gas can be produced at 4d. per 1000 cubic feet, but 
this is a delusive way of indicating the power and value 
of a gas generator unless the calorific value of the gas is 
given. Yours truly, 

AS. W, VICKERS. 

233, Upper Parliament-street, Liverpool, 

February 2, 1889. 








KIOTO AND BIWA CANAL, 
To THE Ep1ToR OF ENGINEERING, 

S1r.—In your issue of January 25 there is an interesting 
article giving a short notice of the above work, with an 
illustration. If you will kindly allow me space I shall 
give some account of the young Japanese gentleman who 
is the engineer, and in whom I am sure many of your 
readers will be interested. His name is Mr. Tanabe, he 
was educated in the Kobu dai Gakko (Imperial College of 
Engineering) Tokio, which was founded with splendid 
liberality by the Japanese Government. Mr. Tonabe 
took his degree in 1883, in the department of civil engi- 
neering with great distinction after a six years’ course of 
study. He commenced by showing a fine appreciation of 
Goldsmith and Scott, and has since developed great taste 
in literature; he soon became the favourite pupil of 
Captain Brinkley, who spoke with delight of his mathe- 
matical talent. Indeed the college printed, in pamphlet 
form, an original work of Mr. Tanabe’s on shearing stress 
due to wusdiieg load systems which was favourably re- 
viewed in ENGINEERING at the time. While just about to 
complete the practical part of his course of study, Mr. 
Tanabe lost the use of hisright hand. He soon learned to 
write both Japanese and English with his left hand, and 
actually drew his diploma designs with it. They com- 

rised a scheme for improving the navigation of one of the 
p snes rivers by a canal cut, for already he had turned 
his attention especially to hydraulic engineering. The 
designs were exhibited among others at the World and 
Cotton Exhibition in America. They were works of art, 
and models of what engineering plans may be, as are any 
designs by the hands of Tanabe right or left, for I am 
glad to say he has recovered the use of his hand. By his 
modest and —— disposition, as well as his rare 
ability, Mr. Tanabe gained the confidence of the 
Governor of Kioto, and soon I had the pleasure of re- 
ceiving a copy, by a blue process, of his preliminary survey 
of the Lake Biwa Canal. Among the recollections of 
Japan, with its scenery, gay children, and bright flowers, 
none are more persistent than the musical words of the 
language, and to my ear sweet are the syllables of my 
friend’s name, Tanabe Sakuro. 

Yours &c., 
THoMas ALEXANDER. 

89, Trinity College, Dublin, January 30, 1889. 








PATENTS IN DENMARK. 
To THE Epitor oF ENGINEERING. 

Srr,—In the edition of September 21, 1888, of your 
most valued paper, there is a communication about patent 
matters in Denmark, containing some statements which 
are not quite to the point, and are apt to create a wrong 
opinion and vain hope in inventors and patentees; so 
that, in the interest and for the benefit of all those 
‘* whom it may concern,” the publication of the following 
correction might not appear to be entirely out of the way. 

More particularly, it is this statement in the said com- 
munication which these lines are intended to set right, 
viz., ‘* The original term for which a Danish patent is now 
granted is occasionally increased to ten years, and prolonga- 
tion of Danish patents is generally granted up to a total 
term of fifteen years.” It would be a good thing, indeed, 
if this assertion were correct, and not as, alas! it is, at 
variance with the facts. But let us see what the expert 
in patent causes, Mr. Hofman-Bang, of Copenhagen, has 
to report on the subject as the result of his minute statiss 
tical investigations : 


Danish Patents Granted during the last Four Years. 














se: Box 25 |£5 4s 

o8 | Shee | 3 |. 18, 

os @.6¢4 fw Zo Se 

é¢€ ag a a rte pee 

Year. aL pee o.. cy S Ua 

a3 BSSS rae =s woe 

5 Sear Zea Ses 2#er 

as | ssua | Bas | Ss | B88 

23 g& Bfo | Feo x2 

ee BSS | Zon | Fam Fas 

1885 361 345 16 5 0) 

1886 402 371 31 8 1) 

1887 416 406 10 4 0) 

1888 365 355 10 5 0 «) 
(up to No- 
vember 16) | 


No more words need be spent on the question whether 
the indisputable fact of one entire Danish patent (the 
centrifugal machine patent of Burmeister and Wain’s) 
being extended to the term of fifteen years out of about 
1500 patents, that is about ,; per cent., can justify the 
above assertion according to which ‘* prolongation of 
Danish patents is now generally granted up to a total 
term of fifteen years,” although it must be admitted 
that there was, in fact, no extension whatever tu 
that longest term (that is 0 per cent.) among the patents 

anted before 1885, and it is in practically the same un- 
emt proportion that patents have been extendcd 
even to the shorter term of ten years only. 

Inventors and patentees will do well to examine care- 
fully the above statistics based upon the naked facts, 
before they find their hopes that may have been raised in 
them by the said former communication, crushed in a 
pitiless manner by practical experience. 

I am, Sir, yours respectfully, 


Rosert R. ScumMipr, 
Berlin, S.W,, January 26, 1889. 








RAILWAY AND CANAL TRAFFIC ACT, 1888, 
AND SECOND-HAND MACHINERY RATES. 
To THE EpiTor oF ENGINEERING. 

Sir.—This new law will materially alter railway rates, 
and by it, it is intended that all traders shall be considered 
as well as the railway companies, also that the public 
shall have a voice in determining what rates are fair and 
reasonable. There will be an entirely new classification 
to which any person may object, and if he shows to the 
Board of Trade that he is untairly or oppressively charged, 
they will make inquiry and endeavour to settle the matter 
amicably between the trader and the railway company, 
and if this is nét accomplished, and the trader does not 
et satisfaction, the matter can be heard in the House of 
ords and Commons by any member bringing it up. 

In 1883, I went to considerable trouble and expense in 
endeavouring to get a reduction in the rates charged on 
second-hand machinery, as compared to new, and taking 
the rates for engines, locomotives, boilers and machinery 
generally, they have been excessively high, on account of 
the value of the traffic, but no difference whatever is made 
between the rates for new and second-hand, when the 
value of course is much less, and I certainly consider this 
is both unreasonable and unfair. This is a very important 
question, affecting one of the principal industries of this 
country, viz., the machinery trade generally, and 
although I have been unsuccessful in getting any reduction 
hitherto, now is the time for all who are interested to 
combine to endeavour to get relief. Should any damage 
or breakage be caused to the machinery while in transit, 
the railway company deal with it on its actual value as 
second-hand, although the greater value rate, as for now, 
has been charged for carriage. The enormous cost of 
removing machinery from one part of the country to 
another prevents a large amount of business being done, 
indeed the cost of carriage in some instances exceeds the 
purchase price of the machinery, and it must be against 
the railway companies’ interests, as they luse a lot of 
traffic which would otherwise be dealt with. It ought 
also to be borne in mind that the value of implements 
and machinery is not what it was nine or ten years ago, 
yet the railway rates have remained precisely the same, 
and I am afraid of what the rates will be under the new 
classification. Unless some alteration is made I intend 
taking action in the matter myself, and trust all those in 
any way interested will co-operate with me to take the 
matter up without delay. The new classification will be 
out on February 10, and it will be necessary to take 
immediate action afterwards. I have written to the prin- 
cipal railway companies and told them I intend moving in 





the matter, unless there is a reduction made in the rate 
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for second-hand machinery, and I shall be glad to see some 
correspondence in the papers on this subject, or to hear 
from any one interested in it. 

Thanking you in anticipation of your inserting this in 
your valuable paper, as unless it is attended to imme- 
diately it will be too late. Yours faithfully, 

Cuar.es D, PHILLIPS. 

Newport, Mon., February 1, 1889. 





THE FAIRFIELD CRUISER. 
To THE Eprtor o¥ ENGINEERING. 

Sir,—I note a paragraph in ENGINEERING this week in 
which you imply —indeed, say—that I had stated that the 
Admiralty ships Blake and Blenheim are ‘‘ longer” than 
the “‘ Fairfield boat.” As Ihave never stated anything 
of the kind, and never even mentioned the length of either 
the one “‘ boat” or the others, you will perhaps be good 
enough to publish this correction, and to append to it 
some explanation of your having fixed upon me a state- 
ment which I never made. I hope you have not been 
misled by Admiral Hood’s misquotation of me; if so that 
may account in part for your thinking that he has refuted 
me, I am, Sir, yours ain 

t. J. REED. 


Broadway Chambers, Westminster, London, 8S. W. 
February 1, 1889. 








THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 


To THE Epitor or ENGINEERING. 


Srr,—The action of the Council of the Institution of 
Electrical Engineers in applying the cloture to the press, 
followed as it necessarily has been by the suspension of 
your reports of its meetings, isin the opinion of many 
of its members calculated to do serious injury to the In- 
stitution as a living, useful, and prosperous scientific 
body, and will undoubtedly prove a grievous disappoint- 
ment, not only to the members generally, but also to the 
outside scientific public, which should be considered by 
the Council as possible members in the future. 

It cannot be denied that the discussions at the Institu- 
tion too often drift into what gives to the meeting, for a 
time, the aspect of an advertising agency, much to the 
detriment of the advancement of electrical science, and 
often very wide of the subject of the paper under discus- 
sion. When this occurs, however, it must surely be the 
fault of the chairman for allowing persons to divert the 
attention of the meeting from the legitimate discussion 
of the paper to the praising of their own wares ; and it is 
surely illogical to gag the technical press for faithfully 
——- what the chairman has permitted to be put for- 
ward. 

Further, it cannot be altogether ignored that papers 
have found their way before the Society which have borne 
an uncomfortable similarity to the advertising of special 
inventions or of apparatus connected therewith, protected, 
it may be, by a series of patents, and therefore published 
before or within ashort time after the paper is read, In 
such cases the responsibility rests not with the chairman 
of the evening, but with the Council itself, and as under 
the Council’s auspices such communications are afterwards 
printed and published in extenso in the Journal, it becomes 
a mere satire on its own action when the Council urges, as 
a reason for excluding reporters from the meetings, that 
it does so with the object of checking the use of the meet- 
ings of the Society for advertising purposes. 

he remedies for this abuse of a scientific institution 
are: First, for the Council to exercise a firm and wise 
discretion in the acceptance of papers communicated to the 
Institution ; and second, for it to be the invariable prac- 
tice, as it is the obvious duty, of the chairman to limit the 
discussion to the subject-matter of the paper, and ruth- 
lessly to stop a speaker the moment that he exhibits un- 
mistakable symptons of handing in an advertisement or 
of touting for an order. 

There can be but little doubt that, while it is the duty 
of the Institution to discourage and prevent the use of its 


meetings both for airing the crotchets or pushing the busi- ae 


ness of individual members, still it is as clearly a duty 
which the Council owes to the Institution to cause the 
work which it is doing to be as widely known as possible 
and to give the greatest publicity to its proceedings, takin 
care that the discussions are so controlled as to redoun 
only to the honour of the Institution when reported in 
the public press. 

Can anything be more calculated tokeep good papers 
away from a scientific society, and to drive them else- 
where, than the existence of a standing order to the effect 
that its meetings are practically to be held in camerd, and 
that its proceedings are reported onl.’ after many weeks 
of delay, and in a journal whose small circulation is, to all 
intents and purposes, limited to its owa members. 

It would, moreover, be interesting to know to what 
extent the growth and prosperity of the Institution is due 
to the scientific press, and how much the publication of 
its own Journal, Yours &c., 

CONVERTER. 





_Enratvum.—In our paragraph on the cost of electric 
lighting at Dunkirk, New York, published in our last 
issue, two items were inadvertently omitted. These are 
six brushes at 1 dol. each, and ten carbon-holders at 
25 cents each, We may further add that the cost of 
maintenance was in this case considerably reduced below 
the average, owing to the fact that the city also owns its 
water plant and the same boilers and staff are used for 
both the electric light and this. 





MISCELLANEA. 
A CONSIDERABLE quantity of rock has fallen on the St. 
Gothard Railway at Giubiasco. 


The Local Board of Sutton, Surrey, have instructed 
Messrs. Bailey Denton, Son, and North, of Palace 
Chambers, Westminster, to prepare a scheme of sewerage 
and sewage disposal for their district. 


Last Monday the Civil Tribunal at Paris gave judg- 
ment in favour of the winding-up of the Panama Canal 
Company, with power to the liquidator to enter into 
arrangements with any new company. 


According to L’Electricien, the different telegraph com- 
panies of Philadelphia are constructing a subway along 
the principal road of the city to receivetheir mains. The 
subway is 8 ft. high by 4ft. wide, and pipes containing 
the cables will be laid along it. 


The gross receipts of the twenty-three principal railways 
in the United Kingdom for the week ending January 27, 
amounted, on 16,022} miles, to 1,192,662/., and for the 
corresponding period of 1888, on 15,9264 miles, to 
1,133,5441., an increase of 95? miles, or 0.5 per cent., an 
an increase of 59,118/., or 5.2 per cent. 


We have received from Messrs. G. Bailey Jones and 
Co., of 7A, Lawrence Pountney-hill, London, E.C., a 
copy of their Section List for the present year. We need 
only state that this is the fifty-first edition, and that the 
list contains every section rolled in the United Kingdom, 
as well as a large number of Continental sections. Its 
great value will therefore be readily understood. 


At last the War Office authorities are taking steps to 
fix the responsibility for defective ammunition in the 
future. Whenever anything appears to be wrong about 
a cartridge the whole packet, and if possible the box, is 
to be sealed up and sent to Woolwich for examination, 
whilst at the same time such regimental changes are to be 
made as will enable the defective ammunition to be traced. 


The supplementary credit submitted to the Reichstag 
for the special purpose of increasing the strength of the 
German artillery comprises a sum of 2,750,000 marks for 
permanent expenditure, and 7,500,000 marks for the 
defrayal of non-recurring charges. The field artillery is 
to be strengthened to the extent of 4000 to 5000 men. Most 
of the batteries are in time of peace to have six fully- 
horsed guns, while to a certain number will be given two 
ammunition wagons with teams, 


The first locomotive built in South Africa ran its trial 
trip on Monday, the 7th ult. The engine, which is 
named the ‘‘ Havelock,” was built in the locomotive sheds 
of the Natal Government Railways at Durban, frora the 
designs of Mr. Milne, the locomotive superintendent. It 
is a four-coupled bogie engine, having cylinders 1 ft. 4 in. 
in diameter by 1 ft. 9 in. stroke, and weighs, when full 
loaded, 36 tons 3cwt, The trial trip was perfectly vanintn 


On Tuesday evening, the 5th inst., a paper was read 
before the Gloucestershire Engineering Society by Mr. W. 
A. Walton, on ‘‘ Dynamo-Electric Machines.” The points 
dealt with were: The physical theory of the dynamo; 
its various forms and chief differences; principles of 
winding the armature and field coils; electric lighting, 
&c. ; and were illustrated by machines, batteries, dia- 
grams, and lantern slides, The chairman, Mr. Seekings, 
expressed the indebtedness of the Society to Mr. Walton 
for his paper. 

The ordinary monthly meeting of the Leeds Associa- 
tion of Foreman Engineers and Draughtsmen was held 
at the Wheatsheaf Hotel on Thursday evening, January 
31st, Mr. J. C. Moorhouse, the president, in the chair, 
when Mr. Herbert E. Chattock read a paper on ‘* The 
Machinery used in Modern Flour Mills.” The paper 
was illustrated by diagrams, and several samples of mill 

roducts were exhibited, including flour ground in an old 
oman quern. A discussion followed the reading of the 
paper. 

The United States official trial of the 15-in. pneumatic 
dynamite gun was to have been made on the 19th ultimo. 
After the second shot, however, the firing valve leaked 
badly, and the completion of the two trials had to be 
stponed. The first shot was with a projectile contain- 
ing 1761b. of 75 per cent. dynamite. The gun had an 
elevation of 18 deg., and the range was about a mile. At 
the second attempt a much heavier shot was fired, which 
contained 300 lb. of explosive gelatine and 200 lb. of dyna- 
mite. The elevation was about 35 deg., and the range 
somewhat under one mile. The shot wobbled badly, but 
in this, as in the previous instance, the electric fuze acted 
perfectly when the shots struck the water. 


Messrs, Donald Currie and Co.’s Castle packet Roslin 
Castle arrived at Plymouth at 10.45 a.m. on Sunday, the 
3rd inst., with mails and passengers from Cape Colony and 
Natal. This steamer’s voyage from Cape Town vié St. 
Helena, Ascension, and Madeira, is the shortest recorded 
passage by this route, and it is interesting to note that her 
outward passage from Dartmouth in December last was 
the —= passage hitherto made between England 
and Table Bay. Her present run of 6071 knots has been 
performed in 17 days 17 hours 25 minutes, including 
stoppages at the three islands, the net steaming time 
being only 17 days 6 hours 40 minutes, Average speed 
outward, 14.35 knots ; homeward, 14.60, 


The long-continued experiments which have been con- 
ducted on board the Nettle at Portsmouth, with the view 
of determining the respective merits of compound armour 
and of solid steel armour as a protection for battle-ships. 
have = been brought to a close. Only two Sheffield 
manufacturers sent in compound samples for competition, 
but the number of steel plates forwarded for trial 





amounted to eight, from as many makers, being two less 
than were expected. The 10-ia. plates were attacked by 





stee] and Palliser projectiles, at a range of 30 ft., and 
although two of the solid steel armour-plates at least 
underwent the crucial ordeal with satisfactory results, the 
superiority remained with the steel-faced armour now 
adopted in the Navy. 


Professor A. W. Williamson, F.R.S., the chief gas 
examiner to the Board of Trade, has reported to the 
Corporation the result of daily testings of the gas sup- 
plied to the City of London during the past quarter by 
the Gas Light and Coke Company. With respect to 
illuminating power, the average in standard sperm can- 
dles was at the Jewry-street testing station, 15.9; at 
King-street, Clothfair, 16.8 ; and at Dorset-buildings, 16.6. 
In the two latter cases the average in illuminating power 
was above the Parliamentary standard (16 candles), while 
at Jewry-street it was slightly below. The minimum 
power both at King-street and Dorset-buildings stations 
was also above requirements, but at Jewry-street on 
thirty-three days it had been deficient. 


The Council of the Royal Meteorological Society have 
arranged to hold at 25, Great George-street, Westminster 


d| (by permission of the Council of the Institution of Civil 


Engineers), on March 19 to 22 next, an Exhibition of 
Instruments connected with Atmospheric Physics invented 
during the last ten years, especially those for actinic and 
solar radiation observations. The Committee will also 
be glad to show any new meteorological instruments or 
apparatus invented or first constructed since last March ; 
as well as photographs and drawings possessing meteoro- 
logical interest. Those willing to co-operate in the pro- 
posed exhibition, should send to Mr. William Marriott, 
assistant secretary, 30, Great George-street, Westminster, 
a list of the articles they will be able to contribute and 
an estimate of the space they will require. 


At a general meeting of the King’s College Engineer- 
ing Society held on Tuesday, January 29, Mr. Schwartz 
gave his presidential address, choosing mine ventilation 
for his subject. The author first dealt with the flow of 
air through shafts and described the various methods of 
conducting air from the pit bottom to the forehead of the 
mine in mines of moderate extent. He next went on 
to describe the circulation of air in large mines by means 
of bearing doors, and explained the formation of the 
double headways, course, and the use of brattices. After 
describing the various methods of coursing the air he 
dealt with the rarefaction of the air of the upcast shaft 
by means of furnaces or exhausting cylinders, and con- 
cluded with a detailed description of some of the ven- 
tilating machinery now used. 


In connection with the Railway and Canal Traffic Act 
of last year, the Board of Trade has prescribed that where 
a railway company intend to increas¢ any toll, rate, or 
charge published in the books required to be kept by the 
company for public inspection, notice of the intended 
increase shall, not less than fourteen days before the date 
on which the increase is to take effect, (2) be published 
once at least in one of the newspapers which has a circu- 
lation in the district or in each of the several districts 
comprising the stations or places the traffic at or between 
which is subject to the toll, rate, or charge which it is 
intended to increase ; and (b) be printed in large type and 
posted, and afterwards kept posted for a period of not 
less than a days in a conspicuous place in each 
of the stations on the cempany’s railway the traffic at or 
between which is subject to the said toll, rate, or charge. 
The notice is to be in the form of the schedule attached 
to the order. 


The Electric Date and Time Stamp Company, of 19, 
St. Swithin’s-lane, E.C., are introducing a new stamp, 
which at one operation marks on any document the 
minute, hour, day, month, and year, as well as the usual 
address and business of the proprietor. Unlike many 
automatic appliances which are dubbed electric merely 
for the purpose of imposing on unwary customers, the 
electric current really is employed in this piece of appa- 
ratus. The device consists of five type wheels with con- 
necting gear, disposed on a single axis, and the minute, 
the hour, the day, the month, and the year are correctly 
placed in line under the impression pad. The minute 
wheel is actuated by any clock through the instrumentality 
of an electric current, which shifts it round minute by 
minute, a pawl carrying round the hour wheel when sixty 
movements have been made, The apparatus is, we under- 
stand, on trial at the General Post Office for dating tele- 
grams. 

At a reunion of the ‘‘ Allan” Line staff in Glasgow 
on January 29, a very interesting sketch was given 
of the progress of the line by the chairman, Mr. 
James Smith Park. The firm was founded by Captain 
Alexander Allan, an Ayrshire shipmaster, who, in the 
Jean, the first ‘‘ Allan” Liner, carried stores and 
cattle to Portugal for Wellington’s army, and after 
“son was declared in 1815, he began to run his vessel 

tween the Clyde and Canada, a connection which has 
remained unbroken to the present day. Till 1837 the 
ships, which were one by one added to the line, traded 
between Greenock and Montreal, but in that year, owing 
to the deepening of the Clyde to a draught of 15ft., 
“ Allan” vessels began to come to Glasgow, and have 
continued to do so ever since. The line now consists of 
forty vessels, of an aggregate of about 120,000 tons, and 
it is said to be the largest and one of the most successfully 
managed private shipowning concerns in the world. 
During the past ten years the vessels have carried an 
average of about 50,000 passengers per annum. The sail- 
ings from and to Glasgow amounted last year to an 
average of four per week, and the vessels loaded and dis- 
charged about 400,000 tons of cargo and coal, while the 
owners paid to the Clyde Trust for dues over 27,000/., or 
about 1 cent. of the Trust’s whole revenue. ‘The 
wages paid amount to over 1000/. per week, 
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REFRIGERATING MACHINE. 
CONSTRUCTED BY THE ARCTIC ICE MACHINE MANUFACTURING COMPANY. 







Fig.3. 


WE give on the present page and page 134 engravings 
of an arrangement of refrigerating machine for the 
American compression system, constructed by the 
Arctic Ice Machine Manufacturing Company, of Cin- 
cinnati, Ohio, U.S.A. As will be seen from the illus- 
trations, the steam and compressing cylinders are both 
vertical, and are carried by standards of substantial 
design bolted to a bedplate which carries all the crank- 
shaft bearings. The connecting-rods are coupled to 
double cranks placed at right angles to each other, and 
the flywheel, which is at one end of the crankshaft, is 
overhung. In the smaller machines made by the same 
firm, the crankshaft has single cranks at each end, the 
flywheel being placed at the middle of the shaft, but 
in the larger machines this arrangement could not be 
adopted without having an excessively large bedplate 
to inclose the wheel, or dividing the bed into two parts 
fixed on independent foundations. 

In the machine illustrated the steam cylinder is 
25 in. in diameter with 3 ft. 4 in. stroke, and is fitted 
with Corliss valve gear. The crankshaft is 9 in. in 
diameter with main journals 18 in. long running in 
white metal bearings, and the crank-pin bearings are 
Qin. in diameter by 9 in. long. The flywheel is 16 ft. 
in diameter and weighs 22,000 lb. 

The compressing cylinder is 17 in. in diameter with 
3 ft. 4 in. stroke, and it is shown in section by Fig. 4 
on page 134, which will explain clearly the arrange- 
ment of valves adopted. Very great care has been 
taken to reduce the clearance spaces to a minimum, and 
we understand that these pumps give excellent results, 

The machine is driven at forty revolutions per minute, 
and its output is 100,000 lb. of ice made per day. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 18, 1889. 

RaILRoaD building probabilities for the year 1889 in 
the United States are matters impossible to predicate 
with any degree of correctness at present. The situa- 
tion in the steel rail market has not altered materially 
for a number of weeks past. The Steel Rail Combina- 
tion is at least making a reputation for itself in regard 
to its standing-out powers, if not for its ability in 
creating a demand. akers of rails, however, are un- 
daunted, and express the opinion that this year will 
bring them some good business. 

The general business situation throughout the United 
States, commercially, financially, and in the industrial 
direction, is promising. Bank clearings are in our 
favour and we enter the year with a clear record and 
—_ prospects, 
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Should such a combination be 


ushed at present. 
ormed it will leave each company to control its own 
interests and with a distinct individuality, and the 
companies will only be prohibited from rate making, 
which power will be given to the combination. Straws 
are pointing to the ultimate control by the Government 


of all the railway systems in the country. This 
ultimate result is not desired by the public but it will 
come in time. 

The failures for the past week foot up 337 against 
312 at same time last year. Ocean freights are still 
on the up grade. Labour disturbances are few in 
number, The eight hours’ labour law will not be 
agitated in all probability till 1890. This year bids 
fair to be a booming building year. We have had such 
beautiful open weather that houses have gone up 
steadily all over the country during the winter ; 1889, 
it is said, will be a big lumber year on this account. 
The anthracite coal producers are working in harmony. 
Production has been curtailed by shutting down some 
of the large collieries. There isa heavy.movement of 
all kinds of merchandise to all parts of the United 
States. A reduction of 4.20 cents was made on beams 
and channels last week. This is bringing in a good lot 
of orders that have been outside for months past. 





SIGNALLING FROM MINING CAGES. 

Ovr attention has been drawn to a most efficient 
arrangement for signalling 7 electric signal apparatus 
from cages in motion in colliery shafts, hoists, &c., 
which has been devised and carried out by Mr. William 
Armstrong, Jun., mining engineer, Wingate Grange 
Colliery, Durham. The object is effected by inserting 
an insulated copper wire in the strand of the winding 
rope, and by connecting it at the cage end toa push 
in the cage by simple arrangements such as are ordi- 
narily used in making such connections. At the drum 
end of the rope the insulated wire is brought out and 
connected to an insulated brass ring working upon the 
drum-shaft, and upon which a strip of copper rubs so 
as to maintain an electric connection with the signal bell 
and battery placed in front of the engineman working 
the winding engine. Those in the cage by touching the 
push can instantly communicate with the engineman 
at any part of the lift, and signal to him to stop, or 
raise, or lower the cage. Atthe Newbattle Collieries, 
Dalkeith, where the signalling apparatus is now work- 
ing, it has been applied in the pumping shaft, 300 
yards deep, and is specially used by the pump men 
for working at the pumps in different parts of the 
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shaft. By means of the signal, standing in, or upon 








the top of the cage, the men can instantly signal their 
requirements. 

Sonnections are also put upon the frame of each 
deck of the cage so that coal work signals can be made 
by means of the rope at a great saving of time. 

The application appears to be of special value vin 
case of repairs in the shafts, affording as it does abso- 
lute safety to the occupants of the cage in making the 
signals, and it would also be of inestimable value in 
cases of accident arising from explosion or break up in 
the winding shaft, where the state of the shaft or of 
the atmosphere is unknown, and where in such cases 
many lives have been lost through the occupants of 
the cage having no means of signalling to the engine- 
man. A case such as this was the well-known and 
recent case at the De Beers mine in South Africa, 
where the cage and its occupants, including Mr. 
Lindsay the manager, was lowered into a deadly 
atmosphere without means of preventing the descent 
after the cage left the surface. 

The whole arrangement appears to be most simple 
and effective, and must be a considerable economy, 
especially in making repairs where time is usually 
very important. The signal is working at several 
important collieries in England and bids fair to come 
into very general use. 








THE STARK NUT LOCK. 

WE subjoin illustrations of a nut lock invented 
by Mr. F. G. Stark, of St. Louis, Mo., U.S.A., 
and largely adopted by several of the most prominent 
railway companies of America, and by the Pullman 
Car Company for their car bolts and nuts. As our 
engraving shows, the bolt has a narrow slot cut in 
extended over the whole of its screwed length, and 
the locking is effected by a steel spring key, which can 
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be easiiy inserted and removed when desired, but can- 
not work out through vibration. By means of a narrow 
circular cutter eight little grooves are cut on each face 
of the bolt, and into two of these the raised portions of 
the bs pag side of the steel key fit when the nut is 
locked ; so that the key must be sheared in two 
places before the nut can be turned round without 
removing the key. The agent for the invention in 
this country is Mr. B. Haughton, 1, Westminster 
Chambers, London, 8S. W. 





BOARD OF TRADE AND THE ELECTRIC 
LIGHT COMPANIES. 
We have received from the Board of Trade the fol- 
lowing circular which has been addressed by them to 
the local authorities of the metropolis : 


Board of Trade (Railway Department), 
London, sw. 

Sir,—I am desired by the Board of Trade to state for 
the information of the vestry that their attention has 
been called to the fact that certain streets in the parish of 

have been, and are being, broken up with a 
view to the laying of mains for the supply of electricity by 
rsons having no statutory powers under the Electric 

ighting Acts 1882 and 1888, 

he rd of Trade have been advised that no member 
of the public (and a company not possessing statutory 
powers would be in the position of a member of the public) 
can either with or without the “‘ assent of the local autho- 
rities interfere with public highways in such a way as to 
cause obstruction to the public, even though such obstruc- 
tion were limited to the time during which they were 
executing their work.” 

It is in the opinion of the Board of Trade very undesir- 
able that mains for the supply of electricity should be laid 
down in any street being a public highway by persons 
possessing no Parliamentary powers. 

The applications for statutory powers now before the 
Board of Trade show that there is considerable competi- 
tion in the metropolis for the privilege of supplying elec- 
tricity, and the difficulty of dealing with these applications 
in the general interest of the public will be materially 
increased if individuals or companies have laid mains 
without statutory powers, and consequently without the 
obligations which the Legislature has imposed for the pro- 
tection of the interests of the public. 

It must also be remembered that the financial interests 





of electric undertakings which occupy streets with their 
mains, and supply electricity to the public without 
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statutory power, are by no means secured, in the same 
way, and to the same extent, as if they possessed those 
eens since in the first place their works run the risk of 

ing stopped by the direction of a court of law at the 
instance either of some public authority, or of any one 
who may at any time now or hereafter feel himself 
aggrieved ; and since, in the next place, they do not 
possess the remedies for enforcing against their customers 
their charges, which the Legislature has given to those 
who obtain statutory powers. 

The status of applicants to the Board of Trade, and 
through them to Parliament, should be such as to insure 
perfect equality to all, and there is danger that this might 
not be the case if any persons, either being or about to be 
applicants for statutory powers, were in the actual occu- 
pation of streets. 

It has become, therefore, necessary to consider the 
action which may have to be taken in view of the facts 
above referred to, and I am desired to request the early 
observations of the vestry upon the points mentioned, 

am, Sir, your obedient servant, 
(Signed) Henry G, Catcrart. 





THE USE OF HEAVIER RAILS.* 
On the Use of Heavier Rails for Safety and Economy in 
Railway Trafic. 
By Mr. C. P. SANDBERG, 


Towarps the latter end of 1885, the author contributed 
to the Institution of Civil Engineers a paper on rail joints 
and steel rails.+| That paper was divided into two parts, 
dealing (1) with rail joints, and (2) with the wear of rails; 
and a supplement was added, in which it was stated that 
a 100-lb. rail was needed instead of the 60-lb, or 70-Ib. 
flange rails used on many main lines on the Continent of 
Europe and in America. 

In the supplement, the author claimed that, with the 
present va of prices of rails (which are one-fourth of 
what they used to be, or only 4/. a ton), it is highly ad- 
vantageous and economical to use the heavier rail as com- 
pared with the lighter one. The lighter rail necessarily 
gives much trouble in its maintenance by lifting sleepers 
and stopping the ballast, thus involving constant outlay ; 
while the heavier rail remains in its place, and gives next 
to no cause for patching, but keeps to its proper gauge. 
This condition is absolutely necessary for both safety and 
comfort, particularly in —— at high speeds. The 
author therefore earnestly urge the — railway 
managers on the Continent of Europe, as well as those in 
America, to aim at the perfection of the English roads, 
but without necessarily changing to the English plant of 
double heads or bull heads with cast-iron chairs; and he 
argued that if they were tosecure the objects mentioned, 
it was absolutely necessary that more weight should be 
given in their flange rails. 

As three years have elapsed since the above-mentioned 
paper was written, and as there have appeared from time 
to time in the engineering press of Europe and America, 
certain statements respecting the progress of the system, 
and of the views of engineers upon its adoption, it may be 
well to collect these so as to present an epitome of the 
progress made during the three years, 

The Goliath Rail in Belgium.—The suggestion to employ 
heavier rails would be of little value without its practical 
application, and consequently the author sought to make 
the experiment where the rails could be made, so that it 
would promote a home industry, and where there was no 
import duty to increase their expense. Belgium was 
chosen as the best and most suitable field for its intro- 
duction. 

The Belgian State Railway officials, like others at the 
time, were rather startled asthesuggestion of using a100-1b. 
rail instead of their ordinary 70-lb. rail of an old type, and, 
as might be expected, it was considered extravagant to 
incur an increase of nearly 50 per cent. However, one 

reat authority, Mr. Belpaire, the head of the rolling-stock 
omeanash on the State railways, soon became convinced 
that the heavy engines, all constantly growing in weight 
and driven faster, required a strong road to run upon with 
safety ; and that economy both on the road and in the 
rolling stock, could not fail to be the result of the adop- 
tion of the heavier rail. 

After a year’s consideration, the Royal Administration 
decided to give it a trial, and a 300-ton order was placed 
with Cockerill’s works at Seraing at the end of 1886. 

The run over the new road was so smooth, as compared 
with the old road, that it pleased everybody, and the 
engineers then generally withdrew their objections to 
the Goliath rail, as it was found that the ballast need not 
be touched, and that there was no need for lifting the 
sleepers. 

A second trial was soon decided upon, and a larger 
order was given, namely, for 1000 tons to be laid down in 
the year 1887. As these latter rails also gave entire satis- 
faction, it was decided, at the beginning of 1888, to order, 
for the general annual renewals of thay year, about 10,000 
tons of the Goliath type, so as to extend its use not onl 
to one line, but to several lines with heavy gradients, ab 
as at Lidge and on the Luxemburg line, where heavy 
trains are run at high s s. This order has now been 
executed, and there will thus be a more extended expe- 
rience, before long, of the merits of the Goliath rail. Mean- 
while, as far as Belgium is concerned, it may be taken 
for granted that the Goliath type has been adopted, and 
will be extended as fast as the annual renewals require it, 
the lighter rails being used on the branch lines where both 
traffic and speed are less. 

* Abstract of a paper selected for publication by the 
Institution of Civil Engineers. 
on Minutes of Procedings Inst. C.E., vol. Ixxxiv., page 








There are some slight deviations in the designs between 
the Belgian Goliath and the author’s design as published 
in the former paper.* The main dimensions are the same, 
but not satisfied with the suggestion of a 100-ton rail, the 
oy aga State engineers have increased the weight to 
105 1b. per yard. ‘The fishing angle on the author’s design 
is 15 deg., allowing more wear for the drawing up of the 
fishplates: the Belgians reduce the same to 10 deg. 
Finally, play is allowed between the fishplates and the 
spikes in order to be able to draw up the boltsas the wear 
is in progress; the Belgian design applies wood screws 
for fixing the fishplate to the sleeper, with little or no 

lay. A full description of the Belgian design made by 

essrs. Flamache and Huberti, engineers of the Belgian 
State Railway, will be found in the journal L’Industrie 
Moderne, Brussels, January 29, 1887. These are, how- 
ever, minor details arising from local conditions and 
individual experience, and do not affect the general 
principle. 

Besides the State line already referred to in Belgium, 
no railway company in Europe, as far as the author is 
aware, has yet made any trials, although several com- 
panies contemplate oe the lead of the Belgian 
State Railway, such as the Northern of France, which 
has commenced the use of an 864-lb. rail instead of the 


Introduction of Heavier Rails in America.—The author 
will now glance at what has taken place in America with 
respect to the weight of rails since the Goliath was 
heard of. 

As the origin of the paper on rail joints and steel rails 
was the constant fractures of rail joints in America, it was 
only natural that the idea should there take deeper root, 
and cause a more extensive change than in Europe. 
American engineers are more easily influenced by new 
ideas than their brethren in Continental Europe. Their 
only objection to the use of heavier rails is that the duty 
makes the price 50 per cent. higher; so that the economy 
with them cannot be so great as it is where the price of 
rails is lower. However, the rolling stock has increased 
in weight immensely on some of their main lines. It is 
true that more sleepers are under the rails there than in 
Europe, and the bogie system is i ward to the rolling 
stock, both on engines and trucks, which tends to save the 
rail, But the Americans soon acknowledged that the 
rail was far too light for the present conditions of traffic 
and speed, and engineers at the conventions unanimously 
pronounced themselves in favour of heavier rails, and of 
their adoption as fast as financial circumstances would 
allow. The 50-lb. and 60-lb. rails were to be exchanged 
for 70-lb., and for heavier traffic 80-lb. and 90 1b. It is 
satisfactory to state that an order for 90-lb. rails for the 
Reading Railroad has been executed by the Bethlehem 
Steel Works: and Mr, B. Baker, engineer to the Chignecto 
Ship Railway, is about to use a flange rail of 110 lb. per 
yard. Thus in America also the introduction of heavier 
rails has been a success, although for the reasons stated 
above they have not yet quite reached the Goliath weight. 

The heavy rails with large heads have often been 
crushed under the great pressure of the wheels, parti- 
cularly at the rail ends, showing a “‘ flow of solid” and 
indicating too soft a steel. In many instances the load 
on the driving wheel gives a peresree of 50,000 lb. per 
square inch, or more than the limit of elasticity for soft 
steel, so that whatever the form or size of the rail it is 
soon deformed. Thus harder steel is necessary to with- 
stand the compression or crushing power of the load on 
the driving wheels. This led to a constant demand for 
harder rails. Unfortunately the American ores contain 
a good deal of phosphorus, nearly twice as much as those 
in England, and not taking this into account, carbon 
being the principal hardener, it was prescribed that the 
carbon should be increased in the rail steel to nearly 4 per 
cent. The manufacturers, finding this a very risky pro- 
portion, have done all they could to lessen the dangerous 
effect of cold straightening, by curving the rail, when 
hot, to such a degree, according to section, that it shall, 
when cold, be as nearly straight as possible, or with the 
head of the rail high, so that any cold straightening re- 
quired may be done from the head, thus avoiding gag- 
marks in the flanges, which all tend to weaken the rail in 
its most susceptible part. The author called attention to 
this, and recommended its adoption in England as far 
back as 1879 (ENcrnEgRING, *‘ On the Strengthening of 
Steel Rails,” October 10, 1879). 

But there is another element of danger, namely, in the 
acknowledged fact that such steel rails get more brittle 
through the cold hammering while in use on the road, just 
as ~~ < case with axles. The effect of cold is also of 
great importance. 

Rail Experiments in Sweden.—Twenty yeara ago the 
author made some experiments to ascertain the loss of 
strength through the effect of cold on iron rails from 
different countries, which were published in detail as a 
supplement to his translation of Styffe’s work ‘‘On the 
Strength of Iron and Steel.”+ The result arrived at was 
that in the climate of Sweden the rail lost most of its 
strength in winter. 

In order to ascertain how far these results could be 
applied to steel rails, the author conducted, during the 
winter and summer of 1887-88, an extensive series of tests 
of steel rails made from charcoal pig iron, at the Dom- 
narfvet Works, in Sweden. As the demand of the railway 
authorities there, as elsewhere, was for increased hardness, 
aiming at what has of late been adoped for English roads, 
say 0.4 per cent. of carbon, experiments were made in 
order to try whether such a proportion was safe in that 
country with its extremely cold climate. The imported 
English steel rails had previously contained on an average 


* Minutes of Proceedings Inst. C.E., vol. lxxxiv., 
366, Fig. 1. 
; Published by John Murray, 1869. 





0.3 per cent. of carbon, and few had been fractured during 
use, which had extended over twenty years, or from the 
commencement of the adoption of steel rails there. It 
was found that the test specified and considered neces- 
sary for safety, broke half the number of rails during 
the winter season, and it was decided immediately to 
return to the former proportion of 0.3 per cent. carbon. 
At the same time the corresponding halves of these 
tested rails were kept for a similar trial in summer in 
order to see what would be the difference in their re- 
sistance. 

Although it is difficult to arrive at an exact numerical 
statement of the loss of strength, it may be sufficient to 
state that the same rails which broke easily in the winter 
would not break under five or six blows in the summer ; 
and this with the pure Swedish charcoal material with 
average hardness of carbon 0.4 per cent. 

The influence of the form of section upon the hardness 
of the material, and its safety in practice, is a most im- 
portant subject. A double-headed rail like that used on 
the English railways could be made much harder than a 
flange rail, with a thin wide flange and large head, such 
as is now generally made for American railways. Consider 
the cooling of such a rail when it comes from the rolls red- 
hot, how it draws crooked up to 12in. or 15in, in the 
middle. Imagine what an enormous strain there must be 
in effecting this. The thin flange cools so quickly that 
the head of the rail is red-hot at the same time that the 
flange is black, and a bend of 15in, would have to be 
rectified by cold straightening in presses with hammer 
ag-marks upon the flange, leaving at each mark a weak 
point. Thus the necessity of curving such rails when hot 
is evident. There are many unavoidable causes of irregu- 
larities in strength, such as uneven mixture of spiegel, 
honeycombs in casting, uneven heats in the rolling, and 
others which make it absolutely necessary to have a large 
surplus of extra strength, since all rails are not equally 
strong. 

Therefore, the falling test must still be applied, although 
to a reduced extent, in order that rails may be made 
somewhat harder than formerly, although safe against 
fracture. 

But, in this demand for hard rails by the consumer, 
there exists one great difficulty in the form of flange 
sections, which is not felt with double-headed rails; and 
therefore it would be dangerous to take the experience of 
hardness in the case of the latter, and apply the same to 
the flange sections; all the more so, the wider and the 
thinner the flanges. 

Abolishing Wide Thin Rail Flanges.—The question of 
widening the flanges in proportion to the increased weight 
of rails, as in America, is a very important matter. If 
that is applied to a Goliath rail in the same way as it is 
now done in America, by increasing the flange to nearly 
6in. in a 70-lb. or 80-lb. rail, without giving the necessary 
thickness of gin. at the edge of the flange, there cannot 
but be very serious risk from the point of safety. Every 
din. in increased width, and every ysin. in thickness, 
greatly increases the difficulty of rolling, and still more 
affects the resistance of the rail to blows or concussion. 
The ditference between a 4-in. and a 5-in. wide thin rail 
flange is to the maker a matter of serious importance, and 
it may, therefore, well be asked, what reason have engi- 
neers for adopting such wide flanges? The author has 
one instance in view, where the weight of rail was in- 
creased from 65 1b. to 73lb. per yard, in consequence of 
heavier traffic; but in designing the sections the engineer 
insisted upon making the heavier rails 4in. wider, thus 
sacrificing the old angle fishplates. And, as the thick- 
ness of fiange was only }in., the result was that the 
heavier rail had actually to be made softer than the lighter 
to stand the same test for safety. This instance shows 
the importance which the railway engineer attaches to 
the width of the flange, naturally, in order to secure the 
longer duration of the sleepers. 

Where will this end? The engineer demands a larger 
base for his rail in order to secure the greater duration of 
the sleeper of soft wood, and for this purpose he adopts 
a rail section difficult to roll and straighten, and thereby 
risks the safety of the rail. After all, he can only get 
half of what he wants, for it is not a question of either 
5in. or 6 in., but of 10in. or 12in., such as is the width 
of the base of the cast-iron chair used in England for the 
double-headed section. 

Adoption of Metal Sleepers.—The best course is the 
adoption of metal sleepers, which, although costly at 
the first outlay, have even greater advantages than 
the English system has, namely, longer duration of the 
sleeper, and good and safe fastening of the rail. 

No doubt, in hot climates, where wood is both dear and 
of loose texture, the use of steel sleepers is true economy. 
There are, however, many countries where wood is still 
cheap, but it is of loose texture, and the sleepers would last 
double the time they now do if the base could be doubled 
in area. Therefore since only a very small increase can 
be practically obtained in the rail flange, the application 
of steel baseplates between the rail and the sleeper is 
worthy of consideration. 

Adoption of Steel Baseplates.—To the use of baseplates 
at the joints of iron rails, the flattening of rail ends was 
in former times attributed. Last year, at the convention 
of American roadmasters, the opinion was pronounced, 
that there should not be anything between the rail flange 
and the sleeper. But was it really the baseplates that 
caused the iron rail ends to laminate and flatten? Was it 
not rather the imperfect welding of the iron rails which 
caused them under an excess of pressure to open like a 
broom ; and has not the steel rail (particularly if it could 
be made hard with safety) a much better chance of with- 
standing such action ~ ayn ; 

Again, what would be the increase of cost in improving 
an old road with too light rails, to correspond in safety 





and perfection with the English double headed rail? 
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There could be 20 lb. of metal per yard, or two plates per 
sleeper spent in the form of a baseplate, and with this as 
broad a surface of bearing could be obtained as with the 
cast-iron chair. There would then be no necessity for 
increasing the width of the flanges over the existing flange 
rail section. Additional strength need only be given to the 
rail-head, and the thickness of the flange increased ; but 
there must necessarily be a stronger fastening of the rail 
to the sleeper than at present, so as to keep to the gauge 
better. This could be done in cold countries with larger 
spikes than are now used, and in hot, with fang-bolts 
similar to those used on the mp hy Railway. 

In applying this suggestion the question arises whether 
it is necessary to have the inclination of the rail 1 in 20 as 
is generally adopted ? 

ngineering opinions differ on this point. Many engi- 
neers think it is required only in theory, and that wheels 
will go round curves equally well, even without bogies, 
upon a rail standing vertical as upon one inclined. The 
Goliath on the Belgian State Railways is laid on the 
road perpendicularly, and even there a small baseplate 
of, say, 5in. by 9 in., is applied to every sleeper except 
the joint sleeper, where the angular fish gives sufficient 
width of support. On the Danish State Railways base- 
plates 7 in, by 8 in. are also being applied to the 63-lb. 
rails; and on several other railways in Europe base- 
plates are being adopted, with a view to obtaining longer 
duration of the sleepers, But in order to reach the per- 
fection of English roads, the support of greater area and 
firmness in fixing should be aimed at by giving more 
metal, with a baseplate at least of 10in. to 15in. by 
7in., and a much stronger fastening. Should a tilt be 
absolutely necessary, the baseplate could be rolled with 
the inclination in thickness to the width of the rail base 
as shown. 

Efficiency of the Substantial English Roads.—There is no 
doubt that the numerous derailments of late on the Con- 
tinent of Europe, and the increased number of accidents 
therefrom, are caused by having too light a rail, and too 
poor a fastening of the rail to the sleeper, so that it does 
not keep to the gauge. A glance, without going into 
figures, will show at once the deficiency in substance of 
the rail; and yet the railway managers of many countries, 
such as Germany and France, aim at imitating English 
speed on light rails. 

Is there any reason for sunning such a state of imper- 
fection? The price of steel rails has been reduced to one- 
fourth of what it used to be. The cost of rails to-day is 
4l.aton. The value of old material, which is generally 
considered as 50 per cent. of the value of the new, is 
21. 103. to 31. a ton. Here, then, is an opportunity for 
changing those light rails which are nearly worn out for 
heavy ones for an extra 1/. or 30s. per ton—a trifling out- 
lay, which would be recouped in a few years by the 
reduced cost of maintenance. 

Conclusions.—High speed requires heavy rails for safety 
and economy of maintenance of road and rolling stock. 
High speed is absolutely dangerous on light rails, pro- 
ducing fractures as well as widening of gauge, thereby 
causing accidents. The rails used on Continental railways 
are generally too light for the speed used upon them. 
The price of steel rails is now much reduced, so that there 
is no excuse for delaying the exchange of heavier rails for 
all main lines. The speed adopted on English lines 
should not be attempted upon foreign light roads until 
they are strengthened. Engineers demand harder rails 
for better wearing results, and rails with wider flanges for 
longer duration of sleepers of soft wood. To unite these 
conditions with safety in the rails the adoption of steel 
baseplates is recommended ; adding the thickness to the 
head and flange, as shown in the plate, viz., one 63-1b, rail 
increased to 80 1b, and 10 lb. to 15 lb. additional weight 

iven in the baseplate. Thus a hard and safe rail with 

road base for prolonging the life of the sleepers and well 
fastened to the same, in all respects a permanent way, 
comparing in safety and traffic capacity with the English 
road, may be obtained with a flange rail at less cost than 
with the bull-headed rail, and economy and safety be 
attained with high speeds. 

Here may be given the comparative approximate cost 
of different systems: 

English Permanent Way, 1 Mile Single Line. 
125? tons of 80 1b. steel railsat 42. £ 8. £ 

sterling per ton ... ac yas 0 
3625 cast-iron chairs, 40 lb. each, 


at 2/, 10s. sterling per ton <« oo 
Total cost per mile 665 0 
Goliath System. 
157 tons flange rail, 100 lb., 47. ster- 
ling per ton... a ‘ 628 0 


Proposed 80 lb. Flange with Baseplates, 

1252 tons flange rail, 80 lb., 41. 
sterling perton ... us .. 508 0 
2921 steel baseplates, 10 lb. each, 
61., or two for each sleeper 8 12 


581 12 

Metal sleepers being dearer, but lasting longer, cannot 
be compared with the other systems. Fish-plates, bolts, 
spikes, and sleepers, being about same in every case, are 
not considered. 


DUTY TRIALS OF PUMPING ENGINES.* 
A Plea for a Standard Method of Conducting them. 


1. There is no class of steam — whose economy is 
tested so frequently as that form of steam pumping engine 
which is oa for supplying water works. Nearly every 


," A paper read before the Boston Society of Civil 
— by George H. Barrus, ky ton, Mass., 











engine of this kind which is built goes into the hands of 
the purchasers with the builder’s guarantee that it shall 
do its work in accordance with a certain specified duty. 
Every engine thus guaranteed is generally made the sub- 
ject of a duty test before the builder recsives the full pay- 
ment of his bill. The test is conducted either by a 
representative of the builder or by the civil engineer 
under whose direction the water works have been con- 
structed, or by the superintendent of the pumping station 
or by his engineer, or, in rare instances, by an expert or a 
board of experts appointed by the purchaser of the engine, 
or by a board representing both parties. When the con- 
tract between the builder and the purchaser has been 
framed with a suitable degree of foresight, which rarely 
happens, the method of conducting and working out the 
result of the test is laid down asa part of the contract, 
and the person conducting the test has simply to follow 
the terms which it specifies. In the majority of cases the 
purchaser knows 80 little about the subject of duty trials 
thatthe cannot on his part exercise much foresight in 
the framing of the contract, and the matter of the stipula- 
tions as to the duty test are left to the builder. The 
builder’s interest is to express the guarantee in such 
a language that in case of dispute as to the result, 
e may be secure from failure. It follows that in most 
duty trials the person who conducts the test is neither 
governed or hampered by distinct specifications of the con- 
tract, and he may employ any method which suits his 
individual whim or judgment. There is no standard 
method which has been established by any common con- 
sent, and the few cases which may be used as precedents 
are not applicable to the individual requirements of special 
engines. 
t is not surprising, under these circumstances, that a 
greater variety of practice exists as to duty tests, and this 
variety covers the whole field, beginning with the defini- 
tion of the term “ duty,” which determines what the main 
quantities are which it is the object of the test to ascer- 
tain, and ending with the manner of making the observa- 
tions by which the necessary tests data are obtained. An 
examination of various pumping engine contracts, and the 
reports of tests made under them, will show a state of 
airs something like the following: One person holds 
that the term ‘‘duty” means the number of pounds of 
water elevated 1 ft. by 100lb. of coal, the water being 
actually measured. Another holds that it is the number 
of pounds of water elevated 1ft., plus the quantity of 
work which is equivalent to the friction of the force main, 
using the same unit of 100 lb. of coal. Another holds that 
it is the quantity of water, as determined by ene dis- 
placement, elevated 1 ft., either with or without allow- 
ance for friction of force main, the basis being 100 lb. of 
coal. Still.another claims that it is the number of foot- 
pounds of work done as measured by the indicator 
diagram taken from the pump end of the engine on the 
100 lb. basis ; and others adopt various allowances in the 
matter of slip or loss of action and friction of suction pipe 
and pump valves ; while still others base the duty on the 
quantity of combustible instead of the quantity of coal 
consumed. One class of tests is based on the stipulation 
of 100lb. of coal, assuming that the coal gives a certain 
evaporative performance, in which case the duty is prac- 
tically reduced to the work done by a given L popes of 
steam. Sometimes this quantity is expressed as water 
pumped into the boiler by the feed pump, irrespective of 
the quality of the steam into which it is generated, and 
without taking into account the condensed water returned 
independently from the jackets of the engine or from 
other sources. Sometimes it is expressed as *‘ water from 
and at 212 deg.,” in which case the temperature of the 
feed water entersthe problem. Sometimes the quantity 
of steam on which the duty is based is that of dry steam 
or of steam containing not over a stipulated percentage of 
moisture, and sometimes it is the steam used by the steam 
cylinders of the pumping engine apart from that used by 
any of the accessories of the engine, such as jackets, air 
pump of condenser, feed pump of jacket water, and main 
feed pipe of boiler. 

It may be held by one unfamiliar with the construction 
of pumping engines and the manner of conducting duty 
tests, or by one who is conversant only with the general 
subject of steam engineering, that the variations in the 
results of duty tests, which creep in on account of the 
various practices here indicated, are not sufficiently large 
to make the subject one of much consequence to any but 
specialists. The only thing needed to show that the 
matter thus viewed, instead of being of little consequence, 
is one of the highest importance, is a full knowledge of 
the extent to which these differences of practice affect 
the results. The friction of a force main of suitable size 
and of average length often increases the work required 
to be done in pumping the water as much as 10 per cent. 
The difference between the quantity of water delivered 
and that measured by plunger displacement is frequent} 
5 per cent. Tho percentage of ash in coal never falls 
below 5 per cent., and sometimes is as high as 15 per cent., 
or even 20 per cent. The percentage of moisture in steam 
is often as much as 3 per cent., and in some instances a 
much greater quantity. The quantity of steam condensed 
in the jackets is generally 5 per cent., and sometimes 10 
per cent., of the whole quantity used by the plant. The 
steam used bythe donkey feed pump under the most favour- 
able circumstances amounts to from 3 to 5 per cent. of 
that used by the main engine. When an independent 
air pump is employed the consumption of steam is in- 
creased some 10 per cent. by the use of this apparatus. 
The difference in economy produced by an evaporation 
from and at 212 deg. and the observed evaporation when 
the feed water is not heated above 100deg. is not less 
than 15 per cent. 

A wide range of results may thus be secured in a given 
trial according to the meaning which is applied to the 





term ‘‘duty” and the method employed in making the 


calculations. In a case of dispute of which the writer 
knowledge, a variation in the number of foot-pounds 
of work done by 100 1b. of coal amounting to the excessive 
figure of 56,000,000 foot-pounds, occurred between the 
method pursued by a responsible builder and that pursued 
by the purchaser, though based on the same contract. 
ere is an illustration showing that the conflict of opinion 
which may arise on account of the manner of conducting 
and figuring a duty trial is one which may assume grave 
proportions. 

2. The essential object of a pumping engine test is to 
determine the engine’s economy, and the economy accord- 
ing to the popular idea is measured by the amount of 
duty realised. The term ‘‘duty,” however, with its 
elastic meaning, furnishes no guide whatever as to the 
real economy, seeing that the duty of the same engine 
computed from the same data by different individuals 
may vary over a wide range. In view of this fact it is 
manifest that some standard method of expressing the 
economy of pumping engines and of determining the 
data and computing the result should be determined 
upon and followed. Such a standard will tend to secure 
five objects. 

First. It will enable one engine to be compared with 
another and its relative economy shown. 

Second. It willaid the builder, who will learn how his 
machine compares with some emotes type. 

Third. It will aid the purchaser, who usually has no 
technical knowledge of such matters, for by its means 
he may obtain the true economy of different engines, 
irrespective of the unwarranted claims of those who wish 
to sell him. 

Fourth. It will aid the engineer, who, from his study 
of the economy of different types of engines, has an 
interest in obtaining data which will enable him to make 
improvements in the design, construction, and arrange- 
ment of an engine which is inefficient. 

Fifth, An authoritative standard having been esta- 
blished, it will be sufficient for the ecm of the contract 
between the builder and the purchaser to stipulate that 
the engine shall realise the economy guaranteed simply 
‘*in accordance with the method of conducting duty trials 
determined upon by” the authority named. No misunder- 
standing can then arise. nag if not all sources of 
dispute, will be removed when the stipulations of a con- 
tract are based upon a standard method. If the contract 
is not thus based and there is any doubt in the mind of 
the person conducting the test or any dispute between 
him and the builder, the matter can be more easily 
settled when there is a standard method to which re- 
ference can be made, as an accepted authority, than it 
can be without such a method. 

3. The standard method of conducting duty trials 
should be framed in such a manner as to be applicable 
to every pumping engine, or at least to a large ep sce J of 
such engines. Unless this end can be reached, the standard 
will fail to realise one of its essential objects, that is, it 
will not serve to put the economic results obtained by 
different engines on the same basis for comparison. In 
order that this may be done, it is apparent, first, that the 
results must be referred to some fixed unit. From what 
has already been said, it seems that quite as much con- 
fusion arises from the variable nature of the unit upon 
which the results are based, as from the want of uni- 
formity in the manner of determining the results. The 
unit ‘100 lb. of coal” is exceedingly variable. In the 
Eastern States it may be Cumberland coal, which eva- 
porates 12 lb. of water from and at 212 deg. per pound of 
combustible or anthracite coal, which evaporates not more 
than 111b. In the Middle and Western States it may be 
Pittsburg, Indiana, or Ohio coal, neither of which yields 
so high an evaporation as the lower figures named. In a 
given locality, too, there is much variation from time to 
time in the quality and evaporative value of coal of the 
same class. The unit ‘‘100 lb. of coal assuming an eva- 
poration of 10lb. of water per pound of coal” is also 
variable, according as the temperature of the feed water 
and pressure of the steam are taken into account, and 
according as allowances are made for moisture in the 
steam and for steam used by the jackets, feed-pump, and 
other accessories. 

The common practice in the general lines of steam engi- 
neering is in the direction of discarding the coal measure 
of economy altogether, and expressing the performance 
of an engine in terms of the quantity of steam consumed. 
The reason for this practice is the well-known fact already 
noted, that the quantity of coal burned depends to some 
extent upon the evaporative value of the coal and the 
efficiency of the boiler, independent of the economy of the 
engine itself. A given engine may consume, for example 
2.51b. of coal per horse-power per hour when supplied 
with steam from one boiler, and only 2 1b. when supplied 
from another which is more economical. It would be 
absurd to hold that the economy of the engine were 25 per 
cent. greater in one case than inthe other. The economy 
aa be equal, because of the equality in the amounts of 
steam consumed. The engine is quite independent of the 
boiler, except in rare instances, so far as questions of 
economy are concerned, and nothing is gained by treating 
them as one and expressing the economy in terms of the 
coal measure. 

Thesamea considerations which make the coal unit unfit 
for a basia of economy for engines in general, prevent it 
from being applied to steam pumpingengines. It matters 
little whether the mechanism of the engine operates 
machinery for pumping water or for doing other kinds of 
work. Itisin all cases a steam engine, and the prin- 
ciples which are followed in order to secure economy are 
the same in one place as in another. 

The desirability of employing some other unit than 
$6100 lb. of coal” in measuring the duty of a pumping 
engine is recognised in cases, which are of frequent occur- 
rence, where the contract provides that the boiler shall 
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evaporate a certain amount of water per pound ofcoal. In 
reality the unit in those cases is a certain number of 
stage of steam used by the engine. The steam unit is 

ree from the objection urged inst the coal measure. 
It is much better adapted for the purposes in view than 
the coal unit, since it is the steam which enters the 
cylinder and does the work, and not the coal. For some 
Fone eae and in some cases the steam unit furnishes a per- 
ectly satisfactory measure of the performance of an engine. 
For others it dues not. Suppose we compare two pump- 
ing engines, one of which is a single-cylinder condensing 
engine and the other acompound condensing engine, and 
both are provided with the independent form of air pump 
which exhausts into the atmosphere. Suppose also the 
same boiler pressure is carried in both. The relative 
duty and economy of these two engines would be ex- 
pressed near enough for all ordinary work if computed on 
the basis of the number of foot-pounds of work done by, 
say, 1000 lb. of dry steam. Suppose now that steam is 
supplied by boilers which give the same evaporative effi- 
ciency, and suppose a feed-water heater is added to the 
plant of one, arranged so as to utilise the heat wasted by 
the discharge of the exhaust steam from the independent 
air pump. This change will, according to reliable ex- 
periments, enable the water to be supplied at a tempera- 
ture of 200 deg , where before its temperature was, say, 
100 deg., and it will reduce the quantity of coal required 
to make a given quantity of steam, in the boiler referred 
to, about 10 per cent. There is no change in the relative 
quantity of steam used by the two engines, and the duty 
figured upon the unit of 1000 lb. of dry steam remains the 
same in beth cases. If the comparison of the two engines, 
under the changed conditions, is now made, the fact 
cannot be ignored that something must be done with the 
10 per cent. saving of coal which one engine has realised, 
and no one who takes into account the financial aspect of 
the question will fail to disregard the bearing which this 
has upon the results. A similar illustration may be given 
in the case of two engines, one a condensing engine and 
one a non-condensing engine fitted with a heater. In 
these examples resort must be had either to the coal unit 
of measurement or to some measurement which allows 
for the heat returned with the feed water. The steam 
unit is thus limited in its application, and, like the coal 
unit, must be considered unfit for the purposes of a 
standard. 

We may readily find a unit, which is satisfactory for 
all purposes and conditions, if we remember that a pump- 
ing engine is a heat engine, and that heat is the agent 
which we really have to supply in order to operate the 
engine. The quantity of heat used by the engine is inde- 
pendent of the kind of coal or of the efficiency with which 
steam is generated in the boiler. It varies, however, 
with the quantity of steam consumed, increasing when 
that is increased and becoming less when that is reduced ; 
and it varies with the quantity of heat returned to the 
boiler, being reduced when that quantity is increased, 
and being increased when that quantity is diminished. 
It takes account also of the variations of heat due to 
different boiler pressures, These applications cover the 
whole field, and the heat measure of economy may be con- 
sidered the only true basis upon which to express the 
performance of a pumping engine. 

The use of a certain quantity of heat asa unit upon 
which to calculate the duty of a pumping engine does not 
involve a radical departure from the nominal unit of 100 lb. 
of coal, which is in common use. The unit may be selected 
so as t) correspond to the heat produced by the combus- 
tion of 100 lb. of coal, where the coal is of good quality 
and the conditions are favourable, and if this be done the 
results will not depart from tha general ideas which 
have been formed as to the number of foot-pounds of 
work which 100 lb. of coal can be expected to give. 
If we assume an evaporation of 11.25 lb. of water 
from and at 212 deg. per pound of coal (which is a good 
performance for a boiler using Cumberland bituminous 
coal), the specs of heat which 1lb. of coal supplies is 
11,25 vy 966 equals 10,867.5 British thermal units. This 

vantity is a little in excess of the round figure of 10,000. 

he present unit of 100 1b. of coal, supposing the coal to 
be of a fair grade, may be represented then in round 
numbers by 1,000,000 thermal units of heat. Reduced to 
exact figures this quantity of heat is the same as that 
mre by 100lb. of coal, assuming an evaporation of 
10.352 lb. of water from and at 212 deg. per pound of coal. 
This evaporation of 10.352 1b. can be obtained by the best 
grade of anthracite coal and by almost any grade of Cum- 
berland bituminous coal, though it is somewhat beyond 
the range of most of the bituminous coals of the Western 
States. Considering, therefore, that 1,000,000 thermal 
units of heat used by a pumping engine may be employed 
for a unit upon which to calculate the duty, without 
materially Gunging the result from that obtained if 
calculated upon the basis of 100 lb. of good coal, 
and considering farther than this unit takes into account 
the quantity of steam used by the engine, and that portion 
of the rejected heat of the engine which is utilised in 
warming the feed water, there are reasons of the strongast 
character for adopting this unit for the purposes of a 
standard method of conducting duty trials. This view of 
the matter is supported by the opinion and latest practice 
of the experts of Europe, whose reports of tests base the 
performance of steam engines, not solely upon the feed- 
water consumption, but upon the number of thermal units 
of heat consumed. 

4, Starting with a thermal unit basis of computing duty, 
it is apparent that one of the principal elements in the 
computation is the quantity of heat supplied to the 
engine. To determine this  aaenandy the dryness of 
the steam must ba known. Allowance will therefore be 
made at the outset for any moisture or superheat which 
the steam contains, and this matter is at once settled. 

As to other allowances, there seems to be no good reason 





why the steam used by any of the accessory parts of the 
engine, that is, for the donkey feed pump, the steam 
jackets, the independent air pumps, and any other ap- 
paratus which is necessary to the operation of the engine, 
should be dedueted from that used by the plant as a 
whole. It is true that an engine which is constructed and 
operated in accordance with the most approved principles 
and which in itself is economical, may appear quite the 
reverse if no allowance for this steam ie made. The 
accessory apparatus may cause waste which will offset al] 
the economy due to the excellence of the main part of the 
engine. Some may say, therefore, that unless allowance 
is made for the steam used by the accessory apparatus, 
confusion may arise as to the economy of the engine 
itself. It is to be observed, however, that the accessory 
apparatus is a necessary part of the equipment of the 
engine, and that it should be constructed in a manner to 
secure economy the same as the engine itself. Besides, it 
uses heat which must be furnished from the source of 
supply, and the supply of this heat is a necessary element 
of cost in the running of the engine. No reasonable 
objection to computing the duty from the heat used by the 
whole plant can be urged, when the data of the test are 
taken with such completeness, that the quantity of steam 
used by the engine proper and by each accessory part of 
the plant is determined separately, so as to furnish inci- 
dental knowledge of the economy of each. 

The standard basis of 1,000,000 thermal units is to be 
applied then, not only to the heat consumed by the engine 
proper, but to that consumed by all accessory parts of the 
engine, such as steam pumps (including donkey pumps), 
and jackets and all apparatus necessary to the operation 
of the engine, Furthermore, the computation is to be made 
upon the whole heat thus consumed, not only in cases 
where a contractor furnishes both the boiler and engine, 
but in cases also where he furnishes simply the engine. 
No change is to be made in the method pursued because 
the donkey pump (assuming this to be a steam pump) may 
be considere! as an accsssory to the boiler. The heat 
ys weg to the donkey pump is to be included in all cases 
in the total quantity, but the contractor may specify, if he 
desires, the kind of feeding apparatus which shall be used, 
provided he does not supply it as a part of the engine. 

5. Having determined upon an appropriate unit upon 
which to base the computation of ‘“‘duty,” we may now 
consider what shall be embodied in the expression for the 
quantity of work done. This, too, must apply so far as 
may be to every case. The work consists of two factors, 
the number of pounds of water pumped, and the number 
of feet in elevation to which the water is raised. The de- 
termination of the first-named factor is the only one which 
involves any difficulty. There are two methods which 
may beemployed. One, the use of either the standpipe 
or the reservoir for the purpose of a measuring tank, the 
other the use of a weir. The first is the simpler method, 
but it is not altogether satisfactory. It has the serious 
objection that it requires the shutting off of the supply 
of water to the service main, while the test is going on, 
and for such additional time as is necesssary to de- 
termine the allowance for the leakage from the stand- 
pipe or reservoir. The use of the standpipe for this 
purpose is objectionable, because the comparatively smal! 
—— which can be measured at one filling makes the 

etermination an approximate one. On the other hand, 
where the water is measured in the reservoir, which is 
usually of large area, a large quantity must be pumped to 
make an accurate test, but this is out of the question 
owing to the limited number of hours during which it is 
feasible to have the water shut off. These must both be 
regarded as rough means of measurement, and hardly 
adapted to the objectin view. The second method, viz., 
that of weir measurement, can be employed to advantage 
only in cases where the reservoir system of water works is 
used. This system is not uncommon, but it is by no 
means universal, and this method becomes objectionable, 
because of limited application. It has the further objec- 
tion that the construction of a suitable weir involves a 
large additional expense to the cost of the apparatus, and 
to the cost of making the test as well, and that the 
observers who have the measurements in charge must be 
specially trained to this class of work. The difficulties 
which thus surround the determination of the quantity of 
water actually discharged are such that it appears im practi- 
cable to use any form of direct measurement for a standard. 

The only means by which the water can be measured, 
which is of ready application, is the indirect but simple 
method in common use, furnished by computing the 
plunger displacement and using the pump itself as a 
meter. This method has the merit of universal applica- 
tion and the objections which may be raised against it 
are of less weight than those pertaining to the methods 
thus far considered. Owing to leakage of plunger and 
valves, loss of action of the valves and imperfect filling 
due to the presence of air mingled with the water, these 
three quantities constituting what is termed ‘‘ slip,” the 
actual discharge from the pump is less than the calcu- 
lated discharge based on this method of measurement. 
Two pumps might give the same plunger displacements, 
but, owing to variation in the losses noted, quite different 
quantities of water actually discharged. It is important 
to the purchaser of the pump, if to no one else, that the duty 
trial should take into account these losses. The purchaser’s 
interest centres in the quantity of water pumped, and not 
in the number of volumes swept over by the plunger, and 
this interest cannot be ignored. So far as known, there 
is no means of correcting for the various losses noted, 
which possesses scientific accuracy, but it is believed that 
for the practical object in view in fixing a standard, 
corrections may bs applied which will, in a reasonable 
manner, answer the requirements of modern pumping 
engines, as now manufactured in the United States. 

The fact of the presence or absence of leakage by the 
piston or plunger can be ascertained by blocking the 





engine, removing the cylinder head, and_ subjecting 
the plunger to the full water pressure, thus allowing the 
leakage to appear to view. If a sufficient amount of 
leakage is found to make a correction advisable, the water 
which leaks may be collected and measured, and the cor- 
rection applied accordingly, 

It may be held that leakage of the plunger at rest may 
take place at a different rate from leakage in motion, and 
therefore the results of the trial may be misleading. It 
may be urged also that owing to a difference of pressure 
when the pump is at rest, the results wil be changed from 
what they would be under the working conditions of 
pressure. These objections to the proposed trial are 
worthy of consideration, but it must be remembered that 
the object of the trial is not to make a scientific determi- 
nation of the amount of leakage, but rather to deter- 
mine its approximate rate and apply a correction which 
may, in some measure at least, protect the purchaser’s 
interest. 

There should be no leakage of valves, unless some are 
defective. Being constructed of rubber there is reason to 
expect that they will be practically tight when seated. 
Both the suction'valves and the discharge valves can readily 
be tested, the former by observing whether they will hold 
water, and the latter by observing whether water passes 
through them into either end of the cylinder when they 
are under pressure. When leakage is found, the defec- 
sed valves should be renewed before the duty trial is 
made. 

There is no method known whereby the loss due to the 
return of the water through the valves at the end of the 
stroke, while the plunger is reversing and the valves are 
seating, or ‘‘loss of action” as it may be called, can 
readily be measured, and ‘no data exist on this subject by 
means of which its quantity can be computed. If allow- 
ance for this loss is made it will therefore be mere guess- 
work. Considering that modern pump valves generally 
have a small lift, it would seem that the loss from this 
cause ought to be small at best, and if it varies in different 
pumps, as no doubt it does, the variation would also be 
small and perhaps unimportant. With this view of the 
matter, no large error can be made in a comparison of 
different engines (which is the main thing in view) by 
disregarding loss of action of the valves altogether. 

The effect which incomplete filling due to the intro- 
duction of air has upon the quantity of water discharged, 
if it is worth noticing at all, may be shown by the form 
of the indicator diagram taken from the pump cylinder. 
A rectangular diagram is sufficient indication of the 
absence of air. A diagram in which the attainment of 
the full pressure is delayed until some time after the . 
beginning of the stroke, indicates the presence of air. 
When this condition of things is found, the correction to 
apply is the proportion of the displacement which has 
been covered at the point where the full pressure is at- 
tained, determined by measurement from the diagram. 

In view of these considerations it seems that the 
best standard for the quantity of water pumped is that 
determined from plunger displacement, corrected for 
leakage of the plunger and for loss from the introduc- 
tion of air into the pump should it be found that these losses 
exist. It is presumed that the pump is operated with 
every bye-pass or connection between the suction and 
force mains closed, so that no water once pumped can 
thus pass back into the suction main. 

It is quite generally recognised that in computing the 
quantity of work done, no allowance should be made for 
friction of the water in passing through the passages and 
valves in the pump, while,on the contrary, allowance should 
be made for the friction of the force and suction maina. 
The ground taken for this practice is the fact that the 
efficiency of the engine should not be made dependent 
upon any condition foreign to itself. The builder of the 
engine should not be held responsible for the size, arrange- 
ment, length, or condition of the pipes which lead the 
water to the pump and conduct it away. His responsi- 
bility should begin at the point where the water enters 
the pump, and end where the water leaves the pump; and 
consequently he should bear simply the lost work due to 
friction of the water passing throngh. The purchaser 
should guard his interest in the matter by providing pipes 
of such capacity and arrangement as to reduce their 
friction to a minimum, and he should give special atten- 
tion to cases where pipes are furnished as a part of the 
contract for the engine. 

This practice as to allowance for friction appears to be 
the proper one for the —— of a standard method. To 
carry it into effect, the data to be determined are the 
indication of a pressure gauge attached to the force main, 
that of a vacuum gauge attached to the suction main (or 
pressure gauge if the inlet is under a head), and the ver- 
tical distance between the centres of the two gauges. 

We have now, for the standard mode of expressing the 
amount of work done, the weight of water computed from 
plunger displacement corrected for leakage and the pre- 
sence of air as pointed out, elevated to a height corre- 
sponding to the pressure shown by a gauge attached to 
the force main plus the head corresponding to the vacuum 
shown by a gauge attached to the suction main (or minus 
this head if the gauge shows pressure instead of vacuum) 
plus the vertical distance between the centres of two 
gauges, no allowance being made for friction of the 
water passing through the passages and valves in the 


ump. 
sitet (To be continued. ) 





Tue Austrian Lioyn’s.—In the first seven months of 
last year the revenue of the Austro-Hungarian Lloyd 
amounted to 716,063/., showing an increase of 67037. as 
compared with the corresponding revenue in the corre- 
sponding period of 1887, 
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GUNS. 


9561. M. Gledhill, Manchester. Improvements in 
and relating to the Manufacture of Ordnance, (11d. 
11 Figs.) July 6, 1887.—This invention relates to guns built up 
of steel tubes, hoops, or rings placed one upon the other. a is the 
liner or inner lining of the gun. An important feature is the 
employment of peculiarly constructed locking rings }, b!, between 
the tubes A, B and hoop C at the breech end of the gun (shown on 
a larger scale in Fig. 3). Each ring is screw-threaded on its inner 
and outer surfaces to fit the threads of the recess into which it is 
tightly screwed. The tubes of which the gun is com are pre- 
ferably made in one piece, and are continuously and uniformly 
tapered throughout their length, so that the required diminution 
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in the external diameter of the gun from the breech to the muzzle 
is obtained without shoulders or sudden changes of thickness. 
The respective diameters of the tubes are such that the tubes can 
be placed with slight pressure upon one another to within a short 
distance of their ultimate positions. The tubes are then forced 
home by hydraulic pressure, and with or without shrinkage. Any 
tube may also be built up of two or more continuously taper 
lengths united by screwing the lengths together, the screw joints 
being made taper with a plain or unscrewed portion at the end of 
each hoop to insure the proper aoe By the parts together (as 
shown on a larger scale in Fig. 2). (Sealed September 7, 1888). 


12,005. W.T.Goolden, London, Improvements in 
Directing the Fire of Machine and other Guns in 
Nocturnal Warfare. [8d. 3 Figs.) September 5, 1887.— 
According to this invention, the act of aiming is done with the 
electric search light itself, the gun being so connected with the 
light by suitable mechanical means that when the beam of 
the search light is thrown on to an object at any distance the gun 
shall be simultaneously and automatically directed to the same 
spot, eo that immediately the object is seen fire may be opened 
and maintained, all that is necessary afterwards being to keep the 
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light directed on the object and continue discharging the gun. P 
is the projector containing the mirror M and lamp L, and mounted 
on the gun G through the medium of a yielding material (india- 
rubber) so as to modify the shock of the discharge. The projector 
is shown in the figure at its highest elevation, when its axis 
coincides with that of the gun, this adjustment sufficing for abso- 
lute point-blank range. For ordinary ranges the screw c would 
be depressed a little, thus causing the axis of the projector to be 
righ compared with that of the gun. (Sealed September 
4, 1888). 


17,253. H. S. Maxim, London. Improvements in 
the Treatment of Rifie Barrels to Prevent them 
from Becoming Crooked while Firing. [6d.] December 
15, 1887.—According to this invention the gun barrel having been 
finished in the ordinary manner, is mounted in a lathe so that 
both its external and internal surfaces run true. A current of 
carburetted hydrogen gas is then passed through the bore, and 
at the same time a series of gas jets are applied to the external 
surface of the barrel. As the barrel becomes heated it runs out 
of truth, and this is corrected from time to time by straightening 
it by means of levers or mallets or otherwise, while it isin the 
lathe and while hot. The barrel thus treated is not liable to 
become crooked while firing. The current of gas passing through 
the bore prevents damage to the gun by oxidation desieg e 
straightening operation. (Sealed December 28, 1888). 


EXPLOSIVES AND PROJECTILES. 


a 


Ww. 
are Present, [4d.] October 25, 1887.— 
It is proposed to use ice, snow, or partially frozen water to sur- 
round the explosive charge, in place of water or other fluid in a 
liquid state. (Sealed November 9, 1888). 
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278. C. T. Cayley and R. 8. Courtman, London. 
Improvements r tothe Manufacture of Pro. 

paratus therefor. [8d. 
5 Figs.) January 6, 1888 —This invention is based on Patent 
No. 16,943 of 1886 granted to present inventors. A is a block of 
metal to be converted into a hollow projectile or shell. The 
lower part of this block is conical and its ee Ste is of larger 
diameter and slightly conical. The block A is placed in a diea 
consisting of a solid piece of metal bored out to receive the block 
which rests upon a solid metal cylinder b. The die @ and the 
cylinder bare supported upon a bed c. A punch or mandrel d 
made with a cylindrical portion which fits and is guided by the 
upper cylindrical portion of the hole in the die @ and provided 
with a shoulder d*, is driven into the block A, the metal of which 
is thereby displaced from the centre and caused to flow endwise 
into the annular space around the punch until the shoulder d* of 
the punch comes in contact with the upper surface of the block 
as shown in Fig. 2. The punch d is then withdrawn, and 
the hollow body A thus produced is removed from the die, 
and after having been reheated is forced by means of a punch 
ad! through a succession of annular dies or rings e (Fig. 3), 
the last of which has an internal diameter nearly equal to 











open end of the made shell is then 


partially 
closed, and a shell having the shape shown in Fig. 5 is produced. 


partiall 


In drawing the hollow body produced by means of the punches or 
mandrels, as above described, through the annular dies or rings, 
it is advantageous as soon as the base of the projectile has 

a short distance through a die or ring that the mandrel should be 
held stationary, whilst the hollow body is drawn, by other suit- 
able means, completely through the die, so that the wall of the 
hollow body will be drawn through the annular space between the 
mandrel and the die, as illustrated in Fig, 4, in which f is the ram 
formed with a head f', and fitted to slide in a hollow mandrel g, 
having an enlargement g'. The ram and drel areso ted 
with a hydraulic or other press that they may be moved simulta- 
neously through a short distance, and the movement of the man- 
drel may then be arrested while the ram continues to move. The 
die e is made with a contracted parte!. The hollow body is placed 
upon the mandrel g with its base agalnst the head /'! of the ram /, 
and is forced into the die e by the simultaneous movement of the 
ram and mandrel until the parts occupy the position shown. The 
movement of the mandrel is then arrested, whilst the ram f con- 
tinues to move and thus draws the hollow body through the 
annular space between the enlargement g! of the mandrel g and 
the contracted part e! of the die e. (Sealed September 8, 1888). 


1469. A. V. Newton, London. (A. Nobel, Paris.) Im- 
provements in Explosive Compounds, (6d.) January 
31, 1888.—This invention has for its object to overcome the 
sluggishness of combustion of nitrate of barium when substituted 
for saltpetre in gunpowder. This is effected by mixing nitrate 
of barium powder (composed of the nitrate with an admixture of 
charcoal) with vivifying substances of organic or inorganic nature, 
such as picrate of ammonia, and amorphous phosphorus. (Ac- 
cepted January 2, 1889). 


1470, A. V; Newton, London. (A. Nobel, Paris.) Im- 
provements in the Manufacture of Safety Fuzes. [6d.] 
January 31, 1888.—This invention relates to the manufacture of 
tenacious fuze-cords from a composition consisting of nitro- 
glycerine, nitro-cellulose, and a predisposing solvent, and having 
incorporated with it substances serving to energiee its combustion. 
(Accepted January 2, 1889). 


4310. E. Turpin, Colombes, France. Improve- 
ments in the Manufacture of Explosives. (6d.) 
March 20, 1888.—This invention relates to the manufacture of a 
smokeless powder by dissolving gun-cotton in a composite ether 
or equivalent solvent, with or without an oxidising agent, and 
i strongly compressing the mass. (Accepted December 
1, 1888). 


6498, J. W. Graydon, Was D.C., U.S.A. 
Improvements in h Explosive and Method 
of paring the Explosive Charge therefor. [11d. 
20 Figs.) May 1, 1888,—This invention has for its object to 
enable shells loaded with large quantities of dynamite to be fired 
from ordinary guns with the usual powder charge. The improve- 


Fig 1 




















ments consist mainly in subdividing the shell charge D into a 
number of small portions or pellets, consisting of a small 
quantity of dynamite inclosed in a flexible envelope of paraffined 
aper. A further subdivision of the charge may also be effected 
y means of partitions E, perforated or otherwise (Fig. 2). In 
order to-prevent the dynamite from becoming fired by the heat 





generated by the explosion of the ordinary propelling powder 
charge in the gun, the shell charge D is entirely surrounded by 
an envelope B of non-conducting material such as asbestos cloth. 
An improved contact fuze (shown on a larger scale in Fig. 3) com- 
prises an outer funnel-sha; easing K, within which is adapted 
to slide a hollow plunger K!, which is normally held back by a 
spring K?. The plunger is filled with a powder charge &! strong 
enough to burst the plunger tube, and on its forward end is a per- 
cussion cap k. With the fuze in place and the shell fired from a 
gun, the loaded plunger K' remains rearward in the casing K until 
the shell strikes an object which checks its flight. The plunger 
then travels forw: inst the tendency of the spring, and 
explodes the cap k nst the end of the shell chamber. The 
powder charge of the fuze is thus ignited, and, exploding, shatters 
the dividing media holding the small portions of the shell charge 
separate, and fires the whole of such charges. 


6498A. J. W. Graydon, W: 
rovements in the 





Explosives, 
The mass of explosive is divided into a number of small portions 
each of which is entirely inclosed in a separate envelope so as to 
form an explosive pellet which can be packed together with the 
others within a suitable wrapper or case to make a cartridge, or 
can be used or handled loosely without any casing. Pellets of 
nitro-glycerine compounds are preferably provided with a flexible 
envelope of paraffined paper. 


REFRIGERATING APPARATUS. 


12,631. O. Imray, London, (La Compagnie Industrielle 
des Procédés Raoul Pictet, Paris.) An Improvement in 
Refrigerating Apparatus. (8d. 5 Figs.) September 17, 
1887.—This invention relates tothe construction and arrangement 
of that compartment of refrigerating apparatus in which the 
volatile liquid employed is subjected to evaporation, producing 
cold, which refrigerates brine or other uncongealable liquid sur- 
rounding the evaporating compartment. It is found that the 
greatest cold is produced by conduction from that part of the 
compartment which is occupied by the liquid undergoing 
evaporation. The apparatus is, therefore, according to this inven- 
tion, arranged so as to give that portion of the compsrtment a 
largeconducting surface in the following manner: A, A are two 
cyl nders serving as collectors and vapour chambers, to the under- 
sides of which are fixed the pendent (J tubes B, one limb of each 
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U tube being fixed to each tube A, so that these are connected 
with each other through the (J tubes and consequently the volatile 
liquid stands at thesame level in both. The fixing of the UJ tubes 
to the tubes A is by preference effected by means of sockets C 
which are brazed on the tubes A, and into which the tubes B are 
soldered, whereby a perfectly gas-tight joint between the two sets 
of tubes is insured. For i ing the ducting surface with 
which the vapour is in contact, and to assist in producing an 
equilibrium of pressure in all parts, the ends of the tubes A are 
connected together by means of bent tubes D, and in order to in- 
crease the conducting surface of the tubes B without increasing 
their internal capacity, they are connected together by means of 
copper bands E which are carefully soldered to them and serve 
for the transmission of caloric as much as the tubes B themselves. 
(Sealed (September 28, 1888). 


6212. C. Tellier, Paris. ieprevemenss in A 
ratus for Producing Cold eans of Waste Heat. 
(8d. 2 Figs.) April 26, 1888.—Exhaust steam from a steam engine 
is conducted by a pipe A into a vaporising condenser B containing 
a solution of ammonia. The ammoniacal gas thus produced is 
collected in a receiver C and conducted thence into a refrigerator 
E with cold water circulation. The cooling of the ammoniacal 
vapours is completed in a second refrigerator J, The vapours 
then pass into and operate a suitable motor K. An intense cold 
is produced by the expansion of the ammoniacal vapour. The 
motor cylinder K is immersed in a tank L filled with uncongeal- 
able liquid which is being continuously forced by a pump through 
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a refrigerator P and a freezing tank 8 back into the tank L. In 
the freezing tank are chambers for the reception of water or other 
substances which are to be cooled or frozen. The exhaust vapours 
from the motor cylinder K pass through the tubular refrigerator 
P, and then th h the second refrigerator J, and thence to a 
refrigerator Z, which serves to cool the water to be used for the 
congelation. This water is then stored in a tank b for future use. 
The ammoniacal vapours from the refrigerator Z toa chamber 
da' of an absorption tank f in which the ammoniacal solution is re- 
formed, and after ion around the tu of an “ inter- 
changer” m, is pumped back into the vaporising condenser B in 
as hot a state as possible. (Sealed August 10, 1888), 
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LUBRICATORS. 


11,891. D. Hartley, Bradford, Yorks. A New or 
Improved Lubricator for Loose sg. (8d. 4 Figs. 
September 2, 1887.—The parallel sleeve A is bored to fit the shaft 
B, and its outside diameter is turned to the size of the central 
hole through the pulley C which is mounted thereon. A hollow 
collar D at one end of the sleeve forms a chamber E for the re- 
ception of the lubricant, and is provided with a screw plug H 








closing the mouth J, and fitted with a set screw K passing 
through the solid portion L of the collar and adapted to fix the 
collar and sleeve upon the shaft. An oil ch 1 M i 
cating by the duct N with the chamber E is formed along the 
periphery of the sleeve A, and is filled with felt, wick, or other 
suitable material capable of drawing the oil from the chamber E 
and distributing it to the loose pulley as required. (Sealed Sep- 


tember 14, 1888). 

14,615. R. W. B. Sanderson, Manchester. (W. £. 
Plummer, St. Louis, Mo., U.S.A.) Improvements in 
Lubricators for Holding Grease or other Solid or 
Nearly Solid Lubrica’ Substances, (8d. 2 Figs.) 
October 27, 1887.—The stem of the lubricator and the flanged 
bottom plate a are made in one piece, which is screwed into the 
box of the journal or other part to be lubricated. The main por- 
tion or cup 6 of the lubricator is cylindrical in form and is screwed 
into the flange of the bottom plate a. The neck b' of the cup has 
an internal screw thread, into which is screwed a bush ec witha 
winged nut c! at the top, which forms a cap tothe cup. A sepa- 
rate winged nut d is screwed on to the bush and bears upon the 
top of the cup neck b!, and so locks the bush in any desired posi- 
tion, In the cupd is fitted a piston e, the rode! of which projects 








ward and passes freely through the bush c and a hole in the 
be ce. A spuag fis coiled upon the rod e!, one end of the spring 
bearing against the piston cand the other against the cap c', so 
that the spring exerts its force against the piston ¢ to constantly 
and automatically force the grease out of the lubricator. By 
slackening the lock nut d and adjusting the position of the bush ¢ 
by means of the winged cap c’, the spring f can be adjusted to put 
any desired preasure on the piston e and so increase or diminish 
the feed of lubricant. In order to further regulate the quan- 
tity of lubricant delivered to the journal a valve g is placed 
across the mouth of the hole in the stem a, so that the valve stem 
can be moved from the outside of the cup to effect the adjustment. 
When the lubricator is to be refilled the cup b is unscrewed from 
the bottom plate a, and the cup when replenished is again screwed 
on to the plate. (Sealed November 16,1888). os 

. G. Fairclough, Manchester. An Improv: 

Be [6d. 1 erty.) May 81, 1888.—This invention 
relates to the construction of an improved lubricator for supply- 
ing solidified oil, tallow, or other semi-solid lubricant to bearings 
of shafts, &c. The body or cup a of the improved lubricator for 
containing the lubricant is made of a cylindrical form, having 
projecting from the central part of the bottom a neck b the lower 

rtion b' of which is partly screwed for attaching it to the bear- 
ng. The intervening part b'' is made hexagonal for the recep- 
tion of a wrench for tightening or releasing the same. A emall 
hole ¢ for the passage of the solidified oil or grease is drilled 





thread, and Toto this fits an external screw thread formed around 
the periphery of a disc or ‘‘ follower” @ which acts in the manner 
of a piston above the grease, which is forced out through the hole 
¢ as the “follower” is screwed down. In order to enable the 
“ follower” d to be turned round from time to time as the lubri- 
cant may be required, it is fitted with a plain rod ¢, which _— 
up through a hole in the centre of the lid f, and is provided at 
o- wa a button g having a milled edge. (Sealed September 
i4, 
MISCELLANEOUS. 
211,516. E. Cope and A. Ho! , Manchester. Im- 
rovements in Hollow Steel f and in the 
anufacture efthesame. (6d. 6 Figs.) August 24, 1887. 





—This invention consists in making from one hollow ingot er 
piece of steel a length of hollow shafting with end comp 

flanges, collars, projections, or like devices. A heated ingot or 
hollow cheese is drawn between rolls over stati 'y drels, 
or otherwise made into a hollow parallel shaft of the uired 
size and section. The metal is drifted or forced by hydraulic end 
pressure upon itself until the desired flanges, collars, projections, 
or like devices are formed in the required positions. Fig. 1 shows 
a rolled hollow ingot, and Figs. 2, 3, and 4 hollow shafts respec- 
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tively, with end flange, collars, and projections a, formed during 
one or more heats. Figs. 5 and 6 are sections at right angles to 
each other of dies which are placed around the hollow shaft on 
the body side near where the flanges, collars, or projections are 
to be formed. The metal is heated at the parts where the com- 
pression is to take place, and mandrels are used in conjunction 
with the dies, Any suitable type of hydraulic press is 
(Sealed August 31, 1888). 


11,827. R. Morris, Doncaster, Yorks, and J. Wood, 
West Stockwich, Notts. Improvements in Clutches 
and Couplings for . . 4 Figs) August 31, 
1887.—The improved clutch or coupling does not necessitate cutting 
the shafting for keys or screws, and there are no projecting parts 
such as bolt-heads and nuts. The part A of the clutch or couplin 
secured to the one end C of the shafting to be coupled is provid 
with a rim @ with slots a? for the reception of bolts D on the part 
B of the clutch carried by the end of the other shaft E to be 
coupled. These bolts D are provided with pins d which engage in 
cam came in a disc F mounted so as to turn on the end E of 
the shafting. This disc F is inclosed in the part B, the bolts D 
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"287 
projecting so as to be in line with the openings a? for them in the 
other part A. The bolts D are guided by lugs F2 on the part B. 
The disc F is capable of having a partial rotation given to it by 
a pinion G engaging with a toothed segment H fixed on the disc 
F, This pinion G has a squared recess for the reception of the 
key for turning it. When this pinion G is turned the disc Fis also 
turned so that its eccentric slots f act on the pins d of the bolts D, 
the bolts being moved outwards to —- in the openings a2 in 
the part of the clutch A, and the shafts C and E are thus coupled. 
By rotating the pinion G in the other direction the bolts D are 
— and the shafts are uncoupled. (Sealed September 14, 

888 


12,401. J. W. Lord, London. Improvemente in Ma- 
chines for D: Granular, Pulverulent, and other 
te (8d. 4 Figs.) September 18, 1887.—A cage A sup- 
ported by the hollow trunnion N in bearings on the standards G 
receives rotary motion from the main shaft by suitable gearing. 
The material to be dried is introduced into the cage A through 
the doors F. As the cage A revolves, one or other of the divisions 


Fig. 2 


or shelves E coming uppermost and carrying with it a portion of 
the material under treatment, drops this material on to one of the 
faces b of the square box B, and this latter also revolving throws 
this material against the side of the cage, to again carried up 
by the shelves, and so on, until the material having been thus 
turned over and amg oe | exposed to the action of the hot air 
or steam from the heat iating box B, is as dry as desired, 
(Sealed September 21, 1888). 

13,996. G. Rodger, London. Improvements in 
Water Purifiers and mpadge Separators, [1ld. 11 Figs.} 
October 15, 1887.—The improved apparatus comprises a vessel A 
containing the separating plates B, BI, a water tank a, re-agent 
tanks d, water supply pipe 6, mixing pipe c, and discharge out- 
letg. The plates B, B' are arranged in two sets in the vessel A 
so as to leave an inlet space Eat one end of the vessel and an 
outlet space F at the other end. The sets of plates B, B! are set 
in the vessel A at opposite angles to each other, and the lower 
ends of the plates rest in notched angle-irons. The lower part of 
the vessel A is provided with a sludge chamber K below the inlet 
space E (which space is provided with perforated plates n to dis- 
tribute the incoming water), a sludge chamber K! below the 
plates B, B' and common to them, and a sludge chamber K? below 
the outlet F. Just below the discharge outlet g there is a 
strainer whieh serves to regulate the flow of water to the dis- 
charge outlet g. The water to be purified enters the regulating 
tank @ through the ball valve a', and then passes down through 
the oo b into the mixing pipe c, together with the re-agents 
from the tanks d. On issuing from the pipe cand entering the 
— E of the vessel A, the mixture of water and re-agents rises in 

e space E, and es between the separating plates B, B' to 
the 8pace F, and then esca) through the discharge outlet g, 
having left the precipita‘ lime and other matter upon the 
plates B, B'. When the deposit on the plates B, B’, has become 
thick enough, the deposit slides down into the spaecs H at the 





sides of the vessel A, and into the sludge chamber K!, whence it is 

removed by means of the sludge cock I. Any precipitated matter 

that passes the plates B, B' sinks to the sludge chamber K2 at the 

bottom of the space F, and is removed therefrom by the sludge 
a 












































cock I?, The re-agent is fed frcm the tanks d, to the mixing 
pipe c through the flexible tube m, the upper end of which is 
provided with a float / having perforations through which the 
re-agent enters. The pipe m thus regulates the flow of the re- 
agents. November 16, 1888). 


14,789. J. Anderson and R. McKinnell, Glasgow. 
Improvements in Apparatus for Inducing or Pro- 
ducing Currents of Air, Water, or other Fluid for 
Various Purposes, (8d. 3 Figs.) October 31, 1887.—This 
invention relates to an Pes instrument for induciug or pro- 
ducing currents of fluid by means of an annular jet of motive 
fluid under pressure. The improved instrument consists of an 


Qype 
SS 
ij 


Too“ is 
SN 


outer chamber-piece A externally of a barrel-like form and made 
with a lateral inlet B for the motive fluid, in combination with an 
inner chamber-piece D screwed into one end of the outer chamber- 
piece and made tubular with the e through it of curved 
section, the ends being larger than the intermediate part. These 
two chamber pieces form between them an annular chamber F for 
the motive fluid, and an issue orifice C of a conical annular form. 
(Sealed November 16, 1888). 


14,943. P. J. Grouvelle, Paris. An Improved 
Method of and Apparatus for Automatically Regu- 
la the Action of Heating Appliances. (8d. 3 Figs.] 
November 2, 1887.—This invention relates to a method of regu- 
lating from a distance the supply of steam, hot water, or hot air 
employed for heating purposes, and consists in the use of a burner 
fed with a variable supply of gas, the heat evolved from which 
acts to produce a variable amount of expansion in a bar in con- 
nection with a suitable regulating valve. The device employed 
for controlling the flow of the gas consists of a valve a regulated 
by means of a bent tube b of the kind employed in the ‘‘ Bourdon” 
pressure gauge. This tube is closed and filled with any suitable 
liquid in such a manner that, under the influence of variations of 
temperature, its free end b' may change its position, and at the 
same time actuate the valve lever a! to which itis attached. The 











valve-box consists of a casing a2, by preference containing two 
chambers a3, a4, one above the other, to and from which the inlet 
and outlet pipes c, ¢! for the combustible gas are respectively led. 
A screwed plug a@° passes through the bottom of the casing a? and 
through the a poate dividing the two chambers a3, a4, and 
contains a central passage with lateral orifices a6 for the flow of 
the gas. The plug a5 also serves as a valve seating, and is adjust- 
able from the exterior by means of the finger piece a7. The valve 
consists of a cone a8 attached to a rod a9 pivotted to the valve 
lever a' at a point between the fulcrum of the latter, and its point 
of attachment to the end b' of the tube b. The topo the valve- 
box is covered by a loose flexible membrane @!0 closely surround- 
ing the valve- a9, without, however, interfering with its free 
action. This portion of the apparatus is placed in one of the 
spaces to be heated. (Sealed November 16, 1888). 


UNITED STATES PATENTS AND PATENT PRACTICE. 

Descriptions with illustrations of inventions patented in the 
United tes of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 36 and 36, Bedford- 
street, Strand, 
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25th, after a struggle with the trade wind, which here 
blows from E.S.E. to E.N.E. The current was not 
running very strongly, and having allowed for a 
considerable rush to leeward we found ourselves at 
10 a.m. well away to the N.E. There is no reliance 
whatever to be placed on the currents about these 
parts ; as a rule they run to the westward, but one 
day we were carried to the N.E. and the next there 
was no current at all. The people at Malden Island 
tell great stories of this current. On two occasions 
ships coming in to pick up a buoy just missed it. 
Each vessel was taken away by the current, and 
the wind falling light, it took one of them nine 
days and the other three weeks to get back again. 

Malden Island is something like Christmas Island 
in its general features, being covered with white 
glaring sand overlying coral, and almost entirely 
devoid of trees. The first objects which we sighted 
were the three masts of a vessel which was loading 
with guano ; next the flagstaff came in sight, and 
was followed by the lower yards of the ship and 
the tops of the houses. We finally caught the 
white glare from the sand, through which appeared 
occasional clumps of low bushes, the whole being 
surrounded with the usual ring of surf. There is, 
properly speaking, no anchorage except so close in 
shore as to be very dangerous ; but Messrs. Grice, 
Summers, and Co., of Melbourne, who are at pre- 
sent working guano here, have laid down three sets 
of moorings. These moorings consist of an anchor 
on shore, from which runs a chain down to another 
anchor in about sixty fathoms. To this latter 
anchor there is connected a chain attached at its 
other end to a heavy buoy to which ships make fast. 
The chain from the shore thus keeps the anchor 
from sliding down the bank, and its own weight 
and the grip of the coral prevents it coming the 
other way. 

The guano fields which are being worked at pre- 
sent are at the other end of the island, and a tram- 
way, about five miles in length, has been con- 
structed to bring the guano down to thepier. The 
hauling work on the tramway is done by sail power 
and by hand. There are neither horses nor steam 
locomotives. The trucks are pushed up to wind- 
ward, loaded, and then sail is made, and the tram 
comes along ata fine rate. The engine truck carries 
a single mast in its centre, rigged with a large sail. 





The first time I saw the train the trucks were bee: 
I asked the man in charge to hoist his sail while I 
took a photograph. He accordingly did so, but the 
trucks having neither way on them nor ballast in 
them, the engine promptly capsized. However, I 
was more fortunate on another occasion, as the 
annexed engraving shows. 

There are about 100 natives employed on the 
island, with six whites, including manager, whar- 
finger, chemist, blacksmith, carpenter, and field 
superintendent. The guano is dug out from the 
surface where it lies to a variable depth, averaging 
3 ft. or 4 ft. The labour does not consist in pure 
digging, but the stones are loosened and the guano 
swept from between them. After digging it some- 





\chemical composition of the guano. 





for nine months, being brought from Manaheki 
and Aitutaki. 

Now let us turn from the consideration of the 
natural features of the island to that of its com- 
mercial value. When work is in full swing the 
owners employ eight whites and 160 natives, and 
could export about 12,000 tons of guano a year. 
The price of this guano varies considerably. Just 
now it is low, bringing an average of 7/. per ton 


| delivered at the railway station at Melbourne. 


Taking this as a basis of estimate for want of a 
better, we may put the actual value of the guano if 
delivered at Melbourne, at 84,000]. perannum. As 
a matter of fact only about 10 per cent. goes to the 
colonies, the rest going to England, Messrs. 
Grice, Summers, and Co. chartering ships and 
sending them in ballast from Australia. On the 


other side of the account, eight whites cost about || 


1501. a month for wages and food, and 160 natives 
330/., thus making a total of 5760/. a year as the 
price of getting the guano off the island. Now taking 
the freight to England at 30s. per ton (just now it 
is lower than this, but as a rule it is much higher), 
we have the cost of transportation as 18,000/. Then 
again there are working expenses ; two ships main- 
tained to run labourers, stores, &c., buoys, moor- 
ings, lighters, &c., certainly not kept going under 
5000/. a year, if at that, and we come to a very 
rough idea of the sum total of the expenses, equal 
28,7601. 

This estimate of incomings and outgoings is based, 
it must be remembered, on the supposition that the 
island worked to its full extent, in which case 
Messrs. Grice, Summers, and Co. would make, if 
the figures are correct, about 56,0001, a year out of 
it. But, unfortunately, the output at present only 
averages 3000 tons a year, so that at once we have 
the value reduced from 84,000/. to 21,0001. It is 
certain that the working expenses will not be de- 
creased in a like ratio. However, there are only 
100 labourers now employed and freights are low, 
so that circumstances are in favour of. the owners. 
It is a fact that nearly all the guano working islands 
about here have been given up—Fanning, Jarvis, 
Starbud, and the Caroline Islands—so it is very 
evident that the trade has not proved so profit- 
able as it once was. The following Table gives the 
It will be 


‘ AN) — 
I ie = 


iv uw 
tit 


observed that the species sent to the colonies and to 
Europe are different. 
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PENRHYN ISLAND. 
Lat. 9 deg. 5 min. S., 158 deg. W. 

We left Malden on the evening of October 26, 
intending to go to Tahiti vid the Caroline and Flint 
Islands, but on getting clear we found a fresh trade 
against us. Under these circumstances fore and 
aft sail was set, and we endeavoured to steam up, 
lying about two points off our course. Next morn- 





PENRHYN lI. 
Lat. 9S. Long 158° 3'W. 














ing we found that we had only made 60 miles on 
this course at an expenditure of 6 tons of coal, so 
the captain determined to bear up for Penrhyn, 
where he had orders to call. He intended to run 
from there on to the Suwarrow Island, where coal 
is kept, according to the Admiralty list, and then 
on vid Cook’s Island to Tahiti. We therefore put 
the fires out, and sailed to Penrhyn, where we 
arrived on the morning of October 31 by our 
account, but November 1 by theirs. As shown by 
the chart, Penrhyn has the same formation as the 
other islands—a lagoon surrounded by coral reefs 
more or less developed into solid land. This coral 
formation is not so steep as is generally imagined, 
for we managed to drop our anchor in 8 fathoms at 
a distance of 200 yards from the shore. But when 
the ship had swung to her anchor, heading towards 
the shore, there were no soundings over the stern 
(a distance of 100 yards from the anchor) at 35 
fathoms. 

Penrhyn is a great pearl diving centre, boasting 
about 300 to 400 native inhabitants and one white 
man ; a Mr. Woonton, agent for Messrs. Henderson 
and Macfarlane, of Auckland, New Zealand. There 
used to be representatives from two or three other 
firms here, but asthere was not sufficient shell to keep 
them all going, the others have left. The arrange- 
ment with Mr. Woonton is peculiar, and yet one 
which should be advantageous to both sides. The 
firm give Mr, Woonton no salary, but supply him with 
any goods he may require at 50 per cent. above cc 
price, and buy pearl shells from him at 10 cents 
pound. The firm therefore make 50 per cent. on 
all goods supplied, and get their pearl shell at 
10 cents a pound, but have the cost of maintainin 
the schooners for taking the goods and bringing me 
the pearl. Now the find lately has been about one 
ton a week. By the find I mean what the natives 
bring in, for they are pretty lazy. If they want any- 
thing they go and dive and get shells, but if they 
are not in immediate need they prefer to do nothing. 
Messrs. Henderson and Macfarlane therefore obtain 
four tons of shell a month, for which they pay 
224 dols. a month, equal 56/. say, and which they sell 
for from 2001, to 400/., the price of the shell vary- 
ing from 50/. to 1001. per ton. They provide seven 
boats for the pearl fishers, but Mr. Woonton has to 
keep them in repair. The owners should, I fancy, 
make about 15001. a year out of this island, As for 
the agent, he gets goods from the owners paying 
50 per cent. premium, but he sells them again at 
such a profit that he makes 70 per cent. on 
all his sales. Now every week 2240 Ib. of shell 
pass through his hands, on each pound of which he 
makes 7 cents, for all the money paid to the natives 
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comes through his hands in the way of trade. Ifhe 
pays for the shell 10 cents in money it is all spent 
at his store, and he makes his 7 cents on it, so that 
his income should be roughly 600 dols. a month. 
He has to find himself in everything, and look 
after the company’s boats and buildings, but as he 
does all this himself it costs him nothing. 

There was one thing I saw here about which I 
must confess to have been sceptical hitherto, and 
that was a man going down under water and catch- 
ing fish. It is done as follows: The man knows 
pretty well the haunt of these particular fish (some- 
what similar to our soles, but rounder), and anchors 
his boat near where they are to be found. Then 
he looks for his victims by means of a water glass— 
a device which is extensively used in these parts, 
where the water is so clear that by its means you 
can easily see everything at the bottom, at depths 
up to 15 fathoms, or even more, Having discovered 
some fish swimming about, he prepares a hook, 
baiting it generally with small fish, and he also 
chews up some raw fish with his teeth. He then 
dives down, holding the hook at the end of a line 
about a foot long, and spitting out the bait he has 
been chewing so as to attract thefish. They imme- 
diately all come round him, apparently not minding 
the man in the least, and not knowing the difference 
between the baited hook and the other bait. In 
this way the man continues until he has caught the 
whole shoal, the fish apparently not noticing, or 
not caring, that every time he goes down one of 
their number is caught. It is a wonderful sight 
looking down through one of these glasses and see- 
ing es of all sizes, descriptions, and colours 
swimming about. The variety of colour is astonish- 
ing. They are like birds of every conceivable shape 
and hue. Oatching them is quite another matter, 
for most of them will not take bait, and those 
caught in the manner I have described will not take 
a hook with the same bait let down in the urdinary 
manner. 

Suwarrow Isianp. 
Lat. 13 deg. 13 min. S., long. 163 deg. 9 min. E. 

Disappointment Island I should like to call this 
rocky eyrie. As I said before, the captain had 
determined to run down to Suwarrow, because, 
according to the Admiralty list, coal was to be 
obtained there. We fondly imagined that our 
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bunkers would be rapidly filled, and that H.M.S. 
lack Duck would be herself again. Great was our 


disappointment when, on arriving off the entrance, 
the white man in charge of the place came off, and, 
in answer to our inquiries about coal, informed us 
there were only 6 or7 tons left ; th» original stock had 
magn d disappeared and had not been renewed. 

ere were we 1000 miles to leeward of Tahiti, the 
nearest coaling station, with only 26 tons of coal in 
the bunkers, the average consumption of the ship 
being about one ton of coal for 15 miles traversed. 
However, when we got inside we found things were 
not quite so bad as appeared at first, for there were 
20 tons of coals remaini We also got 40 tons of 
wood out of a ship which had been wrecked some 
years ago. There are absolutely no appliances for 
handling material, and everything had to be carried 
out by our own men; the w was cut up and 


rafted off, and the coal conveyed 3 tons at a time in 
the Black Duck’s largest boat, a 30-ft. cutter. 
As to Suwarrow itself, there is little tosay. It is 








like Penrhyn in its general features, that is, it com- 
prises a string of islands joined together by a coral 
reef, and the whole inclosing a lagoon measuring 
about eight miles by six. There is only one entrance 
into this lagoon, but there are three fathoms of 
water in it, and a very good anchorage inside, off 
what has been named Anchorage Island. 

Suwarrow is the property of Messrs. Henderson 
and Macfarlane, of New Zealand, the same firm 
having branches at Christmas, Penrhyn, Manahiki, 
Caroline Islands, and Savage Islands. There is no 
work being done at present at Suwarrow, the firm 
being represented by Mr. Barr and three natives, 
who are planting cocoa-nuts and looking after the 
place generally. Pearl fishing is the proper in- 
dustry, but the shells began to run small, so the 
beds have been given a rest for the last three years. 
However, the fishery will shortly be recommenced 
with divers from Penrhyn. According to Mr. Barr, 
Suwarrow is to be the central trading station for all 
the islands mentioned above, the produce of which, 
cobra or pearl shell, is to be collected at Suwarrow, 
and sent direct to England or Australia, as required. 
Doubtless the harbour is very well suited for such 
@ purpose, and the position is also central, but 
there is not much standing room on shore, and the 
place has no productions except fish and a few 
cocoa-nuts, 

To be continued.) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

In our last two issues (vide pages 113 and 137 
ante) we gave an account of the proceedings of the 
Institution of Mechanical Engineers at their recent 
meetings on the 30th and 31st. ult. We have now 
to deal with the concluding sitting of the meeting 
on the Ist inst. 


Rouier Fiour MIt11Ne. 


On the members reassembling on Friday the 1st 
inst., under the chairmanship of the President, a 
paper contributed by Mr. Henry Simon, of Man- 
chester, entitled ‘‘On the Latest Development of 
Roller Flour Milling,” was read by the secretary in 
the absence of the author. As we intend shortly to 
publish this paper with the illustrations, a very 
brief abstract indicating its scope will be all that 
is necessary. Mr. Simon commenced by saying 
that no paper had been read before the Institu- 
tion treating of the very extraordinary revolution 
which had occurred during the last ten years in 
the progress of the manufacture of flour by the 
substitution of the roller system for the ancient 
method of grinding by stones. A paper had, 
however, been read about six years ago before the 
Institution of Civil Engineers, in which some 
historical and general notes on roller milling had 
been given. The completeness of this revolution, 
the author said, was practically exemplified by the 
fact that practically in less than ten years the 
machinery and wun Mien of corn milling an been 
radically and entirely altered. The millstone has 
been almost wholly discarded, and the miller has 
had to adopt a new system. The character of the 
machinery employed and the mode of working, by 
the combination of roller mills with centrifugal 
dressers, purifiers, rotary scalpers, and other ma- 
chinery, were such as to produce the best results in 
a mill working automatically on the principle of 
gradual reduction. A striking difference between 
the present and the old style of milling flour is that 
whereas formerly the intermediate products had to 
be repeatedly handled they are now entirely treated 
without being touched by hand. The wheat enters 
the mill at one end and goes through all the 
machines automatically until it is delivered at the 
other end in the shape of such different grades of 
flour and offals as may be desired. The number of 
attendants required is obviously much reduced. 
In Austria-Hungary, formerly the leading school 
for milling and the country in which roller milling 
originated, automatic milling is not yet believed in, 
and a very large number of attendants are, there- 
fore, required. Hungarian flour, although till 
imported and highly esteemed, comes to this 
country in far less proportions than was the case 
before we adopted roller milling. For the benefit 
of those of our readers who are not familiar with 
milling processes we may state that roller milling, 
as opposed to the old and well-known practice of 
grinding corn with stones, consists of reducing the 
berry of wheat to flour by means of horizontal 
metal rollers either fluted or plain. The leading 





idea is to break up the grain gradually by a number 
of distinct operations, and extract the refuse as the 
process continues by means of the numerous ma- 
chines, of which mention is made in the author’s 
paper. The rolls have to be made with greataccuracy, 
and for producing them some very beautiful machine 
tools have been devised. A brief description of 
some of these will be found in an account of a visit 
paid to Messrs. T. Robinson and Sons’ works, at 
Rochdale, in connection with the visit of the Iron 
and Steel Institute’s visit to Manchester in 1887.* 

The introduction of roller milling in this country 
has caused a rapid increase in the number of large 
mills. Those roller millers who were first in the 
field have not only doubled their output, but in 
some cases have increased it three, four, or even 
five times. For details of the system we must refer 
our readers to the paper which we intend shortly 
publishing, and will at once proceed to the dis- 
cussion. 

The first speaker was Mr. Joseph Fogerty, who 
evidently had had some experience in the early 
days of roller flour milling. He explained how cross- 
grooved rollers with diamond points had first been 
used and were found to answer well. The speaker 
had been to Hungary in order to get experience 
as to the milling practice in that country, but had 
found the secrets of the trade guarded so jealously 
that it was with the greatest difficulty he could 
get any information at all, and the millers did 
everything possible to keep English engineers 
out of their mills. The inventor of the process 
had, however, published a book, and this had done 
much to spread information abroad and enlighten 
mankind; a result about which that Hungarian 
millers were doubtless not very enthusiastic. At 
a meeting of the Institution of Civil Engineers 
three years ago the speaker had said that in a short 
time there would be no milling by stones carried 
on on any extensive scale. Mr. Neville, perhaps 
thelargest baker in London, differed from the author, 
and said that at any rate he never would use roller 
milled flour. The speaker thought that at the pre- 
sent time Mr. Neville would have great difficulty in 
getting any other sort. 

We may interpolate a remark here to the effect 
that it was a pity there were not some users 
of flour present to represent the bakers. It is 
whispered that the bakers themselves are by no 
means so enthusiastic about the advances in 
milling practice as the engineers, and that the 
doctors are less enthusiastic than either. The 
beautiful white flour if produced by roller machi- 
nery, and the devices which extract every particle 
of which is called refuse, is said to be neither so 
nourishing or so wholesome as the old-fashioned 
product, and, indeed, is of far more benefit to the 
patent pill vendor than the consumer. This, how- 
ever, is a question rather for the physiologist than 
the engineer, the function of the latter being to 
supply such machinery as the public demand. 

oreturn, however, to Mr. Fogerty’s remarks. The 
speaker thought it wasa mistake to leave the screen 
room attached to the mills as it increased the risk 
of fire. The dressing machines shown by the dia- 
grams on the walls he considered no improvement 
on the old style excepting in the matter of space 
occupied, and the silos wanted tie-rods, as otherwise 
they would be likely to burst out. The Hungarian 
flour owed its superiority to the better quality of 
the wheat grown in that country, in addition to 
which the Hungarian millers did not take so much 
out of it for the best quality of flour, being content 
with 40 or 50 per cent., a proportion which English 
millers would think ruinous. The Hungarians, 
however, had a ready sale for the middlings, indeed 
the people in that country rather preferred them to 
the very whitest flour. For this reason English 
millers could not hope to compete with the Hun- 
garians in the quality of the flour they produced. 
It should be noted that the Hungarian flour had a 
special reputation for rising readily in the paste or 
dough. 

Mr. Schénheyder asked if it were necessary to 
have greater regularity in the running speed of the 
motive power than was required with the old mill- 
stones, while Mr. H. Davey asked if there was any 
saving in power. 

Mr. Carbutt asked how much oftener the wheat 
went through the grinding process when being con- 
verted into flour under the roller process, compared 
with the oldstyle. In America he had seen a mill 
in which the grain was taken by the elevator at the 





* See ENGINEERING, vol. xliv., page 641, 
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rate of 700 ft. a minute, and he was informed that a 
mill erected at Fleetwood conveyed the wheat at a 
similar speed. 

Mr. Carter entered into a long explanation, tend- 
ing to show that he, and not Mr. Simon, was the 
originator of the automatic process, and quoted ex- 
tracts from the writings of the latter in which the 
automatic system was condemned, whilst, at that 
time, Mr. Carter was advocating it. As to the 
strengthof the silos to resist lateral pressure, he men- 
tioned a case in which the grain storage receptacles 
were made of honeycomb section, the silos being 
6 ft. in diameter and the walls only one brick, or 
9 in., thick. Experiments had been made, by 
which it was shown that the lateral pressure of 
grain in a receptacle was not much greater ata 
height of 50 ft. than it was near the bottom. 

Mr. Collier was of opinion that the 700 ft. per 
minute elevator speed mentioned by Mr. Carbutt 
must be an error, as anything over 300 ft. would 
hardly be practicable. He thought there might be 
some danger of the sides of the silos falling out as 
suggested by the first speaker. He would like to 
know what quality and description of coal was used 
in the instances mentioned by theauthor of thepaper. 
It was said the consumption was 23 1b. of fuel per in- 
dicated horse-power perhour. (It was here explained 
that this was the guarantee of the contractors for 
the motive machinery.) He would be glad to 
know what was the indicated horse-power required 
by the dressing machines per cwt. of wheat cleaned ; 
and also what was the horse-power absorbed by 
the various machines described ; for instance, the 
relative power required for the smooth and break 
rolls per sack of flour. The President here sug- 
gested that the speaker should give the meeting the 
result of his experience, which Mr. Collier was 
evidently by no means disposed to do. The speaker 
also wished to know what was the peripheral speed 
of the rolls, what was the weight of wheat per in- 
dicated horse-power given out by the motor, what 
was the average per cent. of best flour per cwt. of 
wheat ground, what was the difference in indicated 
horse-power between the stones and rollers per 
ewt. of wheat ground, and various other questions. 

Mr. C. Neate, the consulting engineer tothe Rio 
de Janeiro Flour Mills and Granary Company, the 
description of whose mill formed the basis of the 
author’s paper, said that it might be interesting to 
state that the capital of the company was 250,000I., 
and the contract for the mill and equipment was 
200,000/. all told. The machinery proper cost 
50,000/, and a good deal of money was spent in 
making ground near the river aad building out the 
iron pier at which vessels could unload and take in 
cargo. He was glad to say that the whole instal- 
lation was working most satisfactorily. They had 
endeavoured to guard against fire by using as much 
iron as possible in the construction of the buildings, 
and there were 1000 Grinnell sprinklers fitted in 
various parts of the mill, In addition to this, there 
were a couple of Merryweather fire engines. For 
his own part he was quite satisfied that the silos 
were sufficiently strong to stand any stress to which 
they might be subjected. 

Mr. Perry F. Nursey had hoped that the author 
would have made some reference to other systems. 
He had seen the dust collector referred to by the 
author, and could testify to the efficiency with 
which it worked. He referred to the silk dressing 
and cleaning machine, and caused considerable 
amusement by saying he once knew an elderly lady 
who never could understand how it operated in 
cleaning silk dresses, although he often tried to 
explain it to her. 

Mr. A. Paget said that reference had been made 
to the danger from fire, and he would be glad if 
some one who could speak with the authority of 
experience would say whether the explosions in 
flour mills sometimes recorded were the result of 
spontaneous combustion. The speaker was of 
opinion that the explosions could not arise spon- 
taneously, although their origin was often enveloped 
in great mystery. He thought, however, that if all 
the facts could be known, it would be found that 
there was generally some extraneous cause, such as 
a flash of lightning, a spark from the iron nails ina 
boot, or a trodden on match. 

Mr. Thelwall gave some particulars of the 
arrangement of the mill referred to in the paper. 
The foundations had to be carried very deep owing 
to the swampy nature of the ground, and the walls 
were erected on an iron framework. These frames 
served as a scaffold for the erection of the brickwork. 
The silos shown were not yet constructed, and the 


drawings were somewhat in advance of the work. 
The silos were to be made of wood, and advantage 
was taken in designing them of some very elaborate 
experiments made by Mr. Isaac Roberts, of Liver- 
pool, by which it was shown that the pressure of 
wheat in a receptacle was 50 1b. per square foot, 
irrespective of the diameter of the silo within 
reasonable proportions, The height of the bins 
experimented upon in that case was 50 ft. or 60 ft., 
but that was not a ruling factor. 

Mr. Seth Taylor, speaking as a miller, wished to 
express his thanks in that room to those engineers 
Messrs. Carter, Robinson, Simon, and others, who 
had enabled the British millers to hold their own at 
a time when the trade seemed likely to be swamped 
by foreign competition. It was by the improved 
machinery of the roller mills that this was effected. 
The general principles of roller milling were the 
same, and the different systems in vogue were 
different only in detail. The chief canon was to 
break the grain a little at a time in a number of 
operations, passing it again and again through 
the rolls, and separating the constituents of the 
berry as gradually as possible. The break rolls were 
for cracking the grain, and in this operation a small 
quantity of flour was necessarily produced, but the 
aim of the miller was to keep the percentage 
as low as ible. The semolina which was ex- 
tracted was the part from which the best flour was 
made, and this was afterwards reduced in the second 
series of rolls. His experience was that the power 
required for the new system by rollers was equal to 
that formerly necessary with stones. He found the 
same engines he formerly used were required to 
turn out a similar quantity of flour since he had put 
in roller machinery. Mr. Simon, he knew, would 
say that less power was required with the new system, 
and that might be the case where soft wheat was 
used, and the stones run originally, had been 
actuated by inferior machinery,’ upon which im- 
provement was easily made. With regard to the 
automatic system, that was not in use in Hungary. 
He had been surprised, when in-that country, to see 
the number of men, women, and children running 
about with different shaped utensils by which they 
separated the different grades. He thought that, 
roughly speaking, about twenty times might be 
taken as the average number which a hard wheat 
was passed through the rolls. 

Mr. Ferguson, of Twickenham, said he appeared 
asa champion of the old system of grinding flour 
by stones. His experience was that the stones 
would do better work if they were given the same 
chances, but the fact was that when roller mills 
were introduced they were always accompanied by 
a number of other advanced appliances, and the 
advantages due to them were all set down to the 
roller mills. He considered the stone-produced 
flour to be of a superior quality to that of the 
rollers. He referred to the difficulties millers had 
to contend with, and these often arose from inferior 
machinery. The English machines were well made, 
but there was a great deal of American and German 
work offered with the inducement of lower price, 
and this was of such an inferior description as to 
cause much trouble and loss of money and reputa- 
tion to the users. He thought that the stone- 
grinding millers had been so impressed by what the 
engineers and inventors had told them that they 
had lost heart and concluded their case was hope- 
less, but he was of opinion that if they would not 
abandon the struggle they would still make head- 
way and share in the very large profits of the big 
roller millers. 

Mr. Ashby, of Croydon, said, that with regard 
to the origin of explosions in mills he knew of a case 
in which a miller kept a gas jet constantly burning 
inside the dust collector, the place of all others 
where one would expect an explosion. It was to 
be presumed that there was a certain state of the 
atmosphere favourable to explosion. He considered 
the centrifugal dresser has shown a great improve- 
ment. By a suitable speed graduated to the cloth 
covering and the material operated upon they could 
get a perfect assortment of even-graded flour ; and 
this with the expenditure of less power. As to 
the merits of the automatic system, it was to some 
extent a matter of the value of labour. In England 
it is dear, in the south of Europe cheap. They would, 
however, get better flour by the system of personal 
selection of the semolina. As to motive power he 
calculated that six horse-power would convert one 
sack of wheat (280 lb.) into flour per twenty-four 
hours. This was good practice and nine Sony 





power was not infrequent. In roller milling there 





were three leading separations. The first consisted 
of passing the berry about six times through break 
rolls to get rid of the husk. The less flour pro- 
duced during this period the better. All the pro- 
ducts not finished at that point were taken away 
and passed through the smooth rollers which were 
used in the reduction of the semolina, and the 
purifiers were also brought into use. The great 
difference to the old system consisted in breaking 
down the berry étep by step and eliminating the 
refuse parts or offal as the process was in progress. 

Mr. Adamson remarked that in 1881 Carmichael’s 
mill was fitted with roller milling machinery by 
Messrs. J. Rowan and Sons. This was the first roller 
mill, neither Messrs. Simon and Carter having then 
fitted up any such machinery, although they both 
attended to note the effect when a trial was made. 

Mr. Stringer, who represented Mr. Simon in 
the absence of the latter, said, with regard to the 
silos or bins, that in Liverpool there were silos 
8 ft. in diameter and only one brick thick. If silos 
were flanked and lapped 3} in. of wood was suffi- 
cient and ties were not necessary. The danger from 
lateral pressure was generally over estimated. The 
speaker was understood to say that after the wheat 
was piled to twice the diameter of the mass it 
ceased to increase the lateral pressure. The wheat 
acts as a solid column and presses on the bottom. 
In spite of what Mr. Seth faylor said, the horse- 
power required for roller milling was half that 
necessary with stones. The wheat Mr. Taylor 
used was that which required the greatest amount 
of power in reduction. With soft wheat the rollers 
take one-third the power that would be required 
with stones. The question of power was gone into 
by Mr. Simon in a paper he had previously read, 
and which was referred to in the paper then before 
the meeting. The speaker referred to the ques- 
tion of automatic working, and said the Hungarians 
were able to be content with a smaller proportion of 
the highest class flour, and indeed they could not 
help themselves with the hand method of working. 
In answer to Mr. Schénheyder, no very special 
regularity in running was imperative in the rolls, 
but the sieve machines and elevators must be con- 
stantin speed. The latter were adjustable, however, 
so as to take various speeds of running within certain 
limits. The break rolls ran at 350 revolutions per 
minute, and the smooth rolls 180 revolutions per 
minute. They were both 10 in. in diameter. 

The President in summing up the discussion illus- 
trated, by means of a diagram on the blackboard, 
the effect on the grain in bins, and the direction of 
pressures exerted. He was of opinion that ex- 
plosions were not caused spontaneously. He was 
glad that the question of sacrificing food properties 
to colour had been raised. It was possibly the 
case that too much was taken from the wheat in very 
fine white flours. He did not refer to the husk, as 
that had silicious matter which had an irritating 
effect, but to the sharps. 

The discussion then closed, and the members 
separated after the usual votes of thanks. 





In concluding our report of the recent meeting 
we may state that as a result of the elections the 
executive of the Institution is now constituted as 
follows : Officers newly elected — President : 
Charles Cochrane, Stourbridge. Vice-presidents : 
William Anderson, London; Sir James N. Douglass, 
F.R.S., London; Arthur Paget, Loughborough. 
Members of Council: Benjamin A. Dobson, Bolton ; 
John G. Mair, London ; Henry D. Marshall, Gains- 
borough ; Edward B. Marten, Stourbridge ; Benja- 
min Walker, Leeds ; J. Hartley Wicksteed, Leeds ; 
Thomas W. Worsdell, Gateshead. Remaining in 
office — Past-presidents: Right Hon. Lord Arm- 
strong, C.B., Newcastle ; Sir Lowthian Bell, Bart., 
F.R.S., Northallerton; Sir Frederick Bramwell, 
Bart., F.R.S., London ; Edward H. Carbutt, Lon- 
don ; Thomas Hawksley, F.R.S., London; Jeremiah 
Head, Middlesbrough ; John Ramsbottom, Alderley 
Edge; John Robinson, Glasgow; Percy G. B. 
Westmacott, Newcastle. Vice-presidents : Daniel 
Adamson, Manchester; Richard Peacock, M.P., 
Manchester ; Joseph Tomlinson, London. Mem- 
bers of Council: Sir Douglas Galton, K.0.B., Lon- 
don; Samuel W. Johnson, Derby; Alexander 
B. W. Kennedy, F.R,S., London ; William Laird, 
Birkenhead ; Edward P. Martin, Dowlais; Sir 
James Ramsden, Barrow-in-Furness ; E. Windsor 
Richards, Low Moor ; T. Hurry Riches, Cardiff. 

It was announced in the course of the sittings 
that the Paris meeting would commence on June 25 





and last for four days. 
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LIVERPOOL (VYRNWY) WATER 
WORKS. 
(Concluded from page 127.) 

THE aqueduct from the Vyrnwy lake to Liverpool 
is the longest yet constructed. From the straining 
tower to the Prescot reservoirs, outside Liverpool, 
the distance is 68 miles, and from there to the Town 
Hall, Liverpool, is an additional 9 miles, in all 
77 miles. This length exceeds by many miles any 
of the aqueducts of the Greeks or Romans, famous 
in history. From the lowest available point in Lake 
Vyrnwy to the top water level in the Prescot re- 
servoirs, the fall is 496 ft., giving an average 
fall, or hydraulic gradient, of about 74 ft. per 
mile. Closed pipes, tunnels, or culverts have 
been used throughout the whole distance, but in 
order that the strain should not accumulate, the 
gradient has been divided into six sections; 
at the end of each the water is allowed to flow 
into open tanks or reservoirs in order to sub-divide 
the head. Throughout its whole length the aque- 
duct has been constructed at each point according 
to the special considerations governing that par- 
ticular point. For instance, where high hills inter- 
vened they were sometimes contoured, or, if tunnels 
were more efficient and economical, they were 
bored ; if the material in the hill was water-tight 
rock the tunnels were not lined, if of unsound 
rock or earth, linings were resorted to; when the 
pipes of the aqueduct were carried down valleys, 
much below the gradient, and the head of water 
was greater, the thickness of the metal was in- 
creased ; wherever crossing high hills the water lost 
head, the pipes were made of lighter metal, the 
strain being less. The diameter of the pipes was 
varied according to the hydraulic gradient, which 
is not uniform in each section of the aqueduct. In 
the bends of pipes on the tops of all elevations 
where air might accumulate, automatic valves, 
opening to air and closing to water, are placed; 
again, valves are placed in the pipes in the bottoms 
of all valleys crossed to allow of the pipe line being 
cleaned. The material of the pipes is generally 
cast iron, varying from 39 in. to 42$ in. in + stim 
and from 1 in, to 2 in. in thickness, and in certain 
localities where extra strength is necessary, steel is 
employed. The greatest internal pressure on the 
pipes is due to about 500 ft. of head. 

The first tunnel—the Hirnant—(see longitudinal 
section on opposite page) on the line of the aque- 
duct begins about half a mile from the straining 
tower, and is 24 mileslong. This work was mainly 
driven through hard rock, so compact as not to re- 
quire lining. An improved form of Ingersoll rock 
drill worked by compressed air was used to bore the 
rock. Thetunnel was worked from both ends, and 
when the workmen met, the centres were found to 
coincide accurately. ‘The size of the tunnel is 
everywhere such that it will contain a circle of 7 ft. 
in diameter. The total time taken to drive it was 
930 working days, with three shifts in the twenty- 
four hours. The two ends pass through earth and 
soft rock, and the tunnel is lined for about 660 
yards in the total length with brickwork set in 
Portland cement, From the Hirnant tunnel to 
about 9% miles the aqueduct is unbroken. Then the 
Park-Uchaf balancing reservoir is reached. This 
reservoir is constructed to hold 2,000,000 gallons ; 
it is built, on a shale foundation, of cement con- 
crete faced with blue brick set incement. At about 
152 miles the Cynynion tunnel is met with; it is 
in length about 70 chains; the rock cut through 
was mountain limestone and coal measure sand- 
stone. Immediately after leaving this tunnel the 
pipes of the aqueduct take a sharp drop down a 
steep narrow gorge about 90 ft. deep and 9 chains 
across, when the hillside is again entered and bored 
through for a length of about a mile; this is the 
Llanforda tunnel, which is similar in character and 
construction to the Cynynion tunnel on the opposite 
side of the gorge. They are both like the Hirnant 
7 ft. in diameter, and whenever necessary lined 
with brickwork in cement mortar. The Llanforda 
tunnel discharges immediately into the Oswestry 
reservoir, near 18 miles. This reservoir is in a 
natural depression, dammed across by an earth dam 
1550 ft. long, with a puddle trench through the 
centre to a maximum depth of 54 ft. Its capacity 
is 46,112,000 gallons, just alittle more than one 
day’s yield of Lake Vyrnwy. The mouth of the 
Llanforda tunnel, just before discharging into the 
Oswestry reservoir, opens into a larger tunnel, 
some 15 ft. in diameter, which forms the discharg- 
ing mouth; this larger tunnel is built of red 


pressed bricks laid in cement. It would be difficult 
to imagine more perfect work ; the bricks are laid 
so truly and the joints are so regular as to give the 
appearance of a painted face with the joints drawn 
on by a machine ruler. This particular brick- 
work, though especially mentioned, is by no means 
singular as regards excellence of workmanship 
when compared with all other portions of this 
water works ; it is all of one sample, and executed 
in a manner that engineers and contractors could 
all follow with advantage. Three-quarters of a 
mile below the Oswestry reservoir, arranged in 
terraces, one below the other, are the sand filter 
beds through which all the water has to pass 
before being sent further along the aqueduct 
for the supply of Liverpool and its district, and 


effected with three rivetted steel tubes of 32 in. 
, inside diameter attached together, floated into posi- 
tion, and sunk into a trench dredged across the river, 
| the trench being afterwards filled in with cement 
concrete. Near 58} miles the last balancing reser- 
voir on the aqueduct is placed. At this point the 
surface of the ground is over 100 ft. below the 
| gradient, therefore a tower had to be constructed, 
| upon the top of which a tank will be placed—-this 
is the Norton Tower. As may be seen by the an- 
| nexed engraving, it is a very handsome structure of 
| Roman Doric design ; its height to the top of the 
tank is 113 ft., its diameter at the base is 95 ft.; it 
is built of the new red sandstone of the district. 
The tank is supported without girders or columns, 
the cast-iron bed-plates rest upon the circular cor- 
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such places within 20 miles of the aqueduct, as 
may agree with the Corporation to take water. 
There are three filter beds already made, and the 
foundations are laid for a fourth, and below the 
filters again a clear-water reservoir and water 
gauges are built. The capacity of the reservoir is 
2,812,500 gallons; and, like the filter beds, it is 
adapted only for the first instalment of water of 
13,000,000 gallons daily. The material of these 
filters and reservoir is blue brickwork set in Portland 
cement. Between Oswestry and the Malpas tank, 
near 364 miles, two railways and several streams are 
passed under. The Malpas tank is built of red 
pressed bricks, and will contain 272,000 gallons. 
When the forty-million-gallon scheme is completed 
a reservoir will here be built to contain 6,500,000 
gallons, and the present tank will be adapted as 
a valve chamber to it. At Cotebrook, near 48 
miles, there is another balancing reservoir ; between 
Malpas and Cotebrook is the only section of the 
aqueduct built entirely of cast-iron pipes. The 
Cheshire Lines Railway is passed under, near 





51? miles, and at 553 miles the Weaver Navigation 
is crossed, The crossing of this navigation will be 
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THE NORTON WATER TOWER, 


nice of the masonry, and upon the bed-plates is a 
hard steel expansion joint supporting a hoop of 
rivetted steel plates of the same diameter as the 
tower, designed to resist compression towards its 
centre. The reservoir, with cast-iron sides to deepen 
it, will hold 651,000 gallons of water ; the basin 
portion is constructed entirely of mild steel plates, 
in the form of a segment of a circle. The principle 
is therefore that of an inverted dome under tension, 
as no internal supports are required ; the result is 
not only highly efficient but very economical. F'rom 
this tower to the Prescot reservoirs, the remainder 
of the aqueduct proper is a length of 9 miles 20 
chains, and in the distance are two of the most im- 

rtant crossings on the whole length : that of the 
Pabesc hms: Ship Canal and of the River Mersey. 
The canal is not yet excavated to its full size, where 
crossed by the aqueduct, but when finished the 
pipes will be laid in a subway under it. The 
crossing of the Mersey is a much more formidable 
work. The aqueduct will, at this point, be subject 
to a head of pressure of 430 ft. It is now being 
constructed by a tunnel driven through the boulder 
clay which underlies the river at the crossing, and 
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‘ini iit y- Se Che positions of the centres of all the pressures 
FLOOD WATER LEVEL 


acting upon the dam are shown by arrows. The centre of Lhe’ 
== Petia! _ resultant pressure is at a distance of 60-8! Feet From 0, or 

one- sixtieth of the width of the base From its centre,& the mag- 
nitude & direction of that resultant is properly represented 
by the line PR The magnitude is 7Il-14 tons, & the direction 
is inclined 16° 39’ From the vertical. 
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The filter beds, and clear water reservoir, gauges, 
&c. at Oswestry, also cost of land for present filtering 
works, amounted to 57,0971. 


at a depth below high-water springs of about 100ft. | aqueduct then rises gradually from the Mersey 
The tunnel will be lined with cast iron, and its’ tunnel, near 60} miles, to the Prescot reservoirs at 








general dimensions will be as follows : | oe miles. ? 

; ft. in, | The Table on the next page gives particulars of hoe so ney tae Spe gag for the whole under- 
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THE LIVERPOOL 
PARTICULARS OF WORKS UPON THE V 


WATER WORKS. 
YRNWY Reservoir. (See Page 152.) 





NATURE OF Work. 


Probable 

















WORKS CONNECTED WITH THE FoRMATION OF LAKE 
Vyrnwy. 
Vyrnwy Masonry Dam with Viaduct : 
Borings, trial shafts, river diversions, and other preli- 
minary expenditure = os ® a se 
Excavating for foundations and refilling | Excavation. 
at front and back of wall... . ‘ filling ... 
Puddle wall, including excavation and carriage of 
puddle na be =e as me sae iss 
Masonry and brickwork in Portland cement mortar... 
Regulating apparatus, including valves in two dis- 
charge tunnels through dam __... ~ ses - 
Statutory compensation and flood gauging apparatus and 
gauge house (exclusive of regulating apparatus ia 
am) ... soe “s ae oT oe one =a 
Receiving basin, regulation of river, formation of spoil 
heaps and other works below the dam ‘ie on 
Statutory roads around lake, including storm culverts, 
fencing and planting : are bee ae oe 
Bridges on statutory roads 
Pitching slopes* ... 65 ss 3a aes ink ~ 
‘ew cemetery, and removal of remains from parish 
church thereto = ma ia ae a 
New church and vicarage... ... aaa — — 
New school and teacher’s home, including furniture 
Superintendents’ houses 5c Be “2 e 


Total sis 
Deduct value of plant on completion of works 


Total 


~ * Forther pitching will be 


ARMINGTON AND SIMS’ ENGINES. 

ON page 160 we illustrate two forms of the Arming- 
ton and Sims’ engine, which is so favourably known 
in America, The upper view shows a pair of engines 
driving a Brush dynamo through spur gearing. The 
engraving has been prepared from a photograph 
of a plant furnished to the United States cruiser 
Boston. The valves of both cylinders are operated 
from one eccentric, which is under the control of the 
governor. The second engine is of the compound- 
condensing type, and is one of five of 100 horse-power 
each, built for the machine shops of the Ordnance 
Department of the Navy Yard, Washington. It is 
fitted with two flywheels, each having four grooves 
for ropes. 





THE ENGINES AND BOILERS OF THE 
8.8. ‘ALFONSO XII.” 

On our two-page plate we publish engravings show- 
ing the general arrangement of the engines and boilers, 
and detailed views of the boilers of the s.s. Alfonso 
XII., a steamer built and engined by Messrs. Wig- 
ham, Richardson, and Co., of Newcastle-upon-Tyne. 
In a subsequent issue we shall give further illustrations 
of the vessel, with a detailed description. In the 
mean time, the following dimensions will be of in- 
terest: Length of vessel, 426 ft. ; beam, 47 ft. 6 in. ; 
depth (moulded), 36 ft.; gross register, 5060 tons. 
The triple-compound engines have cylinders measuring 
34in,, 55in., and 90 in. in diameter by 5ft. stroke. The 
vessel has been built for the Campania Transatlantica, 
of Barcelona. 





CANAL AND RIVER WORKS IN FRANCE, 
BELGIUM, AND GERMANY. 

. At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 12, the President, 
Sir George B. Bruce, being in the chair, a paper was read 
on **Some Canal, River, and other Works. in France, 
Belgium, and Germany,” by Mr. L. F. Vernon-Har- 
court, M.A., M. Inst. C.E. A journey to Frankfort-on- 
the-Main, in August, 1888, to attend the third Inter- 
national Inland Navigation Congress, gave the author an 
opportunity of visiting several works on the Continent, 
which were described in the paper. 

_ Hydraulic Canal Lifts.—The two large hydraulic canal 
lifts, recently erected at Fontinettes, on the Neuffossé 
Canal, in France, and at La Louvitre, on the new Central 
Canal, in Belgium, were visited. They both consisted of 
two counte-balancing troughs, resting on central hydraulic 
rams, 6 ft. 6} in. in diameter, and moved by an excess of 
water introduced into the upper trough, and by hydraulic 
machinery supplying water to the presses under the 
rams to aid the ascent. The troughs at Fontinettes were 
each 129 ft. 7 in. long, 18 ft. 44 in. broad, and contained 
6 ft. 62 in. depth of water, so as to be available for vessels 
of 250 tons. The troughs at La Louvitre were 141 ft. 
long, 19 ft. wide, and held water to a depth of 103 ft., 
weing Sesigned to admit vessels of 400 tons, The total 
weight lifted was 785 tons at Fontinettes and 1037 tons 
at La Louvitre; whilst the heights of the lifts were 
43 ft. and 504 ft. respectively. The lifts were designed 
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a work of maintenance. 











| by Messrs, Clark, Standfield, and Clark, Mr. Lyonel 
|Clark being the resident engineer. They resembled 
| the Anderton lift in principle (though on a considerably 
| larger scale), except that the troughs descended into a 
dry pit, which rendered the counterbalance more perfect, 
| but necessitated a pair of lift-gates at the lower end of 
| each trough, as well as at theupperend. The Fontinettes 
lift, opened in 1887, supplemented a flight of five locks, 
which had become inadequate for the large increasing 
traffic between the North Sea ports and Paris. The 
Louvitre lift was the only lift hitherto constructed, out of 
a series of four lifts, designed to surmount a difference of 
level of 217 ft. in the last five miles of the Central Canal 
of Belgium, in course of construction, for connecting the 
waterways near Mons, and consequently of Northern 
pr mg with the waterways of Brussels, Charleroi, and 
iége. ‘ 
Weirs on the Meuse.—All the weirs on the Meuse below 
Namur were needle weirs, with the Kummer arrangement 
for releasing the needles, and supplemented with long 
overfall weirs, parallel to the stream, to adjust variations 
in level of the river, and to prevent the submergence of 
the footbridge of the needle weir, by a sudden flood, be- 
fore the weir-keeper could release the needles, The weirs 
above Namur consisted of needle weirs across the navi- 
gable pass, and shutter weirs across the shallower passes, 
which served, with the aid of large butterfly valves in the 
panels of the shutters, to regulate the discharge. 
Gileppe Reservoir Dam.--This dam, completed in 1875, 
across & narrow gorge of the valley of the River Gileppe, 
retained a head of water of 147% ft., and formed a reservoir 
1974 acres in area, and containing about 16,000,000 cubic 
yards of water, for supplying the cloth manufactories of 
Verviers. It was only a few feet less high than the Furens 
dam, in France, and the Villar dam, in Spain, but con- 
siderably wider at the top and base than those dams. The 
dam was carried into the solid ruck at the base and sides, 
and the supply conduits passed through the rock, on each 
side, about 250 ft. beyond the ends of the dam. 
River Main between Frankfort and Muinz.—The River 
Main had been made accessible for the Rhine traffic, up 
to Frankfort, by the construction of five locks and weirs, 
raising the minimum navigable depth to 64 ft. These 
locks, with lifts of from 5 ft. 11 in. to 8 ft. 10 in., had an 
available length of 246 ft., a width of 344 ft., and a depth 
| of 8 ft. 24 in. of water on their sills, to allow for a possible 
| future deepening of the river; and vessels of 1000 tons 
could get up to Frankfort. A needle weir was placed 
| across the river, from the lock on the left bank to the 
| timber pass on the right bank; and one portion of this 

weir, with its sill 10 ft. 2 in. below the ordinary water 
| level above the weir, served as a navigable pass in flood 
| time. The timber pass, 394 ft. wide at the bottom, was 
| closed by the upper paddle of a drum weir, 5ft. 7 in. high. 
| This drum woir, forming an extension of the system 
| established on the River Marne, could be readily opened 

for the passage of rafts of timber, and closed against the 

rapid rush through the weir as soon as the raft had 
; and it also served, when required, to regulate the 
| discharge of the river. The works were carried out by 
| the State, at a cost of 275,000/., and were completed in 
| 1886, and no tolls were levied on ths river navigation. 

Port of Frankfort.—The Port of Frankfort consisted 
formerly of quays along both banks of the Main, through 
thetown It was enlarged by the completion, in 1887, of 
a haven near the first weir below Frankfort, formed by 





1ight bank, and inclosing a basin, 1840 ft. long and 246 ft. 
wide, left quite open at the lower end, to serve as a refuge 
for vessels against floods and floating ice. Quays surround- 
ing the basin, and provided with sidings, together with a 
warehouse and sheds, on the right bank, duly equipped, 
furnished facilities for trade. A quay also, below the 
town, 1160 yards in length, provided with sidings and 
other appliances, was added to the port in 18838, and 
devoted mainly to heavy goods. These works, together 
with other recent extensions of quays, cost the town about 
350,000/. The haven and quays, and also the sewering of 
the town, and the sewage disposal works below the town, 
on the left bank of the Main, completed in 1886, were de- 
signed and carried out by Mr. W. H. Lindley, M. Inst. 
C.E. The improvement of the river, and the develop- 
ment of the port, had resulted in an increase of the im- 
ports to Frankfort from 11,000 tons in 1883, to 250,000 tons 
in 1887, and over 400,000 tons in 1888; and an increase in 
the exports from Frankfort of from 1900 tons in 1885, to 
7100 tons in 1886, and 46,600 tons in 1887, 

A brief description was also given of the large new 
terminal railway station, opened at Frankfcrt in August, 
1888, receiving eighteen lines of way, covered with a 
glazed arched roof in three spans, and lighted by electric 
arc and glow lamps. 

Rhine Ports of Gustavsburg, Mainz, and Mannheim.— 
An attempt was being made by the railway company 
owning the port of Gustavsburg, at the confluence of the 
Rhine and the Main, to prevent the diversion of the traffic 
to Frankfort from the railway to the River Main, by 
enlarging the port and improving its facilities for traftic. 
New basins had been formed; the quays had been pro- 
vided with ample siding; and sheds, cranes, and other 
appliances had been established, to attract trade. 

The Port of Mainz, alittle lower down than Gustavs- 
burg, on the opposite side of the Rhine, had been im- 
proved by the extension of the river quays, the formation 
of a basin, surrounded by sidings and provided with ware- 
houses, and the construction of a haven, at a total cost of 
445,000. The Rhine also, a little below Mainz, was 
being regulated by training works, commenced in 1886, to 
improve the depth of the navigable channel in some 
shallow places, 

The Port of Mannheim was the southern limit of the 
large navigation up the Rhine, just as Frankfort was the 
terminus of this navigation towards the east. It was 
most favourably situated at the confluence of the Rhine 
and the Neckar, so that a large extent of very accessible 
water frontage was obtainable along both rivers, which 
had been improved by an alteration of the course of 
the Rhine, by cutting off a sharp bend, and forming a 
trained extension of the Neckar, to join the straightened 
channel of the Rhine. Basins and quays, in the trian- 
gular space between the two rivers and the town, in- 
creased the accommodation of the port, and, together with 
the old channel of the Rhine, afforded refuges for 
vessels from floods and ice. The quays of the basins and 
river banks were well supplied with sidings, warehouses, 
sheds, and mechanical appliances ; and the total length of 
wharves and quays in the port was 44 miles. The traffic 
of the Port of Mannheim had increased, from 252,000 
tons in 1856, to 583,000 tons in 1876, and to 1,796,000 tons 
in 1886; and the combined trade of Mannheim and Lud- 
wigshafen, on the opposite bank, amounting to 2,443,000 
tons in 1886, nearly equalled that of Ruhrort, and would 
soon exceed the trade of all the other Rhine ports. The 
rapid growth of the river traffic at Frankfort and Mann- 
heim showed the great advantages of extending deep- 
water communication inland, and the important position 
held by ports at the terminus of large navigations. 





NOTES FROM THE SOUTH-WEST. 


South Welsh Coal and Iron.—The shipments of coal from 
Cardiff, Newport, Swansea, and Llanelly to foreign ports 
in January amounted to 1,065,369 tons; the shipments 
coastwise from the four ports during the month were 
258,287 tons. The shipments of coal from Cardiff figured 
in these totals for the following amounts: Foreign, 
802,265 tons; coastwise, 105,793 tons. The shipments of 
iron and steel from Cardiff, Newport, Swansea, and 
Lianelly in January were 18,581 tons; those of coke, 5827 
tons; and those of patent fuel, 56,817 tons. 


The Telephone in the West.—At the close of 1888, the 
Western Counties and South Wales Telephone Company, 
Limited, had 2400 subscribers, and trunk lines in operation 
to the extent of 266 miles of route, and 1355 miles of wire. 
The company has also lines in course of construction 
covering 155 miles of route, and 279 miles of wire. Other 
lines proposed will connect South Wales as far as Milford 
with the South Coast, London, and the North. During 
the past year, the total number of calls through the ex- 
change and on the trunk lines of the company was 
1,937,000 ; and as each call necessitates a reply, the total 
number of communications over the company’s lines 
during 1888 was 3,874,000. 


Wages in Wales.—A mass meeting of the workmen of 
the seven pits of the Ocean Colliery Company was held on 
Monday, at Pentre. Notice to terminate the sliding 
scale arrangement having expired, it was formally re- 
solved to dissolve the Ocean Sliding Scale Committee. The 
money in hand was divided proportionately among the 
management funds of the various pits. he meeting 
decided to ask for an advance in wages of 10 per cent. 

ker’s Yard.—The Rhymney Railway Company is 
Pe a new siding into the Cefn Glas ‘and Buarth 
Glas estates, above Quaker’s Yard station, the property of 
Mr. J. L. Jenkins, of Mount Pleasant, near Lisvane, and 
others. The proprietors of the new colliery are Messrs. 
John Brothers, of Eagle’s Bush Grove, Neath, who intend 
sinking soon to the noted coking vein call Dan-y-Dery. 





| an embankment extending into the river, parallel to the 
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The area is 350 acres. and the lower measures are let to 
essrs. Harris and Co., Navigation Colliery. 


Plymouth Tramways.—The Plymouth Town Council has 
held a special meeting to consider a report of the Works 
Committee on proposed new tramways. An amendment 
was moved restricting the tramway company to horse- 
power; but only the proposer and seconder voted for it, 
and the report of the committee was adopted. 


Villiers Tin-Plate Works.—On Saturday, the Victoria 
tin-plate works of the Villiers Tin-Plate Company were 
started by Miss Struvé. The works have on the east the 
Briton Ferry Dock, and on the west the River Neath. 
Vessels of 1000 tons can come alongside, and the railway 
facilities are all that can be wished for. The engines 
were built by Messrs. D. Adamson and Co., Dukinfield, 
and are of the coupled compound condensing type, having 
cylinders placed side by side. and arranged to drive 
direct upon the mill spindle. The shaft cranks and pins 
are one solid forging, the cranks being at right angles to 
each other. 


New Works on the Great Western Railway.—Additional 
works which have been for some time in progress at Bristol, 
for the accommodation of goods traffic, are nearly com- 
pleted, and a commencement has been made with the 
construction of a relief line at that town. It has been 
determined to proceed with the doubling of the section of 
the Bristol and South Wales Union line between Law- 
rence Hill and Stapleton-road, which was deferred when 
the main portion of the work was carried out. The 
Kemble and Tetbury branch is approaching completion, 
as are the works at Cardiff for affording greater facilities 
for the conduct of goods traffic. To provide for increased 
coal traffic at Swansea, arrangements have been made for 
the construction of further sidings at that place, and the 
erection of an additional tip at the Prince of Wales’ Dock. 
Increased accommodation is being provided at the 
Windsor Station, both for passenger and goods traffic, 
and a new goods shed and additional sidings are in 
course of construction at the Basingstoke station. Steps 
are being taken for letting a contract for the extension of 
the Carmarthen and Cardigan line to Newcastle Evelyn, 
a distance of about seven miles. The Boscarne Extension 
has been opened for traffic. and a through service of trains 
is now in operation between the Bodmin-road station and 
Wadebridge. Theconversion of the Stratford and More- 
ton tramway, between Moreton-in-the-Marsh and Ship- 
ton-on-Stour, into a steam tramway, has been completed, 
and the line awaits inspection by the Board of Trade. 


The Electric Light at Taunton.—The second annual 
meeting of the Taunton Electric Lighting Company 
(Limited) was held at Taunton on Monday, under the 
presidency of Mr. W. H. Fowler. The directors recom- 
mended a dividend at the rate of 6 per cent. per annum, 
In addition to its Taunton business, the company has 
carried out temporary installations in Bristol, Bath, and 
Exeter. Deputations from various places have visited 
Taunton during the past year for the purpose of inspect- 
ing the company’s works and the lighting arrangements 
of the town. The machinery has been maintained in ex- 
cellent working order. 


Cardif.—The demand for steam coal has continued 
good at firm prices. House coal has sold freely, with an 
upward tendency in prices. The demand for both foundry 
and furnace coke has been well maintained. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was acontinuation of 
the quietness in the pig-iron market on Thursday, there 
being a disposition on the part of buyers to hold back for 
the issue of the Board of Trade returns as to iron exports 
for the month of January. Rumours of an increase in 
the production were current, but they varied. Scotch 
iron receded in price pd. per ton at each meeting cf the 
“ring,” while Cleveland iron closed 14d. per ton, and 
hematite iron 1d. per ton lower than on Wednesday. 
When business was resumed on Friday there was a more 
buoyant feeling, which was partly due to the favourable 
Board of Trade returns of pig-iron shipments. The price 
of Scotch iron advanced 2d. per ton during the forenoon, 
but one-half of that was subsequently lost. Sellers 
of Cleveland iron sought an advance of 2d. per ton in the 
forenoon, but no business was done, and at the close they 
came down ld. in their demands. For hematite iron there 
was an active demand, and atthe close an advance of 2d. 
per ton had been made in the price. The closing settlement 
prices were—Scotch iron, 41s. 6d. per ton; Cleveland, 
34s. 14d.; hematite iron, 44s. 74d. perton. There was quite a 
lively feeling in the iron market on Monday, the general 
trade exports showing up well, and there being again a 
slight reduction in stocks and a smaller make of ordinary 
iron. There were also rumours of a wages dispute in the 
Cumberland coal districts, which it was feared might 
affect the production of iron there. 
Scotch iron advanced in price 34d. per ton, and 3d. more 
in the afternoon. The price of Cleveland iron was run up 
8d. per ton in the course of the day, and that of hematite 
iron advanced 5d. per ton. At the close the settlement 
prices were—Scotch iron, 42s. per ton (a price not touched 
since the opening transaction of the P cag! d Cleveland, 
34s. 9d. ; hematite iron, 45s. per ton. The dealing during 
the day was mainly on outside account. All the makers 
of special brands were firm in their quotations, and 
several brands (including Glengarnock, Carnbrae, and 
Dalmellington) were advanced 1s. per ton in the course of 
the afternoon. The market was very strong yesterday 
morning, the price of Scotch iron at one time touchin 
42s, 3d. per ton cash. That price brought out sellers, wit 
the result that the early gain was lost, and the closing 


In the forenoon | 





p veg was 14d. per ton under that of the preceding 
ay. Cleveland iron was 1d. per ton dearer in the fore- 
noon, but it closed as on Monday. In the forenoon hema- 
tite iron advanced 3d. per ton, which was subsequently 
lost, together with another penny. The closing settle- 
ment prices were—Scotch iron, 41s. 104d. per ton; 
Cleveland, 348. 9d.; hematite iron, 45s. per ton. The 
makers of several special brands advanced their quota- 
tions, Langloan No. 1 being up 1s. per ton, Gartsherrie 
and Eglinton 6d., and Coltness 1s. per ton. Scotch hema- 
tite iron, too, was in good request, and very firm in price. 
The reaction which occurred in the pig-iron market 
yesterday afternoon continued to-day, and prices were 
somewhat lower in the forenoon market, at which a fair 
business is said to have taken place. Down to 41s. 9d. 
per ton cash was accepted for Scotch iron, 34s. 8d. for 
Cleveland, and 44s. 10d. for hematite iron, but at the close 
in the afternoon better prices were quoted. The Carron 
Company announce that they have made an advance of 
ls. per ton on both grades of their pig iron. No. 1 
selected is now quoted at 51s. 6d. per ton and No. 3 at 
46s. 6d. per ton at Carron and Grangemouth, and 2s. 6d. 
r ton extra at Glasgow. Inquiries from the Continent 
or Scotch pig iron are unusually good for the season, and 
some large orders have been booked for early delivery. 
Germany is evidently using more iron than she is pro- 
ducing, and is drawing upon this country for supplies. 
Within the past few days some lotsa of Scotch iron have 
also been sold for Canada. Scotch makers say that all 
their present production is going into consumption, 
and that indeed the stocks in their yards are being eaten 
into. There is no stock of Scotch hematite iron to fall 
back upon. The number of blast furnaces in actual 
operation in Scotland is still 80, as compared with 84 at 
this time last year. Last week’s shipments of pig iron 
from all Scotch ports amounted to 4403 tons, against 6202 
tons in the corresponding week of last year. They in- 
cluded 330 tons for the United States, 170 tons for South 
America, 495 tons for Australia, 300 tons for Italy, 200 
tons for Holland, 100 tons for China and Japan, smaller 
uantities for other countries, and 2233 tons coastwise. 
he stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores stood at 1,034,271 tons yesterday afternoon, 
as compared with 1,034,307, so that there has actually been 
a decrease during the week amounting to 36 tons, 


Shipments of Machinery, d&c., from the Clyde.—The 
foreign and colonial shipments of machinery, &., from 
the Clyde reported last week included the following: 
Tea-preparing and other machinery, chiefly for India, 
Ceylon, and Barcelona, of the value of 7000/. ; sewing 
machine parts, for Oporto, Antwerp, Dunedin, and New 
York, valued at 3904/.; blooms, billets, plates, bars, 
wagon-work, and other steel manufactures, of the value of 
10,0107. ; pipes and other castings, sheets, plates, bars, 
poet and miscellaneous iron manufactures, valued at 


The Royal Scottish Society of Arts.—The sixth meeting 
of the session of this Society was held on Monday night, 
Mr. Francis Brodie Imlach, President, in the chair. A 
communication was made by Mr. Johnson Stephen, 
Blackhall, ‘‘On some New Apparatus for Demonstrating 
the Laws of Colour, with Experiments.” The scope of 
the lecture was to show that the primary colours were 
only three—viz., red, green, and violet, as defined by Dr. 
Thomas Young, Professor Helmholtz, and Professor Clerk- 
Maxwell. The lecturer exhibited an apparatus painted 
with these three primary colours geometrically laid out 
on acylinder, and he demonstrated that from these three 
colours all the tints of the rainbow could be produced. 
He held that any previous arrangement to show this had 
demanded a great number of experiments, whereas his 
plan simply demanded one. A lively discussion followed, 
in which a number of the members somewhat severely 
criticised the paper. Mr. Stephen replied, and defended 
his theories, after which the chairman thanked the 
—— for his communication, and the proceedings ter- 
minated. 


Proposed New Industry for Dundee.—An adjourned 
meeting of gentlemen interested in the manufacture of 
linoleum and floorclotb in Dundee was held yesterday, 
Lord Provost Humbert presiding. A committee ap- 
pointed at a previous meeting submitted a report, in 
which they stated that they were of opinion that it would 
be a desirable and safe investment, that the cost of build- 
ings and machinery for carrying on the manufacture of 
those two materials was estimated at about 25,000/., for 
linoleum alone at 17,000/. ; and that cork carpeting could 
be made as well as linoleum at an additional cost for 
machinery of about 10007. Acting on the recommendation 
of the committee, the meeting resolved that the necessary 
steps should be taken for the formation of a company, 
with a capital of 50,000/., and that before offering shares 
to the general public, private subscriptions be invited, 
and, if possible, secured to the extent of 15,000/, 


Proposed Extension of Engine Works at Dumbarton. — 
essrs. Denny and Co,, Dumbarton, are at present 
proposing to make important extensions of their engine 
works. The scheme aims at the acquisition of about 
24 acres of ground from the Harbour Board. It is 
expected that the extensions will shortly be commenced. 


Dundee Water Works: New Lintrathen Main.—The 
new Lintrathen main has been successfully laid along its 
whole length from Lintrathen Lock to Pitnappie reser- 
voir, but the valves at both these places yet require to be 
erected. The water waz on Tuesday of last week shut off 
at Lintrathen to enable a cofferdam to be put down at 
the sluicehouse preparatory to the erection of the valves 
there. The water was turned on on Wednesday, but the 
erection of the valves will still occupy a few days. The 
main after that has to be scoured and cleaned, and it is 





expected that the formal opening, for which a Committee 
of the Water Commissioners has been appointed to make 
arrangements, will take place about a month hence. The 
work, which was engineered by and has been carried out 
underthesuperintendenceof Mr. J. Watson, M.I.C.E., the 
water manager, will cost nearly 50,000/. The first line of 
pipe between Lintrathen and Pitnappie, laid thirteen 
years ago, and which is very much weaker than the new 
main, cost 98,0007. The new main is 27 in. in diameter. 


Contract for Water Supply Works.—The Water Com- 
missioners for the town of Falkirk and the adjoining 
parish of Larbert, including Carron, have lately taken 
tenders for carrying out an important scheme of water 
supply works. Messrs. LD. Y. Stewart and Co., pipe- 
founders, Glasgow, have secured the contract for the 
execution of the whole of the works, including the supply 
of the pipes, their tender being rather over 48,0000. 


Forth Bridge Railway Company.—The half-yearly meet- 
ing of this company was held on Tuesday last in Edinburgh, 
Lord Colville, chairman of the company, presiding. Very 
favourable reports were submitted as to the progress 
of the works. That by the engineers, Sir John Fowler 
and Mr. Benjamin Baker, was as follows: The great 
cantilevers have been built out to an average pro- 
jection of 480 ft. on each side of the main piers at 
North Queensferry, and at South Queensferry, and of 
400 ft. at Inch Garvie. During the past six months the 
work of erection has proceeded more rapidly and satis- 
factorily than in any previous half-year, and at the present 
time the total weight of steelwork erected, including the 
viaduct approach, is 43,500 tons. The last bays of the 
cantilevers are in an advanced stage of manufacture in the 
shops, and the material is being delivered for the central 
girders connecting the cantilevers, the erection of which 
will complete the bridge. There have been few accidents 
during the ~ half-year, and although severe gales were 
encountered, exceeding anything occurring since the com- 
mencement of erection, no portion of the incomplete 
structure was in the slighest respect injured or shaken. 
Railway approaches to the Bridge—North Approach. — 
About one-half of the total quantity of rock has been ex- 
cavated and carried to embankment. The tunnel at 
Inverkeithing, and the masonry of the bridges, and of the 
viaduct over the North British Railway and public road, 
are well advanced. The steelwork of thelatter viaduct 
is nearly complete. South Approach.—1100 yards of 
fencing have been erected. 30,000 cubic yards of excava- 
tion have been carried to embankment, and the masonry 
of the Rosshill Road Bridge is nearly complete. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Y esterday the iron market 
was thinly attended, but quotations were firm and a good 
deal of business was done. For prompt delivery No. 3 
Cleveland pig iron was not obtainable under 34s, 6d. per 
ton, and makers refused to book forward contracts at less 
than 35s. for this =v. The demand for all kinds of 
iron is good, and prices have an upward tendency. Pro- 
spects all round are improving, and the outlook has not been 
80 encouraging for some years. Everybody seems to take a 
sanguine view of matters, and a busy year is anticipated. 
On Monday night Messrs. Connal and Co., the warrant 
storekeepers, had in stock at Middlesbrough 247,473 tons 
of pig iron—an increase of 505 tons on last week. In 
Glasgow, Messrs. Connal now hold a stock of no less than 
1,034,487 tons. Shipments are very satisfactory, con- 
sidering the most unfavourable and stormy weather which 
has existed of late in the Northof England. The finished 
iron manufacturers have plenty of orders, and owing to 
the higher wages now paid and the greater cost of pro- 
duction prices are firm. All the establishments are full 
of work and steelmakers are particularly well occupied, 
some firms having declined to book orders in the expectation 
that prices will soon advance. Common bars are quoted 
5l. 5s.; best bars, 5/. 15s.; iron ship-plates, 5/. 10s. ; 
boiler plates, 6/. 10s. ; and ship angles, 5/. 2s. 6d., all lees 
24 per cent. discount. Steel rails are in better request, 
and higher prices are being quoted, heavy rails ranging 
from 41, 23. 6d. upwards. Steel ship-plates are 6, 15s., 
and angles 6/. 53. per ton. 

Engineering and Shipbuilding.—Engineers are very busy, 
and prices of all kinds of material are improving. Ship- 
builders are once more in full swing, the wages disputes 
having been amicably arranged and work resumed. All 
the firms in the North have orders in hand which will 
keep them constantly employed throughout this year. 
On Friday a deputation from the platers’ helpers at 
Messrs. Palmer’s shipyard, Jarrow, had an interview with 
the manager, with the result that a settlement of the 
wages question, as affecting the helpers, was arrived at. 
By this arrangement the wages of furnace helpers are ad- 
vanced to 303. 6d. per week, the wages of outside helpers 
to be advanced to a proportionate extent. A further 
advance is promised when the wages of platers are again 
advanced in July. The foregoing arrangement is to apply 
to Messrs. Palmer’s Howden yard, as well as to their 
Jarrow establishment. It is understood that at the other 
Tyneside yards advances generally approximating to a 
5 per cent. increase were given on Saturday. The helpers, 
it may be stated, have no organisation, and have there- 
fore to be dealt with separately by each firm. The helpers 
engaged on the Tees have come to an arrangement with 
their employers. 

The Coal and Coke Trades.—For all kinds of fuel there is 
a continued demand and prices are firmer. Some of the 
coke producers decline to book orders at present rates, 
and consumers have difficulties in obtaining supplies. 
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WORKING LOCOMOTIVES WITH 
PETROLEUM FUEL. 
Supplementary Paper on the Use of Petroleum Refuse as 
Fuel in Locomotive Engines.* 

By Mr. THomas Urquuart, Locomotive Superintendent, 
Grazi and Tsaritsin Railway, South-East Russia. 
(Concluded from page 133.) 

Effect of Petroleum Fuel on Boilers.—Several slight 
casualties which took place when the author's coal-burn- 
ing locomotives were first fired with petroleum refuse led 
him to imagine that in consequence of the heat being so 
intense the cost for incessant repairs would be even greater 
than with coal. For instance, nuts screwed on the lower 
ends of the roof stay bolts dropped off, owing to the very 
intense heat. In order to insure perfect safety, these 





bolts are now made with solid heads, not welded on, but 


Fig.32. 9-050 
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forged solid by upsetting the end of the bolt in forging. 
In Fig. 32 are shown the Belpaire bolts so forged with a 
solid head, as used in the author’s eight-wheeled locomo- 
tives. Five years’ experience has shown that since the 
introduction of petroleum refuse as fuel the cost of repairs 
has been considerably diminished from what it was pre- 
viously when firing with anthracite, which is particular] 
destructive to the fireboxes and tube ends. In Table V. 
and in diagram, Fig. 30 (pages 131-2 ante), is shown the 
comparative cost of engine and tender repairs per thousand 
axle-miles of trucks, wagons, or carriages (not locomotives) 
during the twelve years 1876 to 1887, forming part of 
Table VI. and Fig. 31; and it is seen that in 1882, the 
last year in which coal was used alone, the repairs cost 
4.7 shillings, while in 1887, when burning sig 4 age 
leum refuse, the cost had fallen to 2.3 shillings, being a 
reduction of 51 per cent. The petroleum flame produces 
in reality no more detrimental effect on the firebox and 
tubes than a wood flame, owing to the protection afforded 
to the more important parts by the firebrick lining. 
Moreover, petroleum refuse does not contain any sulphur, 
which is so prevalent in all coals and so injurious to the 
metal of the firebox and tubes. 

Plating-up of Firedoor.—Since the discussion of his 
former paper the author has availed himself of a sugges- 
tion then made by Mr. Joseph Tomlinson (Proceedings 
1884, page 299) that in a locomotive burning petroleum 
there need be no firing door whatever to the furnace. 
Although adequate reasons were given at the time (page 
322) why it would not then have been expedient to do 
away with the firing door, Fig. 33, yet, now that the 
petroleum refuse promises to be the fuel of the future for 
many years to come, the author has already plated be the 
firing door both inside and outside, Fig. 34, thus adding 
24 square feet of very effective heating surface to the 
firebox, and obviating all possibility of leakage at the fire- 
door ring, and making a neat job altogether. A sight- 
hole is made through a hollow stay bolt, as shown in 
Fig. 34; and a manhole in the bottom of the ashpan 
affords access to the interior of the firebox for repairs and 
inspection. 

Verderber Boiler.—With regard to the further suggestion 
made by Mr. Tomlinson and Mr. Tomkins (Proceedings 
1884, pages 299 and 314) that a more special construction 
of boiler should be employed for petroleum firing, the 
author is of opinion that it would be difficult to mature a 
better design than the present locomotive boiler for work- 
ing at high poy and giving great power in a compara- 
tively small space. By way of experiment, however, 
without discarding the old locomotive boilers, the author 
has lately adopted a construction of boiler devoid of any 
internal firebox, which was first introduced by Mr. 
Stephan Verderber in 1879 on the Hungarian State Rail- 
ways. A somewhat similar arrangement has been intro- 
duced in 1827 on the St. Etienne and Lyons Railway in 
France by Mr. Marc Seguin. 

The Verderber boiler, as shown in Figs. 35 and 36, con- 
sists of a cylindrical shell, forming the boiler proper, and 
of an external firebox or furnace lined inside with fire- 
brick ; the firebox is completely separated from the boiler 
proper, and the only way in which it contributes directly 
to the evaporation of the water is by its radiation of heat 
tothe tube-plate. The firebrick lining causes the whole 
firebox surface to partake of the advantages of the fire- 
brick arch already in general use in coal-burning locomo- 
tives. The results of trials made with two loccmotives, 
which differed only in one of them having the firebox thus 
modified, showed that there was an appreciable economy 
with the altered firebox, and that with the same combus- 
tion of coal the blast orifice must be closed more with the 
firebrick furnace, because the temperature in the furnace 
is some 630 deg. Kahr. higher, and consequently the volume 
of the gases passing through the tubes is increased nearly 
85 per cent. The sediment ordinarily settling upon the 
firebox plates here settles as rapidly upon the k ends 
of the tubes for one-third of their length ; and to facilitate 








_* Paper read before the Institution of Mechanical En- 
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its removal, some of the bottom tubes are omitted, and a 
mudhole is provided in the boiler near the firebox. 
As the water space in the Verderber boiler is considerably 
diminished by the removal of the internal firebox, it is re- 

uisite, in order to maintain the same rate of evaporation, 
that the feed should be effected continuously by an injector 
adjusted for the mean rate of evaporation, so as to prevent 
too sudden fiuctuations of water level. A lagging of 2.0in. 
thickness of slag wool outside the firebox shell keeps the 
heat in sufficiently to allow of holding the hand upon it. 
The firebrick furnace has run five months without any 
shaking, the boiler making steam as usual. When in the 
shops for repairs, the cost of altering an engine to this 
plan would be not more than 50/.; whereas to renew a 
copper firebox in a large locomotive, with its multitude 
of stays and roof bolts and rivets, costs 250/., or five times 
asmuch. The large extent of the firebrick lining, while 





preventing damage to the boiler plates, tends also to 
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boxes, the author adopted a modification of the Verderber 
furnace for two locomotives, goods and passenger, fired 
with petroleum refuse, which have now been running over 
two years. From his own observations with these two 
locomotives he would have no hesitation in using the plan 
for all his boilers, as there is much about it which in his 
opinion recommends it for firing with liquid fuel. In 

igs. 38 to to 41 is shown the furnace of the goods engine, 
and in Figs. 42 to 45 that of the passenger engine. It 
will be seen that the brick arch forming the rovf of the 
Verderber furnace is here replaced by a crown sheet 
which not only increases the water space of the boiler and 
adds some very useful heating surface, but also — to 
the author to be indispensable for the two following 
reasons: Firstly, th~re could be no guarantee that the 
brick roof of the Verderber furnace would not come down 
some time while running, and so bring the train to a 
premature stop on the line, Secondly, the crown sheet 
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insure the complete combustion of the liquid fuel, and to 
maintain a regular temperature under irregularity of acing. 
The loss of heat by radiation from the furnace is decreased, 
in consequence of the firebrick lining, and of the firedoor 
not having to be opened for firing. The increase in the 
number of tubes that can be got into the boiler, alon 

with the extra heating surface due to the lengthening o 
the whole of the tubes by 2 ft. 1}in. at the firebox end, 
more than compensates for the loss of firebox surface, 


than that of the tubes for evaporation per square foot, as 
fully demonstrated by the experiments recorded by M. 
Couche,* which are presented in a condensed form in 


Movies occasion to renew some worn-out copper fire- 
* Permanent Way, Rolling Stock, and Working of 
Railways,” by Ch. Couche, vol. iii. 
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| having water on the top of it carries the water level back 
| again to the original back plate of the firebox, where all 
the water-gauge fittings are ordinarily mounted. The 
consumption of fuel per train-mile with these firebrick 
furnaces is no more than with ordinary locomotive boilers 
| having internal fireboxes; and the author is indeed dis- 
| posed to conclude that there is a decided economy in their 
| favour on this score. In comparison with engines of the 
/same class but with ordinary fireboxes, the mean of 
several trials made with the Verderber fireboxes gave an 
| economy of 8 per cent. in passenger engines and of 4 per 
cent. in goods engines, in saving of fuel per train-mile ; 
for greater satisfaction these trials are to be continued 


| for one year in the regular trainservice. But the greatest 


| advantages of the firebrick furnaces are the reduction in 
| first cost and in cost of maintenance, and the shorter time 
the engines have to stand in the repairing shop, inasmuch 
{ Soiler repairs amount simply to changing the tu 


as the tubes 
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MODIFIED VERDERBER FURNACE, COODS ENGINES. 





Fig. 38 
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and pore | the brick lining of the furnace. Even with 
coal, with which Mr. Verderber’s experiments were made, 
the evaporation attained per pound of fuel was equal to 
that with the ordinary firebox. The object of his plan, 
however, was not to effect economy in fuel, but rather to 
obviate the incessant damage to fireboxes and the conse- 
quent stoppages, which were caused by rapid incrustation 
ia the water spaces surrounding the firebox, from the very 
bad feed water he had to contend with; and this object 
h: fully attained. The six-wheel coupled goods locomo- 
t've, of which the furnace is shown in Figs. 38 to 41, was 
altered in August, 1885, and has been running ever since ; 
is had previously, when burning coal, 151 tubes 24 in. 
in diameter, and a total heating surface of 1248 square 
feet, including 82 square feet in the firebox ; it has now 
157 tubes of the same diameter, and 2 ft. 14 in. longer, 
which with 13 square feet in the firebox roof give a tota] 
heating surface of 1410 square feet, or an increase of 162 | 





Fig. 39. 











Fig 42 
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MODIFIED VERDERBER FURNACE, PASSNGER ENGINES 











Fig.44 














Fig 45. 
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| square feet. As shown in Fig. 41, the firebrick lining is 

| secured to the firebox shell by means of vertical angle- 

cane rivetted to the shell plates and embedded in the fire- 
rick. 

A special form of boiler for petroleum firing, ler me 
by Mr. Paschinin, which may be described as somethin 
like a Cornish boiler having a larger internal firebox wit 
@ flue extending thence along the bottom of the barrel to 
the smokebox, and with tubes added above the fiue, 
appeared to the author at the time of its suggestion to in- 
volve the serious structural defect that the expansion and 
contraction of the long flue, which would be ex to 
much greater heat than any other part, must tend to tear 
its end connections to pieces in the absence of any arrange- 
ment fortaking up the expansion. This proved to be the 
case with a boiler so constructed for the Transcaucasian 
Railway at the Kolomna Locomotive Works near Moscow. 
| Besides presenting so dangerous a defect, the few trials 
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made with the engine showed that this boiler consumed 
more fuel than an ordinary boiler of the same class of 
engine; and it is therefore looked upon as a complete 
failure, at least for locomotive purposes. 

Blower for Air “ew to Furnace.—The suggestion made 
by Mr. Crampton (Proceedings 1884, page 307) that the 
air should be absolutely injected with the steam and oil, 
and mixed with them in the exact proportion required for 
perfect combustion, has been carried out by the author by 
combining the spray injector with an induction air blower, 
as shown in Fig. 46. The spray injector itself is the 
same as that ordinarily used, with simply the addition 
of three concentric nozzles, fixed one in front of ancther, 
so that the steam jet passing through them draws along 
with it a supply of air entering through the annular 
spaces between the cones. In a less developed form this 
idea had indeed already been adopted in his first and sub- 
sequent practice ; but with the blower shown in Fig. 46 
sufficient air is supplied for a full fire, even if the ashpan 
doors are closed altogether. This blower was fitted to a 
six-wheeled compeund goods engine which had been 
altered from an ordinary locomotive during the summer of 
1887. It is more especially necessary in a compound loco- 
motive, because the blast in that case is very soft and 
makes only two beats per revolution instead of four, 
whence some difficulty was encountered in getting the 
adequate supply of air into the firebox by means merely 
of the draught produced by the exhaust. The blower was 
therefore resorted to, whereby the difficulty was fully 
solved. As, however, no appreciable advantage in fuel 
economy was found to result from its use, while at the 
same time it was terribly noisy in working, it has now 
been discarded. 

Compressed Air for Spray Injector.—Experiments were 
also made on the use of compressed air instead of steam 
for the spray injector. An air pump was fitted on the 
front cylinder cover on the right-hand side of a goods 
locomotive, so as to be under the driver’s eyes: it was 
worked by the tail end of the piston-rod, which passed 
through the cover and was fitted with a piston 6 in. in dia- 
meter, making of course the same stroke as the steam 
piston. The air pump was single-acting, and compressed 
the air up to six atmospheres into a receiver provided with 
a spring eafety valve. Thence the compressed air was 
conducted through a coil of 2-in. piping inside the smoke- 
box, thus picking up a good deal of waste heat, which it 
then returned through the spray injector into the firebox. 
With this arrangement the engine ran two months, but no 
appreciable reduction in consumption of fuel was noticed, 
whilst a good desl of the engine power was exerted in com- 
pressing the air; and the air pump being only on one side 
its working tended to give the engine a lurch sideways, 
which was noticed when running slow. A more serious 
fault, however, of the arrangement was that, when the 
engine was running up an incline, and the speed was con- 
sequently slow, as low indeed as eight miles per hour, too 
little air was then pumped into the receiver, although it 
was just at this time that a strong fire was required for 
supplying the extra quantity of steam needed on the in- 
cline; whereas in running down an incline the opposite 
was the case, too much air being compressed when none at 
all was required, as the fire was stopped altogether and 
the brakes were applied. Even if this twofold objection 
should be obviated, the author is of opinion, from what 
could be observed during the two months’ trial, that the 
complication and cost of the extra gear would not be re- 
couped by a sufficient economy in fuel consumption. 
The idea has therefore been completely abandoned, at 
least for locomotives, the boiler steam being found the 
most convenient agent for injecting the spray of petro- 
leum refuse into the furnace. 

Evaporative Value of Petroléum Fuel.—In Table VII., 
which is a slightly modified reproduction of one given in 
the former paper (Proceedings 1884, page 274), is shown 
the theoretical evaporative value of petroleum fuel in 
comparison with that of coal, as determined by Messrs. 
Favre and Silbermann. At an effective pressure of 84 at- 
mospheres or 125 1b. per square inch, the highest evapora- 
tive duty of the petroleum refuse used in the author's 
locomotives on the Grazi and Tsaritsin Railway has been 
14 lb. of water per pound of fuel; in comparison with 
the theoretical evaporative value given in Table VII. of 
17.1 Ib., the actual efficiency of the fuel is therefore nearly 
82 per cent. The only way of increasing the efficiency of 
liquid fuel appears to the author to be to make it into 
crude gas and work it on the regenerative principle ; but 
such a plan, however successful it might be in metallurgical 
furnaces or indeed for stationary boilers, is quite inap- 
plicable to locomotives, 

Copper Tubes.—By way of experiment, with a view to 
raising the efficiency of petroleum fuel, the author fitted 
two locomotive boilers with solid drawn copper tubes of 
2mm. (0.079 in ) thickness and 2} in. diameter, having 
thick copper ferrules brazed on the ends next the fire. 
With these tubes steam is made very readily, so much so 


that the blast-pipe had to be increased in area. As these | I 


engines have have only recently commenced running, 
the worrang A in fuel has not yet been ascertained; but 
the author has no doubt the copper tubes will produce 
an appreciable economy, and he will be happy to com- 
municate the results as soon as they are fully known. 

Lubrication.—The petroleum refuse burnt in the loco- 
motives is also found to make an excellent lubricant, and 
for some years past nothing else has been used for the 
wagons and tenders, thus reducing expenditure con- 
siderably. The only thing necessary is to get it pure, 
without sand or grit ; and fortunately this can readily be 
managed by skimming the cream off the top of the re- 
servoirs in summer after they have stood some time for 
settling. In this way a very pure oil is obtained for 
lubrication, although black in colour. 


From laboratory experiments made at Borisoglebsk on 
the comparative qualities of petroleum refuse as a lubri- 





TABLE VIL—TueroretTicaL EVAPORATIVE VALUE OF PETROLEUM FUEL AND OF COAL. 
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Gravity at |- l | Heating | Pounds of Water per 
82 deg. | Power. Pound of Fuel. 
oni a Po A 0 Sulph Bein : 
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Pennsylvanian heavy crude oil .. 0.886 84.9 13.7 14 a 20,736 21.48 17.8 
Caucasian light crude oil.. ‘ 0.884 86.3 13.6 0.1 22,027 22.79 18.9 
0 heavy °° . 0,933 86.6 12.8 1.1 20,138 20.85 17,3 
Petroleum refuse .. me “ 0.928 87.1 11.7 1.2 19,832 20.53 17.1 
Good English coal (mean of 
ninety-eight samples) .. ee 1.380 80.0 5.0 8.0 1.25 14,112 14.61 12.16 











cant under varying conditions of temperature, it was 
found that in summer it can be used by itself as a lubri- 
cant for carriages, trucks, and tenders, and also for all 
pumping engines and other rough machinery. As cold 
sets in, it is indispensable to add to the petroleum refuse 
from 30to 50 per cent. of solar oil, a mineral oil which is 
one of the products of distillation from crude petroleum 
and has a specific gravity of 9.860 to 0.870 and a flashing 
point of 100 deg. Cent. or 212 deg. Fahr. As petroleum 
refuse by itself Teseuntt in cold weather too thick to rise 
through a wick by capillary attraction, solar oil is added 
in proportion to the coldness of the atmosphere, so as to 
preserve the necessary fluidity. 

In place of the usual plan of testing the value cf a 
lubricating oil by measuring the external friction of 
rubbing surfaces lubricated therewith, the novel idea 
occurred to Professor N. P. Peteroff, professor of me- 
chanics in the Technological Institute, St. Petersburg, 
of measuring the internal friction among the molecules 
of the oil itself. For this purpose a sample of the oil to 
be measured is passed with a definite pressure through a 
glass tube of 14 mm.=0.06 in. bore and 


temperatures ; and the friction is determined by the time 
required for passing a measured quantity of oil through 
the tube. The results, expressed originally in milligrammes 
of pressure per square millimetre of bore of the glass 
tube, are represented by the curves plotted in the diagram, 
Fig. 47, in which the scale of pressure has been converted 
to hundredths of a pound per square inch of bore. Asa 
standard for comparison the friction of rape oil is taken, 
which is represented by the curve RR. Petroleum refuse 
used by itself, without admixture, gives the two curves A 
and B, of which A represents the petroleum refuse used 
by the author in February, 1886, having a specific gravity 
of 0.904 at 20 deg. Cent. or 68 deg. Fahr.; and B repre- 
sents that used in July, 1885, having a specific seg | of 
0.895 at the same temperature. The three curves C D E 
correspond respectively with admixtures of 30, 40, and 50 
per cent. of solar oil; the two higher percentages are 
employed in very cold weather, while 30 per cent. is the 
admixture used in spring and autumn. At temperatures 
of from 40deg. to 45deg. Cent. or 104deg. to 113 deg. 
Fahr. it will be noticed that the friction of petroleum 
refuse by itself in the line B_B approaches pretty near 
that of rape oil in the line R R; while the addition of 30 
per cent. of solar oil, as shown by the line C C, reduces 
the friction to the same as with rape oil at the above 
temperature, thus rendering the train resistance conse- 
quently the same. Similarly the lines D D and E Eshow 
respectively the same friction as rape oil at the lower 
temperatures of about 32 deg. and 18 deg. Cent., or 90 deg. 
and 64deg. Fahr. 

Now that petroleum seems destined to occupy a promi- 
nent place in India as well as in many other parts of the 
world, these results in regard to its value as a lubricant 
can hardly fail to be cf interest to engineers, irrespective 
of its use as a fuel. 





ADDENDUM TO SUPPLEMENTARY PAPER ON THE USE OF 
Perro.teuM ReFvskE AS Fvurt In Locomotive Encrnzs. 
Scrap- Welding Furnaces.—In Figs. 48 and 49 are shown 

a longitudinal section and end elevation of the larger of 

two scrap-welding furnaces, fired with petroleum refuse, 

which have now been in daily use for about three years 
at the Borisoglebsk Works, and are giving perfect satis- 
faction. The body of the furnace is of the usual re- 
verberatory form, and in place of a firegrate it has 
three air spray injectors at the firing end, which are 
placed almost on a level with the bridge. Through these 
three blast injectors the whole ef the air required for 
combustion is supplied. As no unconsumable particles 
exist in the fuel, no ash-pit is required, and no cleaning is 
necessary during working; hence the furnace can work 
continuously so long as the roof does not get burnt out. 

t also slags very freely, thus proving that quite sufficient 

heat is available for all practical purposes. The blast 

used is cold, and from the ordinary smithy main. It was 
at one time contemplated to heat the air by the waste 
heat from the furnace itself; but being short of boiler 
power the author had to utilise the waste heat from both 
these welding furnaces for heating a large elephant boiler 
erected close by, which now supplies almost sufficient 
steam for the steam hammers and rolling mill. The 
etroleum reservoir R is placed right above the larger 
urnace, in erder that — winter the refuse may be 
kept in a liquid state by the heat radiating from the fur- 
nace ; it supplies both furnaces through a separate pipe 
to each. Besides a main cock M on the pipe to each fur- 
nace, there are also three 4-in. cocks C C C for regulating 
minutely the supply of fuel to the three spray injectors 
of the larger furnace. The liquid trickling from these 





cocks spreads into a thin film upon an inclined shoot cast | 


505 mm, = 20 in. | 
length, which is immersed in a water bath kept at various | 


| in one piece with the blast pipe, which terminates at the 
furnace end in a wide flat tuyere, as shown full size in 
Fig. 50. The blast issuing from this broad rectangular 
orifice carries with it in the form of spray the thin flat 
film of petroleum dropping from the orifice above; and 
the jet striking against the low bridge, half a brick high, 
produces a thorough mixture of air and gas, the propor- 
tions of which are so accurately regulated that a perfect 
white welding heat is maintained in the furnace without 
any smoke being emitted. The larger furnace has three 
blast injectors, while the smaller requires only two. The 
same construction of blast injector is now used also in the 
tyre fires, in place of the circular tuyere nozzles previously 
employed (Proceedings 1884, Plate 59). 

he great simplicity of the appliances for thoroughly 
utilising liquid fuel for metallurgical purposes, even for 
forgings of the largest size, commends itself in any 
country where this fuel can be had at a cheap rate. As 
no trace of sulphur exists in petroleum refuse, no 
deteriorating effect can take place upon the iron, With 
coal, especially Russian bituminous from the Donetz coal 
basin in South Russia, which is rich in sulphur, it is im- 
possible to get iron of first-rate quality. In tests made 
on iron rolled from: poor unwashed scrap welded with 
liquid fuel it was invariably found that a very homo- 
geneous ductile metal of high quality was produced. As 
compared with coal a saving is effected of 40 per cent. in 
weight of fuel, besides the output being considerably in- 
creased. 

On Monday mornings three and a half hours are required 
for heating the larger furnace up to a white heat, with a 
total consumption of 5401b. of petroleum refuse. On all 
other daysin the week one and three-quarter hours are 
required, with a consumption of 125lb, To make one 
ton of blooms in the larger furnace alone, from small un- 
washed scrap three times welded, requires a consumption 
of 17 cwt. of petroleum, with a loss of iron of from 18 to 
20 per cent. In practice, however, both furnaces are at 
work at the same time, and the blooms are passed from 
one to the other when being hammered, thus keeping the 
heat up in blooms and furnaces and reducing the con- 
sumption of petroleum to 13 cwt. per ton of rolled bars of 
light sections. 

Brass Melting Fires.—In Figs. 51 and 52 are shown 
a plan and vertical section of the two brass melting 
furnaces using liquid fuel, which the author has also 
had in daily work now about three years with entire 
satisfaction. The same fires were formerly used with 
coke as fuel; they are of the well-known make having 
drop bottoms, which, however, are not now used, as 
no unconsumed residue remains in the furnace. The 
same blast tuyere is used here as in the welding furnaces 
and tyre fires: one is quite sufficient for each brass fire, 
and is set tangentially to it, as shown in the plan, thereby 
giving a whirling motion to the flame, which, coming in 
contact with the white hot firebrick lining, insures com- 
_= combustion of all the particles it contains. The 

last used is cold, and supplied with an ordinary fan. 
Besides occasioning a much cleaner foundry, free from 
sulphurous fumes, the adoption of petroleum in place of 
coke has resulted in a sensible economy in fuel, as well as 
a saving of time in melting. The results are as follows : 





With coke, 40 Ib. of brass castings were made with 35 lb. 
of fuel and 10 per cent. loss of metal ; while with petro- 
leum refuse 40 lb. of brass castings are made with 18 lb. 
of fuel, and only 6 to 7 per cent. loss of metal; and with 
25 per cent. saving in time. It is of course quite possible 
that a better arrangement could be made for this purpose ; 
but, as in the case of the locomotives, the plan here shown 
is the simplest and most direct way of applying the liquid 
fuel under existing circumstances, and the author has 
been so satisfied with the results that he has not seen any 
necessity for further experimenting. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Yorkshire College Engineering Society.—At a meeting of 
this Society, the President, Professor Barr, in the chair, 
Mr, J. H. Wicksteed, M.I.M.E., read and explained a 
iat by Sir Howard Grubb, F.R.S., on ‘* The Latest 
mprovements in the Clock-Driving Apparatus of Astro- 
nomical Sager acc illustrated by diagrams lent by the 
Institution of Mechanical Engineers, with the kind per- 
mission of the author. There was an interesting discus- 
sion in which Professor Arnold Lupton and the President 
took parts. Votes of thanks to Mr. Wicksteed and the 
President concluded the proceedings. 


South Yorkshire Coal Trade to Hull.—Nothwithstanding 
the injury done to the South Yorkshire coal trade by the 
withdrawal of the rebate of 3d. per ton, the year has 
opened very well so far as the Hull trade is concerned, 








although.out of the 167 Yorkshire pits that stand on the 
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official list, 87 sent no coal to Hull last month. The total 
sent to the port was 146,048 tons against 125,552 in January 
of last year, or an increase of 20,496 tons. The exports 
have also increased. Last month 82,206 tons were ex- 
— against 47,746, or more by 34,460 tons than in 

anuary, 1888, The increase last month to North and 
South Russia was unusually large, 9775 tons being sent to 
the two countries against 1049 tons last year. 


Vickers, Sons and Co. (Limited)—The directors of this 
company have issued a circular, in which they state that 
at the annual meeting, to be held on the 20th inst., the 
business to be brought before the meeting will be, to hear 
and consider the reports of the directors and auditor and 
the balance-sheet of the company, to sanction the pro- 
posal of the directors to pay further dividends for the 
year 1888, and re-elect Mr. Douglass Vickers as a director. 


A Denial.—Messrs. John Brown and Co., Limited, of 
the Atlas Iron and Steel Works, Sheffield, deny a current 
rumour that they are about to acquire the West Cumber- 
land Iron and Steel Works at Workington. 


Alterations in Trade.—This week has been characterised 
by increased activity in the iron and steel trades, and the 
prices are again advancing. This is in some measure 
ascribable to advices from the North, and the stiffening 
prices of pigiron. All the bar and plate mills are glutted 
with work, and there isa heavy demand for sheets, though 
in this branch there is some competition. The demand 
for best boiler plates, both iron and steel, is on the in- 
crease, but high-class qualities appear to be the most in- 
quired after. In patent boiler tubes there is also an 
increasing trade being done. Bessemer steel is selling 
freely on an advance of 1s. 6d. per ton, quotations being 
for ordinary billets 47. 18s. 6d., and from 61. to 9l. for 

uaranteed qualities for tool and file purposes. All the 
es turning out Siemens steel are finding full work for 
their plant, and the demand is increasing. Heavy orders 
are expected shortly for armour plates, owing to the recent 
decision in favour of the compound system, which is held 
under patents by the two Sheffield houses, Messrs. John 
Brown and Co. and Messrs. Charles Cammell and Co. 
The engineering firms throughout the district are becom- 
ing much busier, and few of the lately unemployed 
mechanics are now out of work. ‘Taking trade on the 
whole, business is rapidly improving, with brighter pro- 
spects than has been the case for some years past, 








MISCELLANEA. 
H.R.H. Prince Albert Victor of Wales has been elected 
an honorary member of the Institution of Civil Engineere. 


The official opening of the harbour of La Guaira took 
place on Saturday, the 9th inst,, and from that date the 
officers of the harbour corporation will collect the port 
dues authorised by the concession, and the guarantee of 
interest at 7 per cent. per annum will take effect. 


The gross receipts of the twenty-threé ag railways 
in the United Kingdom for the week ending February 3, 
amounted, on 16,022 miles, to 1,182,530/., and for the 
corresponding period of 1888, on 15,9294 miles, to 
1,119,511/., an increase of 924 miles, or 0.5 per cent., and 
an increase of 63,019/., or 5.6 per cent. 


According to Prefessor W. Spring, the comparative 
freedom from rust of rails over which there is much traffic 
is due to the combination under the pressure of the wheels, 
of ferric hydrate with the metal of the rail, thus forming 
the magnetic oxide which protects the rail from further 
oxidation. 


We are informed that Mr. Henry Simon, C.E.,, of 
Manchester, has been intrusted with the order for a com- 
plete sulphate of ammonia plant, capable of dealing with 
24 tons of ammoniacal liquor per day, to be erected. at 
Messrs. Newton and Chambers, Thorncliffe Iron Works 
and Collieries, near Sheffield. The plants already erected 
at the London and North-Western Gas Works, Crewe, 
at Kingston-on-Thames, and Stafford, have, we under- 
stand, been very successful. 


The seventh meeting of the present session of the Liver- 
pool Engineering Society was held at the Royal Institu- 
tion, Colquitt-street, on February 6, the President, Mr. 
Charles H. Darbishire, Assoc. M. Inst. C.E., in the 
chair, when Mr. H. H. West, Assoc. M. Inst. C.E., gave 
a résumé of the paper on ‘‘ Steel in the Hands of the 
Naval Architect,” which he read at the former meeting. 
An interesting discussion followed, in which several 
neneen took part, to which Mr. West replied at great 

ength. 


_A Decimal Association is being formed with a view to 
disseminating throughout the United Kingdom aknow- 
ledge of the advantages of such a system. The Associa- 
tion is not formed to secure the adoption of any particular 
unit in the case of the currency. Manufacturers who be- 
lieve thatthe advantages of a decimal system will outweigh 
the inconveniences to be met with in carrying out the 
change, can obtain further information from Me. Kenric 
B. Murray, the temnorary secretary at Botelph House, 
Eastcheap, London, E.C. 


The Pittsburg Steel Casting Company have collected 
together several basketfuls of the fragments that re- 
mained after the firing of their 6-in. gun, and carted 
them off to Pittsburg, where they are to be carefully 
examined. Superintendent Hainsworth said that he is 
confident that this examination will show that the burst- 
ing of the gun was largely due to the fact that he had 
subjected the breech to two temperatures, with the 
result of making it toohard. It may, however, be re- 
marked, that he was at least equally confident before the 
firing of his piece, that he was about to knock the Krupp 
and Armstrong systems into a cocked hat, and his con- 
fidence here, as outsiders expected, proved misplaced, 








The results of his examination, therefore, will naturally 
be received with great caution, to say the least. 


The docking of the new double-turret ship Nile, on 
arrival at Portsmouth to complete, has been the means of 
revealing a somewhat grave condition of things. The 
Nile was launched at Pembroke on March 27 last, since 
which time, as there is no dock accommodation at the 
Welsh yard, she has been afioat in her launching trim 
without there being any opportunity afforded of examining 
and protecting the underwater parts of the hull. When 
she was placed in No. 13 dock at Portsmouth for the pur- 
pose of removing the launching gear and changing her 
temporary propellers it was discovered that the red-lead 
with which her bottom was coated had extensively peeled 
off, and that serious corrosion of the plating all along the 
water-line on both sides had taken place. The starboard 
side amidships is very much pitted, though as a rule, the 
pitting and scoring are tolerably uniform. The rivet 
heads are greatly corroded, and in many instances they 
appear to be completely eaten away. 


A difficulty which has arisen during the construction 
of the Bellona and the Barham has given cause to a con- 
troversy between the constructive and the engineering 
departments of the Navy. The former vessel is being 
built by Messrs. Hawthorn, Leslie, and Co., on the Tyne, 
and the latter at Portsmouth. They are sister —_ of 
1800 tons displacement, and are designed by Mr. W. H. 
White to realise the high speed of 19} knots. Protected 
cruisers of the third-class, they are intended to be armed 
exclusively with quick-firing and machine guns, and to be 
propelled by triple-expansion engines. But as, in addi- 
tion to their protective steel deck, their defence against 
shot and shell will largely consist of coal armour, the 
engineers have objected that, in consequence of the diffi- 
culty of rag the coal from the bunkers, it would be 
impossible to keep up steam. They have suggested that 
an opening should be cut through the protective deck ; 
but, on the other hand, the constructors contend that this 
— destroy the very purpose for which the deck is 

tted. 


The ninth annual meeting of the Engineers’ Society of 
Western Pennsylvania was held in the rooms of the 
Society in the Penn Building on January 22. The report 
of the secretary, treasurer, and chairman of the Library 
Committee showed the Society to be in a very satisfactory 
condition, The attendance at the meetings has averaged 
53 throughout the session. The financial status was re- 
ported to be encouraging, and the library is being increased 
by regular additions. The election of officers for the 
ensuing year was held during the evening, the reeommen- 
dation of the nominating committee being ratified in the 
choice of Jno. Brashear for president; A. E. Hunt, Jun., 
vice-president ; W. Metcalf and M. J. Becker, directors ; 
Colonel S. M. Wickersham, secretary; and A. E. Frost, 
treasurer. At the next meeting of the Society, which 
will be held on February 18, a paper will be read by 
H. D. Hibbard on the ‘*Thomson Electric Welding 
Process.” Engineers from other societies or other parts 
of the country in Pittsburg are welcomed at the meetings 
or at the rooms at any time, 


Some tests were recently made on the Lehigh Valley 
Railroad of an electric brake, the joint production of Mr. 
W. P. Widdifield and Mr. A. H. Bowman, of Allentown, 
Pennsylvania. The brake is said to be an improved form 
of one tested at the Burlington brake trials in 1886, and is 
of interest in view of the proposed great developments of 
electric traction in this country. From the account given 
in the Railway Review, it would seem that its principle 
may be described as follows: On one of the car axles is 
keyed a sleeve, which drives a couple of friction pulleys, 
the requisite pressure being obtained by the action of an 
electro-magnet. ‘These pulleys, when rotated as above 
described, wind up a chain attached to the brake beam 
rods, which then forces the shoes on to the wheels. It 
will be seen that the pressure on the shoes is obtained 
from the momentum of the car, and not directly from the 
current, which only acts as a trigger, if one may use 
the term. It would appear from the description that the 
brake is not automatic as at present constructed, but it 
could easily be made so. At the trials the device is said 
to have worked very successfully, though the train speeds 
were not high enough to severely test the appliance. 


The Thunderer, double-turret ship, which is being 
supplied with triple-expansion engines at Portsmouth by 
Messrs. Maudslay and Co., is to be completed by the end 
of June. The Devastation, a ship of the same type, is to 
be then taken in hand by the same firm of contractors, 
the Thunderer taking her place as coast-guard ship at 
Queensferry. These will probably be the last rehabili- 
tations sent out from Portsmouth to private firms, as the 
Admiralty are about to test the capacity of the yard to 
manufacture engines. Some small craft of the Partridge 
class have been already engined at Keyham, but the first 
experiment at Portsmouth is to be of a far more important 
character, as it is intended to make a new set of engines 
for the Rupert. Under existing circumstances, the Rupert 
is propelled by twin-screw engines of 4630 horse-power, 
which give her a maximum speed of 134knots. The new 
engines will be of the triple-expansion type, each capable 
of developing 4500 horses, thereby giving her double her 

resent power, with commensurate acceleration of speed. 

he decision of the Government to depend less on 
private firms is almost heart-breaking, especially after the 
revelations of the Royal Commission on the Dockyards. 
The one point clearly brought out in the evidence there 
taken, was that the Government manufacturing depart- 
ments should be reduced tv the smallest possible 
dimensions. 

The accounts of the Imperial Institute of the United 
Kingdom, the Colonies, and India, from its foundation 
to December 31, 1888, have just been published, as adopted 








by the finance sub-committee of the Institute on January 
17, 1889. The income and expenditure account shows 
that the receipts from November 22, 1886, to December 
31, 1888, were 12,852/., of which 10,8717. was derived from 
dividends and interests on investments, the balance being 
the proceeds of the sale of tickets and programmes on 
the occasion of the laying of the foundation stone. The 
expenditure has been 25,187/., of which 9134/. was for 
general administration (salaries and wages being 5236/.), 
and 14,173/. extraordinary expenditure, made up of cost 
of laying foundation stone, temporary building, &c., 
7606/. ; advertising, 49917. ; and expenses in connection 
with county and other donations, 15767. There is thus 
an excess of expenditure over income of 12,335/. The 
balance-sheet shows assets to the amount of 276,276/., the 
chief items being cost of buildings, 17,527/. ; plant, furni- 
ture, &c., 16827. ; investments (endowment fund), 140,4962. ; 
ditto, general fund, 112,844/.; interest and dividends, 
2133/. ; and cash at bank and in hand, 15947. The deficit, 
12,335/., on income and expenditure account, has been 
debited to capital, being charged to the general fund, the 
total amount of which, after allowing for that charge, 
appears as 135,444/. 


A railway, to be styled the Bristol and Hereford and 
Northern Junction Railway, is projected for the purpose 
of opening out a direct route from the south and west of 
England to the north, Scotland, &c., vid Bristol, the 
Severn Tunnel, this proposed line, and Hereford, to 
shorten the distance and time between the above dis- 
tricts, and to place the towns of Bristol, Monmouth, and 
Hereford in direct communication with each other. The 
new line, about 32 miles in length, would commence by a 
junction with the Great Western Railway at the Severn 
Tunnel Junction, and run through Llanvihangel, Caer- 
went, Shirenewton, Itton, Llanvihangel-Tor-y-Mynydd, 
Llanishen, Llangoven, Cwmcarvan, Wanastow, Mon- 
mouth, Welsh Newton, St. Weonard’s, Llanwarne, and 
Much Dewchurch, terminating by a junction with the 
Great Western Railway Station at Tram Inn Station. By 
the construction of this line a saving of about 18 miles in 
distance and 45 minutes in time would be effected between 
Bristol and Hereford, and would place Bristol and Liver- 
pool, and also Manchester, four hours off each other. It 
is proposed to acquire running powers from Tram Inn 
Station into Hereford (Barrs Court) on one hand, and 
from Severn Tunnel Junction into Bristol on the other, 
and to enter into agreements with the Great Western and 
London and North-Western Railway companies to lease 
and work the line either severally or jointly. The new 
line has been planned by Mr. J. F. Errington Barnes, 
C.E., Dorchester, 


The Sanitary Institute has arranged for the delivery, 
in the Parkes Museum, 74a, Margaret-street, W., of the 
following course of lectures for the special instruction of 
those desirous of obtaining a knowledge of the duties of 
a sanitary inspector: March 5. 1. Introductory Lecture 
—General History, Principles and Methods of Hygiene, 
by Dr. Benjamin Ward Richardson, LL.D., F.R.S. 
March 12. 2. Water Supply, Drinking Water, Pollution 
of Water, by Dr. Louis Parkes, Diploma Public Health, 
Lond. March 15. 3. Ventilation, Measurement of Cubic 
Space, &c., by Sir Douglas Galton, K.C.B., D.C.L., 
LL.D., F.R.S. March 19. 4. Drainage and Construc- 
tion, by Professor H. Robinson, M. Inst. C.E. March 22. 
5. Scavenging, Disposal of Refuse and Sewage, by Mr. 
H. Percy Boulnois, M. Inst. C.E. March 26. 6, Sani- 
tary Appliances, by Professor W. H. Corfield, M.A., 
M.D. (Oxon.) March 29, 7. Food (including milk), Sale 
of Food and Drugs Act, by Mr. Charles E, Cassal, F.C.S., 
F.LC. April 2, 8. Infectious Diseases and Methods of 
Disinfection, by Mr. Shirley F. Murphy, M.R.C.S. 
April 5. 9. General Powers and Duties of Inspectors of 
Nuisances—Method of Inspection, by Mr. J. F. J. 
Sykes, B.Sc., Diploma Public Health, M.B. April 9. 
10. Nature of Nuisances, including Nuisances the Abate- 
ment of which is Difficult, by Mr. J. F. J. Sykes, 
B.Sc., Diploma Public Health. M.B. April 12. 11 
Sanitary Law—General Enactments, Public Health Act 
1875, Model Bye-Laws, by Mr. A. Wynter Blyth, 
M.R.C.S. April 16. 12. Sanitary Laws and Regulations 
Governing the Metropolis, by Mr. A. Wynter Blyth, 
M.R.C.S. A fee of 10s. 6d. for the course will be charged 
to cover expenses, and students attending the course will 
be granted free admission to the museum and library 
during March and April. The lectures will commence 
each evening at eight o’clock, and further information can 
be obtained from the secretary, Mr. E. White Wallis, 74a, 
Margaret-street, W. 





CaTaLocuk.—The seventh edition of the catalogue of 
oil mill machinery, oil refineries, and grain warehousing 
machinery, na mas by Messrs. Rose, Downs, and 
Thompson, of Hull, contains details of seven complete 
oil mills, three of which are on the ordinary or box 
system, and four on the Anglo-American system. It also 
comprises illustrations and descriptions of husking, decor- 
ticating, disintegrating, and separating machines for all 
kinds of seeds, oil refining, and boiling plant, machinery 
for making cakes, and for many other purposes. 

Paris UNIVERSAL ExuHIBITION, 1889.—In response to 
an urgent appeal from Sir Frederick Leighton, the chair- 
man of the Committee, over 900/. have been subscribed 
for the Fine Arts Section, and it is hoped that this 
amount will be largely increased by private liberality. 
The Council of the British Section have also set aside from 
their general revenues a sum of 1500/. for the fine arts, 20 
that there is at present between 24001. and 25001. avail- 
able. Contributions will be thankfully received by Sir 
Polydore de Keyser, the chairman of the Executive, or by 
Sir Frederick Leighton, chairman of the Fine Arts Com- 
mittee, at 2, Walbrook, E.C, 


ENGINEERING, 


[Fes. 15, 1889. 








HORIZONTAL ENGINES. 


CONSTRUCTED BY THE ARMINGTON AND 


SIMS ENGINE COMPANY, ENGINEERS, 


(For Description, see Page 154.) 


au 





sl 
i 2 : 


I 


| 
ue lhe 


COMPOUND CONDENSING ENGINE ; ORDNANCE DEPARTMEN T, NAVY YARD, WASHINGTON, 


PROVIDENCE, R.I., U.S.A. 




















Fes. 15, 1889. | 


ENGINEERING. 





161 








AGENTS FOR “ENGINEERING.” 
Buruin : Messrs. A. Asher and Co., 5, Unter den Linden. 
Catootra: G. C. Hay and Co, 

Epivsure@s : John Menzies and Co., 12, Hanover-street. 

Frawrce: Veuve J. Boyveau, Librairie Etrangére, 22, Rue de la 
Banque, Paris; M. Em. Terquem, 31bis Boulevard Hausmann, 
Paris. 


Guaseow : William Love. 
Iraty: U. Hoepli, Milan. 
Lgipzie: Alphons Dir. 
F. A. Brockaus. 
LiverPoo. : Mrs. Taylor, Landing Stage. 
MancaesterR : John Heywood, 143, Deansgate. 
Ostend: Kirkland and Cope. 
RorrerpaM : H. A. Kramers and Son. 
Unitzp Status; Sole Agent, W. H. Wiley, 15, Astor-place, New 
York. 
Vianna: Lehmann and Wenzell, Kirntnerstrasse. 








NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENentaERIne 
may now be addressed either direct to the publisher, Mr, CHARLES 
GILBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our Sole Agent for the United 
States, Mr. W. H. Wiley, 15, Astor-place, New York. The prices 
of Subscription (payable in advance) for one year are: For thin 
(foreign) paper edition, 11. 16s. Od.; for thick (ordinary) Le ea 
edition, 2/. Os. 6d., or if remitted to Mr. Wiley, 9 dollars for 
and 10 dollars for thick. 





ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must accompany all orders for 
single advertisements, otherwise their insertion cannot 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside pages may be obtained on application. Serial 
advertisements will be inserted with 
absolute regularity cannot be guaran’ 


Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
6 p.m. on Thursday. In consequence of the necessity 
for going to eens early with a portion of the edition, 
alterations for s Advertisements should be 
received not later than 4 p.m. on Wednesday afi 
noon in each week. 


all ‘aa regularity, but 








SUBSCRIPTIONS, HOME AND FOREIGN. 
The prices of Subscriptions to ENGINEERING for Twelve 
Months, payable in advance, post free (including Double Numbers), 
are as follows :— 
For the United Kingdom ................ £1 9 2 
For India, Ceylon, the Straits Settlements, China, and Japan :— 


For thin paper copies.......... £2 0 6 
» thick ler) | anteBeaceee £2 78 
For countries included in the Postal Union :— 
For thin paper copies.......... £116 0 
» thi /e.. «steanwekes 206 


All accounts are payable to the publisher, Mr. CHARLES GILBERT, 
Cheques should be crossed ‘* Union Bank, Charing Cross Branch.” 

Post Office Orders payable at Bedford-street, Strand, W.C. 

Foreign Subscriptions, when sent by Post Office Order, should 
be advised to the Publisher. 


Office for Publication and Advertisemen 
35 and 36, Bedford-street, Strand, London, W.C, 
TeLueRaPHio AppREss—ENGINEERING, LONDON, 
TELEPHONE NumMBER—3663, 


ENGINEERING is registered for transmission abroad. 
Reaping Cases.—Reading cases for containing twenty-six num- 


bers of ENGINEERING may be had of the publisher or of any news 
agent. Price 6s, each. 











CONTENTS, 
PAGE |/ 
Through the South Sea Is- | The Strength of the Navy. 
lands in a Man-of-War | “ Popp Compressed Air 


PAGE 
- 161 


(Ulustrated) .......+.... 149|| System ........00..0+0 163 
The Institution of Mechani- Railways in Newfoundland 164 
cal Engineers............ WE SH ce ctG cgiawosss redvesss 164 
Liverpool (Vyrnwy) Water Triple-Expansion Pumping 
Works (Nlustrated)...... 152 IN nis ale ndnoeian 165 
Armington and Sims’ En- |The Great Western Ship 
gines (Illustrated) ...... BOG) GU isin ib ieiie secade 165 
The Engines and Boilers of | Naval Warfare ........-... 166 
the s.s. ‘‘ Alfonso XII.” The National Defences .... 166 
(TWustrated) ............ 154 Quick-Firing Guns ........ 166 
Canaland River Works in The Locomotive Question in 
France, Belgium, and Ger- New South Wales........ 1 
WED Laattcnauses cone oc 154 Addy’s Milling Cutter (Jl- 
Notes from the South-West 154 lustrated) ........ fossa 168 
Notes from the North...... 155 Carver’s Fire-Extinguishing 
Notes from Cleveland and Apparatus (Iilus.) ...... 169 
the Northern Counties .. 155 Notes from the United 
Working Locomotives with Dy MID. daclae didetocese dé 169 
Petroleum Fuel (Jllus.).. 156, Duty Trials of Pumping 
Notes from South Yorkshire 158 ME, ccdon: ce unbcacne 168 
Miscellanea ..........0000 59, “Engineering” Patent Re- 
Engineersand Professors .. 161' cord (IUlustrated)........ 171 


With a Two-Page Engraving of the ENGINES AND BOILERS 
OF THE S.S, “ ALFONSO XII.” 








NOTICES OF MEETINGS. 

INSTITUTION OF CiviL ENGINBERS,—Ordinary meeting, Tuesday, 
February 19th, at 8 p.m. Parer to be read, with a view to discus- 
sion: ‘* Alternate Current Machinery,” by Gisbert Kapp, Assoc. 
M. Inst. C.E.—Students’ meeting, Friday, February 22nd, at 
7.30 p.m. Paper tobe read: ‘* Furnaces,” by Thos. A. Guyatt, 
Stud. Iost. C.E. Mr. H. G. Harris, M. Inst. C.E., in the chair. 

PuysicaL Society.—February 23rd, at 8 p.m. ‘‘ Note on the 
Measurement of Electrical Resistance,” by Dr. J. W. Waghorn. 
“* Notes on Polarised Light (Part III.), viz., (1) on a New Polari- 
meter, and (2) on the Formation of a Cross in certain Crystal 
Structures,” by Professor S. P. Thompson, D.Sc. ‘On Electrical 
Measurement,” by Professor Ayrton, F.R.S., and Professor J. 
Perry, F.R.S, 

LIVERPOOL ENGINEERING Soctety. — Wednesday, February 20th, 
ordinary meeting at the Royal Institution, Colquitt-street, Liver- 
pool, the chairs to be taken at 8p.m. A paper will be read by Mr. 








G. Farren, Assoc. M. Inst. C.E., entitled, ‘‘ The Construction of 
Small Breakwaters and the Silting they give rise to.” 

Roya METEOROLOGICAL SocreTy.—Wednesday, the 20th instant, 
at 7 pm., ordinary meeting, at 25, Great George-street, West- 
minster, the following papers will be read: ‘ Report on the Helm 
Wind Inquiry,” by William Marriott, F.R. Met.Soc. ‘‘An Atmo- 
spheric Sketch,” by F. A. Velschow, F.R. Met. Soc, ‘* The 
Drought in New South Wales in 1883-4, and Rainfall at Corella, 
1879-88,” by the Ven. Archdeacon Wynne, F.R. Met. Soc. 

CrviL AND MgcHaNnicaL ENGINEERS’ SocmtTy.—Wednesday, Feb- 
ruary 20th, at 7 p.m., atthe Westminster Palace Hotel, West- 
minster, when the following paper will be read and discussed : 
ss ay age Members of Bridges,” by Mr. J. H. Turner, 
A.M.I.C.E. 

Royau Unsirep Service Instrrution. —Friday, February 15th, at 
3 p.m. Paper on ‘‘ The more Recent Improvements in the Thorny- 
croft Torpedo Boats,” by Mr. John Donaldson. 
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ENGINEERS AND PROFESSORS. 

Our readers will no doubt have followed with 
interest the discussion in the pages of a contem- 
porary respecting engineers, professors, and col- 
lege men, in which some of our leading mathe- 
matical writers have taken an active part. 

The subject was opened by Professor Tait in a 
style which was perhaps a little heavy, as befits such 
a weighty matter, but which he endeavoured to 
lighten by a few touches of playful sarcasm. After 
propounding a few riddles to be answered off-hand 
by that wonderful prodigy, a ‘‘ properly trained ” 
student, he gave place to Professor Lodge, who 
took the opportunity to administer a smart castiga- 
tion to Mr. Grant Allen for venturing to precede 
the Newtonians in expressing an opinion upon 
dynamical ideas. With the confidence of the village 
politician who knows what he is talking about (or 
thinks he does, which is of course all the same to 
him), ‘‘ he does not argue with him, he only tells 
him.” With the origin of the discussion we are 
not concerned, but we propose to briefly touch upon 
a few points which have been brought into pro- 
minence in the course of it. 

Professor Tait, like the rest of us, is a decided 
follower of Newton, although he is rather inclined 
to imagine that he is alone in this respect, and to 
regard all others as belonging to a different school, 
He objects to Professor Greenhill writing the 





equation of energy in the form E= M a on the 


ground that the dexter represents the product of a 
maas by a line. To our mind this conveys just as 
much or as little meaning as the form which he 
prefers, viz., E = 4M v?, according to which energy 
may be considered either as the product of mass 
into square of velocity, or as the product of momen- 
tum into velocity. Before we can give an intelli- 
gible interpretation to any of these products we 
should have thought it was necessary to have a 
clear understanding as to the meaning of the various 
terms employed, but when we ask our guides for 
information respecting them we find that they have 
very little to give us. Suppose, for instance, we 
ask them what they mean by mass. One authority 
tells us that it is ‘‘the quantity of matter in a 
body,” another that it is ‘‘the inertia of a lump of 
matter,” another that it is ‘‘ the value of a certain 
ratio,” and so forth. Professor Tait, whom we are 
to regard as the special exponent of Newton, 
cautiously remarks that it is ‘‘the personal property 
of matter.” This of course does not increase our 
stock of knowledge very much, even when we are 
further told that matter is the rotating parts of an 
inert perfect fluid which fills all space (Tait’s 
Prop. of Mat., p. 13). Here, indeed, we feel the 
ground anything but firm under our feet, and we 
are glad to leave the exploration of it to the pro- 
fessors and college men, who will no doubt in time 
by their speculations be led to discoveries far more 
valuable to the human race than any hitherto made 
by mere engineers. 

There is one piece of advice which, as practical 
men, we should like to offer to our mathematical 
writers, and that is, that they should remember 
that ‘‘ambiguity”—to quote Professor Tait (Nat. 
Phil., p. 56)—‘‘is the worst fault of language.” 
There is no doubt that the study of dynamics 
possesses difficulties which are inseparable from the 
subject, but these are increased by the very men 
whose province it is to explain them. Instead of 
inventing scientific terms which would connote 
their meaning, they have been content to seize 
upon the words nearest at hand which appeared to 
suit their purpose, quite regardless of the fact that, 





in many cases, these words already had other 
significations, often quite at variance with the new 
ideas which it was proposed to assign to them. 
As a natural consequence we frequently find our 
professors making statements which they are after- 
wards obliged to modify. For instance, in Lodge’s 
Mechanics, p. 15, we read, ‘‘We have spoken of 
force as exerted by matter. Strictly speaking, this 
is hardly correct.” Again we read, ‘* We shall do 
no harm by habitually using the convenient phrase, 
‘the force exerted by such and such a body.’” 
But it is just this practice of saying one thing and 
meaning another which does the mischief, and 
which produces in the mind of the student a 
feeling of vagueness as to the exact meaning of the 
writer, and a suspicion that his teacher is using a 
cloud of words to hide his own want of knowledge. 
What we would ask from our college men is that 
they should first make quite clear to themselves 
the meanings of such terms as mass, force, energy, 
&c., which constitute the very foundation of the 
subject, and then that they should make use of 
suitable language to explain them to their students. 
We should then hear no more of mass being con- 
fused with weight, force with energy, work with 
horse-power, &c., which are results due quite as 
much to the vagueness of the teacher as to the 
stupidity of the taught. For instance, when a 
student is told that the unit of mass is the British 
imperial pound (Tait’s Nat. Phil., p. 57), how can 
he avoid confusing the terms mass and weight ? 
And how much better off is he for being told that 
if a body were placed in a hole at the centre of the 
earth, it would have mass but not weight? (Prop. of 
Mat., p. 26). Again, who would venture to say 
that any idea of force is conveyed to the mind of 
the average student by telling him that ‘‘ force is 
rate of change of momentum,” even when it is 
added by way of explanation that ‘‘rate here has a 
reference to time” ? (Lodge’s Mechanics, p. 89), or 
what sort of a notion is he to form of matter when 
he is told that, even if he could form one, it 
‘*would almost certainly be something extremely 
unlike any conception of it which his senses or his 
reason will ever enable him to form” (Prop. of 
Mat., p. 11). Here, if anything, the student would 
have the advantage over the professor, for the 
latter would think that he knew something about 
it, whilst the former would be fully conscious of his 
ignorance. 

In conclusion, we would add that it is not suf- 
ficient merely to pose as a Newtonian. Of course 
we are all followers of Newton, although it appears 
to us that his words are occasionally misunder- 
stood by many of his expounders, and that an 
intelligent study of the text of the ‘‘ Principia” 
would disclose the fact that he considered that 
there were two distinct kinds of force, viz., those 
which produce mass acceleration and those which 
produce mass velocity, and that the second law 
of motion relates to the latter kind and not to 
the former, although we are well aware that this 
view is contrary to the opinion of all writers on 
dynamics. We would then submit these thoughts 
to the consideration of college men, as they may 
tend to clear up a little of the confusion which 
they have unwittingly introduced into this subject. 
Engineers, as practical men, can well afford to 
await the result of their philosophical deliberation. 





THE STRENGTH OF THE NAVY. 

For the past twelve years or so people have been 
talking of ‘‘ The Coming War,” thatis, a European 
saturnalia of blood which is to out-Herod all the con- 
flicts that have preceded it in immensity of horrors, 
and the list of slain. Sometimes itis England and 
Russia that are to set the ball rolling, at others 
France and Germany ; or again, a drunken mob at 
Marseilles breaks the windows of the Italian con- 
sulate, and then Italy and France are to fly at 
each other’s throats. Even the United States of 
America, with her three or four thousand miles of 
Atlantic between, is not always left out of the pro- 
gramme, and the failure of a fishery treaty or the 
amenities of a presidential electioneering trick, 
cause ominous reference to be made to the number 
of cruisers we possess or the weakness of the Cana- 
dian frontier. We trust and believe, however, that, 
whatever horrors may be in store for us, a fratricidal 
war between two great English-speaking nations-is 
an impossibility. Whatever newspaper writers 
may say to please a disreputable class of the com- 
munity, and whatever demagogues and place-seek- 
ing politicians may say, decent Britons and decent 
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Americans are too much akin in sympathies and affec- 
tions ever to take to cutting each other’s throats. 

Now we are of opinion that the longer this great 
war to come is put off the less chance there is that it 
will ever take place. We have so often been told to 
‘+ wait for next spring, and then we shall see,” &c., 
that we are beginning to fancy our cock-sure 
prophets are prognosticating on very small founda- 
tions of knowledge. But in spite of this there is 
no doubt the vast and unprecedented armaments 
of Europe are a menace to peace, for nations, like 
children, when they havea very fine toy, are anxious 
to play with it. The vanity of national prowess 
in arms is as strong as ever it was, and we find 
republics quite as weak as monarchies in this re- 
spect. It therefore behoves this country, however 
much she may hope for the best, to be prepared for 
the worst, and to that end our first consideration 
must be for an efficient Navy. That we take to be 
a truism, and the only question remains, ‘‘ What 
is an efficient Navy?’ Lord Brassey at the Mansion 
House, ina lecture delivered last Friday week at the 
nstance of the London Chamber of Commerce, did 
much towards putting the problem before the nation 
in its proper light, and without further preface we 
will proceed to lay before our readers some of the 
leading features put forward by his lordship, merely 
adding that in advocating an increase of the Navy 
we are not aggravating the evil of ‘‘ bloated arma- 
ments,” for the rdle of our Navy must necessarily 
be defensive, as it will never be used for the pur- 
poses of invasion of the territories of our neigh- 
bours. 

Lord Brassey commenced by saying that he could 
only, in the time allotted, deal with one aspect of 
the naval question, and what he proposed to con- 
fine his attention to was the ships. He prefaced 
his remarks by saying ‘‘ that the naval advisers of 
the Admiralty cannot by mere personal and ofticial 
influence, unsupported by a strong expression of 
opinion out of doors, obtain the consent of Cabinets 
to important increases of expenditure. If the 
public is indifferent, the controlling power of the 
Treasury—always and properly exercised to enforce 
economy—will make itself felt. The Treasury is 
not competent in matters naval. In the absence of 
a demand which must come from without, its rule 
is, as stated by the Admiralty witnesses before the 
Committee of the House of Commons on Navy 
Estimates, to take the expenditure of the preceding 
year as a basis for the expenditure of the next. 
The rule, it is obvious, rests on a mere arbitrary 
assumption and not on any sure and guiding prin- 
ciple of naval administration.” What Lord Brassey 
says may be partly true, but it is, nevertheless, a 
fact that it is the duty of those who are intrusted 
with the government of the country to lead rather 
than to follow public opinion, and if need be, to 
brave the popular wish when it is manifestly in 
the wrong, as unhappily it sometimes is. This, 
however, is a rare political virtue, and, indeed, 
seems to be all but extinct in these flabby days of 
caucuses and conventions. No doubt, however, 
Lord Brassey reflected that a few of his audience 
might recollect some of his utterances of three or 
four years ago when he represented the Admiralty 
in the House of Commons, and which would com- 
pare somewhat strangely with passages in his lecture 
of last Friday week. However, his latter views are 
sound and patriotic, and it is beside the purpose to 
inquire how he came to evolve them out of his 
former opinions. 

The lecturer assumed that as between ships and 
groups of ships, British or foreiyn, designed for 
similar service, and of approximately even date, the 
relative fighting efficiency will vary as the tonnage. 
This is rather a wide assumption, but, unless we are 
prepared to compare ship by ship and point by 
point, it is one that is unavoidable, Lord Brassey 
naturally begins with battle-ship.. 


Of this class, launched in 1879 and subsequently, the 
Beitish Navy has sixteen ships, with a collective displace- 
ment of 155,280 tons. The combined fleets of France and 
Russia muster seventeen armoured battle-ships, launched 
in the same period, and having a collective displacement 
of 163,043 tons. 
launched before 1878 and still reckoned effective, England 
has seventeen, with a collective displacement of 143,210 
tons ; France has twelve ships of 86,687 tons; Russia has 
two ships of 13,840 tons. On the list of battle-chips not 
effective unless repaired, we have five ships, of 33,720 
tons; the French nine ships, of 34,989 tons. Our Valiant, 
Hector, and Defence, are worth repair for harbour defence 
in the ports of the antipodes, 


From this comparison the lecturer drew the just 
conclusion that in battle-ships we are not a match 


Of battle-ships of an earlier date, | - 


for such a combination as we are bound to keep in 
view. 

Turning from the list of ships built to the list of 
those ordered or on the stocks, Lord Brassey tells us 
that in France two battle-ships have recently been 
laid down-—the Brennus, 10,826 tons, and the Ma- 
genta, 10,600 tons. In December last, it was stated 
that Russia was building two ironclads of 8000 tons 
each, on the Black Sea. Two ships are building 
on the Baltic, of 9800 and 6600 tons respectively. 
We cordially agree with the lecturer when he says 
it is to be regretted that we have hesitated to lay 
down battle-ships at a time when considerable 
activity is being displayed elsewhere. 

In order to complete the list of ironclad vessels, 
it is only necessary to add the coast and harbour 
defence ships, which, as Lord Brassey points out, 
are of relatively small importance to a power which 
is resolved to maintain the command of the sea. 
For coast defence, we have the Orion and Belleisle, 
Rupert, Hotspur, and four others, of the Gorgon type— 
all Jaunched within the period 1870-79. Their collective 
displacement is 33,110 tons. The French are decidedly 
stronger in this class. They have fourteen vessels, mea- 
suring 41,496 tons, the oldest launched in 1875. Theseven 
latest vessels included in the French coast defence list 
are armoured gunboats, designed as an answer to the 
armoured gunboats laid down for Germany. French 
naval critics do not speak favourably of the gunboats. 

In the list of coast defence vessels, the French have the 
pee ships Fulminant and Furieux, of 5700 tons. We 
ave no similar vessels, 

The Russian list of coast defence vessels contains seven 
ships, all of the earliest period of armoured construction, 
and measuring in the aggregate 24,441 tons. 

The latter vessels are however never likely to 
leave the Baltic. 

Our harbour defence ironclads are ten in number, 
of 30,940 tons. The Penelope, although a sea-going 
ship, Lord Brassey adds to the list, having been de- 
spatched to the Cape for the defence of Simon’s Bay. 
France has no mere harbour-defence vessels. The 
Russians have fifteen such ships, of 27,216 tons. 

The next class of vessels treated of were the 
cruisers. His lordship took his list of these vessels 
from the Parliamentary return made at the request 
of Lord Charles Beresford. To the British ships 
included in that return, the ironclads of the period 
1860-66 were added by the lecturer. The North- 
umberland, Agincourt, Minotaur, Achilles, Black 
Prince, and Warrior are in good condition as to 
their hulls. 

The latter ships were included in the list, as Lord 
Brassey is of opinion that the method of protec- 
tion can scarcely be condemned as obsolete, as he 
adopts the now fashionable view that quick-firing 
guns and highly explosive shells have brought us 
back to the era of comparatively thin armour, 
spread over a wide area of side, such as was used 
during the first period of armoured construction. 
The French are building ships which, in respect to 
the system of protection, are almost identical with 
those which we possess already in the vessels 
named. Their length, which is a drawback in 
some respects, would be an advantage in pro- 
tecting the trade routes, as it would enable 
them to steam at a comparatively undiminished 
rate through the long ocean waves. Adding the 
early ironclads to the list of armoured cruisers, as 
given to Parliament, England has completed and 
is completing after launching, eighteen ships, of 
137,050 tons. France has four ships 24,200 tons, 
and Russia seven ships 40,312 tons. Two armoured 
cruisers of the Dupuy de Léme type, of 6300 tons, 
and a speed of 20 knots, are on the stocks for the 
French Navy. It is said that another vessel of the 
same type will be added to the French programme. 
No vessels of the same class are in progress for the 
British Navy. 

The unarmoured cruisers come next in order, In 
the appendix to the paper Lord Brassey gives the 
names of the various craft of different classes. The 
following is condensed from the appendix Table 
referring to unarmoured cruisers : 

Unarmoured Cruisers Completed and Uncompleted. 
































England. | Frarce, Russia. 
ie cna he ES 
Speed. Ships.| Tons. Ships.| Tons. |Ships.| Tons. 
20 knots and over 2 5,600 | 
19—20 knots 3 8,850 7 22,020 a 5,029 
1839 |. 2 7,460; 1 | 1,540 
17-18 ,, 15 | 85,220; 38 | 8,840 
16—17 ,, 7 30,880 | 8 | 15,888 
15—16 ,, 4 15,490 6 | 18,769 2 5,900 
4—15 ,, 6 | 15.160 | 16 | 88,67 2 | 4,284 
18-14 _,, 20 | 40,470 | 4 | 6,716 
12-13 ,, 6 13,090 | 2 3,450 10 16,015 
' 1 











Commenting on this class of vessels Lord Brassey 
says: 
The French take a decided lead in vessels capable of 
steaming 19 knots and upwards. Descending to the 
slower speeds, our superiority becomes conspicuous. In 
16 to 18-knot ships we have 22 of 66,100 tons, as against 
6 French ships of 19,728 tons. In the class of 15-16 knot 
vessels the two powers are approximately equal. In 14 
to 15-knot vessels the French have more than double our 
strength, and our great superiority in numbers and tonnage 
in the class of 12 to 14-knot vessels gives us no compen- 
sation. Our numerous and costly unarmoured cruisers of 
modern date, with speeds under 14 knots at the measured 
mile, and under 12 in blue water, is the gloomiest page in 
the history of shipbuilding for the British Navy. No less 
than 26 vessels of tuis class were launched in the ten 
years 1874-84. The aggregate cost was no less than 
2,792,291. 
Lord Brassey, however, does past constructors of 
the Admiralty the justice to point out that the slow 
vessels of the ‘‘C” and the ‘‘Gem”’ classes of 
cruisers are due to the pertinacity with which 
certain Admiralty advisers clung to masts and sails 
for ship propulsion, and speed under steam was 
therefore greatly sacrificed. 
The torpedo flotilla completes the enumeration of 
the fighting ships of the three powers under review. 
Torpedo rams, says the lecturer, with more armour 
and of less complex construction, should be added 
in numbers to the fleet. Latterly great efforts 
have been wisely made to strengthen our Navy 
in torpedo vessels capable of keeping the sea. 
Built and building, we have eleven vessels of the 
Sharpshooter and Rattlesnake types. 
The combined strength of France and Russia in 
sea-going torpedo craft is put down at eleven vessels, 
and these are of a type inferior to the British. 
More torpedo boats Lord Brassey does not enu- 
merate, as they are ‘‘ the arm of the feeble.” We 
should, he says, build up to our need for purely 
local defence. 

The data thus given the lecturer sums up in the 
following words : 


Battle Ships.—In ships of the last decade we are inferior 
to the combined strength of France and Russia. In ships 
launched before 1878 we have a decided advantage. Our 
non-effective ships are more capable of repair than those 
of the French. On the stocks we are doing nothing. 
France and Russia are at work. 

In coast-defence vessels we are much behind. 

In harbour defence we have equality. 

In armoured cruisers we have an advantage, and can 
make our present superiority yet more decided if we take 
in hand, as we ought to do, the fine ships which our pre- 
decessors had the wisdom to build of iron, while our 
neighbours were constructing in wood. 

In that most important class, the sea-keeping torpedo 
vessels, we have made a good beginning. Vessels of this 
class in sufficient numbers might decide the issue in a 
great battle at sea. 

In unarmoured cruisers we are deficient in ships of com- 
manding power and speed. 


Lord Brassey goes on to refer to the necessity 
of keeping existing ships in repair, especially in 
the matter of boilers, and then suggests a pro- 
gramme of new construction. He begins with 
battle-ships. In war-the place of the British ships 
would be in the face of those of the enemy. To 
maintain a blockading squadron of a given strength 
off a port, under the conditions of steam, Admiral 
Hornby told us that there should be a force in 
reserve equal to the number present off the enemy’s 
port, and adopting this view, it is evident that we 
have no sufficient superiority to provide for an 
effective blockade of the ships of a single power, 
still less of those of a combination of powers. In 
numbers and tonnage the ships in the Tables given 
in the appendix to the lecture show.a near approach 
to equality, and it is important to remember that 
the force of the combined powers includes a larger 
proportion of modern ships than we could muster 
under the British flag. A reinforcement of our 
fleet with four first-class ironclads and ten vessels 
of the second-class, as proposed by Lord Charles 
Beresford, cannot, in Lord Brassey’s opinion, be 
regarded as an exaggerated demand. We may take 
the cost of building at 7,500,0001., the money to be 
provided, say, in four years. 

For the building of armoured vessels in 1888-9 
we have taken in the Navy Estimates, 756,1911., as 
against 777,867/. taken in the French Estimates 
for the same service. In four years our present 
appropriation would give us roughly 3,000,000/. for 
building ironclads. We require, therefore, a special 
grant of 4,500,000/. spread over four years. 

In addition Lord Brassey proposes to spend 
1,500,000/., spread over three years, for necessary 
repairs of the older ironclads. Thus the special 





programme described would add to the present 
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estimates for three years 1,625,000/., and for a 
fourth year 1,125,000/. This special programme 
being completed, under riormal conditions, we 
should do twice as much as the French in the con- 
struction of battle-ships. 

Lord Brassey goes on to point out that in view of 
the light thrown on naval tactics by the recent 
summer manceuvres, we can hardly hope to blockade 
our enemy’s ports so closely as to render it impos- 
sible for vessels to escape, and for this contin- 
gency further provision must be made. Admiral Sir 
Arthur Hood has said that certain maritime routes 
along which our trade passes ought to be protected, 
and Admiral Hornby specially directs attention to 
the trade with the East by the Cape and the Suez 
Canal. Our existing force is a small instalment of 
what Admiral Hornby asked for and showed 
to be desirable; but by recent efforts we have 
greatly strengthened our cruisers. Our pro- 
posed rate of building is double that of France, 
and Lord Brassey thinks we may perhaps rest 
content with that. Reference is then made to 
the value of mercantile auxiliaries, and the lecture 
concluded with a tribute of praise to the present 
Board of Admiralty, who, he says, ‘‘have done 
the best that could be done with the resources 
placed at their disposal.” Without going so far as 
to indorse the latter sentence, we are glad to take 
this opportunity of expressing an opinion that the 
present Board is a vast improvement upon the old 
style of procedure that held its own for so many 
years at Whitehall ; but this is not, by a long way, 
saying the present Board is all it might be. 

We have largely quoted Lord Brassey’s words 
without comment. The facts speak for themselves, 
and, in conclusion, we have to congratulate his 
lordship for the excellent service he has done the 
State in putting the issue so plainly before the public. 
It would be well if all good citizens and loyal sub- 
jects would get the lecture (it will be printed in the 
journal of the London Chamber of Commerce), and 
frame their policy in accordance with the moral it 
draws. 

Some speeches were made at the conclusion of 
the lecture, the most notable feature being a very 
spirited and eloquent appeal to the citizens of 
London to do their duty in this matter of naval 
efficiency. Mr. Glover fairly carried his hearers 
with him, and as there was present an influential 
audience it may be concluded that the City of 
London has lost none of that patriotic feeling which 
has distinguished it at all times. 





THE POPP COMPRESSED AIR SYSTEM 
IN PARIS. 

Every visitor to Paris has noticed the pneumatic 
clocks which stand at the corners of the streets, and 
in the rooms of the principal hotels and public 
buildings. When indoors, they attract attention 
by the absence of the ordinary ticking, which is re- 
~ by an unusual click, occurring every minute. 

f the mechanism of one of these clocks be investi- 
gated, it is found to be exceedingly simple, the 
principal part being a small cylinder with a piston. 
This cylinder is connected by a small flexible tube 
with a network of fixed pipes running through the 
building, and these are again coupled to a main in 
the street. Every minute a wave of pressure circu- 
lates through the entire system of pipes, and the 
hands of all the clocks make an advance. There 
are an immense number of these clocks in Paris, 
the total on October 31 of last year being 7800. 
Their installation has been greatly facilitated by the 
system of so-called sewers which exist in the city, 
for the main pipes can be laid in these without 
breaking the streets. It would be more correct, 
according to English ideas, to denominate these 
underground conduits as subways, for they consist 
of passages having a drain in the centre, with a 
footpath at each side, and ample head room for a 
man to walk through. Even the liquid flowing 
through the drain is much less foul than ordinary 
sewage, owing to the prevalent use of cesspools. 

_ The notification of time by means of compressed 
air was begun in 1879 by the Compagnie Générale 
des Horologes et Forces Pneumatiques. In 1886, 
the company, which then underwent reconstruction, 
enlarged its sphere of action, and obtained a con- 
cession for forty years for the distribution of com- 
pressed air for motive power purposes. An air- 
compressing installation of 3000 horse-power was 
laid down at Belleville, and the work was pushed 
on with such energy that there are now 55 kilo- 








metres (34 miles) of compressed air mains in action, 
in addition to 65 kilometres (40 miles) of pipes for 
the time service. The two trunk mains of the com- 
pressed air service are each 11.8 in. in diameter. 
The first, which is in operation, starts from the 
Rue Saint Fargeau, descends to the Place de la 
Republique, which it traverses, and then follows 
the grand boulevards as far as the Madeleine. The 
other descends parallel to the first as far as the Rue 
des Pyrénées, runs to the Place de la Bastille, and 
follows the Rue St. Antoine and the Rue de Rivoli 
as faras the Place de la Concorde, where it joins the 
first in the Rue Royale. This second main is not yet 
completed. The distribution to the houses is made 
by pipes varying from 14in. to 4in. in diameter, 
according to the demand to be met. On October 1, 
1888, the demands for power from these mains 
amounted to 400 horse-power for manufacturing and 
trade purposes, and to 589 horse-power for gene- 
rating electric current to feed 4200 incandecence 
lamps and 107 arc lamps. There were six central 
electric lighting stations equipped to utilise 100 
horse-power each, and three of 50 horse-power each. 
In addition there were three private installations of 
50 horse-power each at theatres, eight installations 
varying from 10 to 25 horse-power at cafés and 
restaurants, one of 45 horse-power at the office of 
the Fiyaro, one of 12 horse-power at the Hotel 
Meurice, and four of smaller sizes, making 350 
horse-power in all. Air is also supplied to thirteen 
sewing machine factories, to four ice manufacturers, 
to thirty-nine turners taking about 2 horse-power 
each, to sixteen printers aggregating 43 horse- 
power, to thirty-five saw and moulding mills, tak- 
ing about 70 horse-power in all, and to eighty-six 
miscellaneous industries. 

Paris presents a capital field for the exploitation 
of such a system as this. Its industries are nearly 
all small ones, and require only a moderate amount 
of power. But when the power is derived from a 
steam engine the expense is relatively great. The 
police regulations do not permit of boilers being 
placed on upper stories where the work can be best 
carried on, while small engines and boilers are 
notoriously inefficient, and cost almost as much for 
attendance as motors of much larger size. Gas 
engines offer great advantages to small manufac- 
turers, but when the gas costs 7s. a thousand feet, 
as it does in Paris, they are not economical. These 
facts explain the great success of the Compagnie 
Parisienne de ]’Air Comprimé, Procédes Victor 
Popp, which, in little more than two years, has 
sprung into a most flourishing position, and is 
advancing by leaps and bounds. In the interval 
between October 31 and December 20 of last year 
there was an increase in the air delivered for power 
purposes of 78 horse-power, and for electric light- 
ing purposes of 264 horse-power. Financially, the 
undertaking is in a capital position ; we have before 
us an account of the receipts and expenditure, 


which, however, we are not at liberty to publish, 


but which shows that the shareholders will receive a 
most satisfactory return on their capital: 

After several tentative attempts have been made 
at electric lighting the Municipal Council of Paris 
has determined that the time has come at length 
for a comprehensive scheme, and in the last days 
of December a concession was granted to the Popp 
Company for an area extending from the Madeleine 
in the west to the Place de la Bastille in the east, 
and from the line of the Rue de Rivoli in the south 
to the grand boulevards in the north. This is in 
many respects the most important section of Paris 
from an electric lighting point of view. It is more 
than two miles long and nearly a mile wide ; it is 
crowded with cafés, restaurants, theatres, shops, 
and hotels, all of which will, sooner or later, 
abandon the use of gas. The competition for the 
concession was keen, the following interests being 
represented : Rothschild (Marcel Desprez), Edison 
(Compagnie Edison), Cencier (representing Donon), 
and Milde (representing a group). The Popp Com- 
pany was chosen as presenting the best guarantee 
of giving satisfaction to the public for electric light 
and power ; they propose to lay down plant imme- 
diately, it being estimated that 150,000 lamps will 
be required eventually. 

It is well known that distribution by compressed 
air has a very low efficiency unless the air be heated 
before it is employed in the motors. According to 
a report by M. Joseph Francois, the air, if employed 
cold, has an efficiency of 46 per cent. ; if heated to 
200 deg. C. (392 deg. Fahr.), previously to being 
employed in the motor, it has an efficiency of 64 per 
per cent., while if water be injected into the heated 





air the efficiency rises to 87 per cent., as by the 
following Table : 


Efficiency of Compressed Air Distribution System. 














| Heated Air 
ae . wi 
Cold Air. |Heated Air. Injection of 
| Water. 
Weight of air delivered per 
indicated horse-power of 
motors... oe ee 110 Ib. 78 1b. 58.6 Ib. 
Volume of air per indicated 
horse-power eF -.|1363 cub. ft.) 974 cub, ft. | 727 cub. ft, 
Temperature of compressed 
air at motor fe --| €8 deg. F. | 392 deg. F. 392 deg. F. 
Temperature of exhaust .. |— - 3 - 129 mn 
Efficiency of compressed air| 46 per cent. | 64 per cent. | 87 per cent. 








It is stated that these results have been found by 
experiment, though they appear to be very high ; they 
are about 8 per cent. better than those calculated 
for under similar conditions by the promoters of the 
Birmingham Compressed Air Power Company. By 
the consumption of .44]b. of coke and the injec- 
tion of 6.61b. of water per horse-power per hour, 
the efficiency is raised to 87 per cent., it is said. 
For practical purposes M. Francois takes the 
efficiency at 80 per cent., and on this basis he has 
made a calculation of the cost of working fifteen air 
compressing machines of 400 horse-power indicated 
(6000 horse-power in all). He estimates the 
buildings at 18,000/., the land at 14,000/., the com- 
pressing machinery and boilers at 84,000/., the 
pipes at 54,000/., the air engines and fixing at 
20,000/., and other expenses at 10,000/., or 260,0001. 
in all. M. Francois assumes that the installation 
will be at work sixteen hours a day on an average of 
the entire year, basing his assumption on the ex- 
perience of the Compagnie Parisienne de ]’ Air Com- 
primé, and on the hypothesis that secondary 
batteries will be used in electric lighting. He puts 
the coal consumption at 2.2 lb. per hour, equal to 
100/. a day ; wages at 321. ; accessories and repairs 
at 81. ; and salaries at 4l.; or an aggregate of 1441. 
per day for the compressing station. The supervision 
of the motors he estimates at 16/. and the manage- 
wan of the company at 20/., the total daily expense 

eing : 


£ 

Interest and amortisation 65 
The compressing station 144 
The motors ic 16 
General expenses 20 
245 


With the assumed efficiency of 80 per cent. the 
customers would receive 4800 x 16, or 76,800 horse- 
power hours per day, which would cost to supply 
2451., or about .76d. per hour. If the cost of the coke 
be reckoned at one-tenth of a penny, the total ex- 
pense may be estimated in round figures at one 
penny, which is an addition of 16 per cent. for 
losses of various kinds. 

It is interesting to compare this estimate with that 
made in 1883 by Messrs. English, Hanssen, and 
Sturgeon, for the Birmingham scheme. In the latter 
case the expense of the plant came to 200,000/., as 
in Paris. The indicated power of the compressing 
engines was 8400 horse-power. They were, however, 
only estimated to work at full power ten hours a day 
against sixteen in Paris, so that the fixed expenses 
per hour were consequently greater. However, there 
was a great saving in the item of coal, which costs 
6s. in Birmingham against 20s. in Paris. Wages 
and salaries stand for 4900/., repairs and renewals 
for 5000/. a year. The total sum of the yearly 
expenditure is 21,0001. against 65,0001. in Paris, 
28,0001. of the difference being due to the coal bill. 
On the other side of the account it is estimated 
that the customers will pay for 5000 horse-power 
for about twelve hours per day during six days a 
week, or for about ten hours a day during seven 
days. The average price is put down at 91. a year 
per horse-power, or about gd. per hour. Sucha 
sum would pay all the expenses and would leave 
24,0007. a year to pay 12 per cent. interest on the 
capital. 

The two estimates are sufficiently alike to con- 
firm each other in many respects, but the Parisian 
scheme has a great advantage in the number of 
hours the machinery is expected to be at work. 
We may safely assume that a great part of the 
power will go for electric lighting, for the manufac- 
tures and miscellaneous industries of the city will 
only absorb a small proportion of it, unless there 
should be a very great extension in the way of 
refrigerators and cold stores. We believe that 
this is an outlet which is expected to develop very 
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largely, and it will offer the additional advantage 
that it will make the greatest demands in summer 
when the least artificial light is required. The 
surplus power will be used during the daytime for 
charging accumulators, and in the evening part 
of the lighting must be done by batteries charged 
during the day, and part by current supplied 
direct from the dynamo in the evening. By 
this plan both the compressing plant and the 
dynamo could be kept nearly continuously at work 
during the winter months, 

The scheme is one of very great magnitude, and 
will be watched with much interest in all parts of 
the world. 








RAILWAYS IN NEWFOUNDLAND. 


TuE Island of Newfoundland, the oldest colony of 
the British Crown, is roughly in the shape of a 
triangle, of which each side is about 400 miles, 
although the bays and deep indentations of the 
coast line leave the land area much smaller than 
would be worked out by calculation from these 
figures. Tull lately, the sole occupation of the 
people has been the sea fishery in one or other 
of its branches, and much of the interior of the 
island is totally unexplored, whilst the population 
of 193,124 is all contained in a thin belt along the 
sea-side. In 1875, it was suggested by Sandford 
Fleming, chief engineer at that time of the 
Canadian Pacific Railway, to run a railway across 
the island from St. John’s, the capital, to St. 
George’s Bay, with quick steamers at each end to 
shorten the route between England and America in 
point of time. The line was surveyed, and the in- 
terior of the island was found to possess admirable 
land and timber and to give promise of mineral 
wealth, but the scheme fell through, in consequence 
of the discouragement offered by the British 
Government, the terminus on St. George’s Bay 
being upon land which by treaty was covered by 
the French fishery rights and could not be 
alienated. The idea of introducing railways thus 
started became popular, and in 1880 the Govern- 
ment passed an Act, authorising the raising of a 
loan of 5,000,000 dols. to construct a railway from 
St. John’s to Ndtre Dame Bay with a couple of 
branches, the whole covering 340 miles, and a 
survey of the first hundred miles was made by 
Messrs. Kinniple and Morris, of London. The 
following year, however, two tenders were made by 
different syndicates, the one American and the other 
Canadian, to construct the railway and operate it for 
certain subsidies to be paid as assistance by the 
Government. This led to an alteration of policy, 
and an agreement between the American syndicate 
and the Government, whereby the former was to 
build the 340 miles for a subvention of 180,000 dols. 
a year for 35 years, and a land grant amounting to 
5000 acres of land per mile of railway, the sub- 
vention being payable on the completion of each 
five-mile section, The first sod was turned in 
August, 1881, and by September of the following 
year the first 35 miles was complete to Holywood, 
and 100 miles more were located. Upon these works 
atthis time over 1,000,000 dols. had been expended. 
The line starting from St. John’s, which stands at 
the eastern extremity of a peninsula, runs to 
Holywood necessarily in a south-west direction from 
the contour of the coast, it then turns north-west 
and after clearing another indentation of the coast, 
turns nearly due north to the mining district of 
Hall’s Bay, which is on the east side of the island, 
and about half way between St. John’s and the 
Straits of Belle Isle, which separates the island 
from the Labrador coast. At 47 miles from St. 
John’s the Brigus branch would turn off, and 11 
miles further from the starting point or 58 miles, 
the Harbour Grace branch commences, and runs 

7 miles to that port. Up to the present time the 
only part of the road in operation is this line from 
St. John’s to Harbour Grace, 85 miles in length. 
The company for some time have been in financial 
difficulties, and the coupons on the bonds issued 
on the London market have been unpaid since July, 
1884. The line is working under a receivership, 
and the net receipts over working expenses for 
1887, the last account published, shows a margin of 
vnly 7526 dols., or about one-third of one per cent. 
on the 2,000,000 dols. of bonds created. The 


tovernment are now anxious for the completion of 
the main line from Harbour Grace junction to 
Hall’s Bay, and from Brigus junction to Brigus, 
and have advertised for tenders from responsible 
parties to undertake the construction, maintenance, 








and operation of these lines, together 255 miles. 
The gauge of the road is to be 3 ft. 6 in., and the 
character of the works is that of a second-class 
narrow-gauge line. 

In 1857 a well-known explorer and scientist, 
Smith Mackay, arrived at the small fishing village of 
Tilt Cove, containing ten or twelve fishermen’s huts, 
being on acruise round the island. Struck with 
the marvellous quantities of copper ore in the rocks 
alone, he took samples for analysis and subsequently 
a lease of the property, but it was not till 1864 that 
any active operations commenced. Within ten 
years 50,000 tons of copper ore were shipped from 
this mine and a large quantity of nickel. In 1875, 
Bett’s Cove, about a dozen miles to the south of this, 
was leased, and the second year turned out 20,000 
tons, and the third 40,000. In thissame year 1878, 
Little Bay Mine, in the same district, was opened, 
and soon threw both of the others into the shade for 
prospective production and for convenience of work- 
ing, having shown a steady average of 20,000 tons a 
yearsince. There aresome other mines working on 
different inlets from Nétre Dame Bay, of which 
Hall’s Harbour is the central point, and amongst 
them the production of copper from Newfoundland 
has given this island the sixth place on the roll of 
copper-producing countries. The ore lays not in 
veins but in bunches or pockets of greater or less 
dimensions. It was one of these struck at 60 ft. 
from the surface at Bett’s Cove that made this 
mine for some time a complete El Dorada for the 
owner, Mr. Ellershausen. The machinery and plant 
both at Little Bay and at Bett’s Cove are of the best 
description and adaptability, with tramways, 
wharves, and every convenience. At the other 
mines they are less complete, and vary in their 
value and convenience. In 1875, a rich deposit of 
lead ore was found at Port-i-Port on the west side 
of the island, but on protest of the French, as the 
ground is subject to their fishery rights, work had 
to be suspended. This vexed question of the 
French fishery rights, which has prevented the ad- 
vancement of the west side of the island for years, 
is now adjusted, and the rich coal deposits of St. 
George’s Bay, as well as other known mineral dis- 
tricts, may now be developed. There are immense 
beds of gypsum, probably the most extensive in 
the world, in the island, and large quantities of 
roofing slate, sufficient to supply the market of the 
world, besides marbles and other ornamental build- 
ing materials, which should make the development 
of the colony an easy task. The oldest and nearest 
of our colonies is probably, considering its value and 
accessibility, the most neglected. 








NOTES. 

Exectric TRAMWAYS IN THE UNITED STATES. 

THE application of electricity to street railways 
in America is proceeding rapidly. Already nine 
lines are fully equipped and running, while twenty- 
two are being built, and fifteen others have been 
contracted for. In Richmond 12 miles of track are 
being operated on the overhead system. The current 
is conveyed by a contact wire } in. in diameter, and 
at an electromotive force of 450 volts. Therunning 
stock consists of twenty closed cars seating twenty- 
two persons each, and twenty open cars seating 
forty each, fitted with a Sprague motor. The 
running speed is 74 miles an hour on the average, 
with a maximum of 15 miles an hour. The gradients 
are very severe ; the worst is one of 10.1 per cent., 
but it is very short; another is 9.2 per cent. for 
100 ft., while gradients of 8.5 per cent. occur on 
curves of 40 ft. radius, and gradients of 5.3 per cent. 
on aradius of 27.6 ft. In New York the Julien Com- 
pany are extending their system. On the Fourth- 
avenue line the cars are now running three round 
trips, or 36 miles without change of battery. Twelve 
miles are run with the expenditure of 15 electrical 
horse-power. An electric power transmission plant 
was lately erected on the Big Bend river of Cali- 
fornia. Two 5 horse-hower Sprague motors at the 
end of an eight-mile circuit succeeded in clearing 
a shoal of water 600 ft. square by 10 ft. average 
depth in the bottom of the river channel. The 
efliciency obtained at the point where the pumps 
were located was 65 per cent. The situation was 
such that no other form of transmission than electric 
could have been employed. 


Macuinery Fovunpations. 
It is often of great importance to damp the vibra- 
tions set up by gas engines and other machinery, 
and several varieties of elastic foundations have been 


proposed to this end, In France india-rubber 


seems to have been used with considerable success, 
though much depends upon the quality, and it is 
stated that the common practice of adulterating 
the rubber with oxidised oil, greatly reduces its 
value for the purpose in question, whilst at the 
same time this admixture cannot be detected by the 
ordinary tests. A layer of felt some 12 in. thick 
has also been used with success, but the best 
foundation seems to be one of concrete made with 
asphalt instead of cement. Le Semaine des Con- 
structeurs gives three methods of using asphalt in 
this way. One plan is to heat together 100 parts of 
asphalt with 50 parts of broken stone to a tempera- 
ture of from 360 deg. to 390 deg. Fahr. When 
thoroughly melted the mixture is poured into 
moulds of well planed wood, as the asphalt adheres 
strongly to rough wood. On cooling, the mould is 
taken apart and there results a block of concrete 
ready for use. Another plan is to pour into the 
mould a layer of asphalt, then, when this has set 
a little, a layer of broken stone is added, on top of 
which is poured liquefied asphalt to a depth of about 
2 in., which again is allowed to cool slightly before 
adding another layer of stone, the process being 
repeated till the mould is filled. These intermit- 
tent coolings have no effect on the homogeneity of 
the block. The third and last method is to use the 
asphalt simply as a cement, the foundation being 
built up dry, a cofferdam formed round it, and 
liquid asphalt poured in, which penetrates into all 
the joints of the masonry, and cements the different 
blocks together. This method is in general the 
cheapest and most rapid, though it may be ques- 
tioned if the vibrations areas completely destroyed 
by it as when concrete is used. 


Coal IN JAPAN, 

The Japanese Government are at present taking 
steps to open up a new coalfield in Yesso, situated 
near the junction of the Sorachi and the Ishicari 
rivers, the last named being the largest river in 
Japan. It is intended to construct a short length 
of tramway to connect the mines with the Ishicari, 
down which river the coal will be conveyed in flats 
as far as the Ishicari mouth, about 90 miles distant, 
where it is proposed to eventually construct a 
harbour, capable of receiving large steamers. The 
Ishicari is a fine broad stream, and once the bar is 
crossed it is navigable for vessels drawing 14 ft. for 
a distance of 30 miles from its mouth. The open- 
ing up of this river to navigation would do more to 
develop the resources of Yesso than any step that 
the Japanese Government have hitherto taken 
with this view, since they recognised the fact that 
in that island they possessed a country of great value, 
not only for its minerals and timber, but also for 
stock-raising and farming purposes. The coal at 
the Sorachi appears to form part of the same field 
as that at present worked at Poronai, situated about 
30 miles or so to the southward. The workable 
seams have an aggregate thickness of 36 ft., and 
the coal is of first-rate quality. The colleries ex- 
isting in Japan are situated at Tacoshima and 
Nakanoshima, Miike, and Karatsu, all in the south 
of Japan and Poronai, in the island of Yesso. The 
total output is between one million and one and a 
quarter million tons, of which the two first are re- 
sponsible for 420,000 tons. There are also one or 
two other small collieries worked in a primitive 
fashion, but the output is insignificant. The 
collieries of Tacoshima and Nakanoshima belong to 
a private firm, and being economically worked on 
sound commercial principles, prove a remunerative 
undertaking. The others are, or were until quite 
recently, worked by the Government, and while 
they have been of benefit in keeping down the price 
of coal, they have been anything but profitable 
concerns for the nation. 


AN ANCIENT RESERVOIR. 

The works which the Gas and Water Company of 
Tunis are now completing are of exceptional in- 
terest from an historical point of view, being 
nothing less than restoration of the old covered 
reservoirs of Carthage, which date back fully two 
thousand years. From the description given in 
Le Génie Civil it appears that these reservoirs form 
a block measuring 420 ft. Icng by 89 ft. 6 in. broad. 
The interior of this block is divided into eighteen 
compartments, all of which are in communication 
with each other and with the incoming and out- 
going conduits. During their long existence these 
cisterns have passed through four periods, alter- 
nately of repair and neglect, evidences of which 
are furnished not only by the different varieties of 








masonry occurring where repairs haye been effected, 
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but also by the character of the various layers of 
deposit on the walls of the tanks. The first layer 
of this deposit probably dates back to the time of 
Hannibal, when the cisterns were in full working 
order. Itis very uniform, and apparently corre- 
sponds to a considerable lapse of time ; that por- 
tion which was first deposited is yellowish, be- 
coming whiter as time went on, and more care was 
taken with regard to the quality of water impounded. 
After the Roman conquest the tanks fell into dis- 
use, and the water in them rapidly became foul, an 
irregular dark-coloured layer being deposited on 
the sides. The Emperor Adrian repaired the tanks 
and impounded in them the waters of the Qaghaouan, 
and during this period a third layer, pure and white 
as the first, was deposited. But this state of affairs 
was put an end to by the irruption of the Arabs in 
697, and since that time the cisterns have been 
entirely neglected, and during this period the 
fourth layer was deposited, which is similar in all 
respects to the second. The French company have 
practically revived the scheme of the imperial engi- 
neer, and under their auspices the reservoirs will 
enter on a new career of usefulness. In cutting 
through the retaining walls of the cisterns it was 
found that these walls were thicker near the ground 
level than lower down, the reason for this arrange- 
ment probably being that the ground was excavated 
without waling boards or any other arrangement 
for keeping the sides of the excavation vertical, and 
the space between the earth slope and the true 
vertical line was filled in solid with masonry in- 
stead of soil. 


Macneto Macuine For ExEctric Testine. 

A small portable magneto machine generating an 
alternating current, which is used to ring a polarised 
bell when the circuit is complete, forms a rough 
but convenient means for testing in the course 
of construction or inspection of electrical work. 
The simplicity of the apparatus, the facility with 
which currents of high electromotive force can be 
obtained, are points in its favour, rendering it much 
more efficient, as well as convenient, than the ordi- 
nary portable galvanometer used in connection 
with a current procured from a couple of battery 
cells. With a compass galvanometer with coils having 
a resistance of one-fifth of a ohm, the index would 
deflect 10 deg. through a resistance of 70 ohms, 
with one cell of Leclanché ; with a cell of bichro- 
mate of potash battery, the needle would make a 
similar deflection through a resistance of 100 ohms. 
Also a vibrating bell with an electro-magnet whose 
coils were wound to a resistance of 2 ohms, with a 
cell of Leclanché battery, would ring through a 
resistance of 10 ohms; and with a cell of bichro- 
mate of potash battery, would ring through a 
resistance of 20 ohms. In contrast with this, each 
one of these portable magnetos, with an armature 
wound to 400 ohms resistance, will ring through a 
resistance of 7000 ohms when the crank of the 
driving pulley is turned about 200 times a minute. 
And with such apparatus, a practical judgment can 
be formed of the resistance of the external circuit 
by noting what speed of revolution is necessary to 
obtain a ringing of the bell. Yet these testing 
instruments are subject to certain conditions of 
error, unless used with judgment ; because on lines 
of large surface there is sufficient electrostatic ca- 
pacity to ring the bell, especially in ground testing, 
and give an indication of a ground signal such as is 
not the case. This is especially true on incan- 
descence circuits where the electrostatic capacity of 
the system would be sufficient to vibrate such a 
polarised magnet and ring the bell. Some experi- 
ments tried with these magnetos show that the 
electrostatic capacity of one-third of a micro-farad 
was sufficient to ring the bell. The magneto is 
well adapted for testing in such instances if the 
armature is provided with a commutator so as to 
generate a continuous current. 


Rattway Movements 1n SoutH AFRICA. 

Railway progress in South Africa, which has been 
blocked for a twelvemonth by party politics, reflect- 
ing little credit on the Cape politicians, as well as 
by the racial ill-feeling entertained by the Transvaal 
Boers towards this country, seems likely to be 
revived by the decision of the Orange Free State 
Volksraad, telegraphed this week, sanctioning the 
extension of the Cape lines to Bloemfontein, 
and the native system to Harrismith. Thanks 
to this arrangement, both the Cape Colony and 
Natal, who have been competing against each other 
in the matter, will be each permitted to cross the 
Orange Free State frontier and make a slight 








advance towards the common objective point—the 


Transvaal. So much intrigue, however, is rife 
in South Africa with regard to railway exten- 
sions, that it would be too much to expect the 
work of construction to be commenced at once. 
That the Transvaal stands in most urgent need of 
railway communication with the sea is recognised 
by everybody in South Africa; but although the 
English element now exceeds the Boer population 
in the Transvaal, it is curiously indifferent to the 
power lying within its grasp and obeys General 
Kriiger with a slavish obedience not usually common 
with English adventurers and colonists. Of course 
the matter is a good deal complicated by the strong 
influence which Kriiger exercises through his friends 
among the Cape Boers, and which materially in- 
fluences the decisions of the Government in regard 
to railway matters. Still, as every day the traffic 
between the Cape and Pretoria grows greater and 
greater, the commencement of new trunk lines 
is only deferred for a time, and the probability is 
that when a start is made the reaction against the 
present apathy will lead to a ‘‘ boom” in ,rail- 
ways. Withregard tothe much talked of northern 
extension to Bechuanaland, that seems for the 
moment to have dropped out of the running. 
As an electioneering cry it served the interest of 
Sir Gordon Sprigg to profess great interest in the 
construction of a line from Kimberley to Bechuana- 
land, but the moment a Government majority was 
assured the matter dropped, so far as the Cape 
authorities were concerned. Inthe meanwhile, the 
private survey for a line through Bechuanaland 
on behalf of an English syndicate is making pro- 
gress, and will probably result in a successful 
scheme if the Colonial Office, with its too-frequent 
shortsightedness, does not throw difficulties in the 
way of the undertaking. The other railway through 
native territory—the Amatongaland scheme—ap- 
pears to have come to grief, and the Cape papers 
report the departure of Colonel Jesser Coope from 
the proposed scene of operations. 


O1n ILLUMINATION v. Gas. 


It is becoming clear that the time is rapidly 
approaching when the gas companies in country and 
suburban districts will have to cheapen their supply, 
under pain of extermination by oil. A short time 
ago we recorded that the town of Erith, finding 
that the new pneumatic petroleum lamps intro- 
duced could illuminate the streets at almost half 
the cost of gas, while, at the same time, giving 
twice the amount of light, concluded a contract for 
oil lighting for three years, and turned its back on 
gas altogether. Undeterred by this example, the 
gas company at New Southgate refused to make 
any reduction of its charge of 4s. 6d. per 1000 ft. 
when approached by a local committee a short time 
ago, and as a result a public meeting was held to 
protest against the exaction, and another com- 
mittee formed to organise an exhibition of 
lamps. About six of the principal firms re- 
plied to the request to exhibit, and last week 
a fine display took place of various types of lamps ; 
most of the 200 specimens on show being alight, and 
ranging in flame power from 10 to 100 candles. 
During the week addresses were given on oil by Mr. 
Charles Marvin and other experts. One of these, 
delivered by Mr. D. C. Defries, contained some 
statistics, which, being based on contracts entered 
into for the illumination of Erith, Waterford, and 
other places, possess something more than a specu- 
lative character, and indicate the competition with 
which gas has to contend. A 43-candle lamp, which 
is of the class commonly sold of the Defries type, 
burns a pennyworth of oil in five hours, reckoning 
the oil at 8d. per gallon, while a three-jet gasalier, 
giving the same light, consumes gas to the value of 
5d. in five hours, calculating the gas at 4s. 6d. per 
1000 ft. Thus, by adopting lamps, a tradesman 
at New Southgate burning 501. of gas a year would 
only burn 101. of oil, effecting a saving of 401. at a 
stroke. That the saving must be considerable is 
demonstrated that even in distriets supplied by the 
South Metropolitan Gas Company with gas at 
2s. 5d. per 1000ft., the tradespeople are abandon- 
ing gas, over 200 shops in Woolwich and Plum- 
stead alone having replaced gas with oil lamps 
during the past year. With regard to street light- 
ing Mr. D. C. Defries stated that while the cost for 
gas lamps ranges between 3/. 10s. and 4/. 10s. a 
year for a light of 13 or 14 candle-power, inclusive 
of all expense, ‘‘ we find as a result of our work at 
Erith, Bromley, &c., that the cost for oil lamps, 
including maintaining the lights, providing the oil, 





labour, &c., to be as nearly as possible 2/. 7s. per 
lamp per annum, averaging the burning of the 
lamp ten hours a night in winter and summer ; the 
light being twice the power of gas, or 30 candles.” 
Clearly then, oil is becoming a keen competitor of 
gas, and as Barnet and other districts near New 
Southgate are going to organise similar exhibitions, 
incited thereto by the display of last week, it is 
plain that local gas companies will have their work 
cut out to contend with this new petroleum move-_ 
ment. 








TRIPLE-EXPANSION PUMPING ENGINES. 
To tHE EpiTor or ENGINEERING. 
Srr,—May I ask Mr. Hanssen for his authority for the 
formula he uses, viz. : 
6 x 80,000 x 3515 
33,000 x 2 
to what do the figures apply ? 
Also would he be so good as to tell me where reliable in- 
formation is to be obtained on this subject. Up to the 
present I have been dependent on the maker’s (centrifugal 
pump) results, which I need hardly say is anything from 
satisfactory. IGNORAMUS, 


THE GREAT WESTERN SHIP CANAL. 
To THE EpiTor or ENGINEERING. 

Srr,—Referring to the schemes which have been 
partially brought into notice for uniting by a maritime 
canal the waters of the English and Bristol Channels, and 
it having been stated’ in the press that the promoters of 
the Stolford and Seaton alternative project propose 
carrying the canal vid Bridgwater, Langport, Ilminster, 
and Chard, itis perhaps desirable that I should submit 
to your readers particulars of what I conceive to be the 
merits of the route I have always advocated, with such 
alterations as have been suggested to me since I intro- 
duced the subject many years ago. 

Starting from Uphill Bay and the mouth of the River 
Axe, close to Brean Down and Weston-super-Mare, my 
scheme includes besides Burnham, Highbridge, and Bridg- 
water, the important towns of Taunton, Wellington, and 
Collumpton, and the city of Exeter, the capital of the 
West of England, passing en route within a short dis- 
tance of Tiverton. The interests of these towns, and 
above all, of Exeter, should not be ignored ; their manu- 
facturing and other traffic far exceeds that of the places 
on the other route, and would form a very valuable 
element in the canal revenue ; and, moreover, I think that 
no Parliamentary Committee, in these days, will sanction 
a project which neglects the wishes of the largest centres 
of population and industry in the locality. I also utilise 
the old navigations, or their sites, i¢., the Bridgwater 
and Taunton, the Grand Western, and the Exeter Uanals. 
This plan will lessen the initial cost of the undertaking, 
and the line of these old waterways is well situated for 
sea and railway communication with the naval station of 
Plymouth, and the mineral districts of Devonshire and 
Cornwall. The geological character of the country to be 
traversed is likewise favourable. It consists of low-lying 
marsh and meadow lands, with clays and sands of the 
new red sandstone formation in the more elevated parts, 
all easily worked, and in addition to the great deposit of 
mountain limestone of which Brean Down is composed, 
there are beds of lias clay and limestone available at 
various other points. 

I adopt the natural harbours of Uphill Bay and the 
Exe estuary, ports for the canal already half formed. 
There is deep water both outside and inside Exe bar; and 
like similar improvements elsewhere, the river mouth can 
readily be deepened and widened so as to make it always 
open. With respect to Uphill Bay, Mr. (now Sir John) 

oode, C.E., reporting in 1861 on the Brean Down 
Harbour project, for which a fresh Bill was lodged last 
session, expressed his belief that Uphill was the only place 
in the Bristol Channel where a port, accessible to the 
largest vessels at all states of the tide, could be made ata 
racticable cost. At Stotford, a harbour must unavoidably 
entirely artificial and tidal. The distinguished engi- 
neer Telford said this, and pro a harbour of the 
kind in his Bristol and English Channels ship canal 
scheme of 1825. Uphill Bay is also nearer Cardiff, 
Newport, and Bristol, and the Somersetshire coalfields. 
It is considered the best commercial and strategic position 
for a harbour on the Somerset coast; and in time of war, 
the short run from the Welsh ports being well covered by 
the guns of the Severn mainland and island defences, it 
cou afford great facilities for a speedy, safe, and con- 
tinuous supply of steam coal to our arsenals and fleets in 
the English Channel. 

My route is of course longer than that to Seaton, and 
therefore less attractive, viewed superficially; but the 
line I have chosen is the most level that can be found 
across the iethmus, and this, after all, is the desideratum 
for heavy sea-going ships, the length, if not excessive, 
being of secondary importance. have before me a 
survey by Rennie in 1794, for the Grand Western Canal, 
from Topsham on the Exe to Taunton, part of which was 
made. The ascent is very gradual, and the attitude of the 
country along that route was ascertained to be 326 ft. above 
low-water mark in the river. The suggested route vid 
Chard, is nearly the same as that which Telford was in- 
structed to lay out, and no doubt he took the most 
practicable line in that direction. The summit of his 
canal extended 10 to 12 miles, It was 268 ft, above low 
water, and was placed in a very deep ane. to avoid 
adding to the numerous locks he poe he 
was to be 15 ft. deep, and it was only intended for vessels 
of 200 tons burthen. A glance at the Ordnance map, and 
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at the heights about Chard Common, 295 ft, to 299 ft., 
Chard 322 ft. to 374 ft., Forton 407 ft., and Chardstock 
350 ft. to 380 ft., will show that this line is not generally 
so feasible as the one I have drawn to the westward of 
the Black Down range of hills; and it is scarcely neces- 
sary to say that the greater the elevation to be surmounted, 
the more excavation would be required, or more locks 
provided. Every additional lock means expense, possibly 
difficulty, in construction, working and maintenance, and 
a hindrance to quick transit; and if there were many 
such impediments, the delays arising from that source and 
from a tidal harbour at Stolford, would prevent the canal 
being used for a through trade. 

As regards dimensions, the figures I gave in my pre- 
liminary statement: width at surface 125 ft., at bottom 
36 ft., depth 21 ft., would be about adequate for the 
classes of ships that would go by the new waterway, 
viz., colliers, steamers, &c, engaged in inter-channel 
trading between the Irish Sea, St. George’s Channel, and 
the Severn ports, and the western and southern counties 
on the English Channel and the metropolis; also thcse 
plying to and from French and Belgian ports and voyaging 
to Northern Europe and the Baltic. The depth and 
width might, however, be increased somewhat to furnish 
a margin against contingencies, but to make a canal, in 
this situation, of sufficient capacity for the largest 
steamers afloat, for example our great ocean liners, which 
would seldom or never pass, or for the occasional passage 
of an ironclad, would be, in my judgment, an unjus- 
tifiable waste of money, and loading the concern with 
unremunerative capital, it would surely risk its success as 
a commercial enterprise. If Parliament, for imperial 
purposes, thought it expedient to subsidise the c:nal 
company, by either subscribing the extra cost or gua- 
ranteeing interest thereon, that would be another matter ; 
but will Government do this? If one canal were thus 
assisted why not another, and if canals why not railways, 
if it could be shown that they possessed strategical ad- 
vantages? A proposition of that nature would certainly 
meet with strenuous resistance, and I doubt if the prin- 
ciple will ever be conceded, as applicable to railways and 
canals in England. 

Having thus briefly called attention to the chief differ- 
ences between these two canal projects, it is for the public 
to determine which of the schemes shall be supported ; 
having regard to the financial aspects of the question, the 
facilities for construction and navigation by the respective 
routes, and the present and future needs of commerce. 

Your obedient servant, 


F. A. OWEN. 
27, John-street, Bedford-row, W.C. 
February 7, 1889. 








NAVAL WARFARE. 
To THE Epitor cr ENGINRERING. 

Sik,—I fail to understand the logic of your correspon- 
dent, ‘J. T. B.,” who, in ENGINgERING of January 25, 
objects to the throwing of poisonous gases or liquids in 
warfare as ** barbarous,” ‘‘ inadmissible” and ‘‘ fiendish,” 
while he implies that these adjectives are not applicable 
to the throwing of deadly bombs, and other ‘‘ works of 
the devil.” 

While, as he says, ‘‘ the object of war should never be 
to kill, but to gain an advantage by the capture of posi- 
tions of vantage,” yet killing is the recognised means of 
attaining such ends, and the chief aim of military men 
for ages has been to expedite butchery. Our ancestors 
were satisfied with hacking men to pieces with swords 
and «spears, but we have constantly improved upon their 
methods by substituting others, more effectual because 
more scientific, and more ‘‘ inadmissible” and “‘ fiendish” 
(if less *‘ barbarous”) because more effectnal. Why stop 
the good work now (it must be a good work, or gentlemen 
calling themselves Christians could not engage in it), and 
atickle over a little matter of detail like the substitution 
of poisoning for mutilation ? 

et us rather make the nasty business 2s nasty and as 
dangerous as possible, so that, as foreshadowed . your 
Bulwer in his ‘‘ Coming Race” and by our Stockton in his 
recent ‘* War Syndicate,” nations may beled by fear of 
extermination to abandon a clumsy and childish practice 
which they have clung to in spite of their boasted civilisa- 
tion and so-called ‘‘ religion.” 

If ** J. T. B.” will be consistent and can persuade mili- 
tary gentlemen to eliminate from warfare all that is 
barbarous, inadmissible and fiendish, by all means let it 
be done (though the remainder will be pretty much zero), 
but if we are to go on butchering let us not set up as 
followers of a Prince of Peace, or affect a holy horror when 
a more effectual means of murder is suggested. 

London, February 9, 1889. J.C. T., Jun. 





PERMANENT WAY AND PUBLIC SAFETY. 
To THE Eprror oF ENGINEERING. 

vur interesting leading article on Railway 
Permanent Way, published February 8, one sentence 
requires explanation. After discussing the advantages to 
be gained and the cost to be incurred by the employment 
of Reaviar rails on trunk lines, we read: There would, 
however, in every case be a certain additional expendi- 
ture incurred for stronger sleepers, fastenings, &c.,” and 
you estimate this at 50/. per mile. It strikes me that the 
theory expounded in this sentence is not true—viz., that 
heavier rails require stronger sleepers and fastenings. 

On the contrary, with heavier rails the strains are more 
thoroughly distributed, the strains themselves moreover 
are reduced in magnitude, the rail vibrations reduced in 
amplitude. 

Evidently, therefore, heavier rails may be used to pro- 
duce one or other of the following : 

1. Saving in gang labour for sectional repair and main- 
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tenance, the same sleepers and strength of fastenings to 
sleepers, and the same speed being retained as at present. 

2. Increased safety and comfort at present speeds. 

3. Increased speed at present safety, or, more strictly, 
at present risk. 

4. Increased weight of rolling stock at same average 
speed and risk, 

5. Increased power of haulage with present rolling 
stock. 
If the sleepers and strength of their fastenings to the 
rails be also increased, it is equally evident that certain 
combinations of these advantages (the working would 
then be modified) can be obtained, and possibly that all 
of them may be combined in the resulting product. 

Of course the fish-joints must be increased in strength 
proportionally with the increase in strength of rai], but I 
fail to see that any increase in the strength of the sleepers 
and chairs is @ necessary accompaniment to an increase 
in the rail section unless greater speeds and weight of 
rolling stock are required. 

Southampton. J. 2: B. 





THE NATIONAL DEFENCES. 
To THE EpiTor OF ENGINEERING. : 

Sir,—In the discussion which is now fortunately raised 
concerning our first line of defence, a concensus of opinion 
is observable as to the danger we should run of having our 
food supplies cut off in the event of a war with a maritime 
power. It has been pointed out to the public in speeches, 
letters, and leading articles, that our vast mercantile 
marine would be especially vulnerable to attack by hostile 
cruisers, and consequently that our supply of foreign 
wheat might be so seriously interfered with as to produce 
a state of partial famine. This result might obtain 
although our ironclad fleets were victorious in every en- 
counter. Indeed, it might be brought to pass by an enemy 
possessing no ironclad fleet whatever. It is somewhat 
peculiar that although the danger iz universally ac- 
knowledged, the simple expedient of storing a certain 
quantity of corn in England has apparently received 
no practical attention. 

he total amount of foreign wheat which we consume 
per annum is something like sixteen million quarters. 

The storage of even six months’ supply of foreign wheat, 
in addition to the quantities usually in stock, would there- 
fore seem too vast an undertaking for the economical 
proclivities of our modern rulers, sinking as it would, a 
capital, the annual interest on which would be equal to 
the cost of a first-class ironclad. It would, however, appear 
only reasonably cautious to store a six months’ ration of 
wheat in each of our home fortresses, so that in the event 
of sudden war, the country would not be robbed of the 
first necessary of life in order to victual our fortified 
places. As, in such a war, the metropolis would quickly 
become a fortified place, it should for similar reasons 
similarly victualled in peace. Such action would give 
confidence, and thus tend to prevent any unreasonable 
rise in the market price of corn, which might occur on 
the outbreak of a serious war, if a panic of famine were 
to seize upon the public mind. 

a ge 4 connected as our costly fortresses are with 
our Navy, they have another important function to per- 
form, viz., the foundation of a second line of defence. It 
is very foolish for naval enthusiasts to make light of this, 
for if this opinion be correct, as some of them aver, our 
volunteer soldiers possess no raison d’étre. Should our 
Navy meet with disaster, we might be compelled to fight 
long and fight well on our own shores for our very existence 
as an independent power. Food, even at such a time, is 
more essential than powder and shot. In short, just as 
the reserve of bullion in the Bank of England is required 
financially, so a reserve of stored corn stuffs is required 
strategically, in order to perfect our national defences. 

Southampton. = Merde 





QUICK-FIRING GUNS. 
To THE EpiToR OF ENGINEERING. 

Srr,—A number of my scientific friends, military and 
civilian, and myself, have had great pleasure in reading 
the long letter on machine guns in ENGINEERING of the 
8th instant. 

It is extraordinary, to say the least of it, that Lord 
Wolseley should have so unreasonably prevented Captain 
Salusbury, who is not only well known as a skilled and 
eloquent platform speaker and able writer, but is gene- 
rally recognised as an authority on the machine gun ques- 
tion, from following what was evidently a line of perti- 
nent and sound argument, and giving the audience the 
benefit of an opinion well worthy of even Lord Wolseley’s 
attention. One of the audience assures me that the chair- 
man’s ruling not only savoured of peculiar discourtesy, but 
was by no means in touch with the general sentiment. 
The machine gun Oger is not only of great importance 
to the military world, but is also possessed of considerable 
interest to the engineering profession, which is, indeed, in 
very close relationship to the former. Many of us would 
like to kuow more about the respective merits of those 
terrible instruments. We should like to know which of 
these guns has been proved the best ; what have been the 
results of authoritative trials; which gun is really the 
quickest-firing ; which is best adapted to the general 
requirements of a campaign? There are many, too, 
for whom I do but act as spokesman, who would like 
to know in what competitive trial the Maxim gun 
proved itself so far superior to other guns as to induce 
the authorities to expend large sums of the — money 
in its purchase. Captain Salusbury bas had an expe- 
rience of campaigning on a somewhat Jarger scale than 
that which has so rapidly raised ‘‘ our only general” to his 
exalted position—an experience which enables him to speak 
from a practical standpoint. I speak on behalf of a tone 
number of readers of ENGINEERING when I say that, 








subject to your approval, some responre to the questions 
I have put will prove very acceptable to many who 
have an interest in the columne of the leading journal 
of this department of science. A request from yourself 
would perhaps carry more weight in inducing Captain 
Salusbury (whose father’s connection with the engineerin 
world, in his capacity of chairman of a well-known rail- 
way company, many “‘ oldsters” will recall) to deal with 
this request ; or, if this letter be favoured with publica- 
tion, he may think that fact to be sufficient ground to 
lead him to reply. 
I am, Sir, your obedient servant, 
Economist. 





To THE EpiToR oF ENGINEERING. 

Srr,—Reading in your issue of February 8 a letter from 
Mr. P. Salusbury concerning machine guns, I cannot re- 
frain from offering the following remarks, which are the 
outcome of an intimate acquaintance with machine guns 
during the last ten — 

It is now generally understood that a quick-firing gun 
is one which takes the place of ordinary light artillery, 
whilst the machine gun represents a cluster of rifles, 
The object of the former is the destruction of material, 
whilst that of the latter is the destruction of personnel. 
With these two totally different objects in view, the pro- 
jectile of a quick-firing gun carries a bursting charge, but 
the weight of 1lb., by the Treaty of Paris the minimum 
weight of an explosive shell, is unnecessarily large where 
we only have the destruction of a man in view. 

The effect of the fire of a lin. Nordenfelt, the largest 
machine gun in use in our service, is comparatively trifling 
on one of the modern first-class torpedo boats, whilst the 
ordinary rifle calibre (.45 in.) guns are harmless to her at 
400 yards. Mr. Salusbury states that authorities recom- 
mend the Gatling for this purpose, but I think that this 
not at all the view of the majority of my brother officers. 
To destroy a torpedo boat, a large projectile combined 
with a high velocity is needed, and it is impossible to 
obtain both of these in any gun which either has rotating 
barrels or fires volleys, without such an addition of weight 
as to render the gun totally unsuited for ship work. 

The board of British officers which recommended the 
Gatling as the best machine gun must have done so many 
years back, about 1874 I should think, since which time 
the Gardner and Nordenfelt have both been introduced 
into the service, the latter being at the present time the 
favourite in naval circles. Although its rate of fire is 
slightly less than the Gatling (positive feed) the following 
advantages more than make up for it : 

1. Weight 158 lb. against 233 lb. 

2. Number of pieces 80 as against 122. 

3. The Nordenfelt .45 in., takes either solid, drawn, 
or rolled cartridges. 

In conclusion let me pvint out that a machine gun, 
which as I have already stated is a cluster of rifles, and is 
most useful in its right place, can never take the place of 
artillery ; a fact of which its friends seem oblivious. 

T enclose my card and subscribe myself, 

Your obedient servant, 

February 10, 1889. FF. F. F. 


THE LOCOMOTIVE QUESTION IN NEW 
SOUTH WALES. 
To THE EpiTor OF ENGINEERING. 

Sir,—It is somewhat unfortunate that this subject has 
been approached in a manner which only partly gives 
your readers an idea of how the case stands. The letter 
of * Colonial” seems to be based on the erroneous assump- 
tion that all your readers are more or less acquainted with 
the details of this business. This is not the case, although 
your articles have been written with a view to make it 
clearly understood ; but without giving a more full and 
complete history of the case, your readers will not be able 
to form a correct judgment. 

‘*Colonial” reckoned without his host when he sup- 

sed that he could champion the cause of his friend Mr. 

idelton on purely technical grounds, without giving the 
opportunity so readily seized by ‘‘One who Knows” and 
ab: — ” of dealing with it on broader and more general 
grounds, 

There is a soreness in trade circles on this question, and 
it was a piece of absolute temerity on the part of 
**Colonial” to suppose that he could approach this sub- 
ject from a Fidus-Achates standpoint, and without weav- 
ing into the subject other intricate questions. 

uch personal feeling has been shown and an unbiassed 
judgment will not be allowed so long as that exists. For 
myself I am not personally interested in either of the two 
png whose names have come before the public, but 
claim to know somewhat of the transactions and would 
ask for a little of your space to show how one-sided the 
question has been dealt with hitherto. 

Prefacing my further remarks by saying that in one 
thing at least ‘‘ Colonial” was perfectly right, that is, 
that no one can touch upon this subject, without, how- 
ever, unwillingly becoming somewhat personal. 

Locomotives were required by the Government, and to 
avoid the necessity of running the mail trains with two 
engines to the fore, it was proposed by the traffic superin- 
tendent that engines of a more powerful class should be 
used. The then acting locomotive engineer selected one 
(designed by himself) suitable for either mail or mixed 
traffic, and the locomotive engineer designed another. 
There is something decidedly infra dig. to English notions 
in ee from a subordinate, and it was very natural 
that the locomotive engineer resented it, but it appears— 
as in all other things (although the reasoning may appear 
weak) —that the ends justified the means; for the engine 
designed by the then subordinate fully established its 
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for specifications of a design from the acting locomotive 
superintendent, were based on the grounds of his later 
English experience, and more modern practice in railway 
requirements. This no doubt afforded him an oppor- 
tunity for a quid pro quo, as he had learnt that his superior 
had been recommending another gentleman, for the posi- 
tion of assistant engineer, then Treld by himself. The 
same course was three years later again adopted of solicit- 
ing the opinion of the once acting locomotive engineer, 
who held the position of superintendent of the tramway 
rolling stock, as the extract from a minute of April 18, 
1887, by the Secretary of Public Works, will explain. 
‘* For the purpose of obtaining opinions of the best class 
of engines for this purpose, I wish an early report from 
Mr. Midelton, now superintendent of tramway rolling 
stock, Mr. Midelton having had a large engineering ex- 
perience, both in England and the colonies, and has 
already shown evidence of his ability with regard to his 
plans for the Goulburn running shed, and advice in con- 
nection with the Eveleigh workshops. He has already 
designed ten locomotives, which after two years’ service, 
have proved to bs the most economical in working that 
we have, and for these and other reasons, although he is 
not now in the railway locomotive branch, I should like 
his opinions on this question.” 

The trial of which ‘* Colonial” writes showed that the 
tractive power of the Scott engine was largely in excess of 
its adhesion, and that without the use of sand it would 
never have climbed the 1 in 30 grades. This part of the 
subject has been carefully avoided by both ‘* One who 
Knows ” and also “‘ Justicia.” 

The great number of classes of locomotives—by some 
stated at thirty-three, others sixteen—gave great concern, 
and it was instanced by Mr. Midelton that it was at least 
unwise to increase them, as he opined Mr. Scott was 
doing, in asking for tenders for engines with larger dia- 
meter of cylinders and shorter stroke. ‘‘ Justicia” writes 
to show that such deviation from the original engines of 
that kind did not constitute a different class. Well, that 
is how it is taken. Certainly interchange of crank axles 
and wheels would be impossible, and the question of 
duplication—always a prominent one—was in this case 
materially interfered with. Why the locomotive engineer 
made the change with a four-wheeled coupled engine of 
the weight mentioned it is difficult to say. The course 
was not judicious, 

The commercial side of the question is very different, 
and pressed equally on both English, American, and 
Continental builders alike. 

The places of delivery, terms of inspection, and accept- 
ance were not more difficult than what are usually re- 
quired by foreign governments or railways, and the 
somewhat got-up indignant protests, along with the un- 
usually depressed state of the labour market in the colony, 
brought about a reaction of feeling which culminated in 
asking tenders from colonial firms. 

As expert, within the meaning of the word, any Go- 
vernment official was bound tu give a straightforward 
opinion when called upon as to the ability of the colony to 
supply themselves, either by private enterprise or in the 
Government shops. The prices tendered by the private 
builders were much higher than those offered by com- 
peting firms outside the country, and no doubt the cost of 
manufacturing locomotives in the Government shops 
would be also an excess of such forsome time. The same 
has ever been the case in the initiatory stage of all rail- 
way enterprise in that direction, and, however unpleasant 
the results may be, they are only such as were to be even- 
tually expected. 

The colony can no longer be treated as utterly de- 
pendent on homes manufacturers, and it is only wise to 
recognise that as early as possible. Thanking you in anti- 
cipation for the space. 

AUSTRALASIA. 





To THE Eprror or ENGINEERING. 

Srr,—It was not without some little wage and a 
flutter of expectation that I waited the vent of 
‘* Justicia’s” second letter. The first hovered over the 
subject without in the least affording any idea but a very 
vague one of what his real object was. The concluding 
words were full of augury, and inspired me with the 
belief that beyond the range of such information which 
had become public property, he intended like a skilful 
strategist to unmask a battery of new facts which should 
silence for ever and aye, all opposition. If the first 
letter bespoke ‘‘ great expectations,” and the mountain 
has laboured in vain, what shall we say of the second 
which “Justicia” complacently thinks ‘‘has cleared 
away the fog of empty or misleading phrases.” The 
whole of this letter, consisting of more than a column of 
closely-printed matter, has been ingeniously written with 
the object of proving that serious alterations in the 
diameter and stroke of cylinders do not interfere with a 
type, or that with such altarations the type remains the 
same. How far this argument could be carried out it 
would be interesting to know. The not least modest 
pom of his letter is the manner in which its author 

as managed to select. so much and no more of the several 
minutes and reports from which he quotes as will give 
the necessary colour and pretext to suit his views ; for 
instance, when referring to the secretary of works, Mr. 
Sutherland’s, minute, he finds it politic to go no further 
than that part which reflects on obtaining the opinion of 
the superintendent of tramway rolling stock per ex., as 
follows : 

‘*For the purpose of obtaining opinions as to the best 
class of engines for the purpose I wish an early report 
from Mr. Midelton, now superintendent of tramway rolling 
stock,” here he stops (the italics are mine), the iauendo is 
complete, but let us proceed further. ‘‘ Mr. Midelton 
having had a large engineering experience both in 
England and the colonies, and has sendy shown evi- 





dence of his ability with regard to his plans for the Goul- 
burn running sheds and advice in connection with the 
Eveleigh workshops. He has already designed ten loco- 
motives, which, after two years’ service, have proved to 
be the most economical in working that we have, and for 
these and other reasons, although he is not now in the 
railway locomotive branch, I should like his opinion on 
this question.” 

The text for “‘ Justicia’s ” remarks, it must be conceded, 
is somewhat shorn of its significance when the context is 
given. Not alone in this do we find the same astute 
system of culling sufficient for the purpose, for further on 
he says: ‘* That I may not be accused of mis-stating the 
terms of the charge the superficiality of which I am about 
to demonstrate, I will put them briefly in Mr, Midelton’s 
own language, as given in his report to the minister, of 
April 19, 1887.” Then he goes on to give a lengthy extract 
as follows from Mr. Midelton : 

** This specification describes what is known here as the 
205 class of engine, i.¢., one having six coupled 4 ft. 
wheels with a two-wheeled bogie in front and outside 
cylinders. Ifit were not stipulated that the cylinders 
were to be 19 in. in diameter and 24 in. stroke instead of 
18 in. by 26in., it would exactly describe the 205 class, but 
the author of the specification is not content with intro- 
ducing another class of passenger engines, but he wishes 
to introduce another class of goods engine also, without 
securing any benefit.” There “ Justicia” again stops. 

Fie, ‘‘ Justicia,” why not quote further? 

Let us again take the context. ‘‘ The 205 class are well 
known to bethe most sluggish engines we have, and there 
are grave defects in them, as at times enormous weights 
are thrown on the bogie and trailing wheels on account of 
the absence of ee compensating beams in the required 
positions, and I notice that it is not intended to remedy 
this defect, therefore we are not only destroying the per- 
manent way with the engines we have, but we propose to 
build a still heavier type to expedite the destruction.’ 
We again have the reasons given which without “‘ Jus- 
ticia” would, by implication, have tried to carry his point, 
as further on he says these engines ‘‘ admirably answered 
the requirements of the traffic.” What’s in a name? 
much, everything, but ‘‘ Justicia” must not cover in- 
justice. 

One can now afford to wait the next development of 
‘* misleading phrases” and distorted passages which are 
promised in a future issue. 

CoLonIAL. 





To THE EpITor oF ENGINEERING. 

Srr,—In reading the last two or three effusions of 
‘* Justicia” I have been more or less inclined to think that 
the old adage of giving a man a sufficiency of rope, &c., 
would suffice in his case at least. 

The “‘ momentary digressions” he indulges remind me 
of the worthy Scottish minister who dropped his notes, 
and only found them after much trouble and no little 
blundering. His tender regard for the 205 class would 
almost lead me to suppose that he was responsible for 
their paternity, and thus with the pardonable vanity of 
such people recognised in their languid movements the 
highest range of mechanical effort. 

By one who had exceptional opportunities of noting 
them, and whose name and experience may yet come to 
the fore, they were dubbed ‘‘ Road Troublers.” The un- 
equal weights consequent on the defective spring arrange- 
ment made them the bane of the permanent way officials, 
who viewed them with far different feelings to ‘“‘ Jus- 
ticia.” 

The continuation of the remaining portion of the 
extract so skilfully inserted (not in the nick of time) was 
a real Falstaffian device, but did not make the amende 
honorable for the injustice already perpetrated. 

‘* Justicia’s” endeavours in the self-imposed task of the 
historian of the New South Wales locomotive question, 
are peculiarly disjointed, and instead of working consecu- 
tively link by link, jump with amazing agility from 
point to point so as to leave the reader in doubt as to what 
he means. ‘‘Justicia” has sprung another mine and 
brought in the American makers in a telling charge 
against Mr. Midelton’s proposals. 

Now let us refer to this question—ab initio—as it comes 
more closely to the grit of the subject than any other por- 
tions of ‘‘ Justicia’s” (brief) epist es, and herein I recog- 
nise the first implied desire on his part to try conclusions 
as to the mechanical qualifications of the two gentlemen 
interested. 

Referring to a minute of Mr. Midelton’s dated De- 
cember 22, 1883, respecting six engines of the Mogul type 
offered by the Baldwin Company, he remarks: ‘‘ This 
represents the class of engine and tender I am now design- 
ing in accordance with a minute by youin a previous 
paper. I have ever since I came to the colony in 1880 
argued that an engine, such as here illustrated, having 
18 in. by 26 in. cylinders and a set of six-coupled wheels 
5 ft. in diameter would, with a suitable eight-wheeled 
tender to carry 3000 gallons of water and 5 or 54 tons of 
coal be the best all-round class of engine we could have, 
such as would be capable of working any passenger trains 
or goods trains, or cattle traffic, in short, it could be 
attached to any train and work it satisfactorily.” A point 
of paramount importance in the colonies and where, as 
in New South Wales, every type was represented and 
duplication was practically unknown. 

Having heard Mr. Midelton, let us refer to Mr. Scott, 
who thus expresses himself on the same subject in his 
letter to the Commissioners dated January 2, 1884: 

“The class of engine submitted by Mr. Rhodes on 
behalf of the B liwin Company, would be a great im- 
provement on the Consolidation class supplied to us by 
this firm, and area « they build such a type of engine 
on our specification, I recommend an order to be given 
for six of them if the price is reasonable.” So far, happy 








conjunction. But in spite of ‘* Justicia’s” pleadings, we 
must read further and show the utter inconsistency of the 
locomotive engineer’s reasoning. ‘‘ The class of engine 
which I consider best adapted to our requirements, is a 
19 in. by 26 in. cylinders and a 54-in. driving-wheel with 
a tractive power of about 174, and can be run at a 
speed of 35 miles an hour, which I consider would be 
ample for any mixed passenger or live stock trains. Be- 
lieving that the speed of our mail trains must be increased 
rather than reduced, I could not think of recommending 
the use of such an engine Mr. Midelton advocates for 
running mail trains.” Now let it not be forgotten that 
the tratfic manager had stipulated an average speed of 
35 miles with the mail, and here the locomotive engineer 
recommends a 54-in. wheel for that speed, yet in a con- 
cluding paragraph he condemns a 60 in. wheel as being 
too pas It is easy to evade, but difficult to force, a 
conviction, and the flippant manner in which “‘ Justicia” 
alludes to the 26 per cent. extra fuel consumed by Mr. 
Midelton’s engine in the trial is a part of the same system 
of holding the scales. But enough of inferences and 
deductions. Give us proofs cry the critics, give us proofs ! 

The report of Messrs. Allison D. Smith and Roberts 
on the Midelton engine shall supply them. They report 
as follows in the *‘ analysis of the running:” ‘‘ Deducting 
allowances for stoppages and detention on the road, the 
time occupied between Sydney and Penrith (34 miles) was 
194 minutes faster than allowed by time table, between 
Penirth and Katoomba (32 miles) 184 minutes were 
gained, between Katoomba and Mount Victoria(11 miles) 
184 minutes were gained, and between Mount Victoria 
and Eskbank (174 miles) be. minutes, equal to a total gain 
of 68 minutes over time-table time for the whole journey. 
There was less frost on the rails, which was decidedly in 
favour of the engine. The engine appeared to be 
thoroughly master of the work—indeed, the great gain in 
time during the ascent showed that the load might have 
been increased with safety. 

‘* Tt should, however, be observed that, in approaching 
the same portion of the road where the Vulcan engine 
stopped, the steam pressure likewise fell, and the driver 
had allowed the water to get so low that it disappeared 
from the gauge glass and did not reappear for 14 minutes, 
with both injectors on. The engine also took the curves 
very easily (one for ‘One who Knows’), and was quite 
steady at the highest speeds noted, viz., 45 miles per 
hour.” 

Messrs. ‘ Justicia” and ‘‘One who Knows” will now 
oblige by noting the following further remarks : 

**The excessive consumption of fuel by the Mogul 
engine is probably due to the high average speed of 20 
miles per hour at which the ascent was made.” 

The independent testimony may not yet be conclusive 
to ‘* Justicia ” and Co., but affords a striking contrast to 
the helpless, wind-broken engine that halted to gain steam, 
and afterwards laboured with difficulty to the summit, 
To avoid anything “perplexing and unsteady,” I will 
preface ir 4 concluding remarks with the further testa- 
ments of the aforesaid judges: 

**In conclusion, we are of opinion that the six-coupled 
engine recommended by Mr. Midelton is more suitable 
than the four-coupled engine recommended by the loco- 
motive engineer for the particular class of traffic and road 
on which the experiments were made. The trial showed 
conclusively that the Vulcan engine had not sufficient 
adhesion on the coupled wheels. The advantage of the 
six-coupled engine recommended by Mr. Midelton is that 
it has 34 tons of distributed weight available for adhesion, 
the greatest load on any pair of wheels being 12 tons, thus 
making it lighter on the permanent way (another for 
‘One who Knows’), and able to utilise the full amount 
of tractive power developed. It has also the advantage 
of greater heating surface than the Vulcan engine.” I 
would willingly have spared any further infliction on 
Messrs. ‘‘ Justicia” and ‘*One who Knows,” as also upon 
your readers by quoting further extracts, but the would- 
be historian of the ‘‘ Troublers” prefers to leave the 
straight track of criticism and wander in the bye-path of 
digressive generalities, and thus shirk the real question at 
issue. The concluding passages of ‘‘Justicia’s” letter 
are again big with portent which we must forsooth await 
with fear and trepidation. Sincerely apologising for the 
length of my letter, COLONIAL. 





To THE Epitor or ENGINEERING, 

S1r,—In my last letter I disposed of the plea of “ dif- 
ference in type” urged in the first instance, and with so 
little reason against the engi both passenger and 
goods—specified by the locomotive engineer. I now pro- 
ceed to deal with the more prominent points of the ques- 
tion in its later stages. 

Taking first the case of the goods engines ; those specified 
by Mr. Scott were, as I have before noted, practically in 
repetition of a large number that had been supplied to 
the department from this country from time to time, and 
in open competition, during the administration of several 
different governments, some of them with free trade, 
and others with mora or less: protectionist sympathies, 
since the first introduction of this type of locomotive into 
the colony by Mr. Scott’s predecessor in 1881. These 
engines, as has been already briefly indicated, have out- 
side horizontal cylinders 18 in. in diameter, with a stroke 
of 26 in., and six-coupled 4-ft. wheels, with a two-wheeled 
bogie in front, the fixed wheel base being only 11 ft., 
with a total wheel base 19 ft., thus combining lateral 
flexibility with longitudinal steadiness in a marked 
degree. They have large boiler power, the grate 
area being 20.8 square feet, with a total heating 
surface of 1143 square fect. The purpose in view in 
introducing this type of engine, and the success which 
attended its adoption, is described by the then locomotive 
engineer to the New South Wales Government, in the 
Minutes of Proceedings of the Institution of Mechanical 
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Engineers, for May, 1887 (vol ii., page 228), in connection 
with the discussion of a paper on ‘‘ Canadian mo- 
tives.” ‘Prior to 1881,” he said, the standard goods 
loconiotives on the New South Wales railways were six- 
wheel, coupled, nee ny tom engines, the cylinders 
being 18in. in diameter by 24 in. stroke, and the wheels 
4ft. in diameter. In 1881 he had modified this type of 
engine by putting a two-wheeled bogie in front, placing 
the cylinders outside, and increasing the stroke to 26in., 
the weight in working order being 41} tons, with 35} tons 
on the six coupled wheels, They were provided with 
compensating beams between the springs. Engines of 
this modified type, while retaining the substantial cha- 
racter of the English engine, possessed in the fullest 
degree the flexibility claimed for the engines used in 
Canada and the United States, and were in all essential 
features equivalent to the Mogul engines described at 
page 214 of the paper (then under discussion), except that 
their tractive power was greater, being 1761b. for each 
pound of pressure in the cylinders. These engines had so 
fully met the conditions of working and the requirements 
of the roadway, that they had been frequently repeated 
since their first introduction.” This is corroborated by 
the returns in the Commissioner’s annual railway reports, 
from which it appears that at the date when the locomo- 
tive question was raised by the present Minister for 
Works (i.e. in the beginning of 1887), seventy of this 
make of engine had been added to the stock, 

Now let us see, on the one hand, what were the objec- 
tions urged against these engines by Mr. Midelton, and 
what, on the other hand, were the features and peculiar 
merits (if any) of the locomotives he recommended in sub- 
stitution of them. Mr. Midelton, in his report to the 
minister of April 19, 1887, in speaking of the English 
engines recommended by Mr. Scott, and as above de- 
scribed, says: ‘This 205 class are well known to be the 
most sluggish engines we have, and there are grave 
defects in them, as at times enormous (sic) weights are 
thrown on the bogie and trailing wheels on account of the 
absence of proper compensating levers in the required 
positions ; and I notice that it is not intended to remedy 
this defect, therefore we are not only destroying the per- 
manent way with the engines we have, but we propose to 
build a still heavier (sic) type to expedite the destruction.” 
Here [ would pause in this quotation for one moment— 
in view of this pointed charge that the locomotive engi- 
neer, as is implied, ** proposed” to build ‘‘a still heavier ” 
goods engine—in order to ask your readers to compare 
this statement by Mr. Midelton with that by him quoted 
in my previous letter, as follows: ‘‘ This specification 
(i.e., for the goods engines) describes what is known as the 
205 class of engine. Indeed, if it were not stipulated that 
the cylinders were to be 19 in. in diameter and 24 in. stroke, 
in place of 18 in. in diameter and 26in. stroke, it would 
exactly describe the 205 class of engine.” And yet Mr. 
Midelton, in full view of this small alteration in the dia- 
meter and stroke of the cylinders, makes the astounding 
statement that it is ‘‘ proposed to build a still heavier 
type ” of engine. 

But let us proceed with the quotation from Mr. Midel- 
ton’s report: ‘*This 205 class are,” he goes on to say, 
‘‘evidently poor copies of the American Consolidated 
engines introduced in 1877, and intended to compete with 
them, but they have ignominiously failed, and if the pro- 

»osed engines are built, further failure will take place.” 
color thus disposed, once and for ever (in the opinion 
of the author of the report, at all events) of the goods 
engines recommended by the locomotive engineer, the 
tramway superintendent proceeds to describe the engine 
he recommended in substitution. He says: *‘I consider 
the Consolidated type have proved themselves to be the 
best goods engines we have ; they are lightly loaded per 
wheel, and are therefore (sic) easy on the road. They give 
off 200 lb. of power, and the proposed engine will give off 
180.5 1b., only with more weight per wheel. I should 
strongly recommend that the new design be abandoned ” 
—the ‘‘new” design consisting, as we have seen, in the 
proposal to increase the diameter of the cylinders and to 
shorten the stroke by lin. Then follows what may be 
regarded as a key to much that has gone before, for he 
adds: ‘‘and that twenty-five more of the Consolidated 
engines be built in our Eveleigh workshops.” Finally, 
but somewhat vaguely, Mr. Midelton concludes with 
a remark, the value of which we shall be enabled 
to judge of when we come to deal with the case of the pas- 
senger . engines, namely: ‘Nearly all the arguments 
I have advanced against the passenger engines can be 
made (sic) to apply to the pone goods engines,” 

Now, let us go back, and examine a little more closely 
the allegations against the English engines. Briefly 
stated they were, that they were ‘‘ most sluggish,” what- 
ever that might mean ; that ‘‘at times enormous weights 
were thrown on the bogie and trailing wheels ;” and that 
they had “ignominiously failed.” Not one particle of 
evidence is, however, advanced throughott the length and 
breadth of the published papers in support of these high- 
sounding, yet loosely-expressed assertions; while there 
cannot & the slightest doubt that if there had been a 
tittle of evidence to support them, it would have been 
promptly produced. But apart from this, the value to be 
attached to these statements may, doubtless, be fitly 
gauged by reference to what has been already pointed out 
as to the suggestion about the locomotive engineer “‘ pro- 
posing ” to build a still heavier type of goods engine than 
those then in use, while the alteration he did propose in 
regard to the diameter and length of the cylinders would 
not have altered the weight by more than a few pounds, 

Having now taken the measure of the vague allegations 
against the goods engines recommended for repetition by the 
locomotive engineer, let us examine into the merits of the 
American eg recommended by Mr. Midelton in sub- 
stitution of them. But in the first place let me describe 
them. They have outside cylinders 20in. in diameter 


with a stroke of 24 in., the slide valves being, as is usual 
in American engines, on the top of the cylinders and 
worked by rocking shafts. They have, as is characteristic 
of the Consolidation type of engine, eight coupled wheels 
4 ft. in diameter with a two-wheeled leading bogie. The 

rate area is 27 square feet ; but owing to the use of bar 
ones the grate is only 2ft. 9in. wide—the gauge of 
railway being 4 ft. 84 in.—which necessitates its prolonga- 
tion to the extent of 9ft. 1lin.’ The weight of these 
engines is great, being 46} tons, exclusive of the tender, 
with 40 tons on the coupled wheels. 

One of the chief merits claimed for these engines by 
Mr. Midelton was, it will be remembered, that they 
‘gave off 200lb. of power,” while the English engines 
had a tractive power of only 180.5lb. Another merit was 
that they were ‘‘more lightly loaded per wheel” than 
the English engines. Both these features are doubtless 
excellent in their way, other things being equal. But 
let us see what they amounted to in practice; bear- 
ing in mind that 35} tons on three axles, as in the 
case of the English engines, or averaging only 11 tons 
16 cwt. per axle, with a maximum on the middle 
driving wheels of 12 tons 5 cwt., is a long way within 
the limit of load for the 70]b. and 75 1b. steel rails 
with which the New South Wales railways are laid. 
Referring to the locomotive engineer’s reply of May 12, 
1887, to Mr. Midelton’s report to the minister we find as 
follows: ‘‘The difference in power (referred to by Mr. 
Midelton) amounts to one truck on the ascending grades 
over the mountains in favour of the Consolidation, but the 
load on the descending grades is the same for both classes.” 
But,” he adds, ‘‘the Consolidation require an extra 
jireman, the expense of which in itself is sufficient to 
justify my not recommending them.” This, it may be 
noted in passing, is due to the inconvenient arrangement 
of the brake handles on both engine and tender, coupled 
with the extreme length of the firebox, rendering firing 
difficult and laborious. The locomotive engineer then goes 
onto say: ‘* But there is a still more important objec- 
tion to the Consolidation, which is the much greater wheel- 
base, that causes the leading bogie wheels to lift off the rails 
when running round the eight-chain curves on the western 
line. hen this was pointed out to the Baldwin Com- 
pany who built and introduced them into the colony” 
(through the “instrumentality,” be it remembered, of the 
present Minister for Works, who was then also in office 
for a short time), ‘‘ they admitted it was a defect, and 
upon their suggestion several schemes have been devised 
te effect a cure, all of which have failed to effect the de- 
sired result.” 

Mr. Midelton’s reply to these remarks—and which 
amounts practically to an admission of their justice—is 
the following: ‘‘ Mr. Scott makes,” he says, ‘‘a point of 
the second fireman being required on the Consolidation 
engines, and states ‘that it was sufficient to justify his 
not recommending the Consolidation engine.’ To this I 
would reply that when I had the opportunity I tried by 
certain alterations to the arrangement of the brake gear 
to dispense with the second fireman, and should have 
succeeded had I met with the proper support from Mr. 
Scott.” As Mr. Scott was in England on twelve months’ 
leave of absence at the period referred to, the explana- 
tion of failure to rectify the evil is not very convincing. 
Nor is it rendered more convincing by Mr. Midelton’s 
further remarks, if the means to the desired end were as 
simple as is a by them. ‘‘In the engines I propose 
to build,” he adds, ‘‘ to the pattern Consolidation engine, 
No. 133, I have, by simply removing the cab 15 in. fur- 
ther back, and rearranging a few details” (not specified, 
however), ‘‘taken all the action necessary to dispense 
with the second fireman.” 

Next, respecting the cross straining of the Consolida- 
tion engines, in consequence of their long, unwieldy base, 


weight, all that the late tramway superintendent has to say 
on this point is this: ‘‘ The best answer I can give to the 
sensational paragraph about the bogie wheels lifting in the 
curves, is that the engines have been running successfully 
over the mountain line for close upon ten years.” Possibly, 
in the opinion of the writer of that “‘answer,” the length 
of continuance of a defect affords a true measure of its 
importance in an inverse ratio, Be that, however, as it 
may, the importance attached by the locomotive engineer 
to the defect in question was apparently not without 
reason, if we may judge from the remarks made by Mr. 
Scott’s predecessor—who had experience of these engines 
—on the occasion of the discussion of the paper on ‘* Cana- 
dian Locomotives,” at the Institution of Mechanical 
Engineers, to which I have already alluded. Mr, R. H. 
Burnett, in speaking of his experience of cast-iron engine 
wheels on the New South Wales railways, said: ‘‘ There 
was also an important objection to cast-iron wheels, in 
the circumstance that the contact of the bosses with the 
cast-iron axle-boxes with which American engines were 
usually fitted, resulted in great wear on lines with sharp 
and frequent curves. At all events, that had been the 
experience in countries where the dryness of the climate 
caused much dust; although it was right to say that on 
the New South Wales railways this objection had been 
experienced principally with the American locomotives 
of the Consolidation type, and in their case was in a 
measure due, no doubt, to the comparative rigidity of 
engines having as many as cight coupled wheels, ros | the 
cross straining incidental thereto.” 

Although little further need be said on this part of the 
case, it would not be complete without the verdict of the 
manufacturers themselves on the proposal to repeat these 
said American Consolidation engines. The length to 
wkich this letter has already been run, and for which I 
must apologise, necessitates, however, my postponing the 
maker’s verdict, and my further remarks, to a later day. 








Yours truly, 
January 12, 1889, JUSTICIA. 
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ADDY’S MILLING CUTTER. 

Appy’s milling cutter is adjustable as regards width. 
It is made in two parts, the joint or division between 
the two running obliquely, -so that as the cutter 
revolves the junction line vibrates like a drunken saw. 
It follows from this arrangement that the two portions 
of the cutter may be set wider apart, after the teeth 
have been reduced by grinding, without leaving a 
ridge in the work. Every part is traversed by the 
cutters and the result is similar to that obtained by a 
solid tool. 
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MILLING MACHINE SPINDLE . 








As shown in the engraving, the two cutter rings 
are keyed on a sleeve or boss which fits the milling 
machine spindle, When the width of cut is to be 
adjusted, packing is placed between the rings, and 
they are tightened together by a nut and fine screw. 
These cutters are made by Mr. George Addy, Waver- 
ley Works, Sheffield. 





Wrovcut-Iron Conz Putteys.—Messrs. Perkins, Son, 
and Barrett, The Forge, Bradford, makers of wrought and 
cast-iron belt and rope pulleys, shafting, bearings, &c., 
ave for some time past been making a considerable 
number of cone pulleys in wrought iron in place of those 
made previously in cast iron, the main object being reduc- 
tion in weight and cost, and as the moment of inertia of 
the pulley is also decreased, change of speed is effected 
with less shock. The pulley is built up of a number of 
wrought-iron staves rivetted to suitable centres, and great 
care is taken to insure accurate running of the cone. The 
pulleys have been made in almost every variety of dimen- 
sion from 18 in. and 28 in. taper diameters by 2 ft. 6 in. 
broad up to 5 ft. and 7 ft. diameters by 10 ft. 6 in. broad. 
The broadest pulley made on this system was 13 ft. broad 
on the face and 2 ft. 6 in. in diameter, but there is prac- 
tically no limit. 


Tue LANDORE Steet Works.—On Wednesday last, at 
the City of London Auction Mart, Tokenhouse-yard, by 
order of the trustees for the debenture holders, Mr. C. P. 
Whiteley, of Queen-street, Cheapside, offered for sale the 
steel and iron works, blast furnaces, &c., of the Landore 
Siemens Steel Company, near Swansea. The auctioneer 
stated that the machinery had all been erected within the 
last twenty years, and was of the best modern descrip- 
tion. The works, which were situated a short distance 
from Swansea, had been constructed at a great cost, and 
on the most approved principles. The steel produced has 
a European reputation, having been largely supplied to 
the English and foreign Governments and private firms 
for shipbuilding and general purposes. The works were 
capable of turning out about 3500 tons of finished steel 
and iron per week. The competition amongst the large 
number of speculators, ironmasters, &c., present was very 
keen and spirited. The bidding commenced with an offer 
of 40,000/., which advanced by graduated increments of 
500/, and 1000/. until, at the eighty-third bid, 101,000/. 
was reached, and at this sum the auctioneer, who said it 
was not anything like its value, declared the Fopaty sold. 
This is believed to be the largest sale ever effected at the 





Auction Mart in one lot, 
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CARVER’S FIRE-EXTINGUISHING 


In cur issue of July 7, 1888, we published a descrip- 
tion, with illustrations, of a novel and most effective 
apparatus for extinguishing fires in ships’ holds, in- 
vented by Mr. H. €. Carver, of the firm of Messrs. 
Coates and Carver, 3, Cross-street, Manchester. Since 
the date of that notice several improvements have 
been introduced, and now the apparatus takes the 
form shown in the engraving on the present page. It 
will be remembered that the fire is extinguished by 
surrounding it with an atmosphere of the products of 
combustion drawn from the funnel of the vessel’s 
boiler. From this source there can be obtained a 
practically inexhaustible supply of gases incapable of 
supporting combustion, and always ready for applica- 
tion. In the illustration, A is the funnel. It is con- 
nected by a branch to the valve box B, which is in 
communication with the cooling chamber C. This 
latter is divided by a vertical partition, and in both 
parts a constant shower of cold water can be main- 
tained by the pipe H. D is a steam jet which 
sucks the fumes from one compartment of the 
chamber C and delivers them into the other. They 
have thus to pass twice through the shower of 
cooling water before they emerge into the flexible 
hose F, by which they can be directed into any part of 
the ship. So effectual is the cooling that the terminal 
temperature is only 80 deg. or 90 deg. Fahr. The heat 
is carried away by the water which escapes at the 
= G. After the fire has been extinguished, and 
sufficient time has elapsed for its heat to become dissi- 
pated, the valve B is turned to shut off the gases and 
admit fresh air, which is then forced into the hold, and 
quickly displaces the heavy gases, enabling men to 
enter with safety. 

The Liverpool underwriters are having the apparatus 
fitted to the steamer Hyena, belonging to the Liverpool 
Salvage Association, for the purpose of dealing with 
cargoes which arrive in a burning condition, no in- 
frequent occurrence with cotton ships. 

The use of this apparatus is not confined to steam 
vessels, Every sailing ship of any size is now fitted 
with a boiler for working the winches, and this, if not 
very sinall, will supply plenty of gases. Mr. Carver 
may congratulate himself that he has removed one 
terror of the sea, and that no mariner in the future 
need be brought to the dread alternative of burning or 
drowning. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 20, 1889. 
‘Tue volume and character of this year’s business 
will largely depend upon what the railroad companies 
will do in the way of building new railroads. Very 
few companies have settled upon plans for the ensuing 








APPARATUS. 








season. The shipments of steel rails last year foot up 
as follows : 
Gross Tons, 
North Chicago Rolling MillCompany... 161,945 
Carnegie Brothers and Co. fe ... 188,946 
Scranton Steel Company... ree ... 136,029 
Lackawanna Coaland Iron Company... 128,310 
Union Steel Company ... oa .. 126,016 
Pennsylvania Steel Company ... ... 121,960 
Joliet Steel Company... Ke .. 114,675 
Bethlehem Iron Company Ar ... 85,448 
Cambria Iron Company ... Pa .: 82,363 
Western Steel ame | (former lessees) 39,168 
Cleveland Rolling Mill Company 940 
Troy Steel Company... a 25,110 
Worcester Steel Company 6,569 
Springfield Iron Company 3,705 
Total ... 1,200,184 


Prices are 28 dols. east. Large orders would he 
taken at present for a little less, The Pennsylvania, 
the Reading Railroad, and the Baltimore and Ohio 
Railroad will expend some 25,000,000 dols. during 
the next four years in and about Philadelphia in ex- 
tending lines, building wharves, and terminal improve- 
ments generally. The Richmond Terminal Company 
is pushing forward its work of consolidation. In a 
short time the company will have control of every 
important line throughout the Southern States, George 
Gould has been elected director. It was rumoured 
here to-day that Jay Gould will have the control of the 
Baltimore and Ohio Railroad, but this rumour has its 
origin abroad. There are some reasons for it. The 
company isnot under the very best management, and 
is heavily laden with financial obligations which will 
call for something more than ordinary management. 
In the iron trade an upward tendency in prices is pre- 
dicted. A general improvement in demand will pro- 
bably set in before the Ist of March. One thing that 
favours the improvement is that stocks are not heavy. 
When it is remembered that the stocks of pig iron are 
not equal to two weeks’ consumption, it is not hard 
to see how an upward tendency in prices would arise 
if consumers should conclude to anticipate require- 
ments. Buyers have been holding off for months past 
and purchasing only small lots for consumption imme- 
diately, under the impression that prices would de- 
cline, The turning point is now near at hand to all 
appearances. If there was a three months’ stock of 
iron on hand an upward tendency would be very im- 

robable, but with moderate stocks of iron and buyers 
ikely to rush into the market for from one to three 
months’ supplies, it is easy to see how the present price 
can be improved. A great deal of iron from the south 
is now “ae ve offered at tidewater at 15 dols., 16 dols., 
and 17 dols. respectively for forge iron No, 2 and 


No.1. These offers are not being accepted. The 
railroad companies between the southern furnaces and 
the northern markets are endeavouring to agree upon 
a lower freight schedule by which traffic in southern 
iron can be increased. The bar mills are notincreasing 
their business. Nailmakers are complaining of a down- 
ward tendency. Bridgebuilders have be to buy 
material for summer work. Nearly all of the larger 
railway systems have schemes in hand contemplating 
extensive improvements of bridges, stations, roadbeds, 
&c. Some companies have permitted their repairs to 
run behind, and have withheld the placing of orders 
till they could make a better financial showing. 


PHILADELPHIA, January 26, 1889. 
American consumers of copper are beginning to 
understand the situation clearly. The Syndicate, from 
recent reports, is quoting 16 cents. We entered upon 
the new year with about 160,000 tons of surplus stocks. 
This will be about some 250,000 tons this year, worth at 
14 cents per pound 150,000,000 dols., to be carried by 
a capital which has a capital stock of 15,000,000 dols. 
The mere statement of the situation shows its strength 
and its weakness. The two factors which need watch- 
ing are the increase in production of American mines 
not in the Syndicate and the declining consumption in 
American and most other markets. The load will 
become a serious one for the Paris Syndicate to carry. 
Importations of tin plate for the past week foot up 
28,586 boxes, and for the year 75,970 boxes, against 
85,087 boxes for same time Tast year. Importations of 
tin, 265 tons of Straits and 30 tons of Banca, Receipts 
of bar iron this year foot up 496 tons, of ——- 909 
tons, steel and wire rods 1301 tons. But few orders 
are coming forward. In American markets prices are 
beginning to weaken : this is due chiefly to the fact 
that the productive capacity has been gradually in- 
creased for a few months past. Purchasers hope and 
believe that the demand later on in the season will be 
sufficient to dissolve the entire production and pre- 
serve prices about where they now are. Foreign 
Bessemer is selling at 20 dols. inasmall way. Very 
little business done in Scotch pig. The American 
supply from Ohio is being largely used. Southern 
pig iron producers are canvassing the northern mar- 
ets with more energy, and are shading prices in 
order to secure a market for their spring and summer 
production. Steel rails have been shaded down to 
27.50 dols., but there is very little business even at 
this reduction. The makers are disappointed at the 
slow development of traftic for 1889, and are endea- 
vouring to find a market for their production in other 
directions. The present capacity may be roundly esti- 
mated at from 2,500,000 to 3,000,000 tons per annum. 
Steel wire rods are quoted by manufacturers at 
42 dols. Double heads are offered for shipment at 
24.50 dols. Supplies of foreign scrap are light. A 
great deal of febtl is being mined in western markets, 
and there is a possibility of an over supply. St. Louis 
quotations to-day are 3.55 cents. Trade is moving 
along slowly in nearly all iron and steel centres. The 
winter has been an open one, and this is rather against 
business. Tariff revision is occupying the attention 
of the National Legislature, but nothing will be de- 
cisively done during this session, because of the 
Democratic control in the Lower House. An extra 
session is probable, and is being urged by manufac- 
turers who are soliciting higher duties. A strong 
effort will be made to double the duty on tin plates, 
which, if done, will enable that industry to be esta- 
blished on a very firm footing. A large amount of 
capital is ready for investment. 





DUTY TRIALS OF PUMPING ENGINES.* 
A Plea for a Standard Method of Conducting them. 
(Continued from page 146.) 
6. In accordance with the views of the subject thus 


laid down the duty of all engines would be expressed by 
the following formula : 


Duty = Foot-pounds work done 

Thermal units of heat consumed 

[(C VwN —L] x [H + 8 + A} 1,000,000 
Thermal units of heat consumed 





x 1,000,000 = 





’ 

in which 

V= he of piston displacement, one stroke, cubic 

eet. 

w = Weight of one cubic foot of water. 

N = Number of strokes during trial. 

H = Head in feet corresponding to indication of pres- 

sure gauge on force main. 

h = Heat in feet corresponding to indication of vacuum 
gauge on suction main. 

(This is a minus quantity where there is a head 
of water on the suction main and pressure gauge 
is used). 

s = Vertical distance in feet between the centres of 
two gauges. 

L = Total leakage of plungers during trial estimated 
from results of leakage test with pump at rest. 


* A paper read before the Boston Society of Civil 





— by George H, Barrus, M.E., Boston, Mass., 
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OC = Correction for air admitted into the pump = pro- 
portion of the stroke during which the pump is 
subjected to the full discharge pressure, measured 
from the indicator diagram. 

Thermal units of heat consumed = weight of water sup- 
plied to boiler by main feed-pump x total heat 
of steam of boiler pressure above temperature of 
main feed water, plus weight of water supplied 
by jacket eee x total heat of steam of boiler 
pressure above temperature of jacket water, plus 
weight of any other water supplied by total heat 
above its temperature of supply. The total 
heat of the steam is corrected for the moisture 


or superheat which the steam may contain. For | D 


moisture, the correction is subtracted, and is 
found by multiplying the latent heat of the 
steam by the percentage of moisture and divid- 
ing the product by 100. For superheat, the 
correction is added, and is found by multiplying 
the number of degrees of superheating (7.¢., the 
excess of the temperature of the steam above the 
normal temperature of saturated steam) by 0.48. 
No allowance is made for heat added to the feed 
water which is derived from any source except 
the engine or some accessory of the engine. Heat 
added to the water by the use of a flue heater at 
the boiler is not to deducted. Should heat 
be abstracted from the flue by means of a re- 
heater connected with the intermediate receiver 
of the engine, this heat must be included in the 
total quantity supplied by the boiler, 

The following examples are given to illustrate the 
method of computation. The figures are not obtained 
from tests actually made, but they correspond in round 
numbers with those which were so obtained. 

First Case.— Jacketted compound fiywheel engine. 
Jacket water returned to boiler by gravity. Jet condenser 
with air pump, operated by main engine. Feed pump 
driven by main engine supplied with water from hot-well, 
— receives drip from intermediate receiver. No 

eaters, 


1. Boiler pressure by gauge ae o és 100 Ib. 

2. Capacity of pump displacement one stroke(V) 12.5 cub. ft. 
8. Number of strokes during trial(N) .. oe 140,000 
4. Pressure by gauge on force main... as 80 Ib. 

5. Vacuum by gauge on suction main .. nb 4.8 in. 

6. Vertical distance between gauges (8) ag 10 ft. 

7. Temperature of water in pump well.. =. 60 deg. 

8, Leakage of pump determined by trial at 

rest (L) .. ee ee ee es ee 546,000 lb. 

9. Kiad of pump diagram .. s Rectangular (or C= unity) 
10. Weight of water supplied by feed pump 188,000 Ib. 


11. from jackets 


” 


12, Temperature of mainfeed water .. - 100 deg. 
13. si acket water .. mh Re 290 ,, 
14. Percentage of moisture in ateam oe i. as ., 


Additional Data based on the above. 


15. Weight of one cubic foot of water at 60 deg. (w) 62.4 Ib. 
16, Head corresponding to pressure in force main 


(OOxielion .. 184.6 ft. 
62.4 
17. Head corresponding to vacuum in suction 
main [4.8x113})=A .. =e de - 5.45, 
18, Total heat of 11b. of dry steam at 100 Ib. 
gauge pressure reckoned from 0 deg. 
1,216.5 th. un. 


‘“aee <i i oa sé * 
19. Total heat of 1 1b. of steam at 100 lb. gauge 
pressure containing 2.5 per cent. moisture 1,194.6 ,, 
20, Total heat of 1 Ib. of steam at 100 lb. gauge 
pressure containing 24 per cent. of mois- 
ture reckoned from temperature of main 
feed water (100 deg. Fahr.) .. ee ss 
. Total heat of 1 1b. of steam at 1001b. gauge 
pressure containing 2} per cent. of mois- 
ture reckoned from temperature of jacket 
water (290 deg. Fahr.) am - a 902.2 ,, 
22. Heat consumed by engine, 188,000 x 1094.6+ 
9000x 902. 2 oe es es se = 213,904,600 ,, 
Applying these quantities in accordance with the duty 
formula we have 
Duty = 
[ N Vv w L ] ( H hs ) 
(140,000 x 12.5 x 62.4)— 546,000 | x \184.6+5.4+10/ x 1,000,000 
213,904,600 
1= 71,730,800,000 x 1,000,000 _ 191,593,268 toot-pounds. 
213,904,600 
Second Case.— Jacketted comvound direct-acting duplex 
engine. Jet condenser. Independent air pump, which 
exhausts through a heater. Feed water supplied by an 
independent donkey pump, which exhausts through the 
heater. Jacket water returned to boiler, without passing 
through heater. 


1,094.6 ,, 
2 


-_ 


1. Boiler pressure by gauge ~ ee ae 1201b. 
2. Capacity of pump displacement, one stroke 
Vv es ee i on ste -» 8.75 cub. ft, 
8. Number of strokes during trial (N) .. << 76,000 
4. Pressure by gauge on force main... oe 100 1b. 
5. Vacuum by gauge on suction main .. iF 9.3 in, 
6. Vertical distance between gauges (8) is 8 ft. 
7. Temperature of water in pump well.. 80 deg. 
8. 


. Leakage of pump, determined by trial at 
reat (L) .. ee oe oe ee oe 354,540 lb. 

9. Kind of pump diagram .. - Rectangular (or C=unity) 
10. Weight of water supplied by es pump 66,000 Ib. 

acke 


11. ” ” ” ts ee 6,400 ” 
12, Temperature of main feed water 215 deg. 
18. Pa acket water .. = 
14. Percentage of moisture in steam 8 per cent. 


Additional Data based on the Above. 





15. Weight of 1 cubic foot of water at 80 deg. (w) 62.2 1b. 
16. Head corresponding P in force 
main ett =a) inact Ten, Coe. 
17. Head corresponding to vacuum in suction 
main (9.8 X1.18)=(A).. os ae ae 10.5 ,, 
18. Total heat of 11]b. of dry steam at 120Ib. 
gauge pressure, reckoned from 0 deg. 
Fabr. .. os Se os aw “- 1,220.2 th. un. 








19, Total heat of 11b. of steam at 1201b. gauge 
pressure, containing 3 per cent. of mois- 


ture ‘x a + oo oe 
20. Total heat of 1 Ib. of steam at 1201b. gauge 
pressure, containing 8 per cent. of mois- 
ture, reckoned from temperature of main 
feed water (215 deg. Fahr.) .. - = 
21. Total heat of 1 Ib. of steam at 1201b. gauge 
pressure, containing 3 per cent. of mois- 
ture, reckoned from temperature jacket 
water (280 deg. Fahr.) a e ms 912.2. ,, 
22. Heat consumed by engine, 56,000 x 978.3+ 
6400x912.2 .. ee - = 60,622,880 ,, 


Applying these quantities to the formula, we have: 


1,194.2 th. un. 





978.3 ,, 


uty = 
((76,000 x 8.75 x62. 2) - 964,540) | x (231.5+8+10.5) x 1,000,000 
; 60,622,880 
= 4,848,115,000 x 1,000,000 _ 71,641,874 toot-pounds. 
60,622,880 

Third Case.—Jacketted flywheel compound engine. 
Intermediate receiver fitted with reheater supplied with 
live steam. Main steam pipe provided with separator. 
Water drained from jackets, reheater, and separator into 
a closed tank under boiler pressure, from which the water 
is supplied to the boiler by a small steam pump. Jet con- 
denser fitted with independent air-pump which exhausts 
through a heater to the atmosphere. Main supply of 
feed water drawn from hot-well and fed to boiler by in- 
jector, discharging through the heater. The main feed 
water and the auxiliary supply enter the same feed pipe 
just before its connection to the boiler. The auxiliary 
pump exhausts through the heater. Number of plungers 
two; diameter of each plunger, 19in.; length of eac 
stroke, 36 in.; diameter of each piston-rod, 3% in. 
Boiler pressure by | es oe ae 120 Ib. 
Capacity ot pump displacement, one stroke 

each plunger=area 19—} area x 8(V) 5.806 cub. ft. 








poy 
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8. Number of strokes of one plunger during 

trial (N).. FR “es i oe ae 280,000 
4. Pressure by gauge on force main .. xe 80 Ib. 
5. Vacuum on gauge by return main .. ee 4.8 in. 
6. Vertical distance between centres of 

gauges (s) a ae os a a 10 ft. 
7. Temperature of water in pump well re 60 deg. 
8. Leakage of plunger determined by trial at 

rest (L).. - es me re .. 546,000 Ib, 
9. Correction for admission of air into the 

pump(C) ais 0 oe ~s oe 95 
10. Weight of water supplied by main feed- 

pump .. a9 sa oe ee +» 188,000 Ib, 
11. Weight of water supplied by auxiliary 

pump from the jacket, reheater, and 

separator tank os ée = 12,000 Ib. 
12. Weight of water discharged from jackets .. 7,000 ,, 
13. 9 2 so reheater.. 2,000 ,, 
14. pee 9 2 separator 3,000 ,, 
15. Temperature of water supplied from hot- 

well to injector oe oo oe us 110 deg. 
16. Temperature of water discharged from in- 

jector and entering heater .. 180 ,, 


17. Temperature of feed-water leaving heater S15; 
pa o jacket water previous to 

entrance to tank vs a a te 290 ,, 
19. Temperature of reheater water previous to 

entrance to tan ne a6 a oe 300 ,, 
20. Temperature of separator water previous to 

entrance to tank ‘ee ae res oe 340 ,, 
21. P tage of moisture in the steam leaving 

separator according to calorimeter tests 0.5 per cent. 
22. Weight of 1 cubic foot of water at 60 deg. (w) 62.4 lb. 
23, Head corresponding to pressure in force main 


a OI aa 


24. Head corresponding to vacuum in suction 
main 4.8x1.13=(A) .. as i sa 
25. Total heat of 1 Ib. of dry steam at 120 lb. 
ganse pressure reckoned from 0 deg. 

anr, oe 


26. Total heat of 1 Ib. of steam at 100 lb. gauge 
pressure containing 0.1 per cent. of 
moisture = 1220.2 — [.005 x 867.5 (latent 
heat)) .. ap oe es oo oe 

Total heat of 1 Ib. of steam at 120 Ib. gauge 
pressure containing 0.5 per cent. of 
moisture reckoned from temperature of 
main feed water corrected for heat de- 
rived from injector =1215.9—{110+(215.9 
—180.6)]}=1215.9—145.3.. she as 

28. Total heat of 1 lb. of steam at 120 Ib. gauge 

pressure containing 0.5 per cent. of 
moisture reekoned from temperature of 
jacket water (290 deg.)=1215.9—292 .. 923.9 ,, 

29, Total heat of 1 Ib. of steam at 120 lb. gauge 

pressure containing 0.5 per cent. of 
isture reckoned from temperature of 
reheater water (300 deg.) = 1215.9—302.1 918.8 ,, 
30. Heat lost by cooling of 1 lb. of the sepa- 
rator water from its temperature in the 
boiler (349.9 deg.) to its temperature of 
discharge to tank (340 deg.) = 352.6—342.7 9 
. Heat consumed by engine = (188,000 x 
1070.6) + (7000 x 923.9)+ (2000 x 913.8) + 
(8000x9.9)  .. ee és oe .- 209,597,400 ,, 
Applying these quantities in accordance with the duty 
formula, we have 


Duty= 


w N rt ae 

L(.96.8.800x62 4x 220,000) x (1si-0484410) | X 100,000,000 _ 
209,597,400 ia 

19,274,062, 080 x 1,000,000 =91,957,544 

209,597,400 Oe ge 
7. The adoption of the method thus pointed out for ex- 
pressing the duty of the engine does not stand in the 
way of suitable treatment of the boiler. This may be 
guaranteed independently. It may furnish say 1,000,000 
thermal units of heat to the engine with a consumption 
of a stipulated number of pounds of a given kind of coal. 
The same end may be reached by guaranteeing the evapora- 
tion of a certain number of pounds of water from and at 
212 deg. per pound of the coal named, but the form of ex- 
pression first noted is preferable, since the duty of the 





81.1,, 


1,220.2 th. un. 


1,2159 ,, 
27. 


4 


1,070.6 ,, 





is 
= 














engine referred to the heretofore recognised unit of 100 lb. 
of coal, can then be readily determined by dividing the 
duty for 1,000,000 thermal units by the number of 
pounds of coal required, and multiplying the result by 
100. There could thus be two guarantees in case the con- 
tractor furnished the whole plant, one applying to the 
engine and one to the boiler. 

e adoption of the proposed method of displacement 
measure of the quantity of water pumped does not stand 
in the way of actual measurement by a weir or by other 
means where opportunity presents itself for such work. 
No objection can be raised to a contract which requires a 
weir test to be made, for the more this class of data is 
obtained the better ; but this test can be regarded as fur- 
nishing supplementary data, the main results beivg re- 
ferred to the standard of displacement measure, 

8. To cover the foregoing requirements in the framing 
of a contract the guarantee as to the performance of a 
complete plant may be expressed in the following terms: 
‘©The engine shall perform a duty equivalent to not less 
than (A) foot-pounds of work for each one million thermal 
units of heat consumed, and the difference between the 
actual delivery by weir measurement and that calculated 
from plunger displacement shall not exceed (B) per cent. 
Furthermore, the boiler shall supply 1,000,000 thermal 
units of heat to the engine on a consumption of (C) lb. of 
(D) coal. The duty trial is to be conducted and the re- 
sults computed in accordance with the standard method 
of conducting duty trials, determined apes by (the autho- 
rity named).” If one contractor furnishes the engine and 
another the boiler, separate guarantees will be made, the 


h | individual requirements being the same as in the case of 


the complete plant. 

9. It may be urged against the adoption of a thermal 
unit standard for expressing the duty of soap gn engines 
that it will add complication to the process of making the 
test, and be objectionable on this account. A little exami- 
nation will show that this objection has no weight, and 
the extra labour and complication is so small that there is 
but slight ground for raising it. The thermal unit method 
will undoubtedly make the test more complicated than 
the simple determination of the weight of coal burned and 
number of foot-pounds of work done. So does the deter- 
mination of the duty on the basis of the weight of steam 
used, and the extra labour which this kind of test 
involves is already expended in many cases. When 
the steam basis is used, the weight of the main supply 
of feed water, and that of pay 4 auxiliary supply 
is — No more weights than these are ial on 
the thermal unit test, sothat in respect to weighing the 
two methods are alike. The complications that the 
thermal unit method introduces are those due to the 
taking of the temperatures of each supply of feed water. 
But it should be remembered that these temperatures are 
required when the steam unit is from and at 212 deg., and 
furthermore the temperatures are always taken when the 
full data regarding the performance of the a. as 
frequently occurs, are determined. Some complication 
arises on account of the necessity of taking some feed- 
water temperatures at a different time from that of 
taking the weights, such as that of the main supply when 
drawn from the hot-well of the condenser. It is not often 
practicable to weigh the hot-well water, and the test of 
the quantity of feedwater consumed must be made with 
cold water from the service main. The test of the feed- 
water consumption and the evaporative efficiency of the 
boiler would naturally be made on one occasion, and the 
working temperature of the various sources of feed-water 
supply would be made the subject of independent trial. 
It is thus seen that the thermal unit method has no com- 
plications that stand in the way of its ready adoption. 

10. Having now determined upon the units of measure- 
ment and the character of the result which is sought, we 
may now proceed to formulate a standard method of con- 
ducting the test and obtaining the data. 

(To be continued), 





An American Day Doox.—Mr. Secretary Whitney has 
invited proposals for the construction of a dry dock at 
the League Island navy yard. The amount proposed to 
be expended upon the dock is 110,000/, 


CHERTSEY AND ADDLESTONE SEWERAGE.—<As these dis- 
tricts are situated in the Thames Valley just above the in- 
takes of the London water companies, and as public atten- 
tion has been drawn to the state of the Thames from time 
to time, the local authorities are anxious to adopt the 
best possible system of sewage purification. They there- 
fore issued an open competition for the sewerage and 
sewage disposal of Chertsey and Addlestone. Mr. W. 
H. Radford, C.E., of Nottingham, has been the suc- 
cessful competitor. His scheme consists in laying fifteen 
mniles of pipe sewers to collect and convey the sewage to 
one carefully selected site. As the district is water-log 
the sewers are laid as shallow as possible, and Hassall’s 
patent pipes are to be used to secure perfectly water-tight 
joints, The district is very flat in parts and Mr. Radford 
considers it suitable for the use of Shone’s compressed air 
ejectors, which he recommends shall be used where neces- 
sary to avoid a number of pumping stations. The air is 
compressed for the ejector stations at the outfall works, 
and the whole of the sewage is there lifted to the tanks 
and filtration land by centrifugal pumps. The site is con- 
veniently situated and sufficiently removed from the 

pulation ; and the land is light, dry, and well above 
Pood level. It is proposed to purify the sewage by 
chemical precipitation in tanks on the intermittent prin- 
ciple ; followed by irrigation on 27 acres of eminently 
suitable land ; sulphate of alumina and lime are the pre- 
cipitants recommended. The population is 9000, and the 
cost of works is estimated at 24,500/. Mr. Radford has 
been successful to the extent of five out of six sewerag 
competitions entered by him, 
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AGRICULTURAL IMPLEMENTS, 


15,150, A.C. Henderson, London. (P. Féat, Bodilis, 
France.) An Improved Implement for . - 
ing, and So Land, . 5 Figs.) November 7, 1887.— 
The beam A is curved upwards in front to facilitate mounting the 
several parts. A drill box (Figs. 8 and 4) is provided having two 
compartments X, X, and orifices capable of regulation for deliver- 
ing seed and manure together or separately. The seed and the 
manure are driven out by oscillating brushes, and fall along the 
mould board hintothefurrow. The plough N comprises the share 
P, mould board Q, and coulter M. The p —— é, with share g and 
mould board h, is provided with a coulter or large cutting plate e', 











145,150) 


fixed to the stanchion of the beam. The seed and manure distribut- 
ng appli are operated by means of arod v!, eccentric 0, and 
pitch chain p? from a chain 
wheel P. The front part of the implement is borne by a wheel. 
A wheel ¢ for running along the uncut soil insures the stability 
of the implement; it is mounted on the beam opposite the 
plough N. The traction chain F ee through two rings F", F', 
with screws which are turned with the handles F2, F2, in one or 
the other direction according as the implement is to be drawn 
right or left. At the foot of the stilts q is a box W for containing 
tools and spare parts. (Sealed January 11, 1889). 


MACHINE TOOLS. 


16,395. C. Hall, New York, U.S.A. Improvementsin 
the Method of arid Means for Rivetting together 
Boiler Plates and other Articles. (8d. 4 Figs.) November 
29, 1887.—According to this invention a heated solid rivet-blank C 
without a head is inserted into coinciding holes in the plates 
A, B to be rivetted togeth The heading dies G, H are inserted 
in holders D, E, which are carried by rams or plungers K. Springs 
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Merve to project the headersforward. The two headers are thus 
brought simultaneously to form the two heads of the rivet. In 


Fig. 2 the heading die G is stationary, and the die H is moved by | g 


any suitable means. The sheets A, B rest against adjustable 
stops 20, while the rivet C is being inserted, and the header G acts 
as @ gauge, so that the rivet will project equally at each side of 
the sheet. (Sealed Decemier 14, 1888). 


16,622. W. R. Lake, London. (7. Ay eee Borisoglobsk, 
Russia.) An Improved Machine Tool, Chiefly Designed 
for Turning Crankpins of Locomotives. (8d. 4 Figs.) 
December 2, 1887.—The improved tool comprises a bracket pro- 
vided with two surfaces planed truly at an angle of 90 deg. to each 
other. One surface is to be placed in contact with the hub or face 
of the locomotive wheel, which forms a convenient base for sup- 
porting the bracket by means of bolts passing through elongated 
slots in the bracket. On the other planed surface is placed the 
headstock, which is provided with Y-shaped parts, and has a 
sliding movement longitudinally between correspondingly shaped 
portions. One part is secured to the bracket by means of bolts 
passing through elongated slots in the part. The required reci- 
procating movement of the headstock is obtained by means of a 
screw working in a nut attached to the underside of the head- 

. In the headstock is fitted a revolving hollow spindle of 
sufficient internal diameter to admit the largest crankpin which 
it is desired to turn or true up. On one end of this hollow spindle 
is fixed a wormwheel, which is geared with a worm formed on a 
spindle supported in bearings in the h . The latter spindle 
has on its outer extremity a fast aap for driving the machine 
by power, and a loose pulley, and it is provided with a square end 
to receive a crank handle for turning the machine by hand if 
desired. On the opposite end of the hollow spindle, and cast in 
one piece with it, are one or more tool-holders, in one of which 





wheel fixed on the axis of the rear | ing. 





a steel cutting tooi is inserted for turning or truing up the 
crankpin. The object of providing more than one pocket or tool- 
holder is to have a spare one in case of accident. Each of the 
tool-holders is a with two adjusting screws for holding 
the tool in on, also with a screw adjustable by hand for wee 
lating the depth of the cut. In order to render the tool applicable 
for locomotives having cranks of different radii, a centre is 
secured to the part of the bracket by means of a nut, and is 
adapted to slide in and out upon the line of radius in the slot. 
This centre is adjusted to the required radius before securing 
the main bracket to the wheel of the locomotive. (Sealed 
January 11, 1889). 


16,451. A, Lamberton, Coatbridge, Lanark, N.B. 
Improvementsin ery or A) tus for Grind- 
_ or Pulverising Substances. (8d. 1 Fig.] November 30, 
1887.—The improved eT paratus comprises a circular casing 
A, into the bottom of which is fitted a metal bed B. In the upper 
surface of the bed is formed a circular path C for the grinding 
X. The central portion of the bottom of the casing A rises in the 
form ofa cone, immediately above which is a hollow shaft D, whose 
lower polygonal end D! fits loosely in a similarly shaped openin; 
in the driver H. The latter comprises a renewable faceplate 
















































which has a circular arg bearing on the balls X, and a backing 
block H. The material to be ground is fed from the hopper F 
through the spout P, down through the hollow shaft D, on to the 
apex of the conical bottom of the casing A, whence it flows down 
through the annular space I and passes between the balls X and 
the bearing surfaces of the bed Band the faceplate E. By the 
rotation of the balls it isground and is discharged through the out- 
let R by the action of the blades S fitted around the driver H. 
Rotary movement is transmitted to the driver H through the 
medium of the shaft D and bevel gear K, L, from the pulley N. 
(Sealed December 14, 1888). 


MINING IMPLEMENTS, 


stun for Distributing, Mixing, Separmeng, Grind. 
rai ‘or nt ” g, Separa . Grind- 

, Cleaning, and ama’ Gold or other 
Ores or Tailings, (8d. 7 Figs.) November 2, 1887.—1, 1 are 
inclined tables or ‘‘ runs” terminating in troughs 2, each contain- 
ing a mercury bath j. These runsand troughs are arranged one 
ata lower level than the other, and are constructed of cement. 
An adjustable distributing roll 6 enables the rate of delivery of 
ore to the apparatus to be regulated according to requirement. 
The adjustment of the roll 6 is effected by means of bevel gearing 
10 operated by a handwheel, The rolls 11, 11 are each formed 
with a series of transverse grooves on their periphery, which, 





when the roll is rotated, will cause the ore to be well mixed with 
the mercury j, so that the gold or silver contained in the ore will 
be brought into intimate contact with the mercury in order to 
form an amalgam therewith. Kach roller is provided at each of its 
ends with a leather packing ring, which forms a tight joint with 
the inner cement surface of the adjacent side frame, and pre- 
vents ore escaping at these parts without coming in contact with 
the mercury. Between the rolls 11, 11 are located a pair of clean- 
ing rolls 14 and 15, between which the ore passes after leaving 
the first mercury bath. The ore from the lower trough may be 
ischa: into a settling chamber (not shown) before being 
allowed to escape. (Sealed January 11, 1889). 


A ‘or Foreing Dowa 
nery or Appara’ or wa 
Coal or other Minerals in Mines and Quarries. (8d. 
4 Figs.) December 22, 1887.—A represents the coal seam to be 
operated upon. 0 is a hydraulic force pump of an ordinary type 
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worked by hand by the to-and-fro movement of ahandle c. disa 
metal tube connected at one end to the force ane b, and at its 
other end to the cylinder e, within which is inc! the ram /. gis 
a flexible leather washer held in place on the end of the ram f by 
a metal plate and a fastening screw. Curved taper keys | serve 
to fix the apparatus securely in the drill hole, after which the 





“tamping” j is tightly rammed around thetube d. The hydraulic 
pressure on the ram gives an outward pressure to the metal tube 
and cylinder, which being fast within the coal, forces out the coal 
in its vicinity. This outward pressure being exerted at the back 
end of the hole in the same direction as the hole itself, instead of 
along its length, serves to dislodge a larger quantity of coal at each 
operation. (Accepted October 28, 1888). 


SMALL TOOLS. 


15,451. E, C. Smith, Brooklyn, N.Y., U.S.A. Im- 
vements in Rail-Sa Machines. (8d. 4 Figs.) 
ovember 11, 1887.—The main frame @ of the machine is provid 
at its lower end with jaws b, b', between which the rail is securely 
clam) by means of ascrew d. Within the frame a is fitted a 
carriage e, capable of being caused to slide up and down on ways 
f by means of a screw-threaded shaft g operated by a handwheel 
hk. To the upper part of the sliding carriage ¢ is pivotted a yoke ¢ 
provided with arms k, by means of which an oscillating movement 
can be imparted to the yoke. Another yoke / is pivotted con- 





centrically to the yoke i, and 
the saw blade 0. The oscillating yoke i and saw frame / are so 
connected that, when the former is vibrated by moving the levers 
k up and down, the saw frame will be moved with it and carry 
the cutting saw back and forth over the rail. The cai é and 
the saw-carrying frame pivotted to it, are fed automatically to the 
rail by ratchet-and-pawl mechanism operated through the oscil- 
tae movement effected by the levers k. (Sealed January 26, 


16,657. H. J. Haddan 


. London. (A. Rast, Vienna.) 
Improved A atus for Cl and jm: 
Scale from (8d. 4 Figs.) December 8, 1887.—The 


cutting tools are carried in a head @ which is provided with 
longitudinal slots to receive the levers b, and with transverse 
slots to receive the pins b' in the ends of the lever b, which serve 
as pivots for the levers. The levers and pins are retained in place 
by the sleeve d. The outer ends of the arms b end in gudgeons 
which carry the cutters, and are inclined tewards the centre line 
of the levers b, so that the cutters occupy an oblique position 
owing to which the revolution of the head in one direction will 
draw the implement into the tubes, and the reverse revolution of 
the head will cause it to move in the reverse direction. Through 


Fig 1. 9-2. 
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the centre of the head a passes a rod c which is threaded at its 
outer end, and may be adjusted in position by means of a nut. 
On its fore end this rod ¢ carries a disc c? provided with recesses 
in which lie the inclined faces b? of the levers b. The arms} may 
be caused to diverge from each other by adjusting the rod ¢ by 
means of the nut, so that the cutters act on a larger circum- 
ference. The head ais put in a sleeve d, and both are connected 
to it by a screw d'. On the rear end of the sleeve d is a tube /, on 


jury | the outer end of which is fixed the crank g to rotate the tube f 


and the sleeve d, und by means of the latter the head a which 
bears the tools. h', h? areserrated revolving cutters with inclined 
teeth, and h* isa plain revolving cutter. 7 is the tube to be freed 
from scale, The 1 tdeated be centred in the tube r by means 


of a wooden disc /. December 28, 1888). 
PUMPS, 
16,986. KE. B. Ellice-Clark and L. Chapman, 


London. 
provements in Pumps. (8d. 4 Figs.) December 9, 1887, 
—According to this invention the ordinary inlet valves are dis- 
pensed with and are replaced by the operation of a movable liner 
or inner cylinder. Ais the pump cylinder, and B is the n 
which works in an inner cylinder or liner C which is less 
diameter and less length than the main cylinder A. The inlet 
ipe D to the pump opens into the space between the liner C and 
e cylinder A. e outlet valves¢, ¢, are in the cylinder covers 
and are within the space included in the internal diameter of the 
liner C. When the piston B commences its stroke the liner C 
moves with it until its lower end bears on the lower end cover of 
the cylinder Manag | an annular circumferential opening is 
e top 


established between end of the liner and the top end cover 
of the cylinder as shown at the we end of Fig. 1, and thus the 
of the piston through the space 


ump draws in at the upper side 
Troncen the liner C and the cylinder cover, and into the interior 


ofthe linerC. By the continued movement of the piston in the 


liner C the contents of the liner at the other side of the piston are 
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at the same time expelled through the outlet valves, When the 
piston makes its return stroke the liner C moves back with ita 
distance sufficient to leave a similar inlet opening between its 
lower end and the lower end cover of the cylinder, and to cause 
the upper end of the liner C to bear on the upper end cover of the 
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cylinder. The same operations are repeated at the other end of 
the cylinder, and so on alternately during the working of the 
pump. / are seatings of soft metal for the ends of the liner C to 
seat themselves upon. (Sealed December 28, 1888). 


MISCELLANEOUS. 


16,353. H. C. Zappert, Upton Park, Essex. Appa- 
ratus for Dip ing Match 5 ts for Applying to 
gaitab e Tips or Heads, (8d. 2 Figs.) No- 

vember 28, 1887.—The steam-jacketted vessel A contains the 
tipping composition, and partly immersed in it is an india-rubber- 


hollow sleeve 1 working in bearings m. The carriage or founda- 
tion n on which the machine is fulcrumed by pin o allows the 
machine to be set at the required angle; p and q are slides 
set to work at right angles to each err Fig. 
he 


2 isan enlarged 
view of bottle mould, — at w, an together during 
rotation by latch 2 engaging with piny. Fig. 3 shows the ar- 
rangement adopted for opening and closing the neck portion of 
the mould, the two halves of which are hinged er at 1, 
inclosing and revolving with the body of the mould a. The neck 
portion is shown in the shut and open tions. The action of 
the machine, as shown in Fig. 1, is as follows: The upper portion 
of the mould a@ having been raised, the requisite quantity of 
molten glass is ladled into the mould, the mould then being closed 

















and d by the latch shown in Fig. 2atz. The plunger J, by 





covered roller B. An agitator C keeps the tipping p 
properly mixed. The axle of the roller B turns in bearings } in 
the upper part of the vessel Aarranged so that the periphery of 
the roller is exposed above the said vesscl. Above this roller is a 
shaft D mounted in bearings carried in brackets E attached to the 
vessels A. The shaft D carries two rollers E', between which and the 
roller B the splints to be tipped are passed, The splints to be 


tipped are preferably held between the convolutions of a coiled 
web, so that the ends to be tipped protrude downwards. These 
coils with the ends of the splints to be tipped are passed between 
the rotating rollers B and E', so that the ends of the splints come 
into contact with the composition, which is carried up upon the 
periphery of the roller B. The coils of splints, fed between the 
rollers B and E', having their projecting ends tipped with the 
composition carried on the periphery of the roller B, are dried, 
and the splints afterwards removed from the coils, and packed 
into boxes forsale. The rollers Band E' and the agitator C are 
rotated by gearing L from the shaft M driven by a strap from 
the pulleys N. (Sealed December 14, 1888). 


17,298. T. Nordenfelt, London. Improvements in 
Construction of Dies for the Rolling, Drawing, or 
Pressing of Metal Tubes or other Cylindrical Bodies, 

e Manufacture of Metal Tubes or Cylindri- 
cal Bodies. (8d. 5 Figs.) December 15, 1887, a solid 
metal hoop or ring of a strength sufficient to sustain the strain of 
rolling, drawing, or pressing the metal tube orcylinder. B, B are 
blocks contained within this ring, and in these blocks the rollers 





C are mounted ; they are arranged in two tiers, and filling pieces 
ean be inserted behind the blocks to adjust the rollers to the 
positions required nearer to or further from ‘he centre. ‘he rollers 
are set obliquely so that they tend to turn the tube forced between 
them, and so to loosen it from the mandrel upon which it is carried. 
The improved die is employed in the hydraulic press in the same 
way as ordinary dies formed in one piece are now employed, butit 
performs the work much more readily and with less power. ( 
January 18, 1889). 


17,543, D. Rylandsand B. Stoner, Stairfoot, Yorks. 
provements in the Manufacture of Glass Bottles, 
Jars, or other Hollow Articles. (8d. 9 Figs.) December 
21, 1887.—This invention relates to improvements on Patent 
No. 354, of 1887, granted to the present inventors. In Fig. 1, a 
is the bottle mould formed in two halves, and oe together ; 
bd is a plunger attached by rod ¢to handled; e is a blowpipe 
shaped to fit the mouth of the bottle ; fis the tap admitting com- 
ressed air. The guide ae aap y o Re omen wearing ring A is 
‘or the purpose of holding the two halves of the mould together 
centrally around the stationary blowpipe. The pinion ¢ and spur- 
wheel ‘actuated by handwheel & rotate the mould @ through 





action of the lever d, now forces the molten glass into, to, and 
about the neck portion of the mould, filling up and occupying the 
space between the exterior of the blowpipe ¢, and interior of the 
neck of the mould, thus forming the n or meuth of the jar 
shown. The plunger b being now withdrawn will leave the 
metal in a — to be ded by air p to the ti 

of the mould. During the time air is being admitted, the mould 
is rotated by handwheel &. This being accomplished, and the 
bottle or jar having acquired the desired shape, the guide g is 
withdrawn by means of slide py, when the upper portion of the 
mould can be opened and the finished bottle withdrawn. (Sealed 
January 4, 1889). 


17,676. R. S. Lawrence, Philadelphia, Pa., U.S.A. 
Improvements in Carburetters or Apparatus for 
Enriching or Producing Gas. [1ls. 3d. 18 Figs.) De- 
cember 23, 1887.—A is the jacketted generating vessel packed with 
absorbent material, such as short coarse cut ‘‘excelsior” (curled 
shreds of wool), as are also all but the uppermost of the distribut- 
ing pans H. The uppermost pan contains chare form the 
bottom of the condensation chamber. On the top of the generator 
is mounted a reservoir B for containing hydrocarbon, which is 
supplied through one of the pipes b!; the other pipe 0! serves as 
a gas vent. On top of the reservoir is a chamber C filled with 
water to prevent escape of Acentral vertical tube D serves 
as a central — for the pans H. Below the tube D isa float 
F surrounded by a wire screen f, The float is connected by a 
rod f! passing up through the tube D to one end of a lever f2 

ivotted within the tube D near its a To the other end of the 
vee J? is attached a rod g which is bent right angularly to pass 
through a slot in the tube D, and is then loosely connected to the 
spindle g' of a conical cork valve G which is adapted close down 
upon its seat b° by the upward movement of the float F. The 





"6% 


shallow pans H are soldered alternately to the same side of the 
generator in such a manner as to leave an opening h between 
the one side of each pan and theinner wall of the generator. The 
inlet pipe O for the gas or air to be carburetted terminatesin a 
square distributing pipe J located immediately beneath the lowest 
pan H and supported by trestles 7. The under side of this pipe is 
—— with perforations increasing in size or number in 
irection from the inlet with the object of obtaining an even dis- 
tribution of the M is the square gathering pipe perforated in 
its underside an ted to the outlet pi Dp e reservoir 
B being filled with hydrocarbon, the hydrocarbon will flow 
through the hole in the seat of the valve G and into the upper pan 
H, where it will be freed of its impurities by the filtering material. 
When this pan is filled to overflowing the hydrocarbon will flow 
over the dam h' in a thin sheet and through opening A into the 
— below, thoroughly saturating it, and finally into the next 
pan 80 on, until the hydrocarbon reaches the bottom of the 
generator. When a sufficient quantity of hydrocarbon has accu- 
mulated in the bottom of the generator to raise the float F the 
valve G will be pulled down on to its seat, shutting off the supply 
of hydrocarbon, When there has been sufficient evaporation of 





the hydrocarbon to allow the float to descend, the valve will again 
open and admit afresh supply. The air or gas to be carburetted 
is admitted under pressure through inlet pipe O to the distributing 
pipe J, and is forced through the perforations into the interior of 
the generator. On leaving the distributing pipe the air or gas 
permeates the packing in the bottom portion of the generator and 
then rising, pas through the opening h next to the bottom pan. 
It then again oper out into the packing above, and moves 
directly across the generator to the opening A at the side of the 
next pan, and so on until it reaches the upper pan, when it passes 
through the opening hand a the perforated distributing plate 
L to all parts of the condensation chamber from which it makes 
its exit through the gathering and outlet pipes. The ‘‘ tondensa- 
tion chamber” or space comprised between the upper pan H 
(which is filled with charcoal) and the bottom of the reservoir B 
(which is covered with hydrocarbon) will always be at a very low 
and uniform temperature while the apparatus is in operation. 
Thus when the gas reaches thischamber, it is almost immediately 
reduced to a very low temperature. The temperature of the 
chamber being below that at which super-saturation of the gascan 
exist, all excess of carbon is removed and thus smoke at the 
burners is avoided. As the gas expands on reaching the outlet it 
cannot condense in the service pipes until it reaches a point so 
cold as to contract it beyond the degree to which it was condensed 
in the chamber. (Sealed January 25, 1889). 


3218. F. H, Gossage and T. T. Mathieson, Widn: 
Lan . Improvements in the Manufacture o 
Sulphide of Sodium or of Sulphide of Potassium 
from their tive Sulphates. [4d.] March 2, 1888.— 
The object of this invention is to manufacture sulphide of sodium 
or of potassium from their respective sulphates without destroy- 
ing the lining of the furnace in which the reduction ismade. This 
is e by adding to a mixture of sulphate of soda or of potash 
and carbonaceous matter a quantity of chloride of sodium (com- 
mon salt), the presence of which prevents the injurious action of 
~ ee upon the lining of the furrace. (Accepted January 


3553. J. R. Ward, Manchester. Improvements in 
Automatic Sprinklers for 4 g Fires. 
(8d, 6 Figs.) March 8, 1888.—The improved automatic sprinkler 
is provided with a column or block of inflammable material 
placed between the valve and the screw (or other means of pres- 
sure used for keeping it closed), in such a way that upon either 
sparks or flame gaining access to it, the block of inflammable 
material will become instantaneously ignited and destroyed, and 
thus allow the pressure of water to open the valve. (Accepted 
January 9, 1889), 


F. A. Cooper, Norwich. Improvements in 

and Portable Apparatus for Cooling or 

Keeping l Provisions or other Substances, [8d. 
3 Figs.) March 81, 1888.—The distinctive feature of this inven- 
tion consists in the fact that a thorough and continuous circula- 
tion of the air is obtained within the cooling chamber, whilst all 
communication between the interior of the cooling chamber and 
the external atmosphere is cut off as long as the cooling chamber 
is shut ; also that there is no communication between the interior 
of the cooling chamber and the interior of the refrigerant vessel, 
and, further, that there need be no communication between the 
interior of the refrigerant vessel and the external atmosphere. 
Referring to Figs. 1 and 2, 1 isthe cooling chamber to contain the 
substances to be cooled or kept cool. It is inclosed by partitions 
2 arranged within outer walls 3, so as to leave spaces 4 between the 
inner and outer walls at the sides, ends, and top, for the downward 
eofair. 5is a refrigerant vessel to contain ic or other 
suitable refrigerant or cooling mixture ; it isformed of metal, and 
is surrounded on its sides and top with a material 6 wh ch isa bad 
conductor of heat. Its bottom is formed of two inclined surfaces 
7 connected by a horizontal part 8, and in cross-section is in the 
form of a triangle with flattened apex as shown. 9 is a longitu- 
dinal bar carried at the ends of the outer wall 3 to support the 
refrigerant vessel 5. The inner partition 2 is formed with a series 
of openings 10 atits lower part ; its upper parts, which are placed 

















approximately parallel with the bottom of the refrigerant vessel, 
being so arranged with reference to the bar 9 as to leave longi- 
tudinal openings 11 between them for the escape of warm air as 
indica arrows. This air coming in contact with the bottom 
of the refrigerant vessel 5, is cooled and uced in volume, 
thereby acquiring a greater specific gravity, which causes it to 
room atone ea og pred gee Cae indicated by arrows, and 
n ng the oc! r 1, it is again warmed by contact 
with the substances contained in the same, such fanecane in its 
temperature causing it to expand and rise up and again me 
cooled by contact with the bottom of the refrigerant vessel 5. A 
continuous circulation of the air within the provision chamber 1 
is thereby effected. In Fig.3 the refrigerant vessel 5 is contained 
within the outer wall 3 of the refrigerator, and its side 7 (which 
is made of metal) is inclined so that the ve cross-section of 
the refrigerant vessel decreases gradually towards its lower end. 
The tion 2 of non-conducting material is arranged parallel to 
the wall 7 and to the = cover of the cooling chamber 1 so as 
to leave a 4. is partition 2 is provided with openings 
11 near its junction with the wall 8 furthest away from the 
refrigerant vessel ; it is also provided with openings 10 near the 
bottom of the cooling chamber. The warm air rises up through 
the openings 11 into and through the passsage 4, and becoming 
cooled by contact with the inclined metal wall 7 of the refrigerant 
vessel, sinks and issues through the openings 10 into the cooling 
chamber. (Accepted January 9, 1889). 
i oteomeaieemeall 
UNITED STATES PATEN1s AND PATENT PRAOTIOE. 
Descriptions with illustrations of inventions patented in the 
reports of trials of 


tes of America from 1847 to the _— time, ard 
t law cases in the United States, may be 
consulted, gratis, at the offices of En@nraERine, 35 and 36, Bedford 
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THROUGH THE SOUTH SEA ISLANDS 
IN A MAN-OF-WAR. 
By Guys. 
(Continued from page 150). 
Hervey Istanps. 
Lar. 19 deg. 18 min. N., long. 158 deg. 54 min. W. 
Leaving Suwarrow on November 7, we found a 
strong S.E. trade to which we made sail, standing 
tothe N.E. But after a day the wind failed, and 
we had two or three days of calm, broken by violent 
squalls of wind and rain. These squalls were very 
heavy ; one minute we were lying nearly motionless 
under all plain sail, and five minutes afterwards 
everything would be lowered, and the ship rushing 





HERVEY ISLES 
VILLAGE, Lat. 19° 18 S. Long. 
Sketch survey by Com! J. E.T. Nichols, 


H.M.S. Cormorant. 
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along at 10 knots with the rain coming down in 
bucketfuls. After this the weather cleared up (lat. 
about 15 deg. S.) and we had calms right away until 
we arrived at the Hervey Islands on the morning of 
the 14th. 

There is no anchorage off these ‘islands, and 
landing is effected by aid of an indentation in the 
coral reef. The islands are a curious mixture of 
the lagoon and barrier reef formation, the reef 
running completely round the islands, while at the 
same time there is a lagoon between them. 

On landing we found eighty natives, men, women, 
and children belonging to Aitutaki, an island about 
100 miles to the north-west, the king of which 
claims the Hervey Islands. The only export is 
cobra, of which they collect about one ton a week. 

We were much interested in the practice of fish 
spearing which obtains here. It is carried out by 
aid of an inclosure built of stones, and composed 
of two parts, a large anda small pond united by a 
narrow lane. The fish are seen in the shallow 
lagoon outside, and are headed for the entrance of 
the large pond, which is then closed, after they 
have passed through. Naturally, in looking for an 
outlet from the large pond they find their way 
into the small pond or trap, when they are either 
speared or caught in nets. 

The settlement, if settlement it can be called, 
is a terribly tumble-down looking place. The 
inhabitants were very pleased to see us, and 
insisted on making us presents of mats, chickens, 
pigs, shells, &c. They were most anxious for us to 
go to Aitutaki, as they said we should get big 
presents there. Two of the men spoke English 
after a fashion, but it was not always easy to make 
out what was wanted. 


ATIN. 

Lat. 20 deg. 4 min. S., long. 158 deg. 8 min. W. 

_ We left Hervey Islands about 4 p.m., and steam- 
ing steadily at six knots, we arrived off the west 
aide of the Island of Atin about 6 a.m. The height 
of the highest point is 394 ft., and it was a real 
relief to be able to see an island from a decent 
distance instead of having to fish about for it within 
a radius of fifteen miles view. 

Nobody seemed disposed to come off to us, so the 
captain and myself landed, getting as usual wet in 
the attempt. We proceeded up to the settlement, 
where we found three white traders, or rather two 
traders and loafer, The trade is confined to cobra 








and cotton, but there is now very little of the latter 
procurable, for the price having gone down from 
5 cents to 4 cents per pound, the natives refuse 
to accept the latter price, and have let their cotton 
plantations run wild. The trade arrangements here 
are peculiar and rather complicated. For instance, 
the traders on the island pay 24 cents per pound 
for cobra and sell it again for only 1 cent. In the 
same way they have to pay 4 cents for the cotton, 
while they only get 3 cents for it. The secret of 
the whole thing of course is that the payment is 
made in trade. There is no money in the island, 
and the natives use cobra and cotton in place of 
coin. These articles have to be taken in the raw 
state, and there is a considerable loss of weight in 
the drying of the cobra, and in the ginning of the 
cotton. Thus cotton loses about 10 per cent. in the 
ginning, while the loss on cobra in the drying is 
sometimes as much as 7001b. in the ton. These are 
the traders’ figures, and I give them for what they 
are worth; they were, however, collected from 
several independent sources. Whether they are 
actually correct or not, it is evident that there must 
be a tremendous premium on European articles, to 
enable the traders to live at all. The three prices 
paid for cobra may be taken somewhat as follows : 

The trader pays the native (in trade) 60 dols. a 
ton, equivalent I should say to 15 dols. cash. 

The owners of the trading schooners pay the 
trader 45 dols. a ton, supplying him with trade at 
50 per cent. profit, so that he would receive in trade 
the value of 30 dols. per ton. The value of cobra at 
Auckland is about 52 dols. per ton. 

Thus we see that the native gets 15 dols.; the 
trader makes 15 dols., out of which he has to take 
loss of weight and the embarkation of the goods ; 
the owner makes 22 dols. per ton, out of which he 
has to cover the expenses of the schooner. About 
five tons of cobra and about one ton of cotton are 
exported per week. 

Atin, like most of the neighbouring islands, is 
governed by three kings or queens, the reason of 
this triplicate arrangement being that the natives are 
divided into three tribes, each of which has its own 
chief. These chiefs or kings appear to be all equal 
(except that in meetings, &c., one takes the leading 


two. There are some 2000 inhabitants on this island, 
which contains about 30 square miles. A great 
many of these people have gone to Tahiti. A party 
originally started to work on one of the plantations, 
and liked the place so much that they settled down 
there, and now there is a regular Atin colony. The 
settlement, which is situated on the highest part of 
the land, is divided geographically into five districts, 
by five spurs of the summit, which are separated by 
valleys running down to the sea. 

The settlements have each their local authorities 
like our own boroughs, and they work together. 
For example, when we were there one of these 
settlements was preparing to give a feast to the 
other inhabitants, and for this purpose 80,000 
cocoa-nuts had been so far collected. It was. a won- 
derful sight to see all these cocoa-nuts hanging 
upon supports along a length of about a mile all 
clustered together like grapes. For the informa- 
tion of those who do not know it, a cocoa-nut if 
plucked and left to itself will grow. First, the milk 
inside becomes hard and assumes a substance very 
like that of our apple or turnip, the taste being 
something between the two, A sprout starts from 
one of the holes in the nut, and, if left, the pith 
gradually absorbs the meat or white of the cocoa- 
nut ; the shell is then burst open and roots creep 
out. It is, however, when the nut has arrived at 
the apple stage that it is most appreciated and 
gives the most nourishment. The white traders 
shook their heads at all these cocoa-nuts being 
wasted, since 80,000 cocoa-nuts are equivalent to 
about 20 tons of cobra, worth in Auckland 1000 dols. 
It must not be imagined that the feast consists 
solely of cocoa-nuts ; besides these there are pigs, 
fowls, plantains, yams, &c. I asked if this were 
all to be eaten at one sitting, and I learned that 
the feast is the least part of the business, for, after 
the eating is over, the remainder, amounting to 
about seven-eighths of the whole, is divided among 
the guests according to rank, friendship, and the like. 

We lay off the island all day getting firewood on 
board, and the king and queen came on board in 
the afternoon, her majesty smoking three cigars, 
and her consort was extremely affectionate when 





he went over the side. They have a palace, but it 

















THE HARBOUR, RARATONGA, 


part), and are responsible for the actions of their 
individual tribes. One general set of laws is esta- 
blished for the whole island, and any alteration is 
made by the three kings in council. At Atin there 
are no written laws, and the chiefs are rather ad- 
dicted to making laws on the spur of the moment 
to suit their convenience. The only punishment 
is the infliction of fines, and as the chiefs get 
these penalties, it may be imagined that they 
are pretty rigorously enforced. It not infre- 
quently happens that when a man has been shown 
to be innocent, the chiefs will say, ‘‘ Well, if you 
did not do it to-day, you will do it to-morrow, so 

Just now, the kings and queens of this island 
have simplified matters considerably. There are 
two kings and one queen—King Puarofiamaru, 
King Rongomatani, te Queen Parua. The former 
has married Makea, one of the queens of Raratonga, 
and the two latter have married one another, so that 
matters are pretty wel] under the control of these 








is maintained chiefly for ornament, for their majes- 
ties, like most savages, prefer living in the small 
cottage at the back. Perhaps I am wrong in at- 
tributing this practice to savages only, for are there 
not large numbers of people in England who pride 
themselves on the possession of a ‘‘ best parlour,” 
which they never dream of using, and which 
acquires a chill, uninhabited feeling, quite inimical 
to comfort? There is also a church, which follows 
the English style of architecture, being just a great 
barn with a lot of seats init. The missionary is a 
native, who speaks English moderately badly. 


RaRATONGA, 
Lat. 21 deg. 10 min., long. 159 deg. 45. min. 
Raratonga is a very beautiful island, rising in 
fantastic peaks to 2920 ft. above the sea level. 
There is anchorage anywhere off the north shore, 
and indeed there may be all round the island, but 
it has not been surveyed. The north has the ad- 
vantage of being the lee side and boasts of a 
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so-called harbour, which, however, more nearly 
resembles a rat-trap, since a decent vessel can hardly 

et in, and has to be tied up when she is there. 

he ships all come to the north side, and the 
traders’ establishments are likewise situated there 
in the village of Averau. Rat-trap or not, H.M.S. 
Black Duck had to go into one of these harbours, 
_ the engraving on the previous page shows her 
there. 

As I have already mentioned, we were short of 
coals, and since there was none to be had here, we 
were obliged to get on board a large quantity of 
wood, cotton seed, and candle-nuts. Our com- 
mander therefore determined, after surveying the 
harbour, to take the ship in. Once in, there is no 
danger, except with a northerly wind, and as we 
moored with our head out, there was little chance 
of coming to grief unless we happened to be caught 
at night, and even then the run out is quite straight. 

While on the subject, I may say that ironwood, 
and indeed wood generally, gives the same result 
for steaming as one-third its weight of coal, candle- 
nuts about one-half, and cotton seed about two- 
thirds, 

Raratonga contains 1950 inhabitants, about 30 
of whom are Europeans, Two of these latter are 
representatives of the firms of Donald and 
Edinburgh, and the La Société Commerciale re- 
spectively, the former (Mr. Exham) being British 
Consul, The others are mostly in their employ 
keeping stores, superintending plantations, &c. The 
imports, from September 30, 1886, to September 
30, 1887, amounted to 22,5001., comprising cloth, 
hardware, provisions, lumber, iron, &. The ex- 
ports during the same period came to 21,7001., 
comprising cobra, coffee, lime juice, cotton, oranges, 
pineapples, bananas, cocoa-nuts, mangoes, limes, 
custard apples, and rose apples. The amount of 
cotton exported is diminishing here as in Atin, and 
for the same reason, but Donald and Edinburgh 
have obtained land and are now growing cotton and 
coffee. The land, some 500 or 600 acres, costs them 
about half a dozen pigs a year, but of course they 
have to clear it. Native labour here is paid at one 
Chilian dollar a day, and half of that in trade, 
which practically means about 2s. 

The natives in these parts are all very indepen- 
dent about work. They easily supply their 
requirements for eating and drinking, by fish and 
cocoa-nuts, and they only work to obtain clothes. 
At least, that was true till quite lately. Now, alas! 
civilisation (save the mark !) creeping in here has 
taught the native that he cannot do without meat 
and strong drink, and so, like the rest of us, he has 
to work in order to gratify his appetite. The pro- 
portion of males to females here is as 112 to 100, 
and the population is slightly on the decrease. I 
asked the reason of this, and I was informed that 
it was the result of civilisation. It is strange what 
opposite effects are produced on different people by 
the same causes. We English suppose ourselves to 
be the most civilised nation on the face of the earth 
and our neighbours declare us to be the greatest 
drunkards too, and yet we never cease to increase and 
multiply. But, whenever we attempt the civilisation 
of savages, our efforts nearly always end in their 
extinction. The most striking example of our non- 
success is to be found in the North American 
Indians. How many of them are left now to show 
their civilisation? The only civilised tribe in 
British Columbia that is a success, was kicked 
out of its village by the Church Missionary Society 
trying to force a doctrine down the native throats 
which they did not want. If the different societies 
for the propagation of the Gospel to the heathen 
knew the mischief done by these petty squabbles 
between different branches of the same great 
religion, they would surely exercise greater tolera- 
tion, and refrain from bringing the name of 
Christian into disrepute abroad. 

The head-quarters of the Lonion Missionary 
Society are here under the care of Mr. Hutchin, a 
Congregationalist, The annexed engraving shows 
the mission house, with Mr. Hutchin, his wife, and 
children. There are some thirty native missionaries, 
with their wives, now inthe establishment. It takes 
them about six years to get through their course, 
which appears to consist of theology, reading and 
writing (native), geography, and arithmetic. Eng- 
lish appeared to be almost entirely neglected, and 
our captain pointed out to Mr. Hutchin the great 
advantages which would accrue to his pupils, to 
thei? parishioners, and to the English nation, by a 
knowledge of our language. The pupils would 


able to communicate with English-speaking people 
(who are a large majority in these parts), and be 
able to study the Bible and Prayer-book on their 
own account. Their parishioners would then have 
an interpreter if required, and the benefit of the 
additional knowledge of the Scriptures gained, 
while the English nation would reap the neraneage 
of the spread of their language and customs. r: 
Hutchin promised to devote part of his time to 
teaching English, but he is sadly overworked, not- 
withstanding the assistance of his active and 
capable wife, who has gained the respect and good 
opinion of the entire population by her devotion to 
the girls and women. 

Raratonga is ruled by three queens—Queen 
Makea of Averau, who married King Puaroiia- 
maru of Atin; Queen Pa of Ngatangia, who has a 
native husband ; and Queen Tinomana of Arorangi, 
who has married a white named Salmon. 

The habit of giving presents is widely prevalent 
in all these parts, as we found in a trip round the 


made a speech, thanking them all, and then, after 
a short dance by some of the natives, we went on 
our way. This dance is not very decent, and it is 
rapidly dying out, owing to the influence of the 
missionaries. 

Our next halting place was at Ngatangia, the 
head-quarters of Queen Pa. Here we found a feast 
prepared for us, including three sucking pigs, fowls, 
yams, plantains, bread-fruit, sweet potatoes, pine- 
apples, with cocoa-nut milk, and coffee to wash it 
down. Only the queen and two of her sisters, and 
the native missionary, joined us at this repast, and 
when it was finished there was the same grand de- 
livery of presents and ‘shaking of hands. They 
certainly were very liberal. The next day Queen 
Makea, of Averau did the same thing, and the 
English inhabitants also made the captain and 
officers a present of a lot of fowls and fruit, so that 
we were not likely to starve for sometime. 

There is a machine worked by steam for ginning 





cotton and podding coffee at Averau, where there 








island made by the captain, the British Consul, 
and myself, the object of the journey being for the 
‘* Rangatanga Man-a-wah” (captain of the man-of- 
war) to pay a visit to the queens of the different 
districts and settle any disputes that might have 
arisen with reference to white men. The captain 
of a man-of-war is to the natives about here the 
embodiment of all earthly power, and they look 
upon his decision as final in all matters. It is 
probable that they have some vague idea of a 
greater power in the background, but it is too far 
off to ke tangible. 

We started round the island, going with the hands 
of a clock, and after about a six miles’ drive came to 
the village of Arorangi, where we were received by 
the queen, and after the captain had settled the 
case of a white man who had been drunk and re- 
fused to pay the fine, Her Majesty informed him 
that she wished to make him a present. The word 
was then passed along, and was soon followed by 
the beating of drums from all parts of the village. 
Soon processions came in sight, all the villagers 
from their own districts headed by a large and small 
drum ; the big one was about 8 ft. long by 6ft. in 
diameter, and was carried along on a pole by two 
men and beaten by a third. The people asa rule 
walked two and two, carrying their presents, 
bananas, yams, sweet potatoes, coffee, or pineapples, 
slung on a stick between them. On arrival at the 
gate of the palace grounds, they halted, and two of 
the chiefs, advancing to where the captain stood on 
the steps, commenced a long oration in the tone 
of a town crier giving out a notice. The sum and 
substance of it was that this mat was specially for 
‘*Rangatanga Man-a-wah,” who was the son of the 
kings and queens of Raratonga; that it was for 
him tosleep on, and he was to dream all sorts of good 
things, &c. They then deposited it on the ground 
in front of the steps, and came up and shook hands 
with us all. Two more chiefs then followed in the 
same way, and then all the people came on, putting 
their offerings (bananas, yams, pineapples, hens’ 
eggs, oranges, &c.) down on a large mat placed for 





the purpose, and then coming up to shake hands all 





have greater influence with their parishioners, be 





round, The consul then, at the captain’s request, 
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is also a small sawmill. About 480,000 lb. of cotton 
passed through the mill last year, as against half 
that quantity this year, showing how the exporta- 
tion of cotton has fallen. 

I will conclude the account of this island with a 
few statistics. The traders pay 24 cents a pound for 
cobra, half in Chili currency, and half in trade. 
We may put the net price at 6/. a ton, on the sup- 
position that the Chili dollar is worth 3s. English, 
and that they make 250 per cent. on trade. The 
price of cobra in Auckland is 10/. 10s., and in 
England 14l. 10s. to 15/., so the trader here has 
4l. 10s. a ton clear to pay freightage, and make a 
profit if he sends to New Zealand, and 81. 10s. to 9I. 
if he sends to England. Cotton is worth 4 cents a 
pound (trade) or 14 cents in money=33 Chilian 
dollars (4l. 19s.) per ton. It loses, they say, 
72 per cent. in the ginning, and the cleaned cotton 
is worth 6d. a pound in Auckland. Sincea ton of un- 
ginned cotton produces then 627 lb. of cleaned 
cotton, this at 6d. a pound gives 15/. 13s., so that 
here the trader makes 101. 14s. on the ton, out of 
which comes the price of ginning and the freight. 
These seem big profits on the face of it, but it 
must be remembered these are only buying and 
selling prices, and there is handling, storage, carting, 
and embarking to come out of them. 

(To be continued.) 
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A Manual of Yacht and Boat Sailing. Sixth Edition, 

revised and enlarged. By Drxon Kemp, A.I.N.A. 

London : Horace Cox, 
Mr. Drxon Kempr’s book grows in size with every 
fresh edition, and that excellence is allied to bulk 
is best proved by the fact that six separate edi- 
tions of that work have been published since the 
original appeared ten years ago. It may also be 
noted that the Board of Admiralty have issued the 
book to the ships of the Royal Navy, which is 
perhaps one of the most sensible and non-redtape 
things that august body has ever done in its collec- 
tive and official capacity. ; 

This book may be taken as a companion volume 
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to the same author’s ‘‘ Yacht Architecture,” which 
we have already noticed at some length in these 
columns.* The work commences with a chapter on 
‘¢ Selecting a Yacht,” in which a good deal of infor- 
mation is given that would prove of value to an 
one undecided as to what type of craft he wished to 
invest in. There is some interesting particulars of 
the weight of spars for various rigs. It appears 
that the spars and rigging for a 90-ton yawl would 
be 17 cwt. less than those required for a cutter of 
the same size ; certainly a most important conside- 
ration. The author does not favour the ketch rig, 
which at one time seemed as if it would become 
quite fashionable. He says the high narrow sail 
gives a great heeling moment. The conclusion 
arrived at with regard to the respective advantages 
of rigs are, up to 80 tons, cutter is best ; from 80 to 
140 tons, yawl ; and above that, schooner. 

The problem of the ‘‘ Examination of the Yacht” 
would bring up good a part of the question of yacht 
construction were it thoroughly dealt with, but the 
author does not advise any amateur to act as his 
own surveyor, and so contents himself with refer- 
ring to some of the leading features. Chapters on 
the building and equipment of a yacht follow, the 
text being illustrated by some good engravings and 
a number of large folding plates. The next section 
of the work is devoted to ‘‘ Seamanship,” and here 
the tyro is taught how to bend his sails, take in 
reefs, get under way, sail his yacht, and come to 
an anchor—so far as such things can be taught by 
paper and printer’s ink. The instructions are, 
however, to the point, and those who are trying to 
master the complete art of managing a sailing 
vessel in a practical way, will find their labour 
much lightened if they learn the why and where- 
fore of things that come before their notice 
when afloat. The rules of the Yacht Racing 
Association are next dealt with, and after that 
we are given some information on the debit 
side of the business, ‘‘ The Cost of Yacht Racing.” 
As an example it may be stated that the price 
one would have to pay for five months’ racing in 
a 20-rater (about equal to a 10-tonner) is the sum of 
4501. odd. No wonder there are so few vessels to 
compete in matches now-a-days. After this we get 
into the boat section of the work, and it really seems 
as if there can be hardly any kind of sailing boat which 
has ever floated which could not be classed under the 
same heading as some of the vessels illustrated and 
described, from double hull boats to sail 18 miles 
an hour down to canoes not much bigger than a 
Whitehead torpedo. We have Cowes Una boats, 
Brighton beach boats, Surbiton gigs, Clyde lug-sail 
boats, Belfast Lough boats, Dublin Bay boats, 
Cork Harbour boats, Falmouth Quay punts, Itchen 
ferry boats, Thames bawleys, Windermere yachts, 
Yarmouth yawls, Yorkshire cobles, Galway hookers, 
Itchen punts, Norfolk wherries, and scores more, 
each and every one a separate and distinct type of 
vessel illustrated and described, to say nothing of 
such foreign curiosities as cat boats, sneak boxes, 
sharpies, proas, catamarans, &c., not even for- 
getting such hybrids as ice boats, railway sail cars, 
sailing chariots, and some other kinds of land 
‘* boats,” the latter, however, being relegated to an 
appendix. 

The work is illustrated with one hundred and 
eleven large folding plates and between three and 
four hundred woodcuts inserted in the text. On 
the whole it is undoubtedly the most valuable book 
of its kind that has yet appeared, 
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THE WESTINGHOUSE SYSTEM OF 
ELECTRIC LIGHTING 
IN our description of the Westinghouse voltmeter 
on page 126 ante, we mentioned that it derived its 


Y | current from a small converter and not from the mains 


themselves. This converter (Fig. 1, page 176) is 
termed the compensator. It fulfils the apparently 
difficult office of modifying the pressure delivered to 
the voltmeter in such a way that the latter always 
points to the standard mark when the proper electro- 
motive force is present at the terminals of the lamps. 
It often happens in America that it is convenient to 
allow a very considerable drop in the electromotive 
force between the central station and the lamps, and 
thus the functions of the compensator become extremely 
important. For instance, in the daylight when there 
are few, if any, lamps in action, the pressure will not 
exhibit any sensible fall over the entire length of the 
main; consequently the electromotive force at the 
terminals of the dynamos will correspond to that re- 
quired at the lamps. But in the busiest part of the 
evening the amount of current will be increased, and 
there will be a very considerable fall of potential along 
the mains; the electromotive force must then be 
Fee greets 4 increased at the central station. Or- 
dinarily this adjustment is obtained by running pres- 
sure wires back from the neighbourhood of the lamps 
to the voltmeter at the station, and thus the man in 
charge is kept constantly informed of the condition of 
affairs in the district he is serving, and makes his 
arrangements accordingly. But with the compensator 
these return wires are not required, advantage bein 
taken of the fact that the electromotive force at the 
station must be made to vary with the current. As 
the output of the dynamo is augmented the pres- 
sure must be increased, and therefore the con- 
verter, which sends the feeble current to the volt- 
meter, is so constructed that this current falls 
off with an increase of current in the mains, un- 
less this increase is also accompanied by the re- 
quired additional pressure. Such a result may be 
attained by winding the converter with two primary 
coils which oppose each other; the one coil is tra- 
versed by a =~ of the current delivered to the mains, 
while the other is connected as a by-pass between the 
two mains. These two currents op each other. 
When little or no current is flowing in the outside 
mains, the current delivered by the secondary coil of 
the converter to the voltmeter is that due to the 
electromotive force in the mains. As the lamps are 
lighted the current in the mains gradually increases, 
and the current delivered to the voltmeter falls off, 
the index leaving the fiducial mark. The man 
in charge must then increase the strength of the 
magnet field in the dynamo until the electromotive 
force rises in the mains to such a point that the in- 
creased current in the fine coil of the compensator 
balances the opposing action of the coarse coil, when 
the pointer of the voltmeter will come back to its 
original place. Thus, without any care or thought, 
the voltmeter is made to ue the pressure at a 
distant of the circuit, e compensator is so con- 
structed that it will serve under a wide range of con- 
ditions. Both coils are made in several lengths, any 
number of which can be employed, as required. The 
plug connections at the top are for adjusting it to 
the number of lamps to be served, and the switch at 
the bottom is for setting it to any desired drop in the 
mains. 

Each central station is provided with a standard 
voltmeter (Fig. 2). It is constructed to the principle, 
which appears to run through all the Westinghouse 
measuring instruments, of a solenoid and a movable 
core, the latter being suspended from a delicate 
balance, and carrying a very long index playing over 
a scale, 

The various station apparatus are grouped on a 
switch-board, In Fig. 3 is shown such a board con- 
structed for an installation comprising two dynamos 
and four lines. At the bottom are four rheostats 
or sets of resistance coils; the two smaller are 
in the field circuits of the exciters, and form the 
means of varying the exciting current of the main 
dynamos, and in this way the electromotive force 
of the current delivered to the mains. As it is usual 
to excite both dynamos with one exciter, leaving the 
second exciter as a relay, a second pair of rheostats, 
one in the field circuit of each dynamo, are provided 
to enable each machine to be adjusted separately 
to the load upon its circuit. Usually these latter 
apparatus do not require to be touched, as the two 
circuits work under very similar conditions. The two 
small changing switches between the rheostats are for 
connecting either exciter with either dynamo at will, 
and the single small switch immediately over them is 
for coupling the field circuits of both dynamos together. 
When the switches are closed, as shown, both exciters 
are running connected. 

The four sets of heavy copper bars running horizon- 
tally are the trunk wires. Between them are six chang- 
ing switches, by which any circuit or circuits can be 
connected to either dynamo, Wires from one dynamo 





come to the centre switch of each group and the cur- 
rent is transferred to either the upper or lower set of 
trunk wires, according as the switch is turned one way 
or the other. The two outside switches of each triplet 
control the two circuits respectively, and transfer their 
connection to either pair of trunk wires as desired. The 
four sets of trunk wires can be converted into two sets 
by the switches between them, and when this is done 
either or both dynamos may be coupled to one circuit. 
Over the trunk wires are six safety catch-holders, each 
with double fuzes as plug cut-outs. Above these are 
four voltmeters, each with a compensator above it. 
Between the pairs of voltmeters is an ammeter, and 
over this is a lamp to illuminate the board. At the 
top are six small converters by which the current is 
heeed for the voltmeters, 





TRIALS OF MOTORS FOR ELECTRIC 
LIGHTING.* 

Introduction.—In the autumn of 1886 the Council of the 
Society decided to offer some Society of Arts’ medals for 
prime movers suitable for domestic installations for the 
electric light and other purposes. The details of the pro- 

competition were carefully considered by the Com- 
mittee, and in December, 1886, the announcement was 
made that two gold medals would be offered for prime 
movers of the class referred to. The classification was 


intended to include motors of every class—steam, gas, 
hydraulic, &c. The Council = to —— three 
judges, who would report to the Council, and on whose 


report the awards would be made by the Council. The 
entrance fee was fixed at 2/. 10s. per horse-power, in the 


& | hope that the amount derived from fees would suffice to 


cover a large propertion of the cost. The date fixed for 
sending in entries was February 28, 1887. The entries 
received by that date were not considered sufficient in 
number to justify the Society in incurring the necessary 
expense, and the Council decided to poem the date 
for the receipt of entries to the end of December, 1887. 
Certain alterations were made in the conditions of entry. 
Four gold and two silver medals were offered under con- 
ditions which will be found in an appendix to this report, 
Notice of this was sent to a large number of makers of 
engines in this country and abroad. But the result, so 
far as the number of entries went, was very far from 
satisfactory, Thirteen entries were contemplated, but 
only seven entries were actually received, and of these 

were withdrawn, so that only four engines were 
actually presented for trial. 

In spite of the paucity of entries (fewer even than in 
the previous year, when there were eleven) the Council 
decided to proceed with their experiments. At their 
request, Dr. Hopkinson, Professor Kennedy, and Mr. 

uchamp Tower, accepted the office of judges, and the 
trials were successfully carried out in September last, on 
round at South Kensington belonging to the Imperial 
nstitute, and kindly lent for the purpose by the Council 
of that body. 

The Council feel that the Society is very greatly in- 
debted to the gentlemen who undertook the office of 
judges, and who carried out with the utmost care, and 
the most painstaking omy o the arduous duties of that 
office. hey believe that the report which they have 
prepared will be found to be of great scientific value, and 
to be well worth the cost incurred by the Society, and 
the trouble expended on the matter by the judges and 
by the Committee ; indeed, it is not too much to say that, 
as regards gas engines, the experiments are the only 
oe en comparative tests of different 
engines that have been made with any approach to 
completeness over such a. runs, and with such elabo- 
rate measurement of all the principal quantities con- 


cerned. 

The Council have also to express their obligations to the 
following firms for the free loan of apparatus and fittings - 
Messrs. Alex. Wright and Co., standard gas meters (the 
personal aid rendered by Mr. Richard Wright himself 
was also most valuable); Messrs. Elwell Parker and Co., 
two dynamo machines ; Messrs. Henry Pooley and Sons, 
weighing machines ; Mesars. Beck and Co., water meters ; 
Messrs. Frederick Braby and Co., tanks; Mesars. E. 
Dent and Co., clock. Mr. Humphreys was also liberal 
enough to erect the iron shed as a testing house at a 
very moderate rate. The contractors for the Imperial 
Institute building, Mesars. John Mowlem and Co., with 
their staff, also rendered valuable assistance. 

H, Truzman Woop, Secretary. 


Report of the Judges. 

We have made careful tests of the motors which have 
been offered for the competition for the Society of Arts’ 
medals. Finally, only four motors were presented for 
teat, three gas engines and one steam engine, The gas 
engines were a Crossley 9 horse-power nominal, a Griffin 
of 8 horse-power nominal, and an Atkinson of 6 horse- 
power nominal. The steam engine was a Davey-Paxman 
compound portable engine of 8 horse-power nominal. 

The trials were carried out in a building specially erected 
for the purpose, on a portion of the site of the Imperial 
Institute at South Kensington, and were made during 
September last. The tests comprised an efficiency test 
during a six hours’ run for each engine at full power, 
a three hours’ run at half-power, and a test running 
light. In addition to these, one or two tests were made 
at the request of the exhibitors themselves, under con- 
ditions varied from the conditions of competition. In the 
case of the gas engine tests, the quantity of gas consumed 
in the engine itself and in the ignition was separately 
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THE WESTINGHOUSE SYSTEM OF ELECTRIC LIGHTING. 
(For Description, see Page 175.) 















































measured, the readings of the meters being taken every 
quarter of an hour. ‘The meters were Wright’s standard 
wet meters, one of 100, and the other of 20-light size. 
They were kindly lent tothe Society by Mr. Richard 
Wright, who personally made all the adjustments before 
the trials, so as to insure the accuracy of the readings. 
The pressure and temperature of the gas were measured 
in the meter, and in each case samples of the gas were 
taken from time to time, were mixed together for each 
test, and were analysed by Mr. C. J. Wilson, F.I.C., of 
University College, London. The results of these analyses 
will be found in Appendix I., at the end of this report. 
Indicator diagrams were taken at intervals of a quarter 
of an hour, the diagrams being taken approximately mid- 
way between the times at which the gas was read. The 
indicator used for the Crossley engine was an improved 
Richards, made by Elliott and Co., and the same indicator 
and spring, with another similar one, was used for the 
Griffin engine. For the Atkinson engine a strengthened 
Crosby indicator was used. In all cases the indicator 
springs used have subsequently been tested at University 
College. The errors being exceedingly small, a correction 
is not applied in calculating the results given later in re- 
spect to each engine. The brake horse-power was in all 
cases ascertained by means of a rope brake upon the fly- 
wheel or flywheels of the engine. Two ropes were used 
for each wheel; they were kept at the proper distances 
apart and in fixed position upon the fi B ain by means of 
transverse wooden distance pieces. The dead load was 
applied by means of weights, and the back tension neces- 
sary to put the friction on the brake, by means of a spring 
balance. The spring balance was read every five minutes, 
and its tension was deducted from the dead load operet, 
This brake was found to work perfectly satisfactorily, and 
its results are certainly beyond suspicicn. | It is important, 
however, if any metal be used for attaching the wooden 
cross-pieces to the ropes, it shall not rub against the rim 
of the flywheel ; if this should occur, the metal becomes 
exceedingly hot, and is liable to burn the rope. The 
quantity of water used for cooling the cylinder of the 
engine during the run was measured by means of a Schin- 
heyder water meter, and its temperature on emergence 
from the engine was ascertained by a thermometer. The 
meter was kindly lent to the Society by Messrs. Beck and 
Co., Limited, and was tested after the trials and found to 
be without sensible error. The number of revolutions 
made by the engine was d by means of a counter 
continuously geared on to the crankshaft of the engine. 
This counter was read every quarter of an hour at the 
exact instant at which the gas meter was read. 

The efficiency tests of the steam engine differed slightly | 
from those of the gas engines. Owing to the greater | 
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power developed, and to the smaller size of the flywheel 
of the engine, it would not have been practicable in a con- 
tinuous run to trust entirely to the cooling of the flywheel 
by the air. The flywheel was provided, therefore, with 
two internal return flanges, which formed a groove the 
full width of the face of the flywheel into which water 
could be run, which water was continuously evaporated 


itself ; it is proposed to connect this countershaft directly 
to the dynamo machine to be driven. The intention of this 
shaft and flywheel is, of course, to obtain regular — of 
rotation of the dynamo notwithstanding the irregularities 
of the driving force. The results show that this was per- 
fectly effected, but it was so at the expense of a consider- 
able loss from the slipping of the belt. This slip occurs at 
the t when there is greatest tension upon the belt, 





by the heat arising from the friction. This arr t 
worked very well, and we are of opinion that considerably 
greater powers could have been measured upon a flywheel 
of this size by this method. The indicator diagrams were 
obtained, the brake power and the number of turns ascer- 
tained in a manner exactly the same as in the case of the 
gas engines (the diagrams being taken, however, only 
every twenty minutes), but instead of measurements of 
gas and of cooling water, measurements were made of the 
quantity of coal burnt and of water evaporated. Analyses 
were made of the coal and also of the furnace gases. In 
all cases the quantity of lubricant used in the cylinder was 
measured. 

In addition to the efficiency tests of the engines, tests 
were made to ascertain the regularity of running and of 
governing. For this purpose the engines were employed 
to drive a dynamo machine, and the current from this 
machine was taken through a metallic resistance con- 
trolled by switches ; an incandescent lamp was also con- 
nected tothe machine. The amount of cyclic variation 
occurring in the driving was ascertained by direct ob- 
servance of the lamp. For electric light motors this is of 
course a sufficient test, as an engine running so regularly 
that the variation cannot be detected in a lamp may be 
taken as being perfectly satisfactory for the production of 
the electric light. The resistances gave a great facility for 
speedily varying the load upon the engine. The s of 
the engine was ascertained when fully loaded, and when 
running with the dynamo machine upon open circuit ; it 
was also ascertained when erg | at half-power. Obser- 
vations were made of the effect of throwing off the load 
as the engine was running, and the hunting of the governor 
was judged by the pulsations, if any, which ensued in the 
incandescent lamp. 

Appended to the account of the experiments on each 
engine will be found what may be appropriately described 
asa heat table. In the case of the gas engines this gives 
the heat of combustion of the gas, the quantity of this 
heat accounted for by the indicator diagrams, and the 
heat carried off by the cooling water. This leaves a balance 
which will be mainly accounted for by the loss due to the 
heated exhaust gas, together with a small amount due to 
loss by radiation and convection from the surfaces of the 
engine. If the quantity of the gas and its temperature of 
exhaust were known, the former and larger of these 
amounts would be calculable. A very excellent approxi- 
mation can be made to the quantity of waste gas from 
the known volume of the cylinder, the only doubtful 
point being the temperature of the charge when the 
cylinder is just filled. It is not likely that this tempera- 
ture will exceed the temperature of the cooling water. 
Taking this to be the true temperature of the charge 
immediately before compression begins, the temperature 
is calculable at which this gas must enter the exhaust to 
account for the balance. In like manner, in the case of 
the steam engine, the heat of combustion of the coal is 
calculated, and this goes partly in heating the furnace gas 
and partly into the boiler, while in some cases the forma- 
tion of carbonic oxide reduces the heat actually developed 
by the combustion. Allowing for the loss due to radiation 
and convection from the surface of the boiler, the heat 
entering the boiler should be wholly accounted for by the 
water evaporated. 

As the temperatures in the gas engines can be estimated 
by the method just mentioned, and as those in the steam 
engine are calculable from the 9 eg oe the trials enable 
us to say what B gegen of the heat received would 
have been turned into work by an engine working as a 
** perfect” engine between those temperatures, and there- 
fors, to find the actual efficiency of the engine as com- 
pared with this standard. These figures will be found 
given below at the end of the details of all the more 
important trials. 

Crossley Gas Engine (sent ay Mossrs, Crossley Brothers, 
Limited, of Manchester).—This engine is of the ordinary 
Crossley type, with exceptions to be mentioned. The 
cylinder was measured and found to be exactly 9.5 in. in 
diameter and 18 in. stroke. The engine has a single 
cylinder and is single-acting. There are two principal 
points of divergence from the ordinary type: First, the 
arrangement for ignition, and secondly, the use of a 
countershaft for driving the dynamo. Instead of igniting 
by means of a slide valve, which conveys a portion of the 
igniting flame to the point at which communication is 
made to the cylinder, there is a closed igniting tube, 
marked T in the drawing (Figs. 1 and 2), kept hot by a 
Bunsen flame. It is possible to effect fairly good and re- 
gular ignitions by keeping this tube constantly in connec- 
tion with the interior of the cylinder, and so arranging the 
length of the tube that the ignitable gas will be forced 
into it at the right point in the compression stroke. This 
however, would be open to the objection that the time of 
ignition in the cylinder will vary with the speed of the 
engine. To render the moment of ignition perfectly defi- 
nite, Messrs. Crossley have introduced an ignition valve 
(E) which opens connection between the ignition tube and 
the cylinder at the right moment. This moment varies 
with the s of the engine. In order, then, that the 
ignition may take place at the correct moment when the 
engine is fully loaded, and that it shall not occur too soon 
as the engine is being started, a double cam is introduced 
upon the shaft which actuates the valve; the one cam is 
used when the engine is running at its proper s » the 
other is used when starting. The other special feature of 
this engine is the use of a countershaft with a flywheel 
upon it, running in bearings attached to the engine-bed 





and, consequently, the loss of power is much more than is 
represented by the deviation in the speed of the counter- 
shaft from that which it would have if calculated on the 


hypothesis of noslip. The engine had one flywheel only, | 5 


: - td in. in diameter, and 9 in. broad on face, weighing 

The Griffin Gas Engine (sent by Messrs. Dick, Kerr, 
and Co., of 101, Leadenhall street and Kilmarnock).—The 
Griffin engine is a double-acting engine, which, when 
working at its full power, ignites the charge at every 
third stroke at each end of the cylinder. The cycle of 
the engine at each end of the cylinder is—drawing in gas 
and air, compressing gas and air, igniting and expanding 
the charge, ejecting the products of combustion, drawing 





in scavenger charge of air, and ejecting scavenger charge 
of air. The ignition is a flame ignition by a slide valve, 


of the engine is shown in Figs. 3 and 4. The boiler 
is of the losomotive type, and the engine is a com- 
pound horizontal, the general arrangement being that 
well known as adopted by Mr. Paxman. The cy- 
linders are fitted with steam jackets, which were, how- 
ever, not used in these experiments. The feed water 
is heated, first, by the exhaust steam in a tubular 
heater placed upon the top of the boiler, and secondly, 
by passing through a coil inthe smokebox. The governor 
acts upon a cut-off valve, through the medium of a 
link motion worked by two eccentrics (see Figs. 3 and 
-. The diameter of the cylinders is 5.24 in. and 8.98in., 
and their stroke 14.00 in. The engine was fitted with one 
flywheel only, 62 in. in diameter and 72 in. wide, with rim 
4 a section, as already descri Its weight was 

In what follows we have given full particulars of the 
trials of each engine separately, taking first the full-power 
trial or trials (lettered A in all cases), then the half-power 
trial lettered B), next the trial running empty (lettered C), 
and eyes any extra trials that were made by the wish 
of the exhibitor, or to determine any special points which 
we thought to require investigation. Each engine has 


, the principal results of all its trials summed up in ons 
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The general arrangement of the engine an 1 the details of 
the valve gear are shown in Figs, 6 and 7 (page177). The 
cylinder was 9.02 in. in diameter and 14.00 in. stroke, 
with a piston rod 1.75 in. in diameter at one end. The 
governing is effected by omitting the admission of gas 
whenever the engine is over speed. The engine has two 
flywheels, and an inspection of the speed results show 
that the governing is effective, and the engine quite free 
from cyclical variation of speed. The flywheels were each 
60.1 in. in diameter by 7.5 in. broad on face, and each 
weighed 1144 Ib. 

Atkinson (or ** Cycle”) Gas Engine (sent by the British 
Gas Engine and Engineering Company, Limited, Gospel 
Oak Works).—The Atkinson engine, so far as the connec- 
tion between the piston and the crank is concerned, differs 
entirely from either of the other two. aoa one revolu- 
tion of the crankshaft the piston performs the following 
evolutions: Starting from the extreme back end of the 
cylinder it advances, drawing in gas and air, it then retires 
compressing the mixture, but | to a point some dis- 
tance from the end of the cylinder; the charge is 
then ignited and the working stroke performed, and 
lastly the piston retires to the end of the cylinder, 
ejecting the whole of the products of combustion. 

he general arrangement of the engine is shown in Fig. 8, 
from which it will be seen that the connecting-rod is not 
jointed to the crank directly, but through a toggle link 
and rocking lever, whereby in one revolution of the crank- 
shaft the piston performs two strokes of different lengths. 
This variation in stroke is effected by jointing the con- 
necting-rod, not precisely to the le joint, but to a 

int upon the link a small distance from the joint. The 
ignition in this engine is effected by means of an ignition 
tube, in the same way as in the Crossley engine, but there 
is here no valve for determining precisely the time of 
i —. This is regulated by adjusting the position of 

e tu 

The cylinder of this engine was 9.50 in. in diameter, 
the suction stroke 6.33 in., the compression stroke 5.03 in., 
the working stroke 11.13 in., and the exhaust stroke 
12.43 in. The radius of the crank of the engine was 12{ in. 
There were two flywheels, one on each end of the crank- 
shaft. Each wheel was 69.3 in. in diameter and 4.5 in. 
broad on face, and weighed 1462 lb. 

Paxman Portable Engine (sent by Messrs. Davey, Pax- 
man, and Co., of Colchester).—The general arrangement 


Table, and the Tables are arranged so as to be, as far as 
possible, comparative. ; 

The order in which it has been found most convenient 
to describe the trials is not exactly that in which the ex- 
periments were made, but is— 


. I, Atkinson, 
II. Crossley. 
III. Griffin. 

IV. Paxman. 


ATKINSON Gas ENGINE, 


Five experiments, in all, were made with this engine, 
and they will be distinguished by the letters A, B,C, D, 
andE. Trial A was a full-power trial of six hours’ dura- 
tion, and trial B a half-power trial of three hours. In 
trial C the engine ran without load for half an hour. 
Trials D and E were special short trials with full brake 
load, but at speeds below the normal. The principal re- 
sults of these trials are given in Table I. 

Trial A (Fig. 9).—This trial took place on September 
21, and lasted six hours continuously, Mr. Atkinson 
elected to run at about 94 brake horse-power and 130 re- 
volutions per minute. Indicator diagrams were taken 
every quarter of an hour, and worked out with the number 
of revolutions made in that interval as read on the counter. 
The two meters were read every quarter of an hour, and 
the gas pressure and temperature noted at the same time. 
The water meter was also read every quarter of an hour. 
The spring balances on the brakes were read every five 
minutes. The work taken up by each of the two flywheels 
was kept as nearly equal as possible. The rope brakes 
were worked perfectly dry, without any lubricant what- 
ever. j 

The mean speed of the engine was 131.1 revolutions per 
minute. The maximum speed for any quarter-hour was 
182.7 revolutions per minute, the minimum for any 
similar period 129.2 revolutions per minute. The number 
of explosions per minute was 121.6, so that 7.2 per cent. 
of the explosions were cut off by the governor. 5 

The mean initial pressure was 166 lb. per square inch 
above the atmosphere, but the mean effective pressure, 
owing to the + ratio of expansion employed, was only 
46.1, the indicated horse-power was thus 11.15. This 





wer is calculated from the revolutions per quarter-hour 
caer deducting the actual number of misses during that 
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time. A record of theactual misses was kept throughout | power expended in driving the engine (difference between 


the whole of this and all other trials, by two observers, | indicated horse- 


who relieved one another at hourly (or shorter) intervals. 
The brake horee-power was 9.48, so that the mechanical | cubic feet, which is at the rate of 18 8 cubic feet per indi- 
efficiency of the engine reached 85 per cent. The horse-|cated horse-power per hour, and 22.1 per brake horse- 
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wer and brake horse-power) was 1.67. 


The gas per hour through the main meter was 209.8 
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TaBE I.—Atkinson Gas Engine. 


























1. Date... .. |\Sept. 21 Sept. 22/Sept. 22/Sept. 24/Sept. 24 
2, Trial. 2. « A B Cc D E 
3. Duration -|6hours | 3 hours | } hour | } hour| 4 hour 
4. Power ee} full | if | empty| full full 
5. Revolutions per | 

minute .. --| 131.1 | 129.6 | 181.9 | 110.6 | 100.5 
6. Explosions per 

minute.. --| 121.6 69.1 23.8 
7. Mean initial pres- 

su BS --| 166.0 | 166.5 | 145.5 
8. Mean effective 

pressure --| 46.07 47.60 48.59 
9. Indicated horse- 

power .. oo} ¥L16 6.59 2.3 
10. Brake load net | 130.5 66.0 a 135.4 | 127.1 
11. Brake horse - 

wer .. --| 9.48 4.74 8.29 7.08 

12. Mechanical effi- 

ciency .. ¥ 0.850 0.719 
13, Gas_ per hour, 

main .. --| 2098 | 127.1 47.2 | 188.60 | 157.8 
14. Gasper hour, 

ignition xa 4.5 5.9 5.42 5.1 
15. Gas per hour, 

total .. --| 214.3 | 133.0 194.02 | 162.9 
16. Gas per indicated 

horse-power per 

hour,main . 18.82 19.29 20.50 
17, Gas perindicated — 

horse-power per 

hour, total ..| 19.22 | 20.18 
18. Gas per brake 

horse-power per 

hour, main 22.14 | 26.80 22.75 | 22.29 
19. Gas per brake 

horse-power per 

hour, total . | 22.61 | 28.10 23.40 | 23.01 
20. Water per hour | 680 Ib. | 260 Ib. 
21, = of tempera- 

ure .. +. |52,.2deg.|67.8deg. 
22. Horse-power in as ies 

driving engine | 1.67 1.85 2.3 
23. Mean pressure 

during working 

stroke, equiva- 

lent to work 

done in pump- 

ing strokes, 

about .. oa 1.0 
24, Corresponding in- 

dicated horse- 

power ., -| 0.26 
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power per hour. The addition of the gas used for ignition, 
4.5 cubic feet per hour, raises these figures to 19.2 and 
22.6 cubic feet respectively. 

Diagrams were taken with a light spring to enable some 
estimate to be made of the power expended by the engine 
in what have been called the “‘ pumping strokes.” Copies 
of two of these diagrams are given in Fig, 11. The work 
done during the pumping strokes was equivalent to a 
mean pressure during the working stroke of about 1.0 lb. 

r square inch, and this corresponds to an indicated 

orse-power of 0.26. . 

The weight of oil used for cylinder lubrication durin 
the six hours was1.18lb. It was a gas engine oil suppli 
by the makers of the engine, and costing about 2s. per 
gallon, or say 2.7d. per pound. At this rate, and taking 
the cost of gas as 2s. 6d. per 1000 cubic feet, the cost of 
the cylinder lubrication was equal to that of 1.59 cubic 
feet of gas per indicated horse-power per hour. The bear- 
ings were lubricated with grease, and worked perfectly 
cool throughout the whole trial. 


(To be continued). 








THE COAL QUESTION. 

Mr. R. Pricr-WituiaMs, M.Inst.C.E., read a paper 
on the ‘‘Coal Question” at the meeting of the Royal 
Statistical Society on the 19th instant, held in the theatre 
of the Royal School of Mines, Jermyn-street, the Presi- 
dent, Dr. T. Graham Balfour, F.R.S., in the chair. The 
following is an abstract of the paper. 

After paying a well-deserved tribute to the labours of 
the late Professor Jevons in connection with this subject, 
the author shows by a series of tabular statements and 
diagrams, the rapid increase in the coal production of 
this country prior and subsequent to the date of the 
coal commission in 1871. e Northumberland and 
Durham coalfield, as is pointed out, still gives to New- 
castle its pre-eminence as the chief source of the coal 
supply, the output last year from Durham alone amount- 
in to over 28} million tons, or to more than one-sixth of 
the total production in the United Kingdom. Attention 
is drawn to the fact that during the last four or five 
years there has been a considerable decrease in the out- 
put from these northern coalfields, and the maximum 





limit of the coal production it is considered has been 
reached, and henceforward it will continue to decline. It 
is shown that at the average rate of increased production 
during the last twenty-two years, the 9294 million tons of 
available supply would be entirely exhausted in about 
ninety-four years, 

The author devotes a considerable part of his paper to 
the South Wales coalfield, a district he is well acquainted 
with, and attention is directed to the remarkable develop- 
ment which has occurred during the last few years in the 
South Wales steam coal trade: the 26 million tons pro- 
duced last year coming next in amount to that of Durham. 
This large quantity is shown (after allowance is made for 
waste in working) to represent about 5381 acres of a 4 ft. 
thick coal seam practically worked out in the course of a 
single year. The total available supply in the South 
Wales coal basin is estimated by the coal commissioners 
at 36,566 million tons, or just one-third of the whole avail- 
able supply in the United Kingdom, which at the rapid 
rate of increased production which has obtained during 
the last quarter of a century, would, as the author shows, 
be extirely exhausted in the short space of seventy-nine 
years. 

The rapid development in the coal production in the 
eastern division of this coulfield, which contains the 
famous steam c measures, is strikingly shown b: 
the enormous growth of the coal exports from Cardiff, 
more especially to foreign countries. In 1864 these only 
amounted to 14 millions tons, doubled in the next ten 
years, and again doubled in the following seven years ; 
while in 1887 they amounted to 8} million tons, or to more 
than a third of the entire coal exports for the United 
Kingdom for that year. 

Two-thirds of the South Wales coal supply are obtained 
from Glamorganshire, more particularly from the eastern 
division, containing these valuable steam coal seams. 
The author shows that if the production from this 
eastern portion of the coal basin continues to increase at 
the average rate it has done during the last twenty-four 
years, the whole available supply, which the coal com- 
missioners estimated at 12,963 million tons, will be en- 
tirely worked out in the course of the next sixty years, 
and the portion containing the lower or steam coal seams, 
in the short space of forty-two years. 

The coal exported from Cardiff, consisting chiefly of 
this high class of coal, the author points out, represents, 
after making allowance for waste in working, about 
7 acres of the famous 4 ft. steam coal seam entirely 
worked out during each working day of the year. 

The coal productions from all the other principal coal- 
fields are separately dealt with, and the dates at which, 
at the average increased rate of output during the last 
twenty-four years, they will become exhausted, are given 
in the following summary : 


Date of 
Exhaustion 

of e 

Years, 
Northumberland and Durham 94 
South Wales a ee 79 
(eastern division) 46 
Lancashire and Cheshire _... ae os 74 
Yorkshire, Derbyshire, and Nottingham... 90 
Warwicksbire ... ed wa aaa nie 53 
Denbighshire and Flintshire 250 
Scotland... ted _ a 92 
United Kingdom aa ‘ 102 


Under the head of coal consumption, particulars are 
given of the chief uses to which the coal is applied, from 
which it appears that the coal consumed in the manufac- 
ture of pig iron, and in the manufacture of merchant iron 
and steel of various kinds, amounted at the time of the 
coal commission to — one-third of the coal produced 
in the United Kingdom. The large economies since effected 
by the Bessemer, Siemens, and other processes are shown, 
however, to have reduced the consumption in 1887 to 
little more than 16 per cent. of the coal production. 
Attention is drawn to the large economies effected and to 
be effected by the use of compound engines for steam navi- 

ation and locomotive purposes; the amount of coal used 
o ocean-going steamers during 1887 amounted to nearly 
7,000,000 tons, and that consumed by the much larger 
number of steamers engaged in the coasting trade is esti- 
mated to have equalled that amount. 

The coal consumed by the locomotives on the railways 
in this country in the same year is shown to have ex- 
ceeded 6 million tons. 

Particular attention is drawn to the bey rapid growth 
of the export of coal, which has increased from 4} million 
tons in 1854 to over 27 millions in 1888. The author con- 
siders it is but the measure of our increased commercial 
prosperity, and that to impose any tax upon such exports 
would be like killing the goose that lays the golden eggs. 

The author in his concluding remarks observes, that if 
the growth of the trade and aa ay of this country 
is to continue as it has done in the past, its coal production, 
which is at once the cause and effect of this growth, must 
necessarily keep pace with it; and it is pointed out that 
unless large economies, which can and ought to be effected 
in its consumption, are realised, all the largest and best 
sources of our coal supply will be exhaus in the very 
short periods mentioned in this paper, The hope is 
expressed that by drawing attention to this most vital 
subject, further strenuous efforts may be made to husband 
our coal resources in every possible way, and to put a 
stop to the great waste in working the mines, and in the 
consumption of coal generally. 

An interesting discussion followed, in which the under- 
mentioned took part: Sir Warington Smyth, F.R.S., 
Sir R. W. Rawson, Mr. E, H. Carbutt, C.E., Mr. A. E. 
Bateman, Mr. F. Hendriks, F.I.A., Mr. 8S. Bourne, Mr. 
John Glover, Professor A. Lupton, Mr, F, 8. Powell, 
M.P., and the President. 
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EWING’S DUPLEX PENDULUM 
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Tue extract given in ENGINEERING of December 14 
last (see page 592 of our last volume), from a note on 
the seismometric measurements of the vibrations of the 
new Tay Bridge during the passing of railway trains, 
communicated to a Dundee society by Professor J. A. 
Ewing, B.Sc., F.R.S., Professor of Engineering in the 
Dundee University College, has renewed interest in 
the practicability of thus measuring the rigidity of 
engineering structures. We now annex engravings 
illustrating the seismograph employed during Pro- 
fessor Ewing’s experiments, 

The duplex pendulum seismograph was designed for 
and applied to the measurement of earthquakes in Japan 
in 1882. It consists essentially of a pair of masses which 
are supported and connected in such a manner that they 
form an astatic combination with freedom to move in 
any horizontal direction. One of the twois hung from 
above and is stable ; the other is supported from below 
and is unstable ; and the two are constrained to move 
together by a ball and tube coupling. Their equili- 
brium is adjusted to be very nearly neutral, and this 
fits them to furnish a steady point with respect to 
which motion of the ground in any azimuth may be 
recorded and measured. The motion is veewded by 
a lever, the marking point of which draws a magnified 
copy of the horizontal motion of the ground upon a 
smoked glass plate. Fig. 1 shows the construction of 
the duplex pendulum seismograph as used in these 
experiments, and as now made by the Cambridge 
Scientific Instrument Company for ew obser- 
vatories. The etable mass is a disc of lead a cased 
in brass (shown in section in Fig. 1), hung by three 

rallel wires from the top of the containing box. 

his trifilar suspension has several advantages over 
the usual suspension of a pendulum from a single 
point ; in particular it prevents twisting about a ver- 





The unstable or inverted pendulum 0 is | 
also a disc of lead below the other, and is held up by 
a tubular strut which ends in a hard steel point rest- 
ing in an agate socket in the base of the box. A small 
brass ball attached to the lower mass b fits easily but 
without shake in a cylindrical hole in a, so that the 


tical axis. 


two must swing together. Tbe masses of a and } are 
proportioned, with respect to their distances from 
their respective supports, so that the equilibrium of the 
compound system is nearly neutral, and by way of 
final adjustment the upper disc a may be raised or 
lowered by turning the pins at the top, until the | 
margin of stability is as small as may be wished. | 
The recording lever c is held by a gimbal joint in a | 
bracket d fixed to the side of the box, and capable of | 
adjustment vertically or horizontally. The bottom | 
of the lever is a ball which gears into the hole in a, | 
and at the top there is a hinged index of straw with a | 
needle-point to write the record. To reduce friction, 
t of the weight of the straw is borne by a spring e. 

he smoked glass plate f stands on a shelf which pro- 
jects from one of the sides of the case, which is a 





ISMOGRAPH. 






triangular box. In the particular instrument ¢m- 
ployed at the Tay Bridge, the ground’s motion was 
magnified six times. 

In all seismometric work, whether it be the measure- 
ment of earthquakes proper, or of such shakings as 
these, the trustworthiness of the record depends on 
the degree to which the presumed “steady point” of 
the instrument remains at rest during a protracted dis- 
turbance of the base. The accuracy of a seismograph 
admits of easy experimental test in the manner which 
Professor Ewing described and illustrated, when com- 
municating to the Royal Society an account of his 
horizontal pendulum seismograph, for recording sepa- 
rate components of motion bay a moving plate. 
The test consists in — the instrument upon a 
stand which may be shaken by hand, and causing a 
true areeepers of the motion of the stand to be drawn 
by an independently — index, side by side 
with the record that is drawn by the seismograph 
itself. Fig. 2 shows how this test was applied to the 
instrument with which the Tay Bridge observations 
were made, The seismograph was mounted on @ 
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EXPERIMENTS WITH CENTRIFUGAL PUMPS MADE BY THE GERMAN ADMIRALTY. 
—_——— aie 
: ’ tity of , 
i — Steam Cylinder. | Centrifugal Pumps. Lift. Be Lifted. Steam Engine. Pump. 
; 4 } ~ -“ “cs ag | ie . ae ° + 2 5 o il ° | —- | e rd 
S Name of Ship. . uty fo g 3 7 #3 | 32 | 8 Fs B | ®s £E 
| a Po 8 c se) 3 g§ 4 a b = i) | oa SBS Aas Be Hy | ae. BR | By, | gs 
23 3|el2| 214 del gs leesiees) 2) 2/4) 4 | 2 | Se |edletisec|Sblsé|#@ 2 2 | S82 | 88 
© S $ E ° 32 assiass| & 5 $ be 28 | @3)| 5 $5 3° oo} 8.e= 3 | gee | 8s 
za gig |2|4 | & 2845 420/242) 2 1/8/21 8 | & | 8% |Sa| 8 ses Bese ise § | sea | Sa 
RS per 3/4 |6)6 |7 || | 10 | a [ae | as [ae | as. | ae | az. | a8] a. | 2 | a] on | 28 | oe. | m5. | 86, 
reg ne ce be in. ne in. | in. ft. ft. ft. | gals. | gals. | lb. per Ib. per per ft. persec.| lb per 
sq. in. 8q. in. | cent. | | sq. in. 
1 | Sachsen 4| 00.0| 2] 11.81] 11.81} 2 | 81.60; 18.39 | 14.17] 5.91 | 10.17 | 16.08} 7,678 | 1919.5 | 28.45 | 1.00 | 260.0| 13.07 | 45.08| .. 0.87 28 5.25 | 3.56 
2 | Wurttemburg 3 | 60.0] 2|12.20/11.81| 2 | 81.50) 13.89 14.17| 5.12! 9.92/14.85| 6,754 | 1750.5 | 28.45 | 1.00 | 247.0] 15.23 | 5218] .. 7.62 14.6 { et \ 313 
8 | Leipzig 2| 57.5 | 2|19.57|1286| 2 wae 12.86 | 12.86 | 11.65 | 2.62 | 14.27 | 10,012 | 3602.6 | 22.47 | 1.00 | 211.0) 12.05 |95.29| .. | 16.00 168 5.94 { et 
4 | Bayern 4| 10.0} 2/1068] 9.13 2 | 29.98 12,20 | 12.20] 7.61| 7.81| 15.42] 7,920 | 1900.8 | 28.45 | 1.00 | 343.8| 11.12 | 31.07] .. 8.91 28.9 | 6.27 { ne 
5 | Bismarck G4 3K8i 5. . |. | .. | 7.87] 7.87] 15.76] 6,214 | 1004.0 | 28.45 | 1.00 | 350.0] .. .. |1410| 478/837 | 331 | 
6 | Bliticher ‘| 12} 25.0 | :: ee :. | 790} 6.89 | 14.79 | 23,408 | 1885.8 | 2845 | 1.00 | 400.0) .. . i697] 845/516) 620 | 
7 | Gneisenau |. 12| 30.0 | :: re [es | :. | 7.22] 8.81 | 11.08] 22'880 | 1880.4 | 28.45 | 0.22 | 337.0] .. :; | 12:13] 6.00 | 50.0 | 6.04 | 
8 | Moltke 1 6) 480) 2) cb R Led 3d ce |) nc) 88 | GRO eae | emeoee || (600 | “Skee |"O-te jase 1/1055] 271 25.7 200 | 
9 | Stoech /18| 5.0/ 2/| 11.81] 9.84| 2 27.56) 8.27| 8.27| 6.64! 6.99 | 18.63| 29,282 | 1620.7 | 28.45 | 1.00 | 385.0) .. Seedlodt 6.71 | 11.61 6.40 
10 | Stein.. 5| 41.5] 2/1068) 9.37] 2 27.66 | 12.40 12.40| 8.27] 3.28] 11.55; 7,414 | 1810.5 | 27.02 | 1.¢0 | 324.5/ .. ee eee 45950 .. ) 417 er 
11 | Olga... 2| 80} 2] 9.06] 9.45] 2 | 27.56| 11.81] 11.81 9.36 | 1.48 | 10.83 5,434 | 2583.9 | 69.98 | 1.00 | 483.0] 30.72 |79.40| .. 847 10.7 | 9.06 | 9.89 
12 | Marie 6| 0.0] 2| 9.06] 827| 2 28.62] 8.27/14.96| 8.53| 5.25| 13.88] 8,580 | 1480.0 | 51.20 | 1.00 | 370.0| 1282 | 24.46| .. 6.03 | 24.6 |) 1355 } 3.84 
13 | Blitz.. ..| 1] 490} 1] .. | .. | 2] .. | 9.84] 9.84] 4.79] 6.46/11.25] 1,738 | 957.0 | 42.67 | 0.25 | 825.0] 12.87 | 10.75] .. 3.26 | 303 | 4.82 | 1.71 
14 | Miwe ‘| 8] 00] 2] 630| 5.61 2/1260) 4.72] 4.72 4.50 | 4.59| 9.19| 1,276 | 159.5 | 99.56 | 1.00 |420.0| .. sox | a 027) .. | 8 
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notice, except that the starting valve, illustrated on 
page 106 ante, was made from the designs of Mr. R. 
erbert Lapage, of 17a, Great George-street, West- 
minster, This is an improvement on the valve origin- 
ally designed for the engine and has worked exceed- 
ingly well in other engines than those illustrated. 








LARGE TWIN GAS ENGINE. 

THE large twin gas engine, which we illustrate 
on page 184, has a nominal collective power of 
32 horses, and comprises two of Messrs. Crossley 
Brothers’ ordinary 16 horse-power engines combined 


and the two collectively will indicate about 70 horse- 
power with Dowson gas or between 80 and 90 with 
coal gas, The engine is fitted with the makers’ newly 
patented igniting arrangements, whereby all slides are 
dispensed with. It isstarted by a small separate start- 
ing engine not shown on the engraving, so as to be 
under control of one attendant. It forms a very hand- 
some and reliable job, and is probably no more liable 
to accident or stoppage than any high-class steam 
engine, It will be readily believed the workmanship is 
excellent, The engine is now being fixed at Messrs. T. 
R. Denny and Sons, 16 Upper Ground-street, Black- 
friars, London, S.E. 

When using Dowson gas, this engine will run for 
about 1} lb. of anthracite coal per indicated herse- 
power per hour, The makers affirm that the govern- 
ing arrangements are more perfect than in any steam 
engine as regards reduction of fuel consumption with 
corresponding reduction of power. The friction of 
this particular engine has not been accurately measured, 
but is probably no more than one-sixth of the indicated 
horse-power, if so much, and it is expected it wili be 
capable of giving close on 60 brake horse-power with 
Dowson gas. The cranks are placed opposite each 
other, thus balancing satisfactorily, the crankshaft 
- iad of the working parts being, of course, made 
of steel, 





TRIPLE-EXPANSION ENGINES AND 
CENTRIFUGAL PUMPS. 
‘ : To oy EpIToR oF ce ca gon , e 
1rk,—In reply to your correspondent signing himse 
“¢ Seinen I give the following ae Sm Mr. 
Bernays, the inventor of Bernays’ centrifugal pump, pub- 
— in D. K. Clark’s *‘ Manual of Rules, Tables, and 
ata.” 

“The a parts of a centrifugal pump which, when at 
work, absorb more power by friction than is due to the 
mere velocity of the water passing through the pump, are 
the outer faces of the revolving disc, ese outer faces 
are surrounded by water quite or near.y stationary, and 
as they themselves revolve at as proportionate to 
the height to which the water is to be lifted, more or less 
independent of the quantity that passes through the 
pump, they tend to carry the surrounding water round 
with them. 

** According to the ter or less pressure under which 
the pump works, the friction produced will be greater or 
less, just as there is greater skin resistance in a vessel of 
greater draught than in one of light draught, both having 
an a extent of surface. 

** The saving of powrr effected by the removal of the 
pressure of the water in the delivery pipe of Mr. Bernays’ 
pump, as above explained, is all the more necessary since, 
with a centrifugal p the power required for driving 


amp, 
it increases rapidly, a. in agreater ratio than the heights 
of delivery to which such pump may have to be applied. 
This is a point to which the attention of engineers and 
users of centrifugal pumps has never been called, or, if it | 








has been ever mentioned, it has been, and is, constantly 
lost sight of. Nevertheless, the fact is clear, and the 
explanation very simple indeed. The only working parts 
of a centrifugal pump which, irrespective of the friction 
previously mentioned, actually propel the water and 
absorb the power applied to it, are the arms or vanes 
radiating from the centre to the outside of the 
disc. The shape of these arms may for a moment be 
left out of consideration, as their more or less perfect form 
accounts for a mere percentage only of the whole power 
used for driving a centrifugal pump, The main power is 
used in driving or pushing the arms against the water at a 
speed calculated to produce a pressure equal to or rather 


Seth detiader has Gleanater of tin: ty 21 ia. stroke | in proportion to the height to which the water is raised. 


Now, the speed at the outside diameter of the pump disc 
is approximately equal to that of a body falling from the 
height to which the water is lifted, or it is directly pro- 
portionate to the square root of that height. And as the 
direct resistance which the arms meet with in their rota- 
tion is simply proportional to the height to which the water 
is to be lifted (the same as in common reciprocating 
pumps), it follows that the amount of power necessary for 
working the pump is a function of the height multiplied 
by its square root, or h /h = A/n°. 

‘Thus a pump requiring 20 horse-power to raise water 
10 ft. high will, if the height be increased to 40 ft., not 
merely require four times the power for the same quantity 
delivered, but four multiplied by 4/4 or eight times, that 
is, 160 horse-power. And it evolves from this, that 
although eentrifugal pumps are an exceedingly useful and 
simple mechanical appliance for raising large quantities of 
liquids to moderate height—and it may here be added, 
variable quantities to variable heights—they should not 
be made use of for great heads of delivery, where the cost 
of the power to work them is any consideration.” 

I have not been able to find a formula anywhere for the. 
power required to drive a centrifugal psy but I have 
examined a number of experiments and find that the fol- 
lowing formula agrees pretty well with the results obtained 
by the experiments : 


a = gallons lifted per minute. 
H = lift in 0 
5 
LEP, = 26% 
2 x 33000 
Nearly all experiments give a ter power than this 

formula, = the one published in The Engineer of De- 
cember 5, 1862, in connection with the pump exhibited by 
Messrs. Gwynne and Co., at the Great Exhibition. In 
this test the power of the engines is given at 190.53 
indicated horse-power. The lift, including friction, was 
20.73 ft.; the quantity of water lifted, measured over a 
weir, was given at 3268 cubic feet per minute, or 128.3 
W. horse-power, giving the astonishing efficiency of 
67.5 per cent., or, as The Engineer puts it, over 83 per 
cent. of the brake horse-power. This trial gave centri- 
fugal pumps a reputation for high efficiency which has 
not been borne out by other experiments. By examining 
the data by which this high efficiency was discovered, it 
would appear that the measurements were taken ina very 
superficial and crude manner, First the weir was close to 
the delivery pipe of the pump, and no precautions seem to 
have been taken to make the water flow quietly before it 
reached the weir. The edge of the weir went the whole 
width of the channel, and was not sharp, but ?in. thick, 
and n© account was taken of air in the water. Under 
these circumstances the measurement of the water was 
quite unreliable, as I shall endeavour to show. The 
ordinary formula to ascertain the quantity of water flow- 
ing over such a weir, as given by Molesworth, is as 
follows, viz. : 

C=214,/H°x L, where 

C=cubic feet of water per minute. 

H=height of water in feet. 

L=length of weir in feet. 





This gives (214 ,/1.04° x 9.72 =) 2200 cubic feet per! 





minute, or, say, 13,800 gallons per minute. The result 
agrees fairly well with a report published in opposition to 
the onein Z'he Engineer by Mr. D. K. Clark. The actual 
horse-power would then be 87 W. horse-power, and the 
efficiency 45.5 per cent., which is still very high. The 
formula I have used would show the horse-power to ba 
13,800 x 10 x 20.731-5 

( 66,000 

Taking another experiment from the same paper of 
March 30, 1888, the quantity of water lifted was 460 tons, 
or 103,040 gallons per minute. The effective horse-power 
was 213 horse-power, and the power of the steam engine 
430 indicated horse-power; the efficiency was therefore 
49.5 per cent. ; the lift being only 6.82 ft. 

According to the formula I have given above only 278 
indicated horse-power should be required instead of 430 
horse-power. I further submit herewith a valuable record 
of a number of experiments undertaken by the German 
Admiralty with centrifugal pumps used in the Navy as 
published in Busley’s ‘‘ Die Schiffsmaschine.” In these 
experiments the water was measured in tanks and every 
care seems to have been taken to find what the pumps 
would do in actual work. It represents what centrifugal 
serge really do in actual practice, though of course a 
ittle intelligent supervision would have increased the 
efficiency of some of the pumpsconsiderably. Taking for 
instance No. 11 with a lift of 10.83 ft. and an efficiency of 
10.7 per cent. The speed at the circumference of the 


dise should have been 8 »/10.83 = 26.3 ft. per second, but 
it has been driven at nearly twice the speed required or 
about 52 ft. per second. Engine drivers and users of centri- 
fugal pumps seem to think the quicker they are driven the 
better, and this over-driving makes the recorded results of 
such trials most bewildering, as the power of the engine 
is greatly increased without any corresponding increase of 
water lifted. Hoping that other correspondents will give 
their experience with centrifugal pumps, 


I remain, yours, &c., 
February 19, 1889, ALFRED HANSSEN. 





=)197.3 indicated horse-power. 





POISONOUS BOMBS. 
To THE EprTor oF ENGINEERING. 

Smr,—I quite expected that my letter to you of the 25th 
ultimo would bring a reply from some civilian who pos- 
sesses a patent human exterminator, and who hopes to 
sell it to a civilised nation for a yound sum in cash. 
Whether this description applies to your correspondent 
“J.C. T. Jun.” or not is immaterial, but his arguments, 
if they can be honoured by such nomenclature, require 
but little to refute them. 

It is entirely erroneous to suppose that greater loss of 
life has been produced in war by the use of improved 
weapons and methods. The percentage of men engaged 
who have been killed in the most sanguinary of modern 
battles, at Gettysburg or Gravelotte for instance, cannot 
compare with the percentage killed in the battles of the 
Roses or earlier battles in the history of mankind. 

The idea that war should be as savage and relentless as 
——— in order to minimise it, has alsono foundation on 
acts. On the contrary ferocious savages fight the most 
frequently. We live in times of partial civilisation, and 
the barbarous opinion of —s for the sake of producing 
terror, finds a home only in the breast of a Nihilist or of 
one who shelters his own skin under the «gis of some 
secret society. 

No one who has studied history could have penned the 
assertion that “‘the chief aim of military men for ages 
has been to expedite butchery.” Even Cesar was humane 
in Gaul and Germany, and was only ferocious when 
opposed by traitors to the Roman Empire. 

Any one who studies our great commander’s feats in 
the Peninsula must become impressed with the wonderful 
manner in which he checked and finally checkmated his 
opponents by combinations that were invincible, not so 
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much from the bravery of his soldiery as from his own 
calculations and skill. 

If there were a particle of truth in the statement that 
slaughter is the aim of a commander, there would be no 
prisoners of war, no capitulations like that at Sedan. 

But why argue further? On the same page in which 
“© J. C. T.’3” extraordinary ideas are published we find 
an allusion in another letter to the Treaty of Paris, where 
1]b. was fixed as the minimum weight of an explosive 
shell. 

Again, in another paper published on the same day, we 
find: ‘‘The discovery having been made that the copper 
sheath with which the bullet of the Berdan rifle (in use in 
the Russian army) is tipped, inflicted a poisonous wound, 
it has been resolved to use one made of nickel.” Surely 
if explosive bullets and the poisoning of wells be for- 
bidden in civilised warfare, the employment of poisonous 
bombs cannot for a moment be entertained. ‘The horrors 
of war are bad enough, without adding to them unneces- 
sarily. 

It is almost impossible to capture a warship, a fort, or 
a position without loss of life; but a commander who 
would deliberately attack when his foe offers to capitu- 
late, deserves to be hanged as a monster. Similarly, one 
who deliberately would bombard a town with poisonous 
bombs deserves the worst punishment of the Inquisition. 

“J.C. T.” implies that in matters of war the line of 
barbarity cannot be drawn—it is all barbarous—and in 
this point only is he correct ; but can he not understand 
that this very fact is the strongest possible reason for 
civilised nations agreeing to mitigate the horrors of war 
by fixing some line of demarcation in the scale of bar- 
barity ? 

The plea that if we fight at all we should fight like Kil- 
kenny cats in a sawpit, is not one that would recommend 
itself to reasonable cats, although convenient for a cat 
round the corner. 

The best chess-player is he who wins early in the game 
with most of the men on the board, not he who after a 
series of senseless exchanges finally checkmates with a 
king and rook. So, the object of war being to force terms 
from a foe, it should be done with a minimum of loss and 
suffering to all concerned, 

Yours, &c., 

Southampton. J. T. B. 








WATER GAS. 
To THE Eprror oF ENGINEERING. 

S1z,—For the history of the introduction of water gas 
into this country, I beg to refer your readers to my paper 
read before the Iron and Steel Institute at their London 
meeting in May, 1883, and published on page 223 of the 
first volume of their Transactions for that year. The first 
plant in England was put up and set to work at Messrs. 
Piggott and Co.’s works in Birmingham in connection 
with my welding processes. and the plants which have 
been since erected may fairly and truly be said to be 
direct outcomes of that plant. I include the one at Essen 
put up by Messrs. Schulz, Knaudt, and Co., under Mr. 
— and that erected by Mr. Sampson Fox at the Leeds 

orge. 

I believe that water gas may have a very great future 
before it, and whilst all those who have done good work 
in its detail and application are entitled to their proper 
shares of what is legitimately to be got out of it, still more 
are those who lead the way and face the first and greatest 
difficulties, and the credit of this is honestly due to Messrs, 
Piggott and myself. 

I am, Sir, yours respectfully, 
W. S. SuTHERLAND, 

Poplar-avenue, Birmingham, February 14, 1889. 





THE SEWERAGE OF FRANKFORT-ON- 
TH AINE 


To THE EpiTror or ENGINRERING. 

Sir, —My attention has been specially drawn to your 
resumé of a paper read by Mr. Vernon Harcourt on 
**Canal and River Works in France, Belgium, and Ger- 
many,” at the Institution of Civil Engineers, on Tuesday, 
the 12th inst., which included some reference to works 
with which I was connected for many years. 

If I had not had an important meeting of our own 
Council in Leicester, at which it was imperative that I 
should bs present on that evening, I should have made it 
my business to attend at the Institution, to correct some 
impressions which the paper—no doubt, unintentionally— 
conveys tothose who are unacquainted with the circum- 
stances, 

The paper mentions the sewering of the town of Frank- 
fort-on-the-Maine and its recently executed sewerage 
treatment works, and it is stated that the works were 
carried out by Mr. W. H. Lindley. 

I had charge of these sewerage works from April, 1866, 
to October, 1873, and was responsible for the preparation 
of the whole of the plans in connection therewith, Mr. 
W. Lindley, Sen. (father of W. H. Lindley) being the 


ee engineer, appointed conjointly with myself in 


I completed, therefore, the heaviest and most important 
part of the works, but Mr. W. H. Lindley was appointed 
afterwards to continue the development of the sewers to 
thé outer districts of the town, and ultimately was called 
upon to carry out the precipitation outfall works necessi- 
tated chiefly by the canalisation of the River Maine, and 
the importunities of the Government with regard to the 
pollution of the river. 

Whilst I have, therefore, no desire to deprive Mr. W. 
H. Lindley of the credit due to him for the share he has 
had in the completion of these undertakings, I think it is 
somewhat unfortunate that Mr. Harcourt should have 
been so far misled in the matter. Mr. W. H. Lindley 





had not left school when I commenced the Frankfort 
sewerage, which in itself will expiain why he could have 
had no part iu the earlier stages of the scheme. 

Icannot but regret, also, that no mention is made of 
Mr. Schmick, C.E., who designed and carried out the 

uay works through the town, with bridges across the 
River Maine above the harbour works mentioned in 
the paper. The paper leaves the impression that the 
whole of the quay works were carried out by Mr. W. H. 
Lindley. 

I am, yours obediently, 
J. Gorpon, Memb. Inst. C.E., 


Borough Surveyor, 
Leicester, February 20, 1889. 





THE TRANS-SCOTLAND CANAL. 
To THE EpiTor oF ENGINEERING. 
Srr,—I-—and I trust many others—have read your 
observations on a Trans-Scotland canal with interest, 
appreciation, and encouragement. You enter pretty fully 
on the question of Loch Lomond and the River Leven in 
connection with it. In a letter on the general subject 
which the Times honoured with insertion during the 
summer of 1884, I hinted at cutting across the very narrow 
and low isthmus between that loch and Loch Long as an 
alternative scheme. But the Builder, in an admirable 
article on September 6 of that year, disparaged this idea, 
but on grounds which are not decisive. The article 
deserves to be reproduced. Every patriot should be glad 
to know that the canal proposition, which is one of dee 
national concern, and which it is admitted by soun 
thinkers the State should tackle, has been studied by an 
engineer of eminence, who is likely to lay his matured 
investigations and calculations before an authoritative 
tribunal (as to opinion) very soon. 
Yours faithfully 
A FORMER PRESIDENT OF THE LIVERPOOL CHAMBER 
February 8, 1889. oF COMMERCE. 


% 


CARVER’S FIRE-EXTINGUISHING 
APPARATUS. 
To THE Epiror or ENGINEERING. 

Srr,— Will you allow us to point out that in the descrip- 
tion of Carver’s patent fire-extinguishing apparatus con- 
tained in your issue of February 15, the letters F and H 
have been transposed, thus: F is a hose pipe for feeding 
the water shown, and H is a delivery branch through 
which the fumes emerge from the chamber C and whence 
they can be directed into any part of the ship. 

We are, Sir, yours faithfull 
CoaTEs AND CARVER. 
3, Cross-street, Manchester, February 16, 1889, 








THE POPP SYSTEM OF COMPRESSED AIR 
IN PARIS. 
To THE EpiTor oF ENGINEERING. 

Srr,—In your article on the above subject in your issue 
of last et and 9 fail to mention, before the section of 
Paris is placed at the = me of the Popp Association 
for the Distribution of Energy, the caution money re- 
quired by the municipality has to be paid. 


Yours => 
E. Hosprraizr. 
151bis, Rue de Rennes, Paris, February 18, 1889, 








QUICK-FIRING GUNS. 
To THE EpiTorR OF ENGINEERING, 

Srr,—The correspondence which has appeared in your 
valued paper with reference to Captain Stone’s lecture at 
the Royal United Service Institution, and Pa nore | 
Captain Salusbury’s letter in your issue of Febru 3 
induces me to try to address to you what may possibly 
serve as an explanation of the scope of the word ** quick- 
firing guns.” 

Most nations have adopted the name “‘ quick-firing” 
guns,” which I gave more than ten years ago to the first 
single-barrel gun, in which by the movement of a hand lever 
the breech-action was operated, the fired cartridge case was 
thrown out, the firing-lock was reset, and—after a fresh 
cartridge had been inserted by hand—the breech-action 
was again closed, so as to make the gun ready for firing 
the next shot. 

This gun was designed by me as a competitor to the 
Hotchkiss revolving canon with five barrels, which was 
actuated very much in the same manner as the Gatling 
gun, with the exception that the Hotchkiss gun had only 
one breech-action for its five barrels, whereas the Gatling 
system has one breech-action for each barrel. My quick- 
firing guns were the first of their class which were, as far 
as I know, seriously tried by any of the leading govern- 
ments. 

Captain Salusbury is quite right in cating that the 
so-called machine guns fire much more quickly than the 
so-called quick-firing guns. 

It is, however, a fact that the term “‘ quick-firing guns ” 
has been generally adopted for single- 1 guns which 
are capable of firing shells, supplied to the gun one by 
one, and not “‘ fed” into the gun by means of a magazine 
or a belt. 

The term “ machine gun,” on the other hand, is generally 
applied to guns capable of ver rapid fire where car- 
tridges which do not contain shells are supplied by means 
of belts or magazines, and which are fired from a pivot or 
carriage mounting. 

I am not sure that these definitions are perfect, but they 
will give a tolerably good idea of this vexed question of 
names, 

The trouble arises probably from the word ‘ gun,” 
which, in the English language, means anything from a 


100-ton gun down to a pop-gun, whereas in most forei; 
languages different words are used for what we might 
call cannons, and for small rifles or bullet-firing guns; the 
German Government, for instance, does not call the 
— rifle-calibre weapon a gun, but an “ authomatic 
rifle. 

I was present at the interesting lecture given by Cap- 
tain Stone, and my impression was that the main object 
of the lecture was to compare quick-firing shell guns with 
ordinary breechloading shell guns, and this was probably 
the idea of the President when he opposed the introduc- 
tion, during the short time available for discussion, of 

uestions of the relative value of other projectiles than 
shells, or of the superiority or otherwise of different con- 
structions of rifle-calibre rifles. é 

Most of the officers present would doubtless have in- 
dorsed Captain Salusbury’s high opinion of the value of 
machine guns for fortifications, and the War Office cer- 
tainly does so, as large numbers of machine guns—though 
not of the Gatling type—are actually wattle fortifica- 
tion defence from the company which makes the Maxim 
guns, but as I have already said, this subject was not 
considered to be suitable for the short discussion which 
followed the lecture. 

As constructor and manufacturer of machine guns, as 
well as of quick-firing guns, I have really no bias in 
favour of either, and I am quite sure that both classes are 
equally important for the defence of fortifications ; the 
machine guns, firing rifle-calibre bullets, for shorter 
ranges, where the hits or the effect of the bullets can be 
seen, and the quick-firing guns for longer ranges where 
Shrapnel shel!s with time-fuzes are necessary, and for 
firing steel shells or common shells against obtacles. 

Your obedient servant, 
THORSTEN NORDENFELT. 
53, Parliament-street, February 16, 1889. 





ROYAL METEOROLOGICAL SOCIETY. 

THE usual monthly meeting of this Society was held on 
Wednesday, the 20th inst, at the Institution of Civil 
Engineers, 25, Great George-street, Westminster, Dr. 
W. Marcet, F.R.S., President, in the chair. 

Mr. H. D. Richmond, F.C.S8., and Dr. F. G. Smart, 
M.A., F.L.S., were elected Fellows of the Society. 

The following papers were read : 

ra t on the Helm Wind Inquiry,” by Mr. W. 

Marriott, F.R. Met.Soc. The helm wind is peculiar to 
the Cross Fell range of mountains in Cumberland, which 
runs from north-north-west to south-south-east. This 
range is high and continuous, and is not cut through by 
any valley. Cross Fe)l is 2900 ft. above sea level. From 
the top of the mountains to the plain on the west there is 
an abrupt fall of from 1000 ft. to 1500 ft. in about a mile 
and a half. At times when the wind is from some easterly 
point the helm forms over this district ; the chief fea- 
tures of the phenomenon being the following: A heavy 
bank of cloud rests along the Cross Fell range; at 
times reaching some distance down the western slopes, 
and at others hovering just above the summit, while 
at a distance of two or three miles from the foot of the 
Fell, a slender roll of dark cloud appears in mid-air and 
parallel with the helm cloud ; this is the helm bar. The 
space between the helm cloud and the bar is usually quite 
clear, while to the westward the sky is at times completely 
covered with cloud. The bar does not appear to extend 
further west than about the River Eden. A cold wind 
rushes down the sides of the Fell and blows violently till 
it reaches a spot nearly underneath the helm bar, when it 
suddenly ceases. The observations that have been made 
in the district during the past three or four years show 
that the helm wind is not such a rare occurrence as it was 
popularly supposed to be, the bar having been observed 
on 41 occasions in 1885, 63 in 1886, and 19 in 1887. The 
phenomenon takes place usually when the sky to the east- 
ward is covered with cloud. 

2. ‘** An Atmospheric Sktch,” by Mr. F, A. Velschow, 
F.R. Met. Soc. 

3. “* The Drought in New South Wales in 1883-4, and 
Rainfall at Corella, 1879-88,” by the Ven. Archdeacon 
Wynne, F.R. Met. Soc. 








WESTERN AUSTRALIAN RalLways.—A select committee 
appointed by the Western Australian Legislature to con- 
sider the question of the construction of an intercolonial 
railway between Western Australia and South Australia, 
has reported in favour of a line to Eucla. The committee 
recommends that a line should start at a point on the 
Eastern Railway to be fixed by the Colonial Government, 
and terminate near Eucla, blocks of 20,000 acres per mile 
to be granted to the contractor. The railway is to be 
commenced within two years, and will be completed 
within seven years, from the signing of the contract. 
Three thousand immigrants are to be introduced. The 
line is to be on a 5 ft. 3in. gauge, similar to that of the 
line between Adelaide and Melbourne. 

Tuer Souruern Statrs.—The governors of eight of the 
largest Southern States have made official returns showing 
the progress made by their respective States during the 
last eight years. Georgia and South Carolina show the 

eatest progress in the manufacture of cotton goods. In 
ironmaking Georgia also shows remarkable progress. 
Alabama’s largest increase is in iron, with lumber and 
coal coming close behind. In manufactures, Texas has 
shown the greatest increase in the making of iron and the 
converting of it into useful articles. Lumber comes second, 
flour milling third, with canned fruits next. In lumber 
Arkansas has made the greatest headway since 1880, 
cotton oil-making coming second, and mining third. 
Virginia’s advance has been in iron working and mining, 
as well as in lumber cutting, wood working, and flour 
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HORSE-POWER GAS ENGINE. 


(For Desoription, see Page 182. ) 
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NOTICES OF MEETINGS. 

InsTiTUTION oF CrviL ENGINRERS,—Students meeting, Friday, 
February 22nd, at 7.30 p.m. Paper to be read : ‘‘Some Considera- 
tions in favour of Gas-Producing Furnaces in preference to other 
Types,” by Thos, A. Guyatt, Stud. Inst. C.E. Mr. H. G. Harris, 
M. Inst. C.E., in the chair.—Ordinary meeting, Tuesday, February 
26th, at 8 p.m. Payer to be further discussed : ‘‘ Alternate Cur- 
rent Machinery,” by Gisbert Kapp, Assoc. M. Inst. C.E. 

Society or Cycuists.—Tuesday, February 26th, at 8 p.m., at 9, 
Conduit-street, W. Notes on the Stanley Show: 1. Vibration, by 
the President. 2. Military Cycles, by G. D. Ingall. 3. Patents, 
by J. Glover. 4. Wheels, by E. T. Edwards. 5. Luggage Carriers, 
by C. F. Williams. 6. Saddles, by W. F. Adams. 7. Lamps, by 
C. D. Millett. 

CLEVELAND INSTITUTION OF ENGINEERS.—Monday evening, Febru- 
ary 25th, at7.30 p.m. precisely, in the Lecture Hall of the Literary 
and Philosophical Society, Middlesbrough. 1. List of elections 
since last meeting. 2. Paper on ‘‘The Wasteful Use of Steam and 
Possibilities of Economising the same,” by Mr. R. J. Wo 
Stockton-on-Tees. 3. Discussion on the above. 

Tue Sanitary InstrruTz.—On Thursday, February 28th, at the 
Parkes Museum, 74a, Margaret-street, W., at 5 p.m., a lecture 
will be delivered on ‘‘The Metropolitan Sewage Question,” by 
Colonel W. Hope. 








FRIDAY, FEBRUARY 22, 1889, 
THE REPORT ON THE NAVAL 
MANCQUVRES. 

THE long looked-for report of the Admiralty 
Committee appointed to consider the lessons of the 
naval manceuvres of last year was issued yesterday, 
and contains some useful and instructive reading, 
upon which we shall comment when we have had 
more time to consider the facts put forward. One 
of the most interesting parts of the report is that in 
which the qualities of the various ships engaged are 
discussed. The general impression left on one’s 
mind after a hasty perusal is that all is only ‘‘ pretty 
well.” For instance, the ships of the Admiral 
class which were engaged, the Rodney, Benbow, 
and Collingwood, are reported as ‘‘ good sea-boats,”’ 
but the expression is more than qualified by the 
statement that ‘‘ their low freeboard renders them 
unsuitable as ocean-going armour-clads for general 
service with the fleet, as their speed must be 
rapidly reduced when it is necessary to force them 
against a head sea or swell.” Again, in referring to 
the behaviour of the Collingwood, which ship 
rolled 20 deg. each way in a ‘‘ considerable beam 
swell,” itis said: ‘‘ This does not make it appear 
as if the Admiral class will be very steady gun 
platforms in bad weather.” Again: ‘‘ They (the 
Admirals) are said to be handy at six knots and 
over,” from which we suppose it is to be inferred 
they are unhandy at less speeds. Amongst details 
we have the news that the most difficulty is expe- 
rienced in stowing the bower anchors—a defect in 
all low freeboard vessels; but in the case of the 
Benbow, the evil appears to have been intensified 
by ‘‘ defective fittings.” The ‘‘forecastles of these 
ships leak badly, and the mess deck is made unin- 
habitable whenever the sea knocks over the fore- 
castle at all.” 

With such a list of defects, the opponents of the 
celebrated Whitehall design would probably say 
that the ‘‘ Admirals” are fit for nothing more than 
coast defence ships, if, indeed, they are fit for that, 
on account of their lack of armour. It must be 
remembered, however, that efficiency in war vessels, 
as in most other things, is a comparative term. No 
one can design a ship to fill all conditions and be able 





-| to fight its guns effectually in a gale of wind. But 


the question arises how far are our competitors ahead 
of us; for, it must be remembered, our own ships 
must be largely an answer to those of our possible 
enemies. Of course such remarks as these only 
apply generally, and are by no means intended to 
palliate ‘‘leaky forecastles,” or a ‘‘roll of 20 deg. 
each way.” Perhaps something can be done with 


5|a free water chamber. 


The Conqueror and Hero, although they may be 
expected to roll a good deal, have an easy motion, 
and ‘‘they do not ‘hang’ at the end of the roll.” 
It ‘* would be impossible to ‘drive’ them against a 


9| heavy sea or swell at anything approaching full 


’ 


speed ;” a fact perhaps to be anticipated consider- 
ing their beam ratio. 

Admiral Tryon, in his report, dwells on this ques- 
tion of loss of speed in shorter vessels of great beam 
—however fast they may be in smooth water—and 
speaks of the advantages the long ships of the old 
type possessed in this respect. We have not the 
advantage of having Admiral Tryon’s report before 
us—our quotation is from an extract—a fact we 
much regret, as the subject is one of great im- 
portance, and the views of the gallant admiral 
would carry the greatest weight. It may be 
taken for granted that, whatever improvements 
may be made in other respects, short ships 
can never be driven fast in a sea. We learnt 
this lesson long ago in sailing ships, and the 
Aberdeen clippers were the result, and its import- 
ance remains yet to be impressed upon us in the 
matter of ironclads. The chief reason for making 
war vessels short is that they may have quick turn- 
ing powers and so manceuvre well in action. But 
speed is also a most important factor in the ma- 
neeuvring problem; still it would never do to 
cppose a warship say of the dimensions of the City 
of Rome to an Inflexible or Benbow. Itis a ques- 


’| tion, however, whether it is quite beyond the com- 


pass of human ingenuity and the inventive power of 
naval constructors to improve on the time-honoured 
device by which we now guide our ships and which 








has remained practically unaltered from the days 
of the Vikings down to our own time; so far at 
least as ocean-going vessels are concerned. The 
torpedo boatbuilders — those pioneers of marine 
engineering and naval construction—have, however, 
given us a lead in this direction. Mr. Thornycroft, 
with his double rudders, has increased the turning 
powers of his boats to a really wonderful degree, 
although we do not advocate the form of stern he 
adopts, or there might be something else leaking 
besides forecastles. Mr. Yarrow has retained the 
single rudder, but by modifying its shape and re- 
moving the dead wood aft has also given a form 
of vessel that will ‘‘steer like a top ;” in fact, if 
our memory serves us, the Poplar boats make better 
circles than those built at Chiswick. The dis- 
carded drop-forward rudder added greatly to the 
steering properties of the boats, but was inadmissible 
chiefly on account of the low position in which it 
worked below the vessel’s bottom. It is perhaps, 
however, in the direction of a bow rudder that a 
solution to the steering problem may be found. At 
any rate, it would seem that the great opportunity 
for the naval constructor is now to design a vessel 
fast at sea, and of good turning qualities ; and such 
a vessel must have a smaller beam ratio than the 
existing armour-clads of modern date. 

The Mersey, Severn, and Thames are reported as 
‘*good sea-boats,” ‘‘handy,” and ‘steady gun 
platforms,” but they are too heavily armed. The 
Arethusa is a good sea-boat, ‘‘ steams well against 
a moderate head sea and strong wind, but rolls 
heavily when the sea is abeam or abaft,” so that 
‘accurate shooting would be an impossibility and 
machine guns in the tops would be useless.” 

The Archer type, never a very fortunate class, 
are said to be good sea-boats, but would not keep 
up their speed in a head sea, and they pitch heavily 
owing to the great weight in the bows. They 
are quick rollers, but handy vessels. The mistake 
appears to have been made of putting the weights 
too much in the ends so that a head sea sets upa 
see-saw. When going ten or eleven knots against 
a moderate swell the Racoon shipped green water 
to the extent of carrying away everything movable 
on the forecastle, broke in the fore hatch, tore 
away the iron stanchions supporting the forecastle, 
and bent the beams down 3in. Our naval con- 
structors —or perhaps more likely those who control 
the disposition of the armament—should remember 
the yachtman’s maxim of ‘‘ keep your lead in the 
middle.” 

The Rattlesnakes ‘‘ may be assumed,” “‘ for the 
purpose for which they were designed,” to be ‘‘ satis- 
factory sea-boats, and, provided they were handled 
with care.” They seem, however, to be ‘‘ extremely 
lively and to shipa good deal of water except when 
steaming easy against the sea or running at speed 
before it.” They are ‘‘ difficult tosteer on asteady 
course when there is anything approaching to a 
heavy sea.” The gun platform is unsteady, and the 
reports as to handiness are unfavourable on the 
whole. They also appear to be over-gunned. 

It should be noted, in considering these remarks, 
that they were intended to be critical, it being the 
duty of officers to point out what they considered 
defects. The report is signed by Admirals W. M. 
Dowell, R. Vesey Hamilton, and Vice-Admiral 
Frederick W. Richards. 








STEAM ENGINE MAKERS’ SOCIETY. 

Tuis Society was originally established in 1824, 
the year of the first repeal of the Combination 
Laws. Its members are of the same class as those 
belonging to the Engineers’ Society, and was the 
first, or atleast one of the earliest societies formed 
in connection with the engineering trades. The 
members of this union refused to merge their 
Society in the amalgamation effected in 1850, which 
dates its formation from January 1,1851. Insome 
of the earlier reports the term ‘‘ erectorsa” is given 
to the members of this union, so that probably 
they constituted a different class, to some extent, 
to those working more particularly in the engi- 
neering shops, where the machines were made, in 
possibly the same way as carpenters and joiners are 
divided, by an almost indivisible line, the former 
working in the buildings which are being erected, 
while the latter prepare the joinery in the shops. 
The distinction is a smallone, aln ost without a 
difference. In the engineering trades the general 
term ‘“‘ fitters’ would more nearly represent what- 
ever distinction still exists in this respect. 

The report for 1887 is the sixty-third annua] 
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report of the Society, but its tables do not carry 
us back further than 1853. From that date they 
are tolerably complete. 

Numerical Strength.—The total number of mem- 
bers at successive decades has been as follows: 


1856. ... - Y iG # os 
1867... ee sia we -_ i 2843 
EE -ixps - bhp ee a .s 4124 
1887 es 5080 


The membership in 1887 was the highest ever 
reached. The fluctuations in the number of 
members have been infinitesimal; indeed, with 
two or three exceptions, there has been a small 
progressive increase each year since 1853. In the 
last twenty-one years the number of branches has 
increased from 57 to 90, the same progressive 
increase being observable. The year 1856 is taken 
as the starting point in consequence of change of 
date in 1857. 

Total Income.—The total income of the Society 
at the same dates has been as follows : 


£ 
| ea Ri 
eR eee 
eae 
| rer el a 


The contributions per member have increased 
from a little over 1/, per member, per annum, to 
2l. 143. 44d. in 1887. During the last ten years 
the increase has been most felt. 

Total Expenditure.—The total expenditure of the 
Society at the same dates have amounted to : 


£ 
1856. ee me oe ox .. 8,262 
| a - oy wae .. 5,501 
1877... Ee a ba ad 2 B88 
er ~ is ... 14,266 


The average yearly expenditure during the last ten 
years has amounted to 11,165]. per annum ; during 
the previous ten years it was only 73081. per year ; 
an evidence of the great strain upon the Society 
owing, mainly, to the state of trade. The average 
amount per member expended each year was, for 
the ten years ending 1877, 1l. 14s. 1d. ; and for 
the last ten years 2/, 2s. 4d. ; an increase of nearly 
83. per member per year. 

The way in which the funds are expended is 
similar to that in the Engineers’ Society, except 
that, as regards unemployed members, the old form 
of travelling relief (or what is popularly known as 
‘‘ tramp relief”) is still in vogue in the Steam Engine 
Makers’ Society, though it seems to be going out of 
fashion. The payments for the several benefits 
have been as follows : 

A. Unemployed Expenditure.—The amounts ex- 
pended for this benefit, under both heads, at the 
dates given, have been : 


| Ment | a ae 
—— | 1856, | 1867. | 1877. | 1887, 





Out-of-work : £ £ ee ae 


Travelling relief... ...| 189 | 139 153 | 92 
Home donation ... 783 | 1236 | 2964 | 5989 
Totals... ... ...| 972 | 1875 | 8117 | 6081 





The largest expenditure for unemployed benefit 
was in 1879, when it amounted to 8402I., or over 
41s. 3d. per member, as against 23s. 7d. in 1887. 

B. Sick Benefit.—The payments under this head 
have been as follows : 


£ 
1856... * oh = Ae sen 772 
i ee ns oe ‘ ssp ne 1454 
os re ty ae ia he a 1762 
ae bis ies ay. 2729 


The variation in the average payments per mem- 
ber for this benefit is small. The lowest was in 
1874, the highest in 1879. The years of bad trade 
affect the death rate in this as in other societies ; it 
falls with good trade and rises with bad trade, 
though not in the same ratio as in trades where no 
out-of-work benefit is provided for the members. 

C. Superannuation Allowance.—This benefit first 
began to take effect in 1886. The several pay- 
ments in each decade being as follows : 


£ 
1856... ees ae ca ar ae 10 
ee ye i ¥ Sed aoe 259 
| are es ms es Sc ie 722 
a ‘i ‘oh ks 1714 


The ratios have risen from 14d. per member at the 
first-named date to 1s. 10d. in 1887, to 3s. 6d. in 
1877, and to 6s. 9d. in 1887. The full effect of 
this benefit began to operate in 1880, when the 
average per member rose to 5s, 3d., being an in- 


crease of ls. per year over 1879. Since 1879 the 
average has been about 5s. 10d. per member per 
year. 

D. Disabled Compensation.—The payments to 
members injured by accidents, while following their 
employment, have been as follows : 


£ 
1856 200 
1867 300 
1876 200 
aa78 ....: Ba? - Re Ss “s 500 
ae 5a 100 


In 1864 and in 1877 there were no payments under 
this head. The amounts have varied between 1001., 
the minimum, and 500l., the maximum, during the 
last forty years. Since 1883 the highest amount 
paid has been 2001. 

E. Funeral Benefit.—The highest amount per 
member ever paid for this benefit was in 1869, when 
it was over 4s. each. The payments at the several 
dates selected have been as follows : 


£ 
1856... = ses ae ay em 160 
1867... = = fs Ses ae 390 
Oert os = oe ec eee us 695 
| ir oe we 745 


The total amount in 1886 was the highest ever re- 
corded, when 880/, was so paid. 

F. Benevolent Grants.—This benefit first took 
effect in 1865. It consists of small grants to dis- 
tressed members, who, through illness or out-of- 
work, have been on the funds for the full period 
allowed by the rules. These grants at the same 
dates have been : 


£ 
1866 ies i oe =o se ore 8 
1867 ee i aed ish ae i oe 
1877 ~ a eae Hh. oe one OS 


1887 5% “as 433 es - re 

In 1878, 130/. was so distributed and in 1879, 212/. 

G. Contingent Benefit.—This is practically strike 
pay, or payments in connection with labour dis- 
putes. This fund was only created in 1874. In 
1875 the amount disbursed was 1661.; in 1877, 
1391. ; and in 1887, 10511. The largest sum ever 
expended in one year was in 1879 in resisting reduc- 
tions in wages, when 1225]. was so spent. 

H. General Summary. — The aggregate amounts 
paid away in the whole of these benefits, from 1853 
to 1887 inclusive, have been as follows: 


Unemployed benefit, travelling £ sd. 
allowance ... = Sie as, 5,690 2 3 
Unemployed benefit, home dona- 
tion ... ae ee 5 3, 90,190 6 7 
Sick benefit ... ie net .. 66,001 18 7 
Superannuation benefit (33 years) 19,370 1 2 
Accident benefit... sos aoe 7,815 16 0 
Funeral allowance ... <a .. 16,048 17 8 
Benevolent grants ... as a 1,466 0 0 
Total for benevolent purposes ... 181,591 17 3 
Contingent benefit (labour dis- 
putes) es A Se ‘a 3,746 6 3 
Aggregate total . 185,338 3 6 


Balance in Hand.—After the foregoing rather 
heavy expenditure, for a comparatively small 
society, the balance in hand at the same dates were : 


£ 
1856 ... es me ee ies es 5,669 
1867... ve ies = we - 9,586 
BOTT sss a3 ror re 2 . 16,464 
| ae ~ es ... 10,229 


The amount at the close of 1887 was over 2l. 0s. 3d. 
per member. On the whole, in comparison with 
other societies, the general financial condition of 
the Society is fairly good, in proportion to mem- 
bership. 

The rates of wages and the hours of labour are 
the same as in the Engineers’ Society, whatever 
pertains tu the one operating upon the other. It 
includes men belonging to the same branches of the 
engineering trade, no section of the men being ex- 
cluded. But the contributions per week are less, 
on the average, than in the Amalgamated Society. 
The working expenses of the Society are less than 
formerly, in proportion to the number of members. 
In the ten years ending 1868 the average cost was 
7s. 1d. per member per year ; in the last ten years 
the average cost has been 6s. 6d. per member per 
year. Asa ‘‘thrift-agency” society, the value of 
this Society has been considerable during the last 
thirty-five years. 





MANUFACTURED IRON IN 1888. 
In the manufactured iron trade, the year 1888 
was one of increased animation, even in branches 





and districts which had not expected it, It was 








believed by some that decay had set in so com- 
pletely in the iron-plate trade that every month 
would witness a decreased production, and that 
with that decrease there would be the accompani- 
ment of lower prices. But throughout the past 
year there was an irregular increase in the produc- 
tion, and there was also a slight but an appreciable 
increase in the prices. Possibly the best test of 
the condition of the trade is to be found in the 
returns of the associated iron manufacturers in 
the north-east of England, which give a trust- 
worthy statement of prices and a periodical account 
of actual quantities sold in stated intervals. These 
quantities furnish the best indication of the state 
of the manufacture, and show with exactness the 
growth or falling off in the demand. When we 
find that at the end of 1887 the actual sales 
averaged monthly as near as possible 25,000 tons, 
whilst for the last two months reported on for the 
year 1888 the output had risen to nearly 26,500 tons, 
we see that the expected falling off has not taken 
place, and that there has been an actual increase, 
which is more apparent when put in another way. 
Taking the average over the whole of 1887, the 
output was about 22,000 tons monthly, whilst for 
the past year the average has exceeded 25,000 tons. 
If we take the items out of which these totals are 
formed, and take the last return for 1887—the best 
during that period—and compare it with the last 
return yet made for 1888, we find that the follow- 
ing comparison may be made for each of the two 
months : 











- | Rails. | Plates, | Bars, | Angles. 
| tons |! tons | tons tons 
1887 | 358 | 29,486 13,680 6293 
1888 | 316 | 33,123 | 12,283 7233 





This comparison shows that the small output of 
rails is barely maintained ; that the plate trade 
shows the largest increase, and the angle trade has 
a smaller increase, whilst there has been a slight 
decrease in the bar trade—which some still look on 
as the sheet anchor of the manufactured iron trade. 
The growth of the production of plate and angle 
iron, in the face of the large increase in the pro- 
duction of steel plates and angles in the district 
referred to, is a rather remarkable fact in the history 
of the metallurgical industries during the year. 

Before passing away from the north-eastern re- 
turns, it may be interesting to contrast the prices 
realised a year ago and now. The last return for 
1887 gave 4l. 12s. 0.87d. as the average realised 
price, and from that the returns have crept up to 
4l. 16s. 0.29d. The relative prices may be thus 
compared for the end of 1887, and for the latest 
return we have—fractions of pence being omitted: 








a | Rails. Plates. | Bara. Angles. 

£4. a | 2%. a: fad | eek 
1887 459 4 911 41810 7 2 
1888 41111 | 416 8 418 8 410 3 











It will be noticed that the advance has been the 
most apparent in the plates sold, whilst in the sales 
of the bar iron there has been a retrocession in the 
prices, but only to the extent of a few pence. The 
testimony of both the quantity and value, therefore, 
is decidedly in favour of the opinion that there has 
been a check to the decay of the manufactured iron 
trade in the north-east district, and that a revived 
demand has set in, although it may be only tem- 
porary. 

We do not find the same encouraging facts in 
other districts, however. There is almost every- 
where a growth in the production of steel, whilst 
that of iron is almost stationary. There are certain 
uses of steel which create a demand for iron. For 
example, in the building of a steel ship there are 
large quantities of iron used as well ; and there are 
some builders who for certain parts of vessels use by 
preference iron plates. But whilst there is a tempo- 
rary growth, yet the tendency is more and more 
for steel to trench on the domain of iron, and that 
tendency will show itself more and more as the 
margin of price between the articles is minimised. 
When the activity began in the shipbuilding trades 
there was a rapid increase in the price of steel 
plates, but as enlarged facilities of production 
became operative, the price of steel plates did not 
maintain its full advance, and now the tendency of 
price is slightly to weaken, whilst at least the 
realised price of the iron plates shows still an upward 
movement. The higher cost of fuel will affect 
puddled iron more than steel, and the labour used 
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for the latter is, in some parts, less costly than that 
of puddlers and shinglers. Probably this considera- 
tion of the greater relative change in prices will 
have more force in the future. If the demand for 
shipbuilding material should fall off, the competi- 
tion in the steel trade will be greater than that in 
the puddled iron trade, because the number of steel 
mills and workers has increased, and of late the 
number of iron works has considerably diminished. 
Whilst, therefore, the course of the manufactured 
iron trade has been decidedly brighter during 1888, 
and whilst the year has closed with that bright- 
ness at its greatest, it is by no means to be be- 
lieved that the improvement will long continue, 
unless the rush to build steamers should have an 
endurance greater than that which is anticipated 
now. There are, however, other fields than that of 
shipbuilding material in which the demand for 
manufactured iron may be increased, and will 
certainly continue. Many of the makers of sheets 
find that the demand with them is for iron, and not 
for steel. Increasing quantities of fine sheets are 
used in the chemical trade for caustic soda, and it 
is the opinion of large users that iron is the best 
material to receive the hot caustic for solidifica- 
tion. But though uses such as this may make 
up for a time any loss from increased use of 
steel for those purposes which of old were filled 
by iron, yet the use of iron generally seems likely 
to give way before that of the newer form of 
metal, which will be lowered in price by increased 
production, and which will be also made more 
and more suitable for varied uses as time gives 
greater experience of it. The producers of manu- 
factured iron, therefore, may be thankful for the 
increased demand and better prices in 1888, though 
it would be unwise to conclude that these will be 
permanent features in the trade. 








TORPEDO BOATS. 

A very interesting lecture was given on Friday 
last at the Royal United Service Institution by 
Mr. John Donaldson, of the firm of John I. Thorny- 
croft and ©o., the well-known builders of torpedo 
boats. Admiral Sir Edward G. Fanshawe occupied 
the chair. 

Torpedo boats have played so important a part 
in the history of steam navigation that they must 
always command attention apart from their military 
possibilities. The late William Denny said that 
he looked on these little craft and their trials 
simply as model experiments on a practicable scale 
by which shipbuilders and marine engineers could 
obtain data and suggestions to lead them to higher 
results. It is certain that Mr. Thornycroft, by his 
work, first opened the eyes of marine engineers to 
the full value of light construction, high piston 
speed, forced draught, and greater steam pres- 
sure, At the times the Ariel or the Miranda* were 
built, we seemed to have settled down to a com- 
placent acceptance of a steam pressure of 60 lb. 
to the square inch for marine practice, and, in- 
deed, were still rather surprised at our temerity at 
having made such a step in advance. How long it 
would have taken to throw us out of this ruck if 
Mr. Thornycroft had not come to the fore there is 
no telling ; but whatever may have been the possi- 
bilities of the case, to the designer and builder of 
the Ariel belongs the credit of having shown the 
way. For this reason the name of Thornycroft will 
always stand prominently in the roll of our great 
originating engineers, which extends from the time 
of James Watt down to our own day in happily un- 
broken succession. 

It will be remembered that Mr. Donaldson read 
a paper before the same Institution in 1881, and the 
contribution now before us was intended to be a con- 
tinuation of thatcommunication and to bring the sub- 
ject down to the present day. Models of the first- 
classtorpedo boat constructed by Messrs. Thornycroft 
at the former date were shown on the table. As we 
have not the advantage of having the models before 
us we may give a few details of these vessels, At that 
time(1881) they had increased from the original 81 ft. 
length and 28.7 tons displacement of the Lightning, 
up to 88.25 ft. long and 32.5 tons displacement. 
The indicated horse-power had increased from 400 
in the Lightning up to 460 to 469, whilst the speed 
had risen from 18.55 knots up to 22.01 knots per 
hour for the six runs on the measured mile. The 
steam pressure in 1881 was somewhat over 130 Ib. 
The first-class boats then carried a swivelling tube 





* For descriptions of these vessels see ENGINEERING, 
vol. x., p. 325; vol. xii., p. 284. 





on the forward deck from which to discharge the 
torpedo. 

To return to Mr. Donaldson’s lecture, in speak- 
ing of the developments since he last appeared 
before the Institution, he pointed out the improve- 
ments made in steering. In 1881 the bow rudder 
was still in use, but this, as was pretty well acknow- 
ledged from the first, was not an altogether satis- 
factory contrivance, partly, as Mr. Donaldson points 
out, because the arrangement for working the 
rudders simultaneously, or the after rudder alone, 
were somewhat complicated, and partly because 
the rudder so readily caught up floating obstructions 
such as nets, ropes, &c. For our own part we con- 
sider that the heel they gave to the boats when 
put over toa considerable angle was, in ordinary 
peace operations, their most objectionable feature, 
and it is no doubt this to which Mr. Donaldson 
refers when he says they were discontinued in 
second-class boats because they were dangerous. The 
bow rudder hung as it was in torpedo boats, always 
appeared to us an unsailor-like and unmechanical 
makeshift. In the Thornycroft boats it has been 
displaced by the double rudders suspended from 
each quarter. This arrangement is associated with 
the arched form of stern which is so notable a fea- 
ture in the modern Thornycroft torpedo boat. It 
is illustrated in connection with our description of 
the Spanish boat Ariete, which appeared in these 
columns,on the occasion of the trial trip of that 
vessel.* The first vessels on this system sold by 
Messrs. Thornycroft to the Admiralty were two 
second-class boats, Nos. 99 and 100. The rudders 
are placed one on each side of the propeller (or 
propellers in the case of twin-screw boats), which 
they partially inclose. As they are both turned 
at once the volume of water sent aft by the 
screw is deflected so as to cause the stern to 
swing round in the required direction. In order 
to decrease the lateral resistance of the stern in 
turning, the dead wood aft is cut away, or rather 
in this arrangement of stern no dead wood exists, 
a device which Mr. Donaldson points out is pro- 
bably as old as navigation, and which, with the 
balanced rudder, may be seen on the large country 
boats of the Hooghly. A detail worth noting is 
the fact that the best results are obtained when 
the rudders are placed with their forward edges a 
little further apart than their after edges, so as 
to give a slightly funnel-shaped channel for the 
screw to work in. With a boat having astern of the 
ordinary shape it might be supposed, at first sight, 
that the advantage arising from the rudders being 
placed at an angle, instead of parallel, would be due 
to the converging of the streams in the run of the 
vessel, but with the hollow, or arched, floor of the 
Thornycroft construction, this can hardly be 
the case, and Mr. Donaldson gives the true expla- 
nation in saying that the water, after being 
operated on by the screw, is accelerated in velocity, 
and, the volume of water being constant, a dimi- 
nishing area of the stream is demanded. The dis- 
placement of both vessels was as nearly as possible 
the same, being about 134 tons. Circles were made 
in 44 seconds to the starboard and 46} seconds to 
port, with a diameter of 49 yards. An ordinary 
second-class boat took 854 seconds to starboard and 
60 seconds to port, with a diameter of 94 yards. In 
going astern the circles were completed in less time 
than when going ahead, viz., 43$ seconds to star- 
board and 40 seconds to port. 

In one of these boats, No. 100, the Thornycroft 
patent tubulous boiler was adopted. A good part 
of the lecture was taken up by a description of 
this new steam generator, drawings and models of 
which were shown. We so fully dealt with this 
invention in connection with the Spanish boat 
Ariete that it is needless to follow Mr. Donaldson 
in his description. The boiler has, however, re- 
cently been made the subject of some very complete 
trials which have been carried out under the direc- 
tion of Professor Kennedy, and the following details 
were given by the author. Ina boat built for the 
Government of India, to which further reference 
will be made later, with engines developing 89 in- 
dicated horse-power the evaporation duty was 
13.4 lb. of water per pound of coal, and the fuel 
consumption was 2.22 lb. of coal per indicated 
horse-power per hour. In another experiment, 
with an air pressure of 0.27 in., and the engines 
developing 282 indicated horse-power, the evapo- 
rative duty was 12.48 lb. of water per pound of coal, 
and the coal consumption 1.98 lb. of coal per indi- 
cated horse-power per hour. On another occasion, 
* See ENGINEERING, vol. xliv., pp. 81, 105, and 484, 





with an air pressure of 0.49 in., and the engines 
developing 449 indicated horse-power, the evapo- 
rative duty was 12 lb. of water per pound of 
coal, and the coal comsumption 1.99 lb. per indicated 
horse-power per hour. On a fourth trial, with 
2 in. of air pressure, and the engines developing 
the full power of which they were capable with 
one boiler, namely, 775 indicated horse-power, the 
evaporative duty was found to be 10.29 lb. of water 
per pound of coal, and the coal consumption 2.26 lb. 
of coal per indicated horse-power per hour. 

It would appear at first glance from these figures 

that Messrs. Thornycroft have been far more 
successful in their boilers than in their engines, 
and, doubtless, at the slower rates of combustion, 
the former was being favoured at the expense of 
the latter ; whilst at the full-power trial the driving 
was too hard for either to appear at the fullest 
advantage from an economy point of view. Fuel 
consumption is, however, necessarily sacrificed in 
torpedo boat design, and to put the case of the 
engines fairly, it must be remembered that the 
indicated horse-power is worked out from cards 
taken only from the main engines, the steam re- 
quired for auxiliary engines being thus debited to 
the main engines. Further, torpedo boats stand on 
a somewhat different footing to ordinary vessels in 
this respect, the supplementary engines being larger 
in comparison with the main engines. 
On the first or natural draught trials the tempera- 
ture of the chimney gases was only 421 deg. Fahr., 
and on the full speed trial when the boiler was 
supplying steam for 775 indicated horse-power, the 
temperature was only 777 deg. Fahr. A vast im- 
provement this on the ‘‘ banner of flame” that is 
on occasions seen streaming from the chimney head 
of a torpedo boat. 

There can be no doubt in the face of these figures 
that a water tube boiler of high evaporative effi- 
ciency, even when pressed, has at last been pro- 
duced ; how high, in comparison with other classes 
of steam generators, we shall better be able to 
judge when we get further details of the trials, and 
of the heating surface of the boiler. 

The evaporative value of the coal was found by 
calculation from its chemical constituents to be 
equal to 15.41 lb. of water per pound of coal from 
and at 212 deg. Fahr., and this was corroborated 
by a calorimetric experiment, the result of which 
differed only about 1 per cent. from the calculated 
result. The efficiency of the boiler on the natural 
draught trial was therefore 87 per cent., a high 
figure of merit doubtless, but it must be remembered 
that the engines were then developing less than 8.7 
of their maximum power, the latter being obtained 
with the by no means extravagant wind pressure of 
2in. The efficiencies of nearly 78 per cent. with 
an air pressure of 0.49 in., and over 60 per cent. 
with a 2 in. air pressure are perhaps more sugges- 
tive ; but, as we have said, it will be easier to form 
a more definite opinion when the fuller details are 
made public. 

The weight of the boiler experimented upon with 
all its fittings and mountings, and water, was only 
9.84 tons, which gives 77.8 indicated horse-power 
per ton of boiler at full power; a result which, as 
Mr. Donaldson points out, compares favourably 
with the locomotive boiler of about the same power, 
which gives only 55.4 indicated horse-power per 
ton. Wewill, however, leave the Thornycroft boiler 
for the present, merely remarking that in other 
respects it appears to be bearing out the high esti- 
mate we formed of it in our previous report, when 
we dealt with the Ariete. 

A model of the last-named vessel was exhibited 
on the table during the lecture, but, as we have 
given a full description of this vessel, it is not 
necessary to repeat the particulars further than to 
say she is 147 ft. 6 in. long by 14 ft. 6 in. beam ; the 
displacement is 98.75 tons on a draught of 4 ft. 
llin. The twin screw engines developed about 
1550 indicated horse-power, and on the ofiicial 
trial the speed was 26.003 knots on the measured 
mile. The advantage of the double-rudder system, 
in conjunction with an underneath protecting bar, 
was proved in the course of some trials made with 
a boat having this arrangement which had been 
supplied to the Danish Government. A 2¢ in. steel 
hawser, fitted with cork floats, giving a surplus 
buoyancy of 8 lb. per fathom, was laid down. 
Torpedo boats of the ordinary type were easily 
caught and hung up by this device, but the Thorny- 
croft vessel was driven over it fourteen times at 
different angles without being stoy ped. 





The concluding portion of Mr. Donaldson’s con- 
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tribution was, perhaps, the most appropriate for a 
lecture delivered to the members of the Royal 
United Service Institution. In this he treated of 
the policy of torpedo warfare. ‘‘The tendency of 
the smaller navies is to keep the vessels of moderate 
size and reserve them for coast defence; but with 
the larger and more powerful navies to increase their 
size and use them more in fleet operations. The 
danger in the latter case is that by the vessels being 
made larger and more costly the advantage of 
numbers and subdivision of crews is lost. This,” 
the lecturer continued, ‘‘is the case in our own Navy, 
where coast defence by torpedo boats is not so much 
studied as I think it ought to be, both from the direct 
and indirect advantages which may accrue from it.” 
The torpedo boat, Lord Brassey said the other 
day, is the arm of the feeble; and this no doubt is 
a fact. But the question arises what is feebleness 
in this connection. Great Britain has a large and 
powerful fleet, larger and more powerful than any 
other nation in the world, and therefore to say we 
are a feeble naval power would be quite wrong abso- 
lutely. But we may be feeble relatively ; and such 
is actually the case. Compared to our ocean-borne 
commerce and the coast line we should have to pro- 
tect, we are one of the feeblest of maritime powers, 
and for this reason it might be well if we paida 
good deal more attention to defensive warfare. Mr. 
Donaldson says: ‘‘ So long as we are strong and 
able to keep our enemies away from these shores by 
blockading or masking them in their own forts, or by 
any other of the processes known to and recom- 
mended by experts, we shall not need torpedo boats 
to prevent our seaboard towns from being harassed 
and requisitioned by an enemy’s cruisers. But sup- 
pose that our enemies, although otherwise inferior 
to us, were nevertheless well equipped with torpedo 
boats, and by them were able to destroy some of our 
blockading ships, or compel them to keep at such 
a distance as would enable some of their swifter 
vessels to escape our toils, as happened, for example, 
in a mimic warfare of last year, would it not be well 
to have afew torpedo boats ready at each of our 
mercantile ports, in addition to those at our naval 
ports, to meet those vessels and prevent the damage 
which would otherwise ensue?” Mr. Donaldson 
naturally answers his own question in the aftirma- 
tive, and adds the intelligence ‘‘ that there is not a 
single torpedo boat in any purely mercantile port in 
this country, and the numbers in our naval ports are 
too few to meet the demands which may be made 
on them should we be unhappily involved in war.” 
Following this the lecturer touched on the ques- 
tion of manning these boats, and he appears to put 
a good deal of confidence in naval volunteers. It 
would seem that in harbour defence by means of 
torpedo boats naval volunteers should find the best 
field for their energies. It is often said that such 
delicate instruments as torpedo boats could never 
be intrusted to amateurs. Such is not our opinion, 
founded on some experience both of torpedo boats 
and naval volunteers. As a matter of fact, torpedo 
boats belonging to Her Majesty’s service are often 
intrusted to the care of men far less competent to 
manage them—we are speaking now more especially 
of the engineering aspect of the case—than would 
be a crew of trained volunteers. Stokers and arti- 
ficers are taken from large vessels and placed in 
the smaller craft with very little training or in- 
struction in the special duties they will be called 
upon to do in their new position ; for itneed hardly 
be pointed out that an experience on a large ship 
does not by any means afford lessons in the work- 
ing of torpedo boats. We believe that torpedo boat 
crews could be raised from amongst volunteers who 
would be able to perform all the duties incidental 
to running the vessels even at trial-trip speeds ; 
although doubtless they would never get quite the 
pace out of the boats that the constructors of them 
do. That, however, is no more than may be said of 
ordinary service crews. Volunteers, however, would 
want special training and instruction, and would 
have to devote a great deal of time to learning their 
duties. The work, however, would be of so fascinat- 
ing a kind that there would be no difficulty in 
getting the right men in sufficient numbers. Classes 
should be formed and the machinery taken to pieces 
so that every man might get a knowledge of every 
part which he would have to deal with, and after a 
time the men, by constantly working together, would 
work go harmoniously that we should expect some 
of the smartest crews to be found amongst the 
volunteers. For repair and fitting work men with 
mechanical training would be required, and doubt- 
less a fair proportion of these would be forthcoming 








from amongst engineers by training and profession 
who had been through the shops. There are also 
many amateur engineers who can do excellent work, 
and these are just the men who would be attracted 
by the prospect of such work ; but it does not want 
a great deal of training—not, at any rate, an educa- 
tion as a mechanic—to pack a gland, set up a nut, 
lubricate a bearing, or examine and clear pump 
valves. The difficulty in running a torpedo boat 
of course arises when something goes wrong, but to 
those who have learned the why and wherefore of 
things, remedies, when practicable, suggest them- 
selves most quickly to those of the readiest wit and 
most resourceful natures. 

The stoking department has always been con- 
sidered something that volunteers would never be 
likely to undertake, and years ago when the Royal 
Naval Artillery volunteers went on their sea cruises 
in gunboats, the only exception from the whole 
duties of the ship was that of the stokehold. Tor- 
pedo-boat stoking is, however, an art ; and we are 
not sure the berth of supplying the spring of motive 
power would not be as popular as it is important. 
Of course no man worth enrolling would have the 
least objection to the honest dirt of coal dust and 
oil, provided he had a bucket of water, a lump of 
yellow soap—with perhaps a dab of ‘‘ soft” —to 
make himself presentable after leaving his duties. 
We have outgrown all that kind of thing. 

In the discussion which followed, Mr. Marsden, 
representing the London contingent of the naval 
volunteers, said how glad his corps would be to have 
the chance of practice in a torpedo boat, and we 
are sure he did not speak without being sure of his 
men. Mr. Baden Powell, who is an officer in the 
R.N.R., seemed to think that the engine-room 
crews would necessarily have to be working me- 
chanics and engineers, and he suggested that the 
men employed in the shops of Messrs. Thornycroft 
and Co. and Messrs. Yarrow and Co. would be 
likely to join. In this we think he is mistaken. 
We imagine torpedo-boat mechanics have enough 
of torpedo boats in course of earning their bread ; 
but beyond this in case of a serious naval war we 
should task the resources of all our torpedo-build- 
ing establishments to the full, and the men would 
be far better employed at Chiswick or Poplar than 
in patrolling the mouth of the Thames. 

In what we have said as to the use of volunteers 
for torpedo-boat crews we do not wish it to be un- 
derstood that we would place the boats in charge 
of volunteer officers for their fighting or tactical 
operations. The officers would be paid and per- 
manent officials having charge of the boats and of 
all their equipments. To rely upon volunteer 
officers would be taking a far higher flight than 
we have intended, but even here we think that 
a torpedo boat manned and officered entirely by 
volunteers might more nearly approach the pro- 
fessional standard than a corps of land volunteers. 
The réle of the volunteer torpedo boat would be 
largely to act singly or with its consorts. Torpedo 
attack is one blow, and retire successful or unsuc- 
cessful. Here local knowledge, or pilotage, would 
be a leading characteristic ; but in any case there 
would not be a call for that extensive knowledge of 
the science of working in harmony with large bodies 
of men which is the leading necessity of land war- 
fare on any large scale, and which is so difficult of 
acquisition. 

Sir Nathaniel Barnaby, who spoke in the dis- 
cussion, touched on a point which we are unwilling 
to pass over, although it does not apply especially 
to torpedo boats any more than they served as an 
example to point his moral. Referring to the time 
when it was first determined to introduce torpedo 
boats into the Navy, Sir Nathaniel, who was then 
Director of Naval Construction, said that an 
endeavour had been made to have torpedo boats 
built in the Royal Dockyards, and he had been 
asked to get out a design for such a craft. He had, 
however, resisted this, saying that it would be far 
wiser to give a free hand to those who already had 
turned their attention to this very special descrip- 
tion of marine construction, and the result before 
the meeting, Sir Nathaniel said, fully bore out the 
soundness of his decision. 

It would be well if the Board of Admiralty would, 
at the present juncture, well consider these remarks 
from the ex-chief of their construction department. 
The decision to build engines in the Royal Dock- 
yards is, we consider, a step fraught with danger 
to the efficiency of our Navy. Whilst the engineer- 
ing departments at Whitehall, Portsmouth, and 
elsewhere are not competitors with the private 








establishments, they will have the whole engineer- 
ing talent of the country at their service; but let 
the naval authorities range themselves as rivals to 
contractors we shall at once have the case of Wool- 
wich over again, and the result will be that the 
best warship engines made in this country, like 
the best guns, will be constructed for abroad. The 
engineering officials of the Admiralty have a far 
higher duty to — than that of designing 
engines. They have to decide which are the best 
engines designed by others. 

Hitherto navy administration has been largely 
guided and governed by common sense in the 
carrying out of the work, in spite of the rotten 
foundation on which the system or policy is based. 
We trust the Admiralty is not going to follow the 
sister service in some of its worst traditious. 








NOTES. 
An Etxectrric BLowPIPe. 

Tr has long been known that the arc of an electric 
lamp may be repelled by bringing a powerful elec- 
tro-magnet near it, but as yet no practical applica- 
tion has been made of this fact, which accordingly 
remained of a character to delight the heart of the 
hypothetical professor of physics referred to in Sir 
Frederick Bramwell’s address at the last meeting 
of the British Association. The satisfaction of this 
personage, however, promises to be short-lived, as 
Professor 8. Sheldon, of Harvard University, has 
recently proposed an electric blowpipe for metal- 
lurgical operations depending on the above fact. 
In series with an ordinary arc lamp he places an 
electro-magnet, a pole of which can be brought 
very near the arc. Under these conditions the arc 
is driven away from the magnet, and takes a form 
very similar to that of an ordinary blowpipe flame 
with a fine point, having a temperature so high 
that No. 14 copper wire is instantly fused in it. 
There seems no reason why the device should not 
have an extended application, but it will first have 
to be rendered more portable, since an arc lamp as 
usually constructed is not a model of handiness. 


IMPROVING THE Russian CANALs. 

Under the present Russian Minister of Railways, 
who also has charge of the canal system of the 
empire, there is every probability that the water- 
ways of Russia will undergo considerable improve- 
ment. Already, at his request, a sum of a quarter 
of a million sterling has been assigned for the im- 
provement of the Sheksna waterway, one of the 
three systems joining the Volga with the Neva, and 
affording communication between the Baltic and the 
Caspian. The free and unrestricted intercourse 
that exists between St. Petersburg and the Caspian 
ports of Persia is not generally recognised in this 
country, although it dates back to the time of 
Peter the Great, who was the first to conceive the 
idea of joining the Neva with the Volga. At pre- 
sent there are three waterways in constant use 
during the navigation season. Leaving the Volga 
at Tver, one follows the T’vertsa until it merges, at 
Vishni-Volotchok, with the Msta, a canal-like 
stream that conducts to Lake Ilmen and the Volkhov. 
Another follows up the Mologa, a lower tributary 
of the Volga, and reaches the head stream of the 
Sias, while the third, ascending the Sheksna, enters 
the Bielo or White Lake, and afterwards Lake 
Ladoga. The locks on these canals have a maxi- 
mum length of 149 ft. and a breadth of 28ft. The 
average size of the barges traversing them ranges 
between 200 and 300 tons, and over a thousand of 
these pass along them every season. Itis by means 
of these canals that a considerable portion of corn 
or tallow exported from the Volga basin finds its 
way to Europe. While in this country railways 
have practically killed the traftic on the principal 
canals, largely because railway interests have been 
allowed to assume a predominating, and in that re- 
spect an evil, control over them, the waterways of 
Russia, which, as we have said, are under the same 
department as the railways, have not been allowed 
to be injured by the tariffs of the latter. The result 
is that, both standing ona proper footing, the canals 
have managed to not only survive the competition 
of the railways, but even to make considerable 
headway during the last twenty years. No doubt 
one reason for this is to be found in the fact that a 
large proportion of Russian railways are single-line 
tracks, while the traffic on them is not so energeti- 
cally pushed as in Western Europe. Still, but for 
Government support against cutting rates and un- 
due competition, the railways might have injured the 
canals, and destroyed their chances of future utility, 
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The present minister, General Paucker, has long 
taken a deep interest in Russian waterways, and 
the grant just given for the Sheksna is probably 
only the first of others intended to improve the 
canals and rivers of Russia. 


Tue Epison Lamp Patent. 

On Monday jast the Court of Appeal, consisting 
of Lords Justices Cotton, Lindley, and Bowen, re- 
versed the decision of Mr. Justice Kay regarding 
the validity of Mr. Edison’s patent of November, 
1879, for incandescence lamps. We gave a full 
account of the action fought before Mr. Justice Kay 
in our issue of July 20, 1888 ; it will be remembered 
that the claim which was said to be infringed was 
the second, which was for ‘‘the combination of a 
carbon filament within a receiver wholly of glass, 
through which the leading wires pass, and from 
which receiver the air is exhausted for the purposes 
set forth.” This is practically a master claim, and 
so far as is known it is impossible to construct a 
commercially successful incandescent lamp which 
will not fall within its definition. The patent was 
declared to be invalid in the lower court on six 
different grounds, the principal reasons being that 
the specification was not sufliciently detailed to 
enable the manufacture to be carried out without 
further invention, and that some of the means or 
processes set forth were of no practical utility. 
The plaintiffs, the Edison and Swan United 
Electric Light Company, appealed against this 
decision and took the defendants, who were 

ractically the Anglo-American Brush Electric 
Light Corporation, Limited, to the upper court. 
The subject was not new to the Lords Justices, 
for they had already had the same patent before 
them in the action between the Edison -Swan 
Company and Messrs. Woodhouse and Raw- 
son. In that case they had pronounced that there 
had been no anticipation of the invention claimed 
by Mr. Edison, that it was a good subject-matter 
for a patent, and that the lamp fulfilled the con- 
ditions of utility. Much additional evidence—an 
account of which may be found in our former 
article— was given before Mr. Kay, and it 
was argued that that evidence justified the 
Court of Appeal in reversing their former de- 
cision. The judges, however, did not take this 
view. They considered that the Swan lamp with 
the filament shaped before carbonisation was 
practically a failure, and did not constitute an anti- 
cipation of Edison’s lamp. As to the insufficiency 
of the directions given in the specification, Lord 
Justice Cotton said: ‘‘In my opinion it is not 
necessary that ‘a skilled workman’ should be able 
to do the work without any trial or experience, 
which, when it is new or specially difficult, may 
frequently be necessary, however clear the descrip- 
tion may be.” Lord Justice Lindley said: ‘‘ Prac- 
tice is one thing, and experiment and trial are 
something different.” Lord Justice Bowen said : 
‘TI think the specification sufficiently describes 
and ascertains the nature of the invention, and 
that no reasonably competent person alive to the 
delicacy and care obviously requisite in forming 
and carbonising so slight a thing as a filament 
ought, without any exercise of invention, but with 
reasonable watchfulness, and only fair goodwill, to 
have been embarrassed in making and carbonising 
Mr. Edison’s filaments.” This will come as a sur- 
prise to the staff of the Brush Company and to their 
expert witnesses, for they all tried to make fila- 
ments of the tar putty described in the specifica- 
tion, and they all failed both in forming and in 
carbonising them. On the question of utility the 
Court found that all the different processes of manu- 
facture were of value, and unanimously gave judg- 
ment in favour of the Edison-Swan Company. We 
understand that the plaintiffs will appeal to the 
House of Lords, and there is therefore hope that 
this question will be finally settled in afew months. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 9, 1889. 

Tue anthracite coal trade is profiting by the 
Samoan difficulty. Considerable coal is to be shipped 
there. Freight rates are 13 dols. per ton. The event 
of the past week was a sudden weakness in the price 
of steel rails to about 2 dols. per ton. In spite of this 
drop very little business was done. Railroad builders 
have not decided whether to push construction rapidly 
or to creep along as they did last year. If extensive 
Li is entered upon it will be later in the season. 
None of the uncertainties as to railway managers and 
rae ir earnings have disappeared. There is a great 
deal of money seeking employment on all sorts of in- 








dustries, but in railway work capital is rather cautious. 
Still there are some twenty or thirty projects under 
consideration involving the construction of from 
12,000 to 13,000 miles, including three or four long 
lines in Mexico, Circumstances may arise which will 
precipitate the construction of this work. Capital is 
watching the situation, carefully anxious to crowd in, 
and manufacturers of material are keeping very close 
watch upon the market, and are shading prices down 
to the lowest point. Rails were sold last week at 
less than 27 dols. Southern iron and steelmakers are 
not reducing the cost of steelmaking. The lowest 
estimate for basic open-hearth steel at furnace at 
Alabama is now put at 16.90 dols. per ton. Cost of 
material is 10.69 dols. Royalty and cost of convert- 
ing 6.21 dols. The cost of material is as follows: 
Pig iron, 5 dols.; scrap, 5.04 dols.; ore, .65 cents, 
Several new steelmaking processes are under 
trial in this country, all of which promise well 
enough, but none of them have as yet reached 
recognition. The latest is the Bookwalter patent, 
which is an American improvement upon a French 
patent which for a small outlay will turn out as fine a 
grade of Bessemer steel as can be produced, so it is 
claimed. Itis claimed that for 10,000 dols. as much 
and as good steel can be turned out as for 150,000 dols. 
The process requires an iron containing not less than 
2 per cent. of phosphorus, the more phosphorus the 
better the work. A few months ago the Henderson 
process for steelmaking occupied a great deal of atten- 
tion, but the results have not come up to the anticipa- 
tions indulged in. Since the Bessemer patents have 
expired there will be quite an effort made to extend 
the manufacture of steel, and various new suggestions 
are being made by which greater economy can 
achieved. Very little foreign iron will be purchased 
this season, and scarcely any inquiries are being made 
for it. The American bloomeries are all running full 
time and doing a good business. The southern iron 
centres are po Fea very rapidly, At Anniston 
the United States Rolling Stock Company has 
erected one of the most extensive furnaces in the 
United States, and 1000 men are engaged in car-build- 
ing. The largest pipe iron works in the United States 
is to be erected at that point. Its cost will be 1,000,000 
dols., and it will employ 10,000 men. A large cotton 
mill is to be erected at the same place. New industries 
are springing 2 at Sheffield. Capital is pushing 
southward rapidly, and opportunities are being used 
by ironmakers, lumber manufacturers, coalminers, and 
by manufacturers big and little. A combination of 
Southern ironmakers is talked of, called the American 
Pig Iron Storage Company. It will have a capital of 
1,500,000 dols. The production of pig iron in the 
South in 1887 was 929,436 tons, and last year 1,132,858 
tons. This year the productive capacity will be fully 
1,500,000 tons. Quite a number of new furnaces will 
be blowing there by this autumn. 





ALTERNATE CURRENT DYNAMO 
MACHINERY. 

TuE thirteenth ordinary meeting of the Institution of 
Civil Engineers, for the session 1888-89, was held on Tues- 
day, February 19, under the presidency of Sir George B. 
Bruce. The paper read was on ‘‘ Alternate Current Ma- 
chinery,” by Mr. Kisbert Kapp, Assoc. M. Inst. C.E. 

The theory of alternate current machines, as given in 
modern text-books, was based upon the assumption that 
the currents were generated in wire coils, the magnetic 
induction through which underwent periodical changes 
according to a simple sine function. A machine of this 
character would be represented, in its most elementary 
form, by a coil of insulated wire revolving round an axis 
in its own plane, with uniform velocity in a uniform 
magnetic field, the axis of rotation being at right angles to 
the lines of the field. The electromotive force at any 
moment was 


Fs 
earns cin a, 


where n was the frequency (number of complete periods 
per second), 7 was the number of wires in both branches 
A and B of the coil collectively, z was the total induction 
through the coil when the latter stood at right angles to 
the lines of force, and a was theangle between this posi- 
tion and the position at which the electromotive force ¢ 
was generated. The mean electromotive force was 
e=—_ner 
V2 
It was convenient to compare this value with that repre- 
senting the electromotive force of a direct-current machine 
having the same field and external number of wires 7 (but 
equally distributed) on the armature. The electromotive 


force of such a machine was given by the product z r a . 


where N, the number of revolutions per minute, might | }, 


obviously be replaced by 60 n when the machine had two 
poles; because in this case, frequency and number of 
revolutions per second were identical. The ratio between 
the electromotive forces of the two machines remained 


the same, namely, 7 . Alternators as now constructed 


had more than one pair of ear which were set in a 
circle, and were so arranged that the coils of the arma- 





ture swept past them. As theinterpolar space was always 
very small, the density of lines, emerging from or enter- 
ing the polar surfaces, might be taken as fairly uniform 
over the extent of these surfaces, and it became thus 
possible to determine for every shape of coil the con- 
figuration of pene surface which would produce that 
variation in the induction which corresponded to the 
simple sine function. Poles of this shape were, how- 
ever, not used in practice; the ag were either trape- 
zoidal, circular, or rectangular. In the Mordey alternator 
the poles had a trapezoidal face, and those succeeding 
each other on the same side of the armature were of the 
same sign, and were placed in line with those of opposite 
sign on the other side of the armature. Thus along the 
mean pitch line uniform fields alternated with spaces in 
which there wasno induction. The electromotive force of 
this arrangement was 
e=2nerT, 


The type of field most commonly used in modern alter- 
nators was, however, one in which N and § poles suc- 
ceeded each other around the armature, and the portion 
of the armature not embraced by the poles might be taken 
as equal to that embraced. The electromotive force of 
this arrangement was 


Tr 


en 


_n2z 
/2 


These results referred to machines in which the active 
wires on the armature were concentrated into single lines. 
This was of course im ible in practice; the wire coils 
on the armature, whether this contained iron or not, must 
occupy a considerable space, and this circumstance would, 
generally speaking, cause the electromotive force obtain- 
able, with the different forms of fields considered, to be 
lower than the values given. The reason for this reduc- 
tion was that, with a wide coil all the turns were not 
equally and simultaneously influenced by the field, andin 


be | certain positions the action was differential. The calcu- 


lation of the effective mean electromotive force for any 
configuration of field and armature coils presented no 
F aageae difficulty, though for certain complicated forms 
the operation was somewhat laborious, 

The electromotive force of an alternator could be ex- 
pressed as the product of the electromotive force of a 
direct current machine, having the same dimensions and 
weight, and a certain coefficient depending on the con- 
figuration of the field magnets and armature coils, The 
winding and other constructive data of an alternator 
being known, it was only necessary to find this coefficient, 
in order to determine the electromotive force, by reference 
to the electromotive force which would be produced by 
the same machine if the armature coils were connected 
in such a way as to give a continuous current. The 
electromotive force in volts of an ordinary dynamo was 
given by the formula: 


e=zTN10-4, 


where z represented the total induction in English lines 
of force (each equal to 6000 C.G.S. lines), + the total 
number of active wires counted all round the armature, 
and N the speed in revolutions per minute, If the machine 
was multipolar, and if the different armature circuits 
were arranged in series, the expression for e must be mul- 
tiplied by », the number of pairs of poles in the field. 
Let k be the coefficient which expressed the ratio between 
the electromotive forces of the alternate and continuous 
current machines, then the formula for the former was 
e= kpz7rN 10-4, 

The following Table gave the value for k for different 
cases, all referring to poles of rectangular shape and coils 
in which the active wires were straight : 

1. Width of poles equal to pitch, 

toothed armature and winding 
concentrated in the recesses... 

2. Widthof poles equal to pitch, smooth 

armature and winding spread over 
the whole surface ... its aa 

3. Width of poles equal to pitch, smooth 

armature and winding covering 
only one-half the surface... a 
4, Width of poles equal to one-half 
the pitch, smooth armature and 
winding spread over the whole 
surface Bia ia aia 7 
5. Width of poles equal to half the 
pitch, smooth armature and wind- 
ing covering only one-half the 


surface a Ss od - 
6. Width of poles equal to one-third 
the pitch, smooth armature and 
winding covering only one-third 

of the surface a "7 dia k=2.830 
According to the ordinary sine formula the coefficient 
was k=2,.220; and this agreed fairly well with case 5, 
which was most frequently met with in practice, The 
formula for e a the knowledge of the total 
induction z, which depended upon the shape and size of 
the field magnets, their arrangement, the amount of iron 
in the armature, the interpolar space, and the exciting 
wer. This subject had been very fully treated by Drs. 
. and E. Hopkinson, and the author had also dealt with 
it. These methods had subsequently been improved by 
the introduction of certain terms due to Professor Forbes, 


k=2.000 


k=1.160 


k=1.635 


k=2.300 


y means of which the magnetic leakage could be more 
accurately ascertained. With the knowledge of the total 
induction z, and the coefficient k, it was thus possible td 
determine the relation between exciting power and elec- 
tromotive force of any given alternator. The effect of 
self-induction was to produce an electromotive force, the 
phase of which was at right angles to that of the current ; 
and the electromotive force available for doing work in 
the circuit was the resultant of the induced electromotive 
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force and that due to self-induction. The author then 
described some graphic methods by which the problem 
could be treated in a simple and easily understood 
manner. 

In alternators used for parallel distribution, the object 
aimed at was generally to keep the terminal pressure 
constant for all currents, and this could be attained by 
working with a constant field and suitably varying the 
speed, or by maintaining a constant speed and adjusting 
the exciting current so as to suitably vary the electro- 
motive forcs. The latter plan must be adopted if several 
machines were worked in parallel; and in this case the 
graphic method might be used, to determine the limits 
between which the exciting current must be varied to keep 
the terminal electromotive force constant for all loads, 
from no current to the greatest current the armature was 
intended to pass. The mean induced electromotive force 
e was found by the above formuia, and its maximum 
value was obviously 

E j= ani 2e. 


The maximum value of the electromotive force of self- 
induction was given by 


Es=2 rn LI, 


where L was the coefficient of self-induction, which could 
be determined by various well-known methods; or by 
running the armature in a constant field, and measuring 
the terminal electromotive force with and without a 
current passing through the armature. The electro- 
motive force lost in resistance was simply the product of 
the current I and the resistance Rof the armature. With 
the knowledge of these — it was easy to deter- 
mine the strength of field required for any current. 

The problem of parallel working was of the greatest 
importance for central stations, as only by such an arrange- 
ment of machines was it possible to insure absolute con- 
tinuity of the service and the greatest economy at all 
times. Alternate current distribution should, if possible, 
be carried on in the same simple manner as direct current 
distribution—that was to say, the number of machines at 
work should correspond as nearly as possible to the out- 
put at any time ; the addition or withdrawal of machines 
should not even momentarily interrupt the supply of cur- 
rent to any part of the system of distribution. These con- 
ditions, it would easily be seen, could only be fulfilled if the 
machines were capable of working in parallel, and the pro- 
blem might be stated somewhat in this fashion: Given an 
alternator, with excited field and running at a proper 
speed, and a pair of terminals from which any desired 
strength of current could be obtained ata constant pres- 
sure, and having a frequency approximately correspond- 
ing tothe speed of the alternator, what would be the 
condition under which the alternator would fall into step 
with the supply current, and what would be the relation 
between the current passing and the mechanical energy 
given off? Also, how would this relation be affected by 
variations in the strength of the field? This problem 
was also treated by graphic methods, and it was found that 
the only and sufficient condition, for successful parallel 
working, was a sensible amount of self-induction in the 
armature circuit. It was well known that alternators 
having no iron in their armatures could not be run 
in parallel, except by the adoption of some such ex- 
pedient as choking coils ; also that parallel running was 
feasible with those alternators which had iron-cored arma- 
turee. If a machine were run at constant speed on open 
circuit, and with different strengths of exciting cur- 
rent, different terminal electromotive forces were 
obtained. A characteristic could then be plotted, the 
abscissas of which represented exciting power, whilst the 
ordinates represented terminal electromotive force, which 
in this case was the same as the induced electromotive 
force. Having obtained this curve, which the author 
suggested should be called the “‘ static characteristic,” the 
dynamic characteristic of the machine was determined for 
a certain current through the armature, by so adjusting 
the resistance in the external circuit that for all exciting 
powers the current remained the same. he curve so 
obtained must obviously lie wholly under the first curve, 
and the difference between the ordinates of the two curves 
depended upon the choice of current for which the second 
test had been made, and upon armature resistance and 
self-induction. Besides these two curves there was 
a third, namely, that obtained when the machine 
was driven as a motor running light. To find this 
curve it would be necessary to have at disposal at 
least two similar machines, using the one as generator 
and the other as motor, and during the test the field 
strength of both machines would have to be regulated, so 
as to keepthe current at its predetermined value. Thus, 
a ** motor-characteristic” would be obtained, lying whol] 
above the ‘‘static-characteristic.” As the last experi- 
ment was, however, only possible if two machines could 
be tested at the same time, and was also somewhat deli- 
cate, another method of investigation was desirable. This 
could be done by using one of the author’s diagrams to 
deduct the motor-characteristic from the two other curves, 
the experimental determination of which presented no 
difficulties whatever, and would, indeed, be made as a 
matter of course in the ordinary test of the machine 
before it was sent out from the manufacturers. Diagrams 
were shown which contained these various curves as deter- 
mined for one of the author’s machines, constructed for 
an output of 60 kilowatts. 

In any dynamo machine there were two causes for heat- 
ing, in addition to purely mechanical friction. These 
were the resistance of the conductors, and the change of 
magnetisation of the iron parts of the machine. As re- 

ed the first cause, the liability to the generations of 
“7 currents in the armature conductor was much greater 
with alternators than with continuous current dynamos, 
and in alternators it varied with the construction of the 





armature to a greater degree. When the armature con- 
tained no iron, the heating from eddy currents was much 
greater than when such a core was used, and the armature 
conductor must therefore be made in the form of a very 
narrow strip. The other cause of the generation of heat, 
the change of magnetisation in the iron parts, could be 
minimised by lamination, but never entirely avoided. In 
direct-current machines the heating from this cause was, 
however, generally so small that no account was taken of 
it, except when the induction in the armature core 
was pushed beyond 18,000 or 20,000. In alternators 
a much lower induction produced sensible heating, and it 
was for this reason that the maximum induction must be 
fixed at a very low figure. With a perfectly laminated 
core, the heating was attributed to an effect which Pro- 
fessor J. A. Ewing called ‘‘hysterésis,” and which might 
be described as molecular friction. This scientist had 
experimentally determined the energy required to carry 
certain samples of iron through a complete cycle of mag- 
netisation of varying degree, and the results had been 
published in the ‘* Philosophical Transactions.” They 
were given in ergs per cubic centimetre ; but as these units 
were rather inconvenient for application in the workshop 
or drawing office, the author had, in the following Table, 
which referred to annealed wrought iron, translated them 
into watts per ton and horse-power per ton. 


Watts per Horse-power 
Induction. Ton wasted in 
n=100, Heat. 
2,000 650 0.87 
3,000 1100 1.48 
4,000 1650 2.21 
5,000 2250 3 02 
6,000 2900 3.89 
7,000 3750 5.03 
8,000 4450 5.97 
9,000 5550 7.43 
10,000 6650 8.90 


Modern transformers were provided with a core of 
laminated iron, which was symmetrically placed in 
respect to the two windings, so that the same induc- 
tion passed through both the primary and the secon- 
dary coils. Under these conditions the electromotive 
force induced in the two circuits was simply proportional 
to the number of convolutions they respectively con- 
tained, and the terminal electromotive forces were found 
by adding in the case of the primary, and subtracting in 
the case of the secondary, the loss of pressure due to the 
resistance of the coils. In a properly designed trans- 
former this loss of pressure should not exceed about 
1 per cent. of the terminal pressure, so that the maxi- 
mum difference in the pressure maintained in the secon- 
dary circuit between the lamps, when the apparatus was 
used for parallel distribution, did not exceed 2 per cent. 
between full load and no load, provided the pressure in 
the primary circuit was kept constant. Such a small varia- 
tion in the pressure was well within the limits atttainable 
in direct lighting, when a compound-wound dynamo was 
driven from a engine with a fairly good governor, and the 
corresponding variation in the illuminating power of the 
lamps was sufficiently small to be tolerated. A greater 
variation, especially if it occurred suddenly, would, how- 
ever, not be permissible ; and the question, therefore, arose 
as to what rules should be followed in designing trans- 
formers so that they might as nearly as possible be self- 
regulating. The obvious answer was, make the resistance 
of the circuits as small as possible, and this might be 
accomplished in three ways: 1. By using wire of large 
area. This expedient naturally increased the weight, 
bulk, and cost of the transformer, and must, on account 
of commercial reasons, not be pushed too far. 2. By em- 
ploying a core approximating toa circular or quadratic 
section, so as to decrease the perimeter of the coils, 3. 
By working with a high induction, or with a high fre- 
quency. é 

The mean electromotive force in volts, induced in the 
coil of a transformer, could be expressed by the following 


formula: 
e=(q)27nz710-%, 


in which (q) was a coefficient denoting the ratio between 
the maximum and the mean electromotive force, n was 
the frequency, z the total induction in absolute units, and 
7 the number of turns contained in the coil. The larger 
zand the smaller n might be the length of wire, and 
therefore its resistance. On pone d theoretieal grounds 
it would thus seem that a small core strongly magnetised, 
and as high a _———- as the alternator could be con- 
structed to give, would produce the best results. In prac- 
tice, however, this conclusion was wrong, and the heating 
of the iron core in consequence of hysterésis must be taken 
into consideration. Sinceatransformer was an apparatus 
at rest, and was frequently placed in a position where the 
cooling effect of the air was small, the ratio between heat 
— and available cooling surface must be very 
ifferent from that permissible in a dynamo, and it was 
this ratio which was the true limit to the output of a 
transformer. The armature of a dynamo was not sub- 
jected to excessive heating if a cooling surface of about 
1 square inch per watt was provided. Ina transformer, the 
amount of cooling surface should be at least three times, 
and, if possible, four or five times as great, — 
as it was somewhat difficult to determine, in a y of 
such complicated shape, what was and what was not 
effective cooling surface. From the above Table, it was 
easy to calculate for any induction, frequency and weight 
of the active iron in a transformer, what the heat of the 
iron would be ; and, adding to this the heat of the copper, 
the total cooling surface required to keep the apparatus 
at a safe temperature could at least approximately be de- 
termined, or the limit of output for any given transformer 
could be approximately found. : 
The question of frequency, alluded to in connection with 





alternators, was also of considerable practical importance 
with regard to the transformers, and it was much to be 
desired that electrical engineers should adopt a common 
standard. The following was a list giving the average 
frequencies adopted ss i tg designers : Ferranti, 67 ; 
Lowrie-Parker, 88; mgs 100; Zipornowsky, 42; 
Kennedy, 60; Kapp, 80; Westinghouse, 133, ‘Taking 
the average of European practice, the frequency was 73, 
or 8750 reversals per minute; whilst the American prac- 
tice was 16,000 reversals per minute. This large difference 
might, to a certain extent, be accounted for by the general 
preference of European engineers for machines running 
at moderate speeds ; but even when making due allow- 
ance for this circumstance, it could hardly be assumed 
that, had actual practice shown the value of a very high 
frequency, electrical engineers would not have found 
means to obtainit. Asa matter of fact, most makers of 
alternators had started with a much higher frequency 
than they had finally adopted. It should also be remem- 
bered that the higher the frequency, the greater was the 
loss of conductivity in the mains, owing to the unequal 
distribution of current throughout their cross-section. 

The author then discussed the questions of alternate 
current motors on the Ferraris principle, and next passed 
on to a description of the different modern alternate 
current machines most in use. Constructive data were 

iven for the Ferranti, Mordey, Kennedy, Kapp, Lowrie- 

all, Westinghouse, and Zipernowsky machines ; and in 
most cases the actual performance of the machine was 
compared with the calculated electromotive force, so as to 
show within what limits the auther’s formulas for alter- 
ones of different types were in accord with experimental 
results. 





LAUNCHES AND TRIAL TRIPS. 

TuHE s.s. Duquesa de Vista Hermosa made her trial at 
the measured mile off Whitley, on Saturday, February 
2, when the results showed a mean speed at the rate of 
11.422 knots per hour. This is the second of two vessels 
built by Messrs. Palmers, of Jarrow, to the order of 
Messrs. C, de Muriettaand Co., of London. The former, 
named Marquesa de Santune, was completed in September 
last, and has since been employed in the Black Sea and 
North American trade. As these vessels were specially 
built for running between Bilbao and the United King- 
dom, they have been fitted with an unusually large capacity 
for water ballast, so as to enable them to cross the Bay of 
Biscay in all weathers in ballast trim ; the total quantity 
of water carried is about 980 tons, partly in a cellular 
bottom under the engine-room, but the greater part in 
two deep tanks, one forward and one aft of the machinery 
space. The deep tanks are arranged so that they can be 
filled with cargo when required. The principal dimen- 
sions are: Length between perpendiculars, 290 ft. ; 
breadth moulded, 40 ft.; depth moulded, 21 ft. 4 in. 
The vessels are of steel, and are built to Lloyd’s highest 
class; their deadweight capacity is 3250 tons on 19 ft. 
draught. They are fitted with triple engines having 
cylinders 22 in., 35in., and 58 in. in diameter by 42 in. 
stroke. There are two return tube boilers loaded to 1601b. 
per square inch. Forced draught is provided on the 
closed ashpit principle, but it is only to be used as an 
auxiliary when from calm weather or inferior coals it is 
found difficult to maintain steam. These vessels have been 
built under the superintendence of Mr. James Pollock, 
of 5 and 7, Fenchurch-street, London. 

On Monday, the 18th inst., there was launched from 
the yard of Messrs. Raylton, Dixon, and Co., a steel 
screw steamer named the Aslacoe, which has been built 
to the order of Messrs. Bennetts and Co., Grimsby. Her 
leading dimensions are: Length, 295ft.; breadth, 42 ft.; 
depth, 21 ft. 4in.; with a deadweight capacity of 3700 
tons. Her engines, which will be fitted by Messrs. Blair 
and Co., of Stockton, are of 220 nominal horse-power with 
cylinders 23 in., 37 in., and 61 in. by 42 in. stroke. 

On Monday, the 18th inst., there was launched from 
the shipbuilding yard of Messrs. Finch and Co., of 
Chepstow, two more 150-ton steel coaling lighters, built 
to the order of the Lords Commissioners of the Admiralty. 





The Grangemouth Desree easaryary | launched on 
Monday, from their — ildirg yard at Grangemouth, a 
steel screw steamer of the following dimensions: 180 ft. 
long, 264 ft. broad, and 13ft, 4in. deep to main deck. She 
has been built to the order of Messrs. Williamsen and 
Jessen, Christiania, Norway. The vessel is to be fitted 
with engines of the triple-expansion type by Messrs. 
Hutson and Corbett, Kelvinhaugh, Glasgow. The dia- 
meters of the cylinders are: High pressure, 12in.; interme- 
diate, 20in.; and low-pressure, 27 in. ; each with a stroke 
of 24in. Steam is to be supplied at a pressure of 160 Ib. 
to the square inch from two single-ended boilers 9 ft. 6in. 
in diameter and 8 ft. 6in. long. There are four furnaces 
each 2 ft. 6in. in diameter. The power developed will be 
about 350 indicated horse-power. The vessel was named 
Porro. The Grangemouth company have, along with 
other vessels on the stock, two other Norwegian veseels, 
one a passenger steamer for the Grangemouth and Chris- 
tiania trade. 


The s.s. Iago, which has been built by Messrs. Raylton, 
Dixon, and Co., of the Cleveland Dockyard, Middles- 
brough, for Messrs. Thomas Wilson, Sons, and Co., Hull, 
took her trial trip from the Tees on Wednesday morning 
with very satisfactory results. The dimensions of this 
vessel are: Length, 304 ft.3in.; breadth, 38 ft. ; depth, 
22 ft. 10 in. ; with a deadweight carrying capacity of 
tons. Her engines, which have been fitted by Mr. George 
Clark, Sunderland, are of 210 nominal horse-power with 

linders 23 in., 37 in., and 61 in. by 42 in. stroke, After 
the trial trip the vessel proceeded to Hull. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday’s market 
was somewhat depressed in tone, and there was a con- 
siderable ‘‘ bearing” of prices. Scotch iron receded in 
price 1d. per ton both forenoon and afternoon, the close 
being 41s. 8d. per ton cash. The price of Cleveland iron 
lost 2d. during the day, and that of hematite iron declined 
i) per ton. Govan Nos. 1 and 3 were each advanced 
6d. per ton. The settlement prices at the close were— 
Scotch, 41s. 74d. per ton; Cleveland, 34s. 74d. ; hematite 
iron, 44s, per ton. There was a livelier feeling on 
Friday amongst the holders of warrant iron, as the 
** bears,” who had been pressing down prices for several 
days, were caught on Thursday. There were rumours as 
to the American Iron Trust being disposed to relieve the 
Glasgow Pig Iron Association of a part of their large 
stock, and the effect of the rumours was to make holders 
firm in their quotations. An advance of 4d. per ton was 
made during the day in the price of Scotch iron, and Cleve- 
land and hematite iron advanced 3d. perton. The closing 
settlement prices were—Scotch iron, 42s. per ton; Cleve- 
land, 34s. 104d. ; hematite iron, 45s. per ton. Briskness 
was again the rule in the warrant market on Monday, 
partly on account of the satisfactory trade reports from 
many industrial centres, A very large amount of business 
was done during the day, and an advance of 3d. per ton 
all round was recorded. Much of the business done was 
of a speculative character. The upward movement in 
prices was due in some measure to ‘‘ bears” endeavouring 
to *‘ cover,” one prominent operator purchasing at least 
10,000 tons. Langloan No. 1 iron was advan in price 
1s. per ton, and that of Glengarnock No. 3 went up 6d. 
per ton. The settlement prices at the close were —Scotc 
iron, 42s, 3d. per ton; Cleveland, 33s. 14d.; hematite 
iron, 453. 3d. per ton. A firm feeling was very general 
inva seed in the warrant market, and several special 

rands were raised in price 6d. per ton. A fair amount 
of business was reported. The closing settlement 
price for Scotch iron was again 42s, 3d. per ton, 
but in the case of Cleveland and hematite iron there 
was an advance of 14d. per ton. At the forenoon market 
to-day firmness was again the rule, and there was a scar- 
city of warrants. For Scotch iron there were buyers at 
41s. 3d. cash, and business was done in Cleveland iron at 
35s. 24d. per ton cash, while holders of hematite iron 
were asking 45s. 5d. per ton. In ali cases the quotations 
were slightly higher at the afternoon meeting of the 
‘‘ring.” Of late there has been an unusually heavy de- 
mand for the No. 3 quality of Scotch special brands, and 
that has also had a favourable effect on No. liron. It 
was stated a few days since that a contract had been 
entered into with a Scotch ironmaster for the production 
of a quantity of Scotch iron to take the place of Middles- 
brough iron in local consumption. One blast furnace at 
Coltness Works has been re-lighted during the week, so 
that the number of furnaces now blowing in Scotland is 
81, as compared with 86 at this time last year. The ship- 
ments of pig iron from all Scotch ports last week 
amounted to 7164 tons, against 5232 tons in the corre- 
sponding week of last year. They included 1285 tons 
for the United States, 268 tons for Canada, 1150 tons 
for Italy, 550 tons for Germany, 100 tons for Holland, 
smaller quantities for other countries, and 3478 tons 
coastwise. The stock of pig iron in Messrs. Connal and 
Co.’s public warrant stores stood at 1,034,181 tons yester- 
day afternoon, as compared with 1,034,274 tons yester- 
day week, so that there has again been a small decrease, 
amounting for the week to 90 tons. It is very satisfactory 
to know that the increase of the stocks in store has re- 
ceived a check. 


Shipments of Machinery, d&c., from the Clyde.—The 
shipments of machinery, &c., from the Clyde reported 
last week included the following : Locomotive engines for 
Natal, valued at 5640/.; sugar, rice, and jute machinery, 
marine engines, &c, of the value of 14,300/.; sewin 
machine parts, chiefly for Bilbao, Calcutta, Bombay, an 
Antwerp, valued at . 3 plates, angle-bars, and other 
steel manufactures, of the value of 9031/.; pipes and 
other castings, malleable iron tubes, sheets, plates, 
bars, and miscellaneous iron manufactures, valued at 

’ 


Purchase of a Greenock Shipbuilding Yard.—After bein 
in the market since 1883, the shipbuilding yard occupi 
by the late firm of Messrs. Robert Steele and Co., 
Greenock, has been purchased by Messrs. Scott and Co., 
engineers and shipbuilders of the same town. Several 
years ago Messrs. Scott and Co. acquired the graving 
dock connected with this yard, so that they will now be 
in possession of the entire works for so long conducted by 
Messrs. Steele and Co, The purchase price of the yard 
is stated at 16,000/., which is less than half the figure 
at which it was originally offered, the sum then being 
34,0007. Messrs. Scott and Co. have on hand between 
20,000 and 30,000 tons of shipbuilding, so that the yard, 
which has remained so long silent, will probably, in a 
few weeks, again resound with the welcome strokes of 
industry. 


Electric Lighting at Ferguslie Thread Mills.—Messrs. 
J. and P. Coats, thread manufacturers, Paisley, who have 
had one of their mills lighted for some time by elec- 
tricity, are fitting up another of their great a 
pe the necessary apparatus for laying on the same light 

ere, 


Glasgow Water Supply.—At the last meeting of the] i 


Glasgow Corporation Water Commissioners, it was re- 
ported that during the preceding fortnight the quantity of 
water sent into the city and suburbs had been at the rate of 
40,600,000 gallons per day, as compared with 38,000,000 
gallons per day in the corresponding period of last year. 





There seems to have keen some difficulty in accounting 
for such a large increase. 

Royal Society of Edinburgh.— A meeting of this Society 
was held on > A evening at which a number of papers 
were read, including one by Mr. Albert Campbell, B.A., 
on “The Changes in the Thermo-Electric Properties of 
Wood’s Fusible Metal at its Melting Point.” 


Edinburgh Association of Science and Arts.—A meeting 
of this Association was held on the same evening, when 
Mr. James Macdonald, registered plumber, read a paper 
on “ Waste Water and Water Storage.” In the course of 
his remarks he said there could be no question but that a 
considerable quantity of water was wasted. Part of the 
waste was within the control of the ordinary householder, 
and a part beyond his control. The waste was largely 
due to faulty hot-water and flushing arrangements, and 
defective taps and fittings. Among these he specified the 
placing of taps at considerable distances from boilers, 
which necessitated the waste of a considerable quantity of 
cold water before the hot water flowed from the pipe, and 
the system of having the overflow in cisterns connected 
with drains. The escape of water from main and service 
pipes he considered might go on for a considerable time 
without being detected, and there could be no doubt that 
the Deacon meter was admirably adapted for discovering 
such waste. Regarding the storage of water in cisterns, Mr. 
Macdonald showed by diagrams of tenements of houses 
that unless each house had a separate pipe from the 
common cistern at the top, those on the lower flats had a 
better supply than their neighbours higher up. Applying 
the rule to the city supply, he pointed out that people 
in the higher parts of the town had a less constant supply 
than those residing at lower levels. It was practically 


h | 0n this account that cisterns were a necessary part of the 


system. A system of sectional supply from the reservoirs 
would remove this defect. Edinburgh Castle had an 
independent supply, and he did not see why other por- 
tions of the town should not have a pipe from one of the 
reservoirs for their own needs, e result of such 
arrangements would, he thought, quite justify the outlay. 
The ag mate. need of an additional supply of water 
for the Edinburgh district was pointed out, and various 
matters regarding the use of water in relation to sanitary 
science were discussed at some length. discussion 
followed, and Mr. Macdonald was thanked for his com- 
munication. 


Proposed Increase of the Water Supply for Edinburgh.— 
Acting on instructsons from the Edinburgh Water Trust, 
Messrs. Leslie and Reid, civil engineers, have just pre- 
a an interesting report on an increased water suppiy 
or Edinburgh and district. To the reporters it appears 
that it would not be prudent for the Water Trustees to 
delay much longer in maturing a scheme for an additional 
supply. They consider that it would be necessary to f° 
to the basin of the Tweed asthe source. The water of the 
manor, they state, might be introduced in two instal- 
ments, the first at a cost of 480,000/., and the second at a 
cost of 184,000/. The head waters of the Tweed might be 
utilised in three instalments, at a cost, respectively, of 
510,000/., 223,0007., and 237,000/. Water might be intro- 
duced in three instalments from St. Mary’s Loch, at a cost 
of 681,000/., 244,000/., and 140,000/. respectively. There 
seem to be good reasons in favour of resorting to St. Mary’s 
Loch as the new source of supply. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—Steam coal has been in good demand at about 
late rates. The best qualities have made 14s.; second 
class coal, 13s. to 13s. 2d. ; Monmouthshire, 12s. to 12s. 3d.; 
and small, 5s. 9d. to 6s. per ton. House coal has been in 
sustained demand at firm prices. The manufactured iron 
— Ly ns trades are rather well employed, and prices have 
ruled firm. 


The Bute Docks.—The fifth half-yearly meeting of this 
company was held on Thursday at Queen Anne’s Gate, 
Westminster, Mr. F. Pitman, deputy chairman, presiding. 
From the accounts submitted it appeared that the balance 
available for dividend amounted to 103,376/., and that, 
after providing for interest on debenture stock, dividend 
on 4 per cent, preference shares, and all other charges, 
there remained a balance of 63,3767. The traffic for the 
year 1888 amounted to 9,268,802 tons, being an increase 
of nearly 104 per cent.; the increase in a being 
above 14 per cent., and in exports nearly 10 per cent. 
The directors’ report was approved and adopted, and a 
dividend for the half-year at the rate of 6 per cent. per 
annum on the ordinary shares was dec , leaving 
93761. to be carried forward, as against 9695/. on December 
31st, 1887. A special general meeting of the proprietors 
was subsequently held, when the Bill lodged in the 
present session of Parliament for confirming an agree- 
ment between the Bute Docks bang ma | and the Taff 
Vale Railway Company with respect to the maintenance 
and working of the Bute Docks undertaking, and for other 
purposes, was submitted and approved. 


Bristol and Ireland,—The Bristol Genera] Steam Naviga- 
tion Company has purchased from the London and North- 
Western Railway Company one of its fast steamships, 
recently running between the North Wall Station, Dublin, 
and Holyhead. The vessel in question is the Countess 
of Essex, of 825 tons burthen. Her owners intend to 
run her between Ireland and Bristol. 


Barry Dock and Railways.—The ninth half-yearly meet- 
ng of this company was held at Cardiff on riday, Lord 
Windsor in the chair. The directors observed in their 
report : “‘ The reports of the company’s engineers indicate 
the, p' 3s of the works under the various contracts 
during the last half-year, and point to the early comple- 
tion and opening for traffic of the whole undertaking. 


Since the issue of the last half-yearly report contracts 
have been concluded for the construction of a tug and a 
fire float and for the erection at Barry of temporary 
offices for the company’s officials, and for the accommo- 
dation of the representatives of the Customs and Mercan- 
tile Marine Services. The portion of the line between 
Barry Dock and Cogan was opened for passenger traffic 
on the 20th of December last, and the receipts from the 
traffic are considered satisfactory. The directors are pro- 
moting in the present session a Bill seeking further capital 
and other powers, which in their opinion are necessary in 
the interests of the company.” The directors propose to 
construct a low-water entrance at the dock. There will 
be 17 ft. of water at low tide in this entrance, and vessels 
can therefore enter and leave at any state of the tide. Tho 
great advantage of the system will be felt in connection 
with passenger traffic, but even vessels laden with general 
merchandise will find the low-water channel a great con- 
venience. 


Treferig Railway.—The half-yearly meeting of this com- 
pany was held on Saturday, Mr. Tudor Crawshay in the 
chair. A dividend of 4 per cent. was declared, and the 
proprietors approved the amalgamation of the undertak- 
ing with the Taff Vale Railway. 


Bristol Tramways.—The ordinary general meeting of this 
comgeny, see held on Wednesday, Mr. W. Butler in the 
chair. The chairman, in moving the adoption of the 
directors’ report, and accounts and a dividend at the rate 
of 5 per cent. per annum, free of income tax, on and after 
the 15th inst., said the receipts from the tramways de- 
artment were 23,769/.; from the carriage department, 

17. ; and from sundry sources, 757/., or a total of 33,4371, 
The increase on the tramways receipts was a striking one, 
amounting to 32291. This was largely traceable to an ex- 
tension of the —_— of penny fares, which was now in 
operation over the whole system. 


Swansea.—A comparison of the trade of Swansea in 
1888 and in 1878 is interesting. In 1878 the entries of 
tonnage were: Steam, 305,780 tons ; sailing, 415,216 tons ; 
total tonnage, 720,996 tons; total imports and exports, 
1,502,040 tons. In 1888 the figures were: Steam, 952,040 
tons; sailing, 306,855 tons; total tonnage, 1,258,295 tons ; 
total imports and exports, 2,607,358 tons. This gives an 
increase of 73 per cent. in the imports and exports during 


the decade. The shipments of coal from the Great Wes- 
tern Railway are assuming larger proportions year by 
wansea 


= and with the opening of the Rhondda and 
ay Railway, the erection of a new high-level tip at the 
Prince of Wales dock, and the completion of extensive 
coal storage sidings by the Great Western Company and 
the harbour trustees, the next year or two should witness 
a further increase in the coal exports of Swansea. 


Yniscedwyn.—The Yniscedwyn Tin-Plate Works were 
started on Monday. The ceremony of rolling the first 
lates was performed by Mrs. Thomas, Mrs. D. G 
homas, and Mrs, E, G. Thomas, and the Misses Lewis. 


Wuges in Wales.—A delegate meeting of the steam and 
house coal workmen of South Wales and Monmouthshire 
was held at Aberdare on Monday. Some 180 delegates, 
representing 58,279 workmen, were present. The meeting 
declared in favour of publishing the actual figures giving 
the result of the audit tor December 31, which showed an 
average price of 8s, 97d. per ton. The questions of wages 
and a monthly holiday were discussed at some lengtb. 

Gas at Newport.—At the half- ng | meeting of the 
Newport Gas Company on Monday the accounts pre- 
sented showed a profitable six months’ business, 2,000,000 
cubic feet more gas having been sold than in the corre- 
sponding half of 1887. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was only 
a moderate attendance on ’Change, but business was very 
animated and quotations were firm. During the past 
week the price of Cleveland pig iron has gone up fully 
6d. per ton. No.3 is not now obtainable under 35s. per 
ton for aoe delivery, and for forward delivery 35s. 6d. 
is the quotation, but makers are not satisfied with this 
figure and hold out for higher prices. Forge pigs are 
rather scarce just now and are bringing as much as No. 3 
but generally the rate for grey forge is 34s. prompt and 
34s. 6d. forward. In Middlesbrough warrants a good deal 
of business is now being done, as speculators, influenced 
by the satisfactory appearance of trade and the favour- 
able prospects, are operating in them, and No. 3 warrants 
are now quoted 35s. 4d. per ton cash. On Monday Messrs. 
Connal and Co., the warrant storekeepers, had in stock 
at Middlesbrough 249,394 tons of pig iron—an increase of 
1921 tons on last week. In Glasgow Messrs. Connal now 
hold a stock of 1,034,191 tons. Shipments are rather 
quiet but are fairly satisfactory. In the finished iron 
trade prices generally are unchanged, but some sellers 
have put up their quotations partly on account of the 
increasing value of pig iron. Ship plates are 5/. 10a. ; 
boiler plates 6/. 10s. ; ship angles 5/. 2s, 6d, and common 
bars 5/, 5s. all less the usual discount. The steel trade 
continues to flourish and large orders are in the hands of 
producers. * Heavy sections cannot be bought at less 
than 4/. 2s. 6d. per ton, and more is asked by some. 
Steel ship plates are 67. 15s. and angles 6/. 5s. For rail- 
way chairs the inquiry is rather better and prices are 
maintained. 

Engineering and Shipbuilding.—Engineers are very 
busy and quotations for all classes of work in this im- 
portant industry are good. In shipbuilding there is 





great activity, all the yards now being fully employed. 
The wages dapates have now been amicably arranged, 
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and it is hoped that work will now proceed uninterrupted 
until the end of the year. All the firms in the North 
have contracts on hand which will keep them in full 
swing for some very considerable time, and some of them 
do not particularly care at present about accepting more 
orders. There has been a slight stoppage of work at 
some of the yards on the Tees owing to the carpenters 
coming out and claiming an advance in their wages, but 
we understand that matters have now been settled. 


The Coal and Coke Trade.—All kinds of fuel is in fair 
demand and quotations are maintained. Practically the 
whole of the ballot papers have come to hand from the 
miners’ lodges in Northumberland, and the returns show 
a considerable majority in favour of accepting the coal- 
owners’ terms, which are regarded as most fair. The dis- 
pute wili thus shortly come to an end. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Important Resolution of Yorkshire Coalowners,—A largely 
attended meeting of the Associated South Yorkshire Coal- 
owners has been held at the Victoria Station Hotel, Shef- 
field, the business being the consideration of the railway 
and canal rates, &c., affecting the district. It was re- 
ported to the meeting that there was no doubt arrange- 
ments were in progress with a view to the transfer of the 
Hull and Barnsley undertaking to the North-Eastern 
Company, and that Bills were being promoted in Parlia- 
ment authorising the Hull Company and the Hull Dock 
Company to sell or lease their undertakings. It was 
unanimously resolved to oppose the new projects in every 
way possible. The questions arising in consequence of the 
recent Railway and Canal Traffic Act with regard to local 
rates, both on rail and canal, were under discussion, and 
it was decided to take all necessary eteps to watch the 
new schedules and classifications of the railway companies, 
and to protect the interests of traders, 


The Colliery Disputes.—About a thousand hands threw 
down their tools in October last at the Church-lane Col- 
liery, Dodworth, for the enforcement of the advance of 
10 per cent., and for two months past neither labourer nor 
official has been eniployed in the colliery. There is 
no sign of either party giving way nor at the Gaw- 
thorpe and Stanley Main Collieries, where the men are 
also on strike. A voluntary levy of 3d. per member per 
week is being so well paid that all the men who are “‘ out” 
are receiving 5s. 6d. each per week in addition to union 
pay, and will be enabled to hold out for an indefinite 
period. None of the men will return to work till the 10 
per cent. advance is given, as they are receiving increased 
support each week, 


Samuel Fox and Co., Limited.—This company has de- 
clared an interim dividend of 4/. per share (80/. paid up) 
for the last half-year. The capital is 240,000/. in 100/. 
shares. In the fifteen years from 1873 to 1887, the share- 
7g have received in dividends 170 for each 80/, they 

eld. 


Brown and Bayley’s Steel Works, Limited.—This newly 
formed company has made a very good beginning. The 
a available for dividend are 16,281/., which admit of 

5 per cent. dividend, taking 5000/. to reserve, the carry- 
ing forward of 2553/., whilst extinguishing preliminary 
expenses to the amount of 12271. 


Midland Iron Company, Limited.—This company is able 
to pay 5 percent. perannum and carry forward 443/. This 
result, in spite of a serious breakdown in machinery which 
stopped the works for three weeks, 


Vickers, Sons, and Co., Limited.—The company’s ac- 
counts show that the profits for the year have been 73,087/. 
Of this amount 18,750/. has been already paid in interim 
dividends, leaving 54,3371. to be dealt with. This is suffi- 
cient to pay 5 per cent. dividend on the preference shares, 
4 per cent. on the ordinary shares, and carry a balance 
forward. The company is can gay large extensions of 
premises and gw be pete plant for their new departure, 
the making of finished guns. 


Midland Counties Miners’ Permanent Relief Fund.—The 
annual meeting of this Society was held on Saturday at 
1, Stephenson Memorial Hall, Chesterfield. Mr. G. 
Jackson, J.P., managing partner of the Clay Cross Coal 
and Iron ene age presided, and said the Society had 
been the means of doing a great amount of good. He 
expressed a hope that every economy possible would be 

ractised in the management of the various branches. 

he income for the year was 2476l. and the expenditure 
12291, 14s. 6d. 


Sheffield Society of Engineers.—A meeting of this Society 
was held on Saturday night, when Professor W. Ripper, 
M.I.M.E., occupied the chair. Mr, W. H. Watkinson 
read a paper on ‘‘ Heat Engines.” Hw commenced b 
showing the conversion of heat into work and wor 
into heat as exemplified in the raising of water b 
heat from the sun, and of its transformation again through 
the medium of a water-wheel or turbine, afterwards show- 
ing by diagrams a theoretical heat curve from a perfect 
engine and explaining that the only available portion of 
heat is the difference of temperature between steam in the 
boiler and as sent into the air from the exhaust pipe of a 
steam cylinder ; the great loss of heat being the Rterente 
of temperature between the fire and the steam inside, 
owing to imperfect conduction of heat by the boiler plates 
and other causes. After describing a number of engines 
he said that to obtain the test possible amount of work 
from any engine it is absolutely necessary to use heat 
during the widest practical limits of temperature, that is, 
high pressures and further expansion of steam. A dis- 


cussion followed, in which the more extended use of petro- 
leum engines was advocated. 





MISCELLANEA. 

Tue Westinghouse Electric Company are putting up an 
electric plant at Portland, Ore., the current for which is 
supplied by waterfalls situated at a distance of 12 miles 
from the city. 


The Admiralty are making an important experiment 
with Colonel Crease’s antifouling composition on the 
Crocodile troopship, This vessel has already made two 
voyages to India and back without cleaning or repainting, 
and, as divers have reported her bottom to be still clean, 
she has just set out on a third trip. 

The Union Electrical Engineering Company, Limited, 
of 3, Prince’s-mansions, Victoria-street, Westminster, have 
secured the rights of manufacture for the telpherage system 
for the transport of goods. The lines erected in Sussex 
and Cornwall have been most successful, and the system 
promises to have a great development in the future. 


The gross receipts of the twenty-three principal railways 
in the United Kingdom for the week ending February 10, 
amounted, on 16,022 miles, to 1,155,797/., and for the 
corresponding period of 1888, on 15,929 miles, to 
1,124,8341., an increase of 924 miles, or 0.5 per cent., and 
an increase of 30,963/., or 2.7 per cent. 


At a meeting of the Council of the Sanitary Institute 
held February 13, G. J. Symons, F.R.S., in the chair, it 
was decided to hold in the summer a course of twelve 
lectures for medical men, Twenty-six members and 
associates were added to the register and fifty applications 
read for election at the next meeting. 


The Defries Safety Lamp and Oil Company have erected 
a number of mineral oil street lamps along Holborn Via- 
duct. These lamps give a good light for thirty hours 
without refilling, whilst the annual cost for maintenance 
is only 50s. per lamp. This fact has led to their adoption 
by the War Office authorities for lighting Aldershot camp 
in preference to gas, 


Mr. George Westinghouse, Jun., is having an instruc- 
tion car built at Altoona for the perpeve of showing 
American railroad men the practical working of all the 
Westinghouse railway appliances. The car will be fitted 
with working models of the improved air brake, steam 
heating apparatus, and other specialities. A 15 horse- 

ower boiler and a Westinghouse engine and dynamo will 
oe included in the fittings. 

A small steam engine and dynamo capable of working 
about 120 extra electric lights have been erected at the 
Houses of Parliament, thus increasing the total number in 
the building to 620. Seventeen of the additional lights 
have been placed in one of the reporters’ writing rooms, 
and the remainder are supplied to the members’ entrance 
lobby, staircase, and corridor. After Easter the light 
will probably be extended to the Commons’ lobby, St. 
Stephen’s Hall, the offices immediately adjoining the 
House, and several of the ministers’ and reporters’ 
rooms. 


The Anglo-American Brush Electric Light Corporation, 
Limited, have just secured an important contract for the 
supply of about forty sets of combined engines and dy- 
namos of their special design, and have now in hand 
orders for nearly fifty sets of apparatus of this pattern. 
The design has met with much favour from the European 
governments since its introduction, and has been largel 
adopted for ships of war and other vessels, The Brus 
Corporation have also booked a contract for the applica- 
tion of their system of electric traction to an important 
tramway line in Spain. 


America has long been recognised as'the country of in- 
ventors with great ideas of mechanical possibilities, as 
witness the Keeley motor. Another great idea has just 
occurred to one of its citizens, a Mr. Ries, who proposes 
to free rails from snow and ice, by heating them elec- 
trically. How Mr. Ries proposes to get the power re- 
quired we do not know, possibly two or three Niagaras 
properly harnessed up might keep the tracks of the 
country free from snow, but we imagine the manufac- 
turers of snow ploughs will not have to fear much from 
the competition of the new plan just at present. 


The sixth annual dinner of the past and present pupils 
and apprentices who had received their engineering train- 
ing at Crewe, was held at the Grand Hotel, Charing 
Cross, on Thursday, the 14th inst. The chair was taken 
by Mr. F. W. Webb. The réunion, which was pro- 
nounced the most successful of any yet held, terminated 
with ‘‘ Auld Lang Syne,” and a vote of thanks to the 
chairman, Mr. Webb, and Hon. Sec. Mr. A. H. Hernu. 
Forty-four attended. The usual toasts were proposed, 


and responded to by Mr. Webb, Colonel Davis, Messrs. 
on on » Ivatt, Wilson, Worsdell, Cooke, Tandy, and 
illiams. 


In some recent letters in the Times, there appears to be 
claimed for a Mr. Strawson the merit of originating the 
mechanical system of distributing sand and salt on slippery 
roadways. The idea is, however, by no means new, 
as Messrs. Richard Garrett and Sons, of Leiston, Suffolk, 
constructed a machine of this character in 1880, which 
was described in our columns on May 7th of that year. 
Since that time it has somewhat improved in details, 


though the original principle has been maintained, and 
has been very successful in practical working, receiving 


at the Melbourne Exhibition the highest possible distinc- 
tion of a “‘firstspecial.” Upwards of seventy of these 
machines have, we are informed, been supplied to dif- 
ferent corporations, and six more are now awaiting ship- 
ment to Buenos Ayres. Considering the shamefully 
slip state in which our streets so frequently are, it is 
much to be hoped that the use of these machines may be 
largely extended. 








The Revue Scientifique states that it has long been 
known that the stalk of the sugar-cane might be used in 
the production of a paper of the best quality. It is there- 
fore surprising that with the constant decline in the value 
of sugar owing to over-production, and the steadily in- 
creasing use of paper, it has never occurred to sugar 
planters to embark in the manufacture of paper as a sup- 
plement to sugar-producing. The fibres of the cane give 
an excellent paper, and tie necessary mechanical and 
chemical processes are easily carried out. A correspon- 
dent of the French National Acclimatisation Society 
reports that Mr. Walter Forbes, of New Orleans, has 
lately exhibited there a dozen samples of white paper 
made from the sugar-cane, which were pronounced very 
good, The first quality costs 21 fr. per 100 kilogrammes, 
or less than Jd. spe pound; and 500,000 kilogrammes 
of the stalk would produce 10,000 kilogrammes of paper 
worth 2100 fr. 


Messrs. W. and T. Avery, weighing machine manufac- 
facturers, of Birmingham and London, intend exhibiting 
at the Paris Exhibition, for the first time, Snelgrove’s 
electric weighing machine. This machine, of which they 
are the sole manufacturers, is the invention of Mr. William 
Snelgrove, their experimental engineer, and is entirely 
operated and controlled by the current of a small constant 
battery concealed in the base. The machine is of the knife- 
edged lever type, and is provided with three movable 
poises or slides. On the goods to be weighed being 
placed on the platform, these poises automatically start 
and travel backward and forward on the steelyard until 
they exactly balance the goods, the correct weight is 
then shown by the machine in a single group of figures. 
On the goods being removed from the platform all the 
poises automatically return to zero, the last one break 
ing the battery circuit and preventing any waste 
current, 


At ageneral meeting of the King’s College Engineering 
Society held on Tuesday, February 12, the President in 
the chair. Mr. Dering Beale read a paper on ‘‘ China 
Clay Mining.” The author divided the subject into three 
parts. (a) The derivation of the clay. 0) The refine- 
ment from its natural state. (c) Its uses. He stated that 
before granite rock was formed the materials composing 
it existed in a state of fusion, and that by the subsequent 
cooling of this solution, crystals of quartz, felspar, and 
mica combined to form the rock called granite ; by the 
composition of this rock china-clay is formed, its con- 
stituents being silica, alumina, and water. In its native 
state china-clay generally occurs in extensive masses 
beneath several feet of superstratum termed overburden. 
The general aspect presented by clay-bearing ground is 
that which is locally known in Cornwall as slad, being a 
hollow depression in the side of a hill, which catches 
water as it drains from it, the water percolating through 
the soil, assisting the decomposition of the granite beneath. 
The author gave a detailed description of the apparatus 
called micao for getting rid of the impurities, and ex- 
plained the different parts by means of diagrams; he 
then described the settling pits and drying houses, con- 
cluding with an account of the uses of china-clay in the 
various arts. 


Some trials were recently made at Newcastle with 
boilers fired on the system patented by Mr. Robert Scott, 
in which firebars are dispensed with and the coal burnt 
on the bottom furnace plates by means of forced draught. 
A Root’s blower is used which delivers into a reservoir 
formed under the front end of the toiler, from which pipes 
conduct the air to tuyeres in the furnace. At one trial 
made ,by Mr. B. G. Nicol, the following results were 
obtained with duff coal : 


Duration of trial ... = 6 hrs. 
Fuel consumed during trial 600 lb. 
Ashes ah ‘. we None. 
Clinker 40 lb. 


Water raised from 43 deg. temperature 
of feed, and evaporated at 259deg. 4594 ,, 
Equivalent quantity from and at 212 


eg. = on 69 ie .. 5464 ,, 
Weight of water per pound of coal 
raised from 43 deg. and evaporated 

at 259 deg. eee eee eee ave 7.657 ” 
Equivalent weight of water per pound 
of coal evaporated from and at 212 

deg. ee A ete ee ae 


Smoke was only visible when the fire was stoked, and 
usually lasted for one minute; during the first 30 seconds, 
moderately dense, then gradually grew lighter, and en- 
tirely disappeared at the end of one minute. The system 
may be seen in actual work at Messrs. Nicholson Bro- 
thers, boilermakers, Hepburn-on-Tyne. 





Sourn AvUSTRALIAN Harpours.—Of late years various 
schemes have been proposed for providing improved 
accommodation for ocean steamers coming up Spencer 
Gulf. The latest is one announced by Mr. R. Rees. 
M.P., who proposes to have an outer harbour formed 
between Largs Bay and the Semaphore, The South 
Australian Government will be asked to concede one mile 
by 1500 ft. of the foreshore to the promoters of the 
scheme, who will seek to be allowed to obtain a revenue on 
a similar scale to that of the Melbourne Harbour Trust, 
which receives an average of 4s, 6d. per ton for all mer- 
chandise dealt with. Mr. Rees states that he has re- 
ceived promises of support from English, Victorian, and 
other capitalists. Nothing will be done until Mr. Rees 
obtains from the South Australian Parliament the conces- 
sions for which heasks. A syndicate which will be formed 
intends to buy from the th Australian Government 
dredgers valued at 191,000/. 
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| Dunoon and some of the other residential coast towns 
GREENOCK AND GOUROCK RAILWAY. | from Glasgow will be considerably reduced, the sea 


Tue Caledonian Railway Company will this summer | trip being shortened by one-half. Of the vessels build- 
have an important and long-delayed addition made to| ing we hope also to write. Before describing the special 











their system: important alike from an engineering 

int of view as well as from that of the travelling 
public. Although the line is short the works embody 
many novel features, including a covered way, two 
tunnels, several viaducts and bridges, an aqueduct, 
and a quay and pier. These several features we hope 
to illustrate and fully describe in the present and 
in succeeding articles, the first instalment of the 
engravings appearing below and on our two-page. 
To the travelling public and to the owners the line 
is important, as it gives the system a connection with 
the seaboard of the Firth of Clyde. This the com- 
pany, as well as a large section of the community 
in the west of Scotland, have long wished for. Until 
1865 the Caledonian was the only company running 
trains between Glasgow and Greenock, and their line 
was constructed only for the requirements of those 
days. In 1866 a new line was formed with a ter- 
minus further west than that of the Caledonian and 
having direct connection with the new steamboat 
quay—Prince’s Pier. This line was immediately 


| 





features of the line, which has been designed by Mr. 
George Graham, engineer to the Caledonian Rail- 
way Company—bridges and aqueduct, covered way 
and tunnels, station buildings and quays, &c.—we will 
shortly refer to the route and the general features. 

The line leaves the old Glasgow and Greenock Rail- 
way at a point immediately to the east of the entrance 
to the old Greenock Station (now reconstructed), or, 
to be more precise, five chains east of the point where 
the line crosses over Dellingburn-square in Greenock. 
The new line passes over the square on a viaduct 
having three spans of steel girders. It then takes a 
sweep to the south and crosses the middle of the old 
station at an oblique angle, and about 2 ft. 6 in. lower. 
The new passenger station extends from the Delling- 
burn-square. There are three platforms ; two passing 
through to Gourock, and forming the main line; one 
is a dock platform for local traffic. The down plat- 
form on the main line is 690 ft. long and 20ft. wide, 
while the up platform is 650 ft. long and the dock plat- 
form 580 ft. In the latter there is, next to the north 











Richardson’s sugar works. These are on a much higher 
level than the railway, and the method adopted of 
overcoming this difference being somewhat unique in 
detail, may be referred to. 

An hydraulic hoist is situated at the dead end of 
a couple of sidings on the opposite side of the main 
line from the sugar works. Immediately in front of 
the hoist there is a traverser between the two sidings to 
allow of the empty and full wagons being manipulated. 
The wagons are lifted by the hoist a height of 43 ft., 
where they are turned into the sugar works over a 
stone arch bridge across the main line. A wellis sunk 
about 27 ft. below the formation of the line and is 
8 ft. by 6 ft. It is lined with brickwork. Into this 
is fixed two cylinders with rams of telescopic form 
and 24in. in diameter. The rams are worked direct 
off a 10-in. water main, the connection being a 6-in. 
pipe, and the pressure being 80 lb. to the square inch. 
The weight to be lifted is a loaded 20-ton wagon. 
Twelve wagons are to be raised and lowered per hour. 
There are the necessary capstans and snatchblocks both 
above and below, all worked from the same supply. 
The whole arrangement for the hoist is bein snpglied 
by Sir W. G. Armstrong, Mitchell, and Co., Newcastle- 
on-Tyne. As the water at Greenock for this purpose 
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purchased by the Glasgow and South-Western Com- | 
pany, and of course gave them a great advantage over 
the older company, who in 1866 got an Act passed 
authorising them to construct a line to Gourock and 
to purchase the existing harbour at that place. This 
harbour, constructed in 1835, was a comparatively 
small concern, but the natural situation was good. The 
town is situated in the shoulder of a bay, so well 
sheltered that it is the mooring place of a large portion 
of the fleet of Clyde yachts. The havhoae was bought b 
the Caledonian Company, but amidst the panic whic 
then prevailed in the country, they with other railway 
companies suffered, and the proposed line had to be 
delayed. Year by year the coast traffic was develop- 
ing, city merchants preferring to live in some of the 
delightful coasting places and to travel to and from 
Glasgow every day. Those railways having a direct 
connection with the seaboard gained the benefit of this 
large and growing traffic. In 1878 the Caledonian Com- 
pany again applied to Parliament for power to continue 
their Greenock line to Gourock. This time they had 
to alter the route of the line as the town had in the 
interval gradually extended westward towards Gou- 
rock. | The objections of landlords, however, carried 
sufficient weight to result in the Bill being rejected. In 
1883 a Bill was promoted by private parties to have a 
branch to Gourock from the Glasgow and Wemyss Bay 
line, but owing to the general crowded character of 
the Wemyss Bay line itself, the scheme did not meet 
even with the approval of the Caledonian Company’s 
leading authorities, and was rejected. In 1884 the line 
— a a sey by Parliament. The inten- 
1on of the Caledonian Company is to place speed 
paddle steamers on the route between ie 
the principal places on the Firth in connection with 
their trains, and as their new terminus is much further 
down the river than Greenock, the time taken to reach 
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The 
width of the island platform between the main and 
dock lines, averages about 25ft., spreading out to a 


wall of the station, a siding for empty carriages. 


one extent as it reaches the booking offices. Imme- 
iately at the end of the station the railway enters the 
first tunnel under one of the recreation grounds of the 
town—Wellpark. The tunnel, which will be described 
further on, is 267 yards long, and when it leaves the 
tunnel at Bank-street the line passes through a dee 

cutting in vacant ground between the low-lying an 

upper parts of the town. The retaining walls are heavy, 
being on the upper side 43 ft. high and 4 ft. thick 
at the top, with a batter of one in ten, while on 
the low side the height averages 18 ft. They are 
built of masonry in Portland cement mortar, on cube 
stone foundations, and extend for a distance of 11 
chains, after which the railway enters a covered way 
84 chains inlength. This will be fully described and 
illustrated later. After leaving the covered way the 
line is again in open cutting for a distance of 19 
chains. Here the retaining walls are 45 ft. high, 
varying in thickness at top from 4 ft. to about 7 ft., 
and having a batter of one in ten. On the high side 
the wall is heavier than on the low side owing to the 
nature and position of the strata, as they are all lying 
from the high to the low level, necessitating extra 
thickness of walls. The strata were very treacherous, 
but the work was accomplished without material dif- 
ficulty. Four streets are passed under in this cutting, 
two of which—Bearhope and Duncan-streets (Figs. 
1, 2, and 3)—are carried on stone arches, and the 
other two—Bruce and Inverkip-streets (Figs. 4, 5, 
and 6)—on ironwork. In this cutting also, there 
are two extra lines to be used for sidings leading 
to a large mineral depét, and to the extensive works 
of Messrs. John Walker and Co., sugar refiners. 
Provision is also made for conveying the wagons into 















only costs 1d. per 1000 gallons, the advisability of this 
form of lift is obvious. Each lift will only cost a few 
pence, while the first cost is very much less—a little 
more than one-half what it would have taken to 
furnish a hoist with high-pressure pumps, &c. The 
saving in the matter of attendance is also a considera- 
tion. As the ordinary traffic is confined to a few 
hours in the day, steam would require to be up all day 
if the usual high-pressure method was adopted, and 
that only to do occasional lifts. 

Mention has been made of the Inverkip-street via- 
duct, which carries that thoroughfare over the line 
and the sidings to the depot. It is of three spans 
carried on columns, and will be illustrated and de- 
scribed later. There is a passenger station at Inverkip- 
street, and adjoining it is an aqueduct noteworthy as 
being of iron and to be illustrated and described at 
length. 

Immediately after the Inverkip-street Station the 
railway enters the longest tunnel on the line as 
well as the longest in Scotland, and _probabl 
the principal feature in the works. It is 2111 moos 
in length and extends under Newton-street, the whole 
length of that street, one of the leading thoroughfares 
to the west end of the town. The tunnel passes under 
the line of the Glasgow and South-Western aE 
already referred to, which is also in tunnel, here 
the railway leaves the line of Newton-street at its 
western end it takes a sweep to the south with a 
40-chain radius, and, after getting into the open, curves 
still further to the south with a 20-chain radius. It 
passes above Lyle-road, which had to be diverted, the 
new road being made 60 ft. wide in a deep cutting, 
Gliding on past the dwelling-houses at Cardwell Bay, 
the line crosses the Berry Burn, forming the boundary 
line between Greenock and Gourock,, and sweeping 
to the north, crosses under the main turnpike road 
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between Greenock and Gourock, carrying the tram. 
ways running between these towns. It next crosses 
under Cove-road, which had also to be diverted, and 

asses on to the foreshore at Gourock. A pebbly 

each has now been reclaimed and made an extensive 
quay and pier, and along inside of this the railway 
passes to the steamboat quay at Kempock Point, 
where the steamers may lie with their bows facing 
seawards, Part of the ground reclaimed nearest the 
streets is to be laid out for a goods station with shed 
and other accommodation. 

The line which we have described is 3 miles and 
35 chains in length. For 2563 yards it passes under- 
ground. The works were let out in two contracts. The 
Greenock contract was entrusted to Messrs. Watt and 
Wilson. It extended from the commencement of the 
line to the centre of Bruce-street, a length of 65 chains, 
and included all the new station buildings at Greenock, 
one viaduct under the railway and four over bridges, 
the covered way and the tunnel under Wellpark. 
The Gourock contract was given ont to Messrs. Hugh 
Kennedy and Sons, Partick. It extended from Brace- 
street to the Gourock terminus, including all the 
station buildings, the quay works, one viaduct, one 
iron aqueduct, eight bridges, and one iron lattice 
girder foot-bridge. It also included the Newton- 
street tunnel, out of which 157,000 cubic yards of 
material were taken, and with the other excavations 
utilised in filling the embankment behind the quay 
wall at Gourock Bay. 

The Gourock contract was let in the autumn of 
1885, and the Greenock contract in the summer of 
1886, and considering the difficulty attending the work, 
good progress has been made in both cases. 

Having described the route, we will now deal with 
the special features in the works, taking first the 
bridges. Considering the length of the line and the 
streets crossed under, the number of bridges is few ; but 
of course this is accounted for by so many of the 
thoroughfares being over the two tunnels and the 
covered way. As we have already indicated, there 
are fifteen bridges, including two viaducts, one above 
and one under the railway, eight over and three under 
bridges, an aqueduct and a lattice girder foot-bridge. 
In addition there are two syphons constructed under 
the line, The first bridge or viaduct is that carrying 
the line over Dellingburn-square nearing the com- 
mencement of the railway. ‘The viaduct is of three 
spans of 53 ft., 26 ft. in the centre and 44 ft. There 
are two main outside girders 31 ft. 6 in. between 
centres, and having cross-girders 8 ft. apart with rail 
bearers between and flat plates covered with about 
6 in. of asphalt concrete. The sleepers are laid 
between the cross-girderson a lower level to admit of 
the rails being kept as near as possible to the cross- 
girders, the headway underneath being limited. The 
abutments are of masonry faced with ashlar, and the 
intermediate piers are of ashlar work 3 ft. 4 in, thick. 
The girders rest on granite beam blocks 18 in. thick, 
which form part of the moulded imposts round the 
top of the piers and abutments, Adjoining the viaduct 
is the viaduct of five arches which carried the old 
Greenock line. The arches are of stone. These have 
been removed as well as one of the piers, and the whole 
space covered with steel girders and decking. This 
will afford more head room for the street traffic below. 

The next bridge is one for foot traffic only and 
runs at a high level across the station. It connects 
two parts of Bogle-street. In the old arrangement at 
the Greenock Station the bridge did not interfere with 
the buildings as it was beyond the range of the station ; 
but as the new structure lies further east the new 
bridge runs immediately under the roof of the station. 
The effect may be imagined. The pretty, light girder 
work is spoiled by the projection of the bridge, and it 
is much to be regretted that the people of Greenock 
could not have arranged some other method whereby 
the contour of the interior would not have been so 
marred, The bridge is constructed of two lattice 
girders about 6 ft. 6 in, deep, with light rolled joists 
between, carrying 3 in. cleading caulked at joints. 
The insides of the girders are lined diagonally with 
4 in. thick timber to prevent exposure to the station. 
The bridge is of two spans, one 76 ft. and the other 
100 ft. long. It is supported by the main walls which 
carry the roof of the station. While the bridge is 
level with the street at one end the descent at the 
other is by a long flight of stairs. 

Terrace-road bridge forms the beginning of the first 
tunnel which goes under the Wellpark, as well as 
carries the street over the line. There are six girders 
3 ft. deep and 6 ft. 9 in. between centres, with jack 
arches between, of 9in. brickwork, rest’ng on the 
bottom flanges of the girders. The girders in this, as 
in all cases, rest on granite beam blocks. The brick- 
work is covered with an inch of asphalt, and the 
whole space above, to within 3 in. over top of the 
girder, is filled in with Portland cement concrete five to 
one, on the top of which there are 2 in. of sand to re- 
ceive the causeway sets. The “oor next the station 
carries the wall, against which the station roof finishes, 
but the girder is relieved by a safety ashlar arch 
having cast-iron springers bolted to each end of the 





girder. The main sewer, which is 2 ft, in diameter, is 
of brickwork 9 in. thick, resting on fireclay soles, and 
is carried underneath the railway, the portion imme- 
diately under the line being carried in cast-iron pipes. 
Manholes are provided at each side of the bridge giving 
entrance from the street. The sewer is carried witha 
gradient of 1 in 100 for some distance down the street, 
until it joins the old sewer. 

As already indicated, there is a bridge having a hy- 
draulic lift at one end for conveying trucks into Richard- 
son’s sugar refining works. There are two lines of 
rails over this bridge leading from the top of the hoist 
into the sugar works. The bridge has astone arch, the 
span being 28 ft., with a rise of 8 ft. Itis askew arch. 

Bearhope-street bridge is illustrated by Figs. 1 to 3. 
Fig. 1 is a half-plan through the abutment and 
half-plan on top. The abutments are 12 ft. thick 
below the springing line, and are founded on 12 in. 
cube stone foundations. The arch stones are 2 ft. 6in. 
deep, and the arch rises from the abutments on ashlar 
toothed springers. Fig. 2 shows the 21-in. cast-iron 
sewer pipe carried on masonry brought up from the 
arch and haunching. The pipes are of the usual spigot 
and faucit type jointed with lead. The footpaths on 
each side of the bridge are laid with Caithness pavement 
and the roadway with whinstone square causeway. 

Duncan-street bridge is somewhat similar to the 
one just described, but with a smaller span, being 
44 ft, on the square and 48 ft. 11 in. on the skew. 
The springing line is 10 ft. above the rail level, and the 
rise of the arch 12 ft. 9 in., the soffit being 10 ft. 6 in. 
below the street level. The angle of obliquity is 64 deg. 
The abutments are 10 ft. thick on a 12-in, cube stone 
foundation course. The arch is 2 ft. thick, resting on 
toothed springers. The haunching is rubble masonry, 
and the whole surface of the bridge is covered over 
with lin. of asphalt, and the roadway and foot- 
paths are of similar construction as in Bearhope- 
street. The parapets are of ashlar, of a similar 
design to those on Bearhope-street. Here also an 
18-in. sewer pipe is carried across the bridge. 

The formation of Bruce-street bridge is of more than 
ordinary interest, owing to the retaining wall cutting 
obliquely along the street (Figs. 4 to 9). The main 
girders are carried across the railway nearly at right 
angles. They are nine in number, are 5 ft. 1 in. centres, 
and are covered with buckled plates with T irons over 
joints. The parapet girder B, which incloses the trian- 
gular space in Bruce-street, is in one span 90 ft. in 
length and 8 ft. 9in. deep, and the roadway between 
this girder and the retaining wall and the corner of the 
bridge is carried on cross-girders on buckle plating as 
is shown. ‘ 

The largest bridge on the line is the viaduct carrying 
Inverkip-street, of which we give detailed drawings. 
Fig. 10 is the east elevation, Fig. 11 the plan, Fig. 12 a 
cross-section, and Figs. 13 to 17 enlarged parts of cross- 
section and details. The southmost span is for the 
main line, and the platforms of a passenger station at 
Inverkip-street, while the northmost spans are for 
sidings leading into a mineral depdt in West Shaw- 
street. The bridge is 155 ft. between abutments on 
the centre line, and is carried on two rows of cast- 
iron columns. The cross-girders are at 4 ft. centres, 
and break bond alternately over the centre girders. 
The girders are left free for expansion over the 
columns and south abutment, those outside having a 
joint strip rivetted to the one girder, and with loose 
joints to the adjoining girder. Manholes are provided 
in each of the outside box girders to allow for painting. 
The cope is of cast iron. An enlarged drawing of the 
joint is shown on Fig. 14. The gas pipes are led 
underneath the pavement on both sides, and are 4 in. 
in diameter, and the sewers and water pipes are carried 
under the bridge as shown in the cross-sections. Man- 
holes are provided in the street at each end of the 
bridge to give access to these pipes. 

(To be continued.) 





Tue MercantTILeE YEAR Boox.—The Mercantile Year 
Book and Dictionary of Exporters, published by Messrs. 
Lindley Jones and Co., 46, Watling-street, E.C., contains 
the names of all London exporters, arranged (1) under 
the names of the streets where their offices are to be 
found ; (2) under the names of the places to which they 
export; (3) under the classes of goods in which they 
deal ; and (4) alphabetically. It also contains the names 
of the merchant shippers of Manchester, Liverpool, Bir- 
mingham, Glasgow, and Bristol. The price is 6s, 

Fire Tues ror THE THAMES.—Mr, Edward Hayes, of 
Stony Stratford, Buckinghamshire, has recently con- 
structed a number of fast steam launches to the order of 
the Metropolitan Fire Brigade, the last of which ran her 
trial trip on the Thames on Friday, the 15th inst., when 
a speed of 16 knots was obtained. When it is stated the 
boat in question is only 66 ft. long by 12 ft. by 8 ft. deep, 
it will be seen that this is a remarkably good performance. 
The launch is fitted with twin screws, driven by separate 
engines with cylinders 8 in. in diameter by 9 in. stroke, 
supplied with steam at 1201b. pressure from a large-sized 
boiler of the ordinary marine type. These launches are 
used in towing light draught rafts carrying fire engines 
to riverside conflagrations, so that high speeds and light 
draughts are matters of the first importance, 


THE PHYSICAL SOCIETY. 


THE annual general meeting of the Physical Society 
was held on the 9th inst , Professor Reinold, President, in 
the chair. The reports of the Council and treasurer were 
read and adopted. From the former it appears that the 
number of members has only slightly increased during 
the year, due, it is supposed, to the advantages offered by 
the Society not being generally known, and a fly-leaf has 
been prepared, giving a short account of the Society’s 
objects and procedure, copies of which may be obtained 
from the secretaries, 

During the past year Vol. I., Part I., of ‘* Physical 
Memoirs Selected and Translated from Foreign Sources,” 
has been printed and issued to members ; and translations 
of important memoirs by Fourier, Hittorf, and Volta, are 
well advanced, and will be published shortly. 

The treasurer’s report showed the financial position of 
the Society to be very satisfactory. 

Owing to the lamented death of Professor Clausius a 
vacancy has occurred in the list of honorary members, to 
fill which, Professor R. W. Bunsen was nominated by the 
Council and duly elected. 

The following gentlemen were elected to form the new 
Council—President: Professor A. W. Reinold, M.A., 
F.R.S. Vice-presidents: Dr. E. Atkinson; Professor 
W. E. Ayrton, F.R.S.; Shelford Bidwell, M.A. LL.D., 
F.R.S. ; the Right Hon. Lord Rayleigh, M.A., D.C.L., 
sec. R.S. Secretaries: Walter Baily, M.A.; Professor 
J. rg F.R.S. Treasurer: Professor A. W. Riicker, 
M.A., F.R.S. Demonstrator: C. Vernon Boys, F.R S. 
Other members of Council: Hon. R. Abercromby ; T. H. 
Blakesley, M.A., M.I.C.E.; W. H. Coffin; Conrad W. 
Cooke; Professor O. Lodge, D.Sc., F.R.S. ; Professor W. 
ee! Ph.D., F.R.S.; W. N. Shaw, M.A.; Professor 
S. P. Thompson, D.Sc. ; H. Tomlinson, B.A.; C. M. 
Whipple, D.Sc. Cordial votes of thanks were passed (1) 
to the Lords of the Committee of Council on Education, 
for the use of the rooms and apparatus of the Normal 
School of Science ; (2) to the Council and officers of the 
Society for their services during the past year; and (3) to 
the auditors (Mr. Inwards and Professor Minchin) for 
examining the accounts. In returning thanks for the 
Council and officers, the President attributed the great 
success of their meetings to the indefatigable zeal dis- 
mye by the hon. secretaries, 

he meeting was then resolved into an ordinary science 
weciee. at which Mr. James Wimshurst and Mr. Percy 
W. Sellon were elected members. 

Professor A. S. Herschel, D.C.L, F.R.S, read a 

paper on: 


“* Physico-Geometrical Models,” and exhibited a collec- 
tion of geometrical figure models, illustrating elementary 
forms of crystallographical and chemical form construc- 
tions. The subject, he said, had —— itself to him 
as an important one for study some five years ago, from 
the possibility which he then discovered of effecting a 
four-limbed mechanical cycle, similar to a thermody- 
namic cycle, with a conically revolving pendulum, the 
mathematical conditions of whose motion involved the 
logarithm of the circle radius of the knob’s revolution as a 

uantity equivalent to eutropy in the thermal cycle. 

he mechanical cycle —™ effected as follows: Suppose 
the pendulum known to be revolving at velocity V, and 
radius 7, imagine the controlling force to decrease so that 
the radius varies from 7, to 72, the velocity remaining 
constant at V,; then increase the controlling force to its 
original value, and simultaneously impart velocity to the 
knob to keep the radius constant at 72, the final velocity 
being V,. Next further increase the controlling force so 
as to cause the radius to decrease to 7, at velocity V,, 
and finally decrease the controlling force to its initial 
value, simultaneously retarding the knob till the velocity 
is V, at radius 7. The net energy concerned in the 
operations was given as W=(V,°—V,*) ¢, where ¢=log 
= and the cycle affords an illustration of transfor- 

2 
mation of gyratory motion into energy of reverbe- 
ratory push along the axis. The logarithm ? is also 
measured by the area of a hyperbolic sector, and is con- 
nected (as was shown) with a sector of the circle which a 
lamp’s conical beam would inscribe upon a square glass 
screen or plate dividing a long room of square cross- 
section into two parts. The conical beam prolonged 
through the glass then traces on the walls beyond hyper- 
bolas, whose sectors from their summits are related to the 
circle’s corresponding sectors by a well-known hyperbola- 
cyclic trigonometrical connection. From this mode of 
constructing the connection, and from a discordance 
which it shows at the asymptote extremities with Euclid’s 
definition of parallel straight lines, the author concludes 
that cubic space cannot be continuous in its structure, but 
must be in a physically constructive sense, like material 
particles indestructively atomic or molecular. The models 
showed modes of constructing cubic space in various ways, 
chiefly by means of tetrahedra, octrahedra, and dodeca- 
hedra, the common element of form in these being also 
shown to be the right-angled tetrahedron or “biquoin ” 
obtained by dividing a cube into six equal parts by three 
planes through its diagonals. A model of Sir W. Thom- 
son’s soap form figure and some wooden models represent- 
ing Haiiy’s polyhedral atoms and their combinations were 
used to illustrate the structural view thus taken of 
geometry, and chemical figure models of the symmetric 
groups of similar atoms in active and inactive tartaric acid 
were shown. 





BRIDGING THE ALLEGHENY.—The Pennsylvania Railrcad 
Company is about to throw another bridge across the 
Allegheny at an estimated cost of 150,000/. The object 





is to avoid the hauling of freight trains through densely 
populated suburbs, 
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RECORD. 
ComPitep sy W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 

The number of views given in the ifcation Drawings is stated 
Cue oben ee ee Ss 
Specification is not illustrated. 

Where Inventions are from abroad, the Names, 


ée. iven in italics. 
one of Specifications =e be obtained at 88, Cursitor-street, 
amount j prt Sol bomen Seerened i. Raasen Lome Esq. 


of specification, 
ive notice at the Patent O ition to the 
Patent te cum of ts coven aes tek _—™ 


DYNAMO-ELECTRIC MACHINES, 


2933. H. J. Haddan, London, (W. S. Hill, Boston, 
Mass., U.S.A.) Improvements in Mechanism for Re 
— the Force of Dynamos or Magneto-Electric 

enerators. (8d. 2 Figs.) February 27, 1888.—The arma- 
ture B revolves between the poles of the field magnets A. Upon 
the commutator C bear brushes D carried by arms _ pro- 
jecting from a crosshead E loosely mounted upon the shaft b of 
the armature, in order that the brushes may be shifted upon the 
commutator, so that they may be made to engage more or less 
nearly along the neutral lines. The devices for moving the cross- 
head EK, and through it the brushes, consist of an arm F and a link 
G connected with a lever H extending upward from the floor of 
the machine, Mounted upon a short shaft, projecting about cen- 
trally from lever H, is a wormwheel R. Upon the outer end of 
the shaft of the armature is a worm L gearing with a wormwheel 
M, keyed toa shaft N, upon tbe central portion of which is the 
worm thread meshing with wheel R. O is a shaft having a worm 
thread engaging with the whee] R at a point diametrically oppo- 








site the point of engagement with worm N. The two shafts are 
held in fixed relations to each other. If the shafts N and O revolve 
with uniform speed in opposite directions the wheel K will simply 
be turned upon its axis without there being any tendency what- 
ever for it to travel longitudinally of the shafts. But should one 
shaft be made, from any cause, to revolve more rapidly than the 
other, a rectilineal movement will be given to the wheel K as well 
as a rotary one, to the left if shaft N rotates the faster and to the 
right if shaft O. This rectilineal movement is transmitted through 
the parts H, G, and F, so as to rock the crosshead E, and thus 
shift the contact points of the brushes with the commutator. The 
shaft N is driven by the armature B at a practically uniform 
speed. The other shaft O is driven by the armature shaft of a 
small motor Q driven by the current in the circuit of the generator 
either in shunt or direct. As the strength of the current in this 
working circuit is subject to variation, as for instance by the 
cutting out or in of more or less lamps, supposing it to be used to 
operate an electric light system, the speed of this motor Q will be 
correspondingly varied. (Accepted January 9, 1889). 


_ 1541. W. P. Thompson, London. (H. W. Spang, Read- 
ing, Pa., U.S.A.) Improvements in o-Electric 
Generators or Motors. (8d. 4 Figs) May 22, 1888.—The 
armature B revolves within the field of the field magnet F, which 
is wound with coils n', n2 and s', s2, and is provided with polar 
extensions N and 8. These poles, instead of being diametrically 
opposite as is usual in other electric generators and motors, are 
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here arranged diagorally, so that while the pole N confronts one 
end of the armature, the = 8 confronts the other end. By this 
means a comparatively long armature may be employed with 
narrow field magnet poles which concentrate their lines of force 
upon small areas. The invention also relates to a special method 
mounting the armature upon its shaft. Upon the shaft A there 

’ is formed a screw thread a, and this turns in 9 metallic wedge D 








provided with an internal thread. The screw and thread are so 
formed that the revolution of the shaft will tend to move the wedge 
in the direction of its smaller end. The wedge fits within a 
cylindrical series of blocks E of wood. The inner surfaces of these 
blocks conform to the outer surface of the wedge, and the outer 
surfaces of the blocks press against the inner surface of the arma- 
ture B. The revolution of the shaft tends to press the wedge 
further within the blocks, thus expanding them and causing them 
to press more tightly against the surface of the armature. The 
blocks E are preferably separated a slight distance from each other, 
but sufficiently near together to give a firm support to the arma- 
ture. A collar h on the shaft serves to prevent longitudinal dis- 
lacement of the commutator G and the armature. Ifthe machine 
to be employed as a motor, the direction of the screw upon the 
shaft must be such that the forward pull of the armature against 
the resistance due to the load on the shaft will ter.d to tighten the 
parts together. (Sealed September 14, 1888). 


14,129. H. H. Lake, London. (Professor FE. Thompson, 
Lynn, Mass., U.S.A.) Improvements in and relating 
to 0-Electric Machines. (8d. 12 Figs.) October 
2, 1888.—This invention relates to alternate-current dynamos. 
The field-magnet F is formed of a circular or polygonal magnet 
from the interior of which field-magnet cores project inward] 
towards the rotating armature. The armature A is wound wi 
an exciting coil E and a set of line feeding coils C for supplying 
alternating currents to the work external to the machine. The 
exciting coil Eis wound longitudinally over the body of the arma- 
ture, and alone is provided with a commutator K for commuting 
































its currents to a current of one direction, and passing them out- 
ward into a circuit which includes a variable resistance V, and 
the field-magnet coils M. Bands of wire B encircle the armature 
and hold the coils in place thereon. The turns of wire of the 
exciting coil E are so few that the potential of the currents of the 
generating coil will be below that which would sustain an arc 
between metal Foy separated by a very small internal, Free- 
dom from sparking is thus obtained. The field-magnet coils M in 
circuit with the commutator K and coil E must be worked with 
coarse wire of such low resistance that a sufficiently strong exciting 
current may flow with the low electromotive force developed by 
the coil E. (Sealed January 11, 1889). 


12,761. A.G. Waterhouse, Hartford, Conn., U.S.A, 
Improvements in Dynamo-Electric Machines. (8d. 
8 Figs.) September 4, 1888.—This invention relates to the re- 
gulation of a dynamo-electric machine, whereby the current 
generated by the machine is maintained constant, irrespective of 
any bergen eget within the machine itself or in the external 
circuit within which the machine is included. Referring to Fig. 1, 
A is the armature with its coils connected to the commutator B 
to form a closed circuit. Cand D are respectively the plus and 
minus collecting brushes bearing upon the points of maximum 
and minimum current (X, Y, Fig. 2) in the diameter of commuta- 
tion of the armature. These brushes C, D, are connected to- 
gether by the conductor E which is carried around the magnets 
F', F?, F3, F4, connecting them in series and in series with the 
external resistance. G is an auxiliary collecting brush hearin 
on the commutator in advance of the main brush C, and conn 
to the conductor E at I, through the medium of the shunt con- 
ductor H. The portion of the circuit from brush C to brush G, 
inclusive of the coils of the armature between G and C, and end- 
ing at I, constitutes the field circuit, and that portion from point 




















I to brush G the shunt circuit. All the magnets are included in 
the field circuit. Fig. 2 isa diagram illustrating the shifting of 
the diameter of commutation under variations of load. In Fig. 3, 
three of the magnets are included in the field circuit. The con- 
ductor E is connected to the plate N of the resistance R, and 
the rocker O is connected through a conductor KE? with a hand 
resistance W, which is in turn connected to the conductor E at 
I. Interposed in the conductor E is an electro-responsive device 
S, and interposed in the shunt conductor H is a pivotted arma- 
ture V adapted to be energised by the electro-responsive device 
S to raise the armature V against the stop U, and thus close 
the circuit through H when any current is flowing in the wire E. 
Zisahigh resistance interposed in the conductor H'. The re- 
sistance R is in the field circuit, and the resistance Z in the shunt 
circuit. The brushes C,D are fixed in the maximum diameter of 
commutation of the armature and the current collected by brush C 
flows out upon the conductor E, following the field circuit until the 

irt I on the reo E ohne wae re segs a oper — 

rtion to ther ve ces of the two open 

wn, 4 that of the lowest resistance to the external circuit E*, and 





that of the highest resist by conductor H to brush G. With 
the machine at full load, the current tending to flow from I to G 
is calculated to be the same as that tending to flow from G to I; 

hence the currents neutralise each other, and the current which 
flows to the working circuit is the whole generated current less 
that portion neutralised by the shunt current. This condition 
will prevail within limits, so long as there is no change of resist- 
ance in the external circuit. As soon, however, as such a change 
takes place, as by cutting out a lamp, there immediately occurs 
a change in the proportion of the whole generated current which 
is transmitted to the field circuit and over the shunt. The current 
through the shunt is increased, and that through the field circuit 
decreased, with the consequent d in the intensity of the 
field, and hence a lessened capacity of the machine to generate 
current. The current, however, in the external circuit is main- 
tained a constant — Any increase of current in the 
external circuit will cause resistance to be cut into the field 
circuit ; this action may be supplemented by the hand resistance, 
thus the current in the field circuit will be altered. The normal 
path for the current from G is through the conductor H to I, the 
current dividing at P, through the high resistance G, and path 
formed by the armature V. The path H is adapted to be always 
closed when the machine is in motion. The resistance Z is 
utilised as a safety device, and has no particular action on the 
balance between the several circuits of the ine ; it simply 
serves the ag of preventing short-circuiting of the machine 
(brush C ), should the external circuit be by any means 
broken. (Sealed December 14, 1888). 


ELECTRIC LIGHTING. 


12,830, W. R. Lake, London. (0. H. L. Lindemann, 
Hamburg, Germany.) An Improved Re — Device 
for Use in Electric Arc and for other Pur- 
— (8d. 4 Figs.) September 21, 1887.—The object of this 
nvention is to equalise the irregularity in the attraction exerted 
by a solenoid upon its core. This is effected chiefly by the employ- 
ment of a considerable number of solenoids coaxially arranged and 
separated from each other 7 indifferent layers, in combination with 
but one conjoint core of throughout equal quantity in the 
direction of its length. The figures illustrate the application ot 
the improved electrical regulating device toan arc lamp. The 
common core connected to the socket ¢ for the reception of the 
































upper and positive carbon, is suspended inside the solenoids that 
are arranged co-axially one above the other, and supported by the 
francs f and e, columns 4d. The lower and negative carbon r is raised 
by the action of a spring r', and is arranged in a tube p!, which is 
connected to a movable carbon holder z, which is pivotted to its 
support and is capable of being turned aside to allow of renewal of 
the carbons. Vibrations of the core are prevented by means of a 
crosshead w with clicks v' engaging with an annularly indented 
arm connected to a piston working in a vertical cylinder ¢ filled 
with glycerine. This piston is connected with the core @ or holder 
cfor the uppercarbon. (Sealed November 16, 1888). 


2586. R. Kennedy, Glasgow. Improvements in 
and relating to Incandescent Electric a. [8d. 
3 Figs.) February 21, 1888.—The improvement consists in the 
use of an i d t conduct foc oer | of two straight rods 
a and a of ordinary carbon of equal length and section, laid at 
an angle, and connected together at their one end or apex a?, and 
at their other ends b to the platinum wires 0’. To connect the 








carbon rods at their apex a2, the rods are clamped together in the 
position shown and immersed in a pure hydro-carbon Woe A 
current from a dynamo is then caused to pass through the rods, 
whereby the points a? of the rods b i d t and de- 
compose the hydro-carbon, carbon from which is deposited as a 
cement on the point at the ends a? of the rods a, a!, and firmly 
binds them together. (Accepted January 20, 1889). 


ELECTRIC METERS. 


17,415. J. G. Lorrain, London. Improvements in 
cal Rencesmng and Recording Aggacates, 
(8d. 8 Figs.) December 17, 1887.—The (J-shaped tube A ending 
in the bulbs B, B', is partly filled with mercury, and above the 
mercury in the two bulbs air is inclosed. Heating wires w, w' 
into the air spaces thus formed. Assuming that an electric 
current is passed through the heating wire W, the air in the bulb 
B expands and drives the mercury along the tube into the bulb 
B!, which latter becoming heavier, will now descend, and in doin 
go will switch the current off from the wire W_on to the wire W', 
20 that the air in B' will now become expanded, and the mercury 
be driven back to B, 80 as to cause the latter bulb to descend and 
so on, the action being repeated and a continuous rocking motion 
produced. This rocking motion is transmitted by neans of pawls 
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D, D', and ratchet wheels E, E!, to the first spindle C of a train of 
wheels or counter Z, in such a manner that at each oscillation of 
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the tube A the spindle C will be driven in the same direction. 
(Accepted December 8, 1888). 


295. T. Parker and E. Rees, Wolverhampton, 
Stafts. A New or Improved Electric Meter. (8d. 
8 Figs.) January 7, 1888.—A, A are a number of open-ended 
vessels fitted together to form a closed ring mounted upon a 
spindle B and containing a quantity of sulphuric ether. C is a 
coil through which the current or a known pertion of the current 
to be measured passes, giving a heating effect. A wooden casin 

D surrounds a portion of the ring of vessels and the heating coil C. 
This casing is open at the top and has openings formed near the 
bottom so that the air may late as indicated the arrows, 
The casing is surrounded by an external casing E constructed of 
copper or other metal of good conductivity. F is a metal shield 
protecting the vessels on that part of the wheel or ring which 
are exposed to the external temperature. The vessels are so 
arranged that the lower part of each vessel upon that side of the 
wheel which is exposed to the external temperature consists of an 
annular trough which in that position will catch and retain any 
vapours that may be condensedin them. On the other side of the 
wheel these annular troughs are inverted and any fluid condensed 
therein will flow freely back to the bottom of the wheel. The pre- 
sence of the fluid in the annular troughs on the exposed side of 
the wheel will give this side of the wheel a greater weight and tend 
to set up a rotation of the wheel, the rate of which will be propor- 
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tionate to the evaporative and cooling effects which may be opera- 
tive at the time. Fig. 3 represents diagrammatically an auto- 
matic shunt for short-circuiting the heating coil through 
resistances as the current and consequently the heat of the coil 
increases, and for cutting out the short circuit resistances as the 
current and heat diminish. C is the coil as in Figs. land 2. Gis 
a bulb and stem containing mercury. H, H are resistances which 
are electrically connected to pairs o! ope platinum wires fused 
into the stem ; each resistance circuit is connected to the lead 
and to the return wire of the coil. The bulb containing the 
mercury is placed in such a position that it may be heated by and 
coo] with thecoil. If the heat of the coil is increasing, the mer- 
cury will expand and travel along the tube until it comes into 
contact with the pair of platinum wires which are connected to 
the first resistance circuit, This resistance circuit is thereby 
closed and a portion of the current is diverted through it from the 
coil, and the heating cause in the coil is diminished. If the current 
is of such a strength that the heat still increases, the mercury con- 
tinues to expand and will successively close the following shunt 
resistance circuits until the heat of the coil becomes constant. 
On a reduction of the temperature of the coil the shunt resistance 
circuits are successively opened by a reversal of the previous 
im and the opposite result is secured. (Sealed January 
8, , 


302. T. Parker, Wolverhampton, Staffs. A New 
or Improved Electric Meter. (8d. 1 Fig.) January 7, 
1888.—A and A are two metallic thermometers constructed of two 
dissimilar metals, such as steel and brass, and formed in a curve, 
coil, or spiral, 80 that the curve, coil, or spiral tends to open out 
or straighten with an increase of temperature. The current, or a 
known part of the current to be measured, is caused to pass 
through the thermometer A and will heat it more or less accord- 
ing to the strength of the current. The heat so developed tends 
to open out or straighten the thermometer. Each of the thermo- 
meters is fixed at its outer end, and at its inner end is connected 
to the pivotted rod B, and they are opposed so that an increase of 





temperature similarly acting upon both thermometers will result 
in an equal stress on each side of the rod B, which consequently 
will not be moved. If, however, one of the thermometers is ted 
by the passage of acurrent of electricity, the rod B will be subjected 
to unequal stresses and will consequently be moved through an 
angie determined by the difference of temperature. D is a pawl 
mounted upon ¢he rod B, and engaging with the ratchet wheel C; E 
8 a disc rotated by clockwork and carrying the pin F. The dotted 
lines ed a position of the rod and pawl when a current is 
passed through the thermometer A. The wheel E, revolving ata 


rod and pawl into the position indicated by full lines once for every 
revolution, and in doing so will consequently move the ratchet 
wheel through an angle determined by the current. In the re- 
verse motion of the rod the pawl will slip over the teeth of the 
ratchet wheel without imparting motion. The thermometer may 
be heated by convection from a neighbouring coil or conductor, 
through which the current to be measured is passing instead of 
by the passage of the current directly through it. The motion of 
the ratchet wheel is transmitted by suitable gearing to devices for 
counting or indicating the number of its revolutions. (Sealed 
January 18, 1889) 


5732. H.H. Lake, London. (EF. Thomson, Lynn, Mass., 
U.S.A.) Improvements in and a? Apparatus 
for Measuring Electri which Apparatus 
will Serve as a Motor. (8d. 10 Figs.) April 17, 1888.— 
B, B' are two bulbs containing air, and H, H' two heating coils or 
conductors which are sealed in the bulb, and carry the whole ora 
known part of the electric current to be measured. The bulbs 
H, H! are d to one ther by a tube A, and a pair of 
minor bulbs W, W' are applied near the ends of the tube A. The 
bulbs and tube hold a small body of water. Upon the liquid 

which is the shifting weight of this organisation, rests the con ned 
body of air or expansible gas contained in the bulb B or B', The 
whole structure formed of the tube A, and the attached bulbs 
W, W', B, BI, is mounted on a knife-edge E, sothat it may oscillate 
between stops V, V!. The frame S supports the bulbs and tube, 
and is provided with any suitable mechanical device for impart- 
ing movement to a ter of the ber of oscillations of the 
structure, such as a pawl P carried by the frame and engaging 
with the first wheel T of a counter D. One terminal from each 
heating coil is ted with a wire which is carried down 
through the standard, to the circuit from which current is taken, 
and the remaining terminals of the coils are carried respectively 
to contacts which dip alternately into mercury cups /, g, 80 
as to complete connection with the outgoing wire a. When the 
structure tilts so as to make connection with f, connection at g is 
broken, and vice vers@. By this means the coils are brought 
alternately into the circuit. L, Lare electric lamps, the consump- 
tion of current in which is to be measured, and is an artificial 
electric resistance placed to divert a definite amount of current to 























the meter. When alternating currents are used the meter coils or 
heaters might be in the circuits of a secondary coil of an induction 
coil whose primary would be in the lamp circuit. The current 
which traverses the heating coil H or H!, which is in circuit at 
any time, will be in proportion to the number of lamps or the 
current taken by them. The currentis made strong enough, and 
the resistance of the heating coils is such that with the smallest 
current to be measured, sufficient heat will be generated to cause 
an expansion of the air included in the bulb B or B', and thereby 
force some of the liquid from the bulb. W or W' over to the other 
side of the structure, causing the bulb system, which is delicately 
balanced, to tip from one side to the othor. Thus, for instance, in 
the position shown, the coil H is in circuit, and the structure, by 
the passage of current in said coil, will be caused to tip to the 
other side, thereby breaking the circuit to coil H, and bring coil 
H"' into circuit. At the same time the pawl P will be brought 
into engagement with a fresh tooth of the wheel T. Current will 
now flow ip coil H', and cause an expansion of the air in the bulb 
B!, thereby gradually forcing the liquid back to the other side of 
the structure until finally the balance is again disturbed, thus 
causing the system to oscillate back to its original ition and 
produce one movement of the counter wheel T. This movement 
continues indefinitely, and each complete oscillation to and fro 
is accompanied by a movement of the wheel T a definite distance. 


register, the frequency of dipping increases in like proportion, 
and the apparatus can be used as an effective electric meter. 
Sealed September 14, 1888). 


MISCELLANEOUS, 


17,031. W. Peg my Brussels. Improvements in 
or relating to the Regulation of Electric Currents 
and in Ap) tus 8 Figs.) December 10, 
1887.—This invention relates mainly to means for maintaining a 

tant elect tive force in distant portions of a circuit when 
the resistance in such portions is varied, as, for instance, in a 
lamp circuit, by the exclusion or insertion of lamps. Fig. 1 is a 
diagram representing a central station and outlying groups of 
lamps operated from the station. A and B are the main leads in 
the station receiving from the dynamo a current of constant 
electromotive force, In each of the main conductors of the groups 
of lamps furthest away from the central.station is inserted a 
special regulating apparatus R!. Fig. 2 shows an instrument 
which is inserted in the main circuit by meansof the terminals I and 








Fig. 1. 





II. The current traverses first the bobbin S formed by a few coils 
and passes thence into mercury inclosed in a glass tube around 
which the bobbin is wound. The ends of iron wires are passed at 


As more lamps are added at L, and more current passes in the | poi 


in communication with the resistance coils 7 and thence with the 
terminal II. An iron armature floats freely ia the tube, its move- 
ment being guided by a star-shaped plate p. On each end of 
the armature is a small rubber block g. Tho free space in the 
tube is filled with nitrogen or other inert gas, The more the in- 
tensity of the current traversing the bobbin increases, the more 
the float isimmersed in the mercury the latter stands at different 
levels ding to the position of the float, so that a greater or 
less number of wires are immersed, until, with the maximum 
intensity, all the wires are in contact with the mercury. (Sealed 
December 21, 1888). 


2259. H. Mestern, Munchen, Germany. Improve- 
ments in Thermo-Electric and Furnace Batteries. 
(Sd. 6 Figs.) February 14, 1888.—Figs. 1 and 4 illustrate two 
modifications of the improved thermo-electric elements. p is the 
positive easily fusible electrode (consisting of antimony, zinc, and 
other suitable metals), connected dove-tail fashion with the nega- 
tive electrode n (composed of copper and nickel), thereby increas- 
ing the surface of contact and cohesion. An insulating layer a of 
as separates the protective mantel m of iron from the 
electro-positive alloy, and serves, as also the iron strengthening cap 
v, asadeflecting conductor for the negative electrode. Interruption 
of the current in case of fusion of the electrode pis thereby avoided. 
Figs. 2 and 3 show the improved furnace battery in vertical and 
horizontal section. The elements E are united to form a thermo- 











electric battery. The furnace O, constructed of an annular shape, 
is made of asbestos, china, clay, or other material having no 
electric or thermal conductivity, and is so arranged as to allow of 
easy exchange of the single elements E. Within the furnace 
battery is an iron basket-grating R, which is adapted to be filled 
with burning coke through the funnel S to effect the heating. 
The ash box f is arranged to serve simultaneously for heating, and 
is to this end closed by a tilting grate k, Fuel issupplied through 
the funnel ¢. The requisite air for combustion enters até and h. 
the smoke escaping through the pipe z. The whole furnace is held 
together and stiffened by means of rings and bolts. The super- 

ed element groups may be joined consecutively or parallelly. 
{Sealed January 18, 1889). 


12,453. W. P. Thompson, London. (P. Diehl, Eliza- 
beth, N.J., U.S.A.) Improvements in po oh for 
Hard and m by Electricity. (8d. 8 
Figs.) August 29, 1888.—This invention relates to improved 
apparatus for hardening and tempering small metal articles, such 
as needles. A isa dynamo-electric generator, one pole of which 
is connected by a conductor 1 with the metal supporting one end 
of the conducting chute B; the other end of this chute is con- 
nected by the conductor 2 with the other pole of the generator A. 
The chute B is inclined sufficiently to allow the needles or other 
articles to pass readily through it. One end of the chute is sup- 
rted upon a standard C! which carries a wheel E! gearing with 
a wheel E* upon the tube. The wheel E! is revolved in any con- 
venient manner, and thus the chute B is revolved continuously. 
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This causes the articles passing through the chute - Fp te 
WwW 








ita length and to be constantly brought into contact a 

portions of the heated surface. The lower end of the chute is 
carried in a collar E*, which is supported from a pillar C?. A 
tube E6 is provided, extending into a vessel F for containing oil 
into which the articles are dropped as they pass from the chute B. 
The needles or other articles are fed to the chute B by means of 
a conveyor H consisting of two threaded rods h! and h?, which 
are revolved in opposite directions, and which are*at such dis- 
tance apart as to receive the respective ends of the articles and 
thus convey them from one end to the other separately. At the 
end adjacent to the chute, they are scoaget into a receiving tube 
oes delivers them to the chute B. (Sealed January 25, 
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uniform rate, will by the contact of the pin F with the rod bring the 
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different heights through the wall of the tube. These wires are | street, 
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THE HOTEL MONT DORE, BOURNE- 
MOUTH. 


THERE is perhaps no more striking illustration of 
the increasing importance of engineering, and the 
manner in which it is being closely interwoven with 
our every-day domestic life, than is afforded by a 
modern hotel. What with hydraulic lifts, electric 
lighting, and power-driven kitchen apparatus, the 
basement of some of our larger caravansaries con- 
tains a really extensive installation of motive ma- 
chinery. We propose giving an outline sketch 
of one of the most important of our south coast 
sanatoriums or residential hotels, viz., the Hétel 
Mont Dore, at Bournemouth, an establishment 
which was started a few years ago, but which has 
lately been remodelled and added to. 

One of the chief difficulties the hotel engineer has 
to contend with is want of space; he is almost as 
much troubled where to put things as an electrical 
engineer on shipboard. He is confined to the base- 
ment, which too often has to be shared with the 
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4ft. 6in., which are used for supplying steam not 
for motive purposes. Next to the boiler-room is a 
compartment where the water heaters are placed. 
These are used in connection with the baths that 
form a leading feature in this establishment. The 
two largest of these are a salt water heater and a fresh 
water heater, both by Suffieldand Brown. They are 
6 ft. high and 3 ft. indiameter. The water is heated 
by a copper coil through which steam passes. For 
obtaining salt water there is a main about a mile in 
length belonging to the hotel, and which has its 
supply orifice in the sands some distance beyond 
Bournemouth pier. An arrangement has been 
devised by Mr. Cope, the resident engineer, in order 
to automatically keep the water for bath supply at 
a constant temperature throughout the system, 
naturally an important point. A tank is placed 
in the top of the building, and this serves as a 
supply for the whole system. The water from the 
heaters rises to this tank and falls again to the 
heaters as it becomes cold, completing the cycle 
by natural circulation, and if the demand for hot 
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kitchen department ; a most undesirable feature. | water were constant this would be all that would 


For many reasons it would be far better to place the 
kitchens at the top of the building, and with a good 
system of lifts there should be no insuperable diffi- 
culty in making such an arrangement. It is true the 
servants and general staff of the hotel occupy the 
uppermost story, but the demands of the engineer 
for space seem to be increasing at such a rate that 
something will have to be done, and it is certain 
that engines, boilers, and other heavy gear cannot 
well be taken off the ground. At Mont Dore the 
space difficulty is a formidable one, and has led to 
some curious arrangements which, however, fill their 
purpose, and have been designed with considerable 
ingenuity. The engineers have been driven down 
into the nether regions, so that after a morning 
spent in an examination of the machinery depart- 
ment one gets an impression that there is almost as 
much of the hotel in the bowels of the earth as 
above the surface. The boiler-room comes first in 
natural sequence, and this issituated at some distance 
below the original and natural foundations of the 
building. The main steam generator is a Babcock 
and Wilcox boiler, so the most nervous visitor need 
have no fear that an explosion will bring the lofty 
and handsome tower, which forms the chief archi- 
tectural feature of the building, about their ears. 
This boiler is of 55 horse-power and is pressed to 
1001b. In another boiler-house, placed in a diffe- 
tent part, there are two Cornish boilers 10 ft. by 





be desired. As, however, the demand is very far 
from constant, some special control is necessary. 
The heaters are supplied with high-pressure steam, 
for though it would be easy enough to put on a re- 
ducing valve, the great and sudden demands made 
at times for hot water render it necessary that there 
should be a fairly effective heating surface to 
allow for the rapid transference of heat. To effect 
this, high-pressure steam must naturally be used, 
otherwise so large a number of heaters would be 
required as would be quite beyond the space accom- 
modation, to say nothing of other considerations. 
With heating steam at 100 lb. it is evident that 
steam may be raised in the service pipes, and 
indeed in one case we have heard of, not at Bourne- 
mouth, an hotel visitor was unpleasantly surprised 
by getting a vapour bath in place of the warm bath 
for which he had bargained. Inthe Mont Dore 
installation an expansion pipe has been placed in 
the hot-water tank, and this stops the circulation 
upon the temperature rising beyond a given point. 
The device is a simple application of a well-known 
principle, but it prevents visitors being either 
steamed or scalded, and yet always allows hot water 
to be drawn directly the tap is turned on. 

For supplying the steam radiators, by which the 
hotel is heated, there is a system controlled by a 
reducing valve which brings the pressure down to 
40 1b. For vapour baths, inhalations &c., steam 


at far less pressure is required, and the require- 
ments of the doctors are so various and minute in 
regard to temperature that throttling »y hand in 
the ordinary way has to be brought into use. The 
cocks controlling the various services, with their 
pressure gauges and thermometers, are brought to 
one place, which is in communication with the 
medical department, and here the engineer can 
regulate the supply as required. 

As most of the engineering department is below 
drainage level, a sumph has been sunk to take con- 
densed water, washings of boilers, &c., and this is 
emptied by a Blake steam pump. The exhaust 
from the various engines is used for heating feed 
water. The cylindrical boilers can be fed by the 
ordinary town pressure, which ranges between 70 Ib. 
and 80 lb., and by a Blake feed pump. The water 
tube boiler is ordinarily fed by a Worthington 
pump, throwing through a feed heater in connec- 
tion with the electric light engine. There are, 
however, several alternate modes of feed, for the 
failure of steam pressure would mean a full stop to 
the whole economy of the hotel. There are, there- 
fore, also a Hancock inspirator and another 
Worthington pump, used ordinarily for pumping 
water for other purposes. The boiler can also be 
filled direct from the town mains if the pressure be 
run down below 70lb. The feed can be taken 
either from the town main or a well sunk in the 
ground. When it is remembered that the hotel is 
warmed by steam and lighted by steam ; that guests 
are bathed by steam, washed for by steam, medi- 
cally treated by steam, and taken to bed by steam ; 
and finally, that their food is largely cooked by 
steam, it will easily be understood how necessary it 
is to have an unfailing steam supply. 

We now pass to the hydraulic department, where 
we first see a pair of ordinary inverted direct-acting 
Tangye engines having 5 in. cylinders and 10 in. 
stroke. These area part of the original installation, 
and are run at 40 lb. pressure steam supplied from 
the Cornish boilers. The pumps are a set of three- 
throw pumps driven by means of spur gearing. 
These are by Messrs. A. Smith and Stevens, of 
Battersea. The new hydraulic pumping gear has 
been supplied by the latter firm, and comprises 
some new features. The pumps are of the duplex 
type, as shown by our illustrations. Fig. 1 isa 
general view, Fig. 2 a section through the pump, 
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and Fig. 4 a section through the steam cylinder. 
The cylinders are 7 in. in diameter and 6 in. stroke. 
An equal delivery is given on both outward and in- 
ward strokes. These pumps run in a very equal and 
silent manner, a most desirable feature in hotels. 
The pumping engine is stopped and started by an 
automatic arrangement whichis novel in design ; 
we give a sectional view in Fig. 3. The steam 
pressure in the boiler tends to keep the loose valve 
shown off its seat. This valve is guided in and 
controlled by an hydraulicram. The latter works 
through two stuffing-boxes, one for the steam and 
one for the water side. There isa pipe conveying 
hydraulic pressure to the back of the controlling 
ram. This pressure is regulated by a suitable valve 
struck over by a tappet on the accumulator. The 
arrangement is such that when the accumulator 
is pumped up, and at the top of its stroke, pressure 
is admitted to the ram and the steam valve is thus 
held down on its seating. When the accumulator 
falls the valve is turned to exhaust by means of the 
tappet, and the pressure above the ram being re- 
lieved, the steam is enabled to pass the valve and 
start the pumping engine. The working is perfectly 
noiseless, and, indeed, it takes some time for an 





ordinary observer to find out there is any auto- 
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matic stop at all, the movement of the ram being 
only jin. In the present instance the device is 
of especial advantage, as the accumulator has neces- 
sarily to be at some distance from the engines, in 
addition to which there are several crooked passages 
between. Tolayasmall pipe down isa trifling matter, 
whereas to lead the connections of the ordinary me- 
chanical stop gear would be a very complicated job. 

In the same department as the hydraulic machi- 
nery there isa Worthington pump for supplying the 
ordinary water service to the hotel. 

It may be convenient if we now ascend to the 
upper regions for a time and examine the lifts which 
these hydraulic pumps are chiefly intended to 
actuate. There is one passenger hoist of 64 ft. lift. 
There is a goods lift of similar hoist in an adjoining 
well. The accumulator is loaded to 700 1b., and 
has a capacity which will give two journeys of one 
lift without repumping. The lifts, like the hydraulic 
machinery, are by Messrs. A. Smith and Stevens. 
The passenger car is worth attention on account of 
the artistic character of its decoration. On another 
page we give an illustrated description of a pas- 
senger lift on the same principle as those at Mont 
Dore, so it is unnecessary to enter into any further 
description here. The arrangement has recently 
been patented by Messrs. Stevens and Major. 

Descending to the depths below again we pass to 
the electric lightdepartment. At the time of our visit 
the motive power here was an inverted direct-acting 
compound engine, having cylinders 74 in. and 
124 in. in diameter, by 9 in. stroke. We under- 
stand, however, that additional motive power is in 
progress. This engine was driving a Victoria dynamo 
on the same bedplate by means of Raworth’s fric- 
tion gear, the advantages of which are especially 
noticeable in the confined space necessarily allotted 
to the electric light installation in this hotel. It 
may be noted here as a sign of the times that 
arrangements have been made to take current from 
the Brush Public Supply which is going, it is said, 
to be started. The electric light engine is situated 
under the principal drawing-room of the hotel, and 
in order not to interfere with the conversation 
and music above especial arrangements have 
been made to shut in the noise and jar of the 
machinery. To this end the walls of the dynamo 
and engine-room have been built in two thicknesses 
of bricks with an air space of 4in. between. A 
space of 4 ft. above the engine-room has been also 
filled in with earth. The results are perfectly satis- 
factory, for it is impossible in the drawing-room to 
tell whether the engine is running or not, except- 
ing by the illumination. Even that means, however, 
will be shortly wanting, as an accumulator house is 
being built, and there will be, when it is finished, a 
large reserve of electrical energy to fall back upon. 

It is unnecessary to describe the fire-extinguishing 
arrangements, heating appliances, kitchen ma- 
chinery, and many other points which have a me- 
chanical aspect. Although these all appear to be 
on a very complete scale—especially the fire arrange- 
ments—we do not know that they possess any fea- 
tures out of the common. The same, however, can by 
no means be said of the baths. These are situated in 
a substantial range of buildings at the back of the 
hotel. We have not the talent to describe the various 


kinds of baths, inhalations, douches, or the mys- |P: 


teries of the ‘‘ Pine cure” and the ‘‘Mont Dore 
cure.” These possibly have found fitting record in 
the columns of some of our medical contemporaries. 

A casual observer would be apt to jump to the 
conclusion, from an inspection of the medicated 
baths department, that Mont Dore must be one of 
the most melancholy places under the sun, tenanted 
by a congeries of the lame, the blind, and the 
asthmatic. Those, however, who are experienced 
in such matters will form a very different opinion ; 
remembering that the gayest and most frivolous 
‘*resorts”—to borrow an American expression— 
have ever been founded on the eure of disease ; 
from the days in which the Romans discovered the 
virtues of the Bath waters down to Homburg or 
Baden in our own times. Mont Dore is no excep- 
tion to the rule, and this brings us to an engineer- 
ing feature of a somewhat different kind. It 
consists of a large winter garden which has re- 
cently been erected adjoining the hotel. ‘‘ Winter 
garden” appears to be the modern synonym for 
‘*big conservatory,” and in this case it is a very 
big one, 115 ft. long by 84 ft. wide. The roof is of 
iron and glass, and consists of two spans, and was 
designed by Mr. Humphries. Over the space in 


which the baths are situated a covered lawn tennis 
court has been laid. 





THROUGH THE SOUTH SEA ISLANDS 
IN A MAN-OF-WAR. 
By Guns. 
(Concluded from page 174.) 
TauHitl. 

BetwEen 17;deg. 29 min. and 17 deg. 47 min. 
south latitude, and 151 deg. 30 min. and 151 deg. 
56 min. west longitude. 

Most people have heard of Tahiti, but very few, 
I fancy, know much about it. It is possible, there- 
fore, that a few details concerning its people and 
government will be of interest. The country may 
be best described as two high islands joined toge- 
ther by a low narrow isthmus (see chart) about a 
mile long, of which isthmus the greatest height 
above the sea-level is 45 ft. The island is extremely 
rugged and is covered with high volcanic mountains, 
the most elevated of which reaches to 7270 ft. above 
sea-level. It is traversed by numerous streams, 
which tend to render it very fertile, and which 
become heavy torrents in the rainy season. 

Tahiti, together with the Marquesas, the Tua- 
motan, and Gambier archipelagoes, and the islands 


la queue du cheval, tandis que l’autre & la face tournde 
devant et tient la bride. 
Signification : 

Le propriétaire du cheval représente Pomare V; le 
cheval son royaume; et la bride son droit de souveraineté ; 
la personne dont la face est tournée devant et qui tient la 
bride représente la République Frangaise ; celle dont la 
face est tournée derritre et qui tient la queue, représente 
Pomare V, et la queue, enfin représente cet arrété contre 
lequel il engage & protester. 

Attendu qu'il résulte de Ja convention passée entre 
Pomare V et la République Francaise que Pomare a fait 
la remise entiére de ses droits de souverainté 4 la France, 
droits que nous représentons ici par la bride, il serait donc 
inutile que Pomare cherchat la queue du cheval ou autre- 
ment dit, l’annulation de l’arrété relatif & la nomination 
des sept membres dans chaque district. 

Pomare V dit que c’est l’intérét général qui l’a conduit 
& protester contre le dit arrété. 11 est prouvé, au con- 
traire, qu’il n’a rien fait dans l’intérét général car il existe 
une centaine de procts de terre rendus par la Cour des 
Toohitu, qui sont portés devant le Tribunal de cassation 
composé du Gouverneur et du Roi et dont on ne connait 
pas encore le résultat. 

C’est lace qu’il appelle: prendre l’intérét général? Non. 
Parmi les intéressés, plusieurs d’entre eux, déja, sont 
morts ; d’autres qui demeuraient sur les terres en litige 





sont chassés ou obligés de demoir leurs cases, avec ]’espoir 
de connaitre le résultat de leurs affaires; mais il n’en a pas 
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Tubuai, Raivavae, and Rapa, is in the hands of the 
French, who in 1842 accepted the protectorate of 
Tahiti. In 1880, King Pomare V. (the present 
king) ceded to France his rights to Tahiti and its 
dependencies, The agreement, I believe, was some- 
what as follows: The French were to build a 
palace for the king ; he was to have regal honours 
aid him on all occasions, and was to receive (I 
think) 2000/. a year. In this agreement no provi- 
sion was made for furnishing the palace. The king 
has not the means to do it, and the French say, 
‘**Oh no ; we agreed to build the palace but not to 
furnish it.” Consequently the royal home is a 
barrack-like structure, of no use to its owner. 
The following letter from a native, published by 
D’Océanie Francaise, a Tahitian newspaper, will 
give a better idea of the state of affairs than 
anything I can say, while at the same it is a 
very good sample of the allegorical language which 
natives are so fond of indulging in : 
8 novembre 1887. 
Monsieur le Gouverneur, 
Salut & vous! 

Vu Varrété du 4 octobre que vous avez fait publier dans 
les districts de Tahiti et de Moorea, 
Considérant que cet acte est de toute justice ; 
Attendu que, d’autre part, avis est donné par Pomare V, 
de protester contre ledit arrété ; 
Monsieur le Gouverneur, permettez 4 votre serviteur 
faire la comparaison suivante et ne vous en forma- 
186Z 6 
Il s’agit du propriétaire d’un cheval. 
Cet homme prépare son cheval, lui met la bride, pose la 
selle dessus et le donne A un autre pour le monter. Ce 
dernier est & peine dessus que le propriétaire lui-méme 
monte & son tour. Ce cheval se trouve donc monté par 
deux personnes & la fois, mais ce qui est étrange surtout, 





c'est que le propri¢taire a la face tournée derriére et tient 











été ainsi. 
Pomare. : 
Monsieur le Gouverneur, nous désirons prendre part 
aux élections, mais nous n’aurons pas les dessus, parce que 
les chefs tiennent également la queue du cheval. 
C’est fini. 
Vive la République francaise ! 
Vive le Gouverneur ! 


Tahiti is the French head-quarters in the Pacific. 
lt is strange, however, that they do not arrange 
some better means of communication with La Belle 
France, and consequently with the rest of Europe. 
At present the mails are carried by three schooners, 
one of which is shown in the engraving on the next 
page, which leave Tahiti for San Francisco about the 
14th of every month, and arrive at Tahiti from San 
Francisco about the beginning of the month. These 
schooners, I must say, sail very well, doing the pas- 
sage up in about forty days and down in thirty. 
Besides these there is a small steamer that runs 
from Auckland round the Samoan Islands, Tahiti, 
and Raratonga once every six weeks. These two 
services are the sole means of communication, and 
one would certainly think that something better 
than this could be managed for all these islands. 

Looking at this group of islands under the French 
flag one cannot help wondering why we, the Eng- 
lish, whose mission appears to be to overrun the 
world, have so few South Sea Islands in our posses- 
sion. It is not that we cannot have them, because 
I know that the people of Raratonga actually wrote 
officially to ask to be taken under British protec- 
tion. They were told (some years ago) that the 
matter would be considered, and it is still being 
considered. The Cook’s group are a magnificent 
set of islands, second to none in fertility and pro- 


Et c’est la le bien dont veut nous parler 
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duce, and there is little doubt that if we do not 
take them some one else will. Many people object 
that these scattered colonies are only a source of 
weakness in case of war. Butis that so? If they 
should be taken we shall be no worse off than we 
were before, and, meanwhile, there is the outlet 
for our superabundant population. 

In the account I gave of Raratonga, I called 
attention to the diminution in the number of the 
inhabitants due to the introduction of civilisation. 
While at Tahiti I hada long talk on this subject 
with a Mr. Young, who has been for many years 
knocking about the South Sea Islands, and who 
kindly gave me a great many statistics which, I be- 
lieve, have not hitherto been published as a whole. 
Mr. Young assured me that it was an acknowledged 
fact that the natives do dwindle away for some time 
after they have been civilised. But after a time, 
when they have become used to European food, 
clothes, and habits, they reach a limit of decrease 
and then begin to increase again. The Tahitians 
appear to have passed this line, for while in 1881 
the native population was 9562, in 1884 it was 
10,332, thus showing an increase. Another census 
had just been taken, but the results had not been 
made public when I was on the island. The white 
population in the French possessions in these parts 
bears nothing like the same proportion to the 
natives as does that in the Sandwich Islands. 
Roughly, the numbers are somewhat as follows : 


Males. Females, Total, 


Natives... .. 4426 4561 8987 
Whites ... re 980 627 1607 
Chinese... 453 ah 453 


In 1885 the white population were proportioned 
as follows : 


French ... ads ae wig fs ae 980 
American oe “oo Fe a ee 254 
English... ae ae es _ te 237 
Portuguese... ei pe 383 ws 24 
Spanish... ees tis ~ ssi if 13 
Germans as aks mae bea oe 62 
Danes ... ae = a wis ie 12 
Other Europeans __... = ae ss 35 

Total ... an) 


Among these are counted the French soldiers of 





the garrison (some 350), and also many half-castes 
of all nationalities—in fact, all half-castes who | 
have been recognised by the father, and who have | 
adopted his name—say some 250 in all. 

The town of Papiete is not nearly so large nor so 
advanced as that of Honolulu. There are no tram- 
ways and I should think not more than three tele- | 
phones, which are used to connect the private | 
houses of some of the principal merchants with | 
their places of business. The interior of the island 
is not accessible except by narrow paths running up 
the valleys, but there is a belt of flat land varying 
from 100 yards to as much as two miles right round 
the one, and along thisa very good road has been 
made. 

According to Mr. Young the exports and imports 
are somewhat as follows : 





in cotton and cotton seed, for the same thing has 
happened here as at the other islands, viz., the 
traders have tried to cut down the prices, and the 
natives have abandoned the cultivation. The ex- 
port of oranges has, it will be noticed, largely in- 
creased, and no wonder, for they are certainly 
about the best oranges obtainable. There is an 
establishment at Tahiti for the cultivation of inter- 
tropical plants. Some years ago the Tahitians sent 
round to Australia, New Zealand, and different 
islands to obtain specimens of each different tree or 
flower that grew in the tropics. The collection was 
planted recently, and it remains to be seen how it 
will thrive. There certainly is no reason why any 
tropical plant should not grow in Tahiti, for the 
land is very fertile, and there is abundant water 
for purposes of irrigation at all times. The island 
is traversed with valleys, lovely and fertile little 
spots. Each has its stream or river running 
down the middle, and is shut out from commu- 
nication with the outside world by steep hills 





for the British flag of which we heard so much, 
and of which the Englishmen at Tahiti, especially 
those who could not talk the language, were so fond 
of speaking, some enthusiasm would have been 
exhibited at the arrival of a man-of-war represent- 
ing that power which the natives are supposed to 
admire so much. But so from this being the case, 
this was almost the only island which we visited 
where the natives did not take any interest in us. 
They certainly are well accustomed to see ships of 
war, but these are not English vessels, and if they 
had been as fond of us as people affirm, surely 
some of them would have come on board. How- 
ever, it must be admitted that Tahiti is a peculiar 
place and that the people are not sociable. When 
the band plays in the evening crowds of natives 
assemble, clad in their best and crowned with 
wreaths of flowers. They dance to the band and 
appear to enjoy themselves, but they take their 
pleasures more or less individually, with a disregard 
to what their neighbours may think rather than in 
a sociable fashion—at least that is the impres- 
sion created in the mind of a passing visitor. 
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However, superficial observation of this kind 
is not very reliable. 

We have to acknowledge the great kind- 
ness and hospitality of Monsieur Lacascade, 
the governor of the French dependencies in 
Océanie. He was very kind, inviting us toa 
large picnic and dinner, and pressing the 
captain to use his carriage whenever he saw 
fit. 

PITCAIRN. 


Lat. 25 deg. 4 min. S., long. 130 deg. 8 
min. W. 

Most people are acquainted with the history 
of Pitcairn, and the romance attached to it as 
the home of the descendants of the mutineers 
of H.M.S. Bounty. For the benefit of those 
who are not, I venture to give is very short 
account of it. Briefly, then, H.M.S. Bounty 
was sent out to Tahiti in 1789 to collect 
bread-fruit, &c., to take to the West Indies. 
After securing the plants the vessel started 
homeward, but on the voyage the crew 
mutinied, and putting the captain and some 
dozen who were faithful to him in an open 
boat with provisions, they left them to find 
their way anywhere. The mutineers them- 
selves got eventually to Tahiti, where Chris- 
tian, the master’s mate, after some of the party 
had landed, cut the cable and went again to 
sea with some Tahitian men and women on 
board. They were not heard of again until, 
in 1808, a Captain Folger, touching at Pitcairn, 
discovered them. In 1856, the inhabitants of 
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covered with guava scrub. At the extremity, if 
the visitor cares to explore so far, he finds himself, 
after crossing and recrossing the stream a hundred 
times, suddenly at the end of all things. Before 
him is a waterfall which bars the way, while on 
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Exports, 
| 
— 1881. re) a eC Ultimate Destination. 
Cotton (cleaned) .. «« « Sion 525,677 606,208 306,843 | Nearly all to England. 
Beste seed wa te ae 2 612,410 1,000,827 480,759 | ” ” 
eeswax .. aca we a 1,248 924 1,117 ” ” 
Pearl shells. . a xa pe 602,227 369,110 410,000 | *” ” 
a a a ae a a - 2,486,207 8,028,742 8,471,259 } Europe, } San Francisco. 
‘ungus ata a a dn 22,290 26,210 20,500 | San Francisco. 
Cocoa-nuts - aa es aa No. 272,000 394,000 349,000 ” ” 
Lime juice .. te es “ gals. 8,000 21,000 6, ” ” 
Vanilla beans oF ‘on a kilos. 1,305 2,686 4,201 
Desiccated cocoa-nuts .. es ia “a 19,431 23,400 | “s 
eo Oe oe 685 716 "969 -_ 
— coin we an és fr} 90,000 175,00 75,000 ” ” 
ranges. di « se No. 1,760,000 8,218,450 4,810,000 Formerly all to San Francisco, but in 1886 
Meet as half went to Auckland, New Zealand. — 
Imports. i i i i ipi 
E:T either side he is hemmed in by precipitous banks or 
fr. i frowning rocks. 
ast See 4,805,569 2,498,780 We will now turn to the inhabitants of Tahiti, 
aS thee 5,025,800 2,502,481 and mo rticularly to the nati There i 
1886 .. m 3,274,481 1/820,648 re particulariy 6 natives. ere 18 a 


These comprise pretty well everything of Euro- 
pean manufacture. 


Value of Exports. 
_ ae ve & de as 3,878,437 france. 
4 ee ee ee ee xe 4 
1886 ’ ’ ” 


eg eee 2,684,319 5, 

_ From these figures it appears either that Tahiti | 
18 very much on the decline, or that last year was | 
an exceptionally bad one, for the values of the | 
exports and imports have fallen to an alarming | 
extent. We see decrease exhibited most strongly | 








story which one hears all over the islands, that the 
Tahitians do not love the French, and that they are 
very anxious to have English rule, It may be so, 
but I must say I failed to see any of that dis- 
content with which they are credited, nor any signs 
of dislike to their present rulers. Of course, not 
knowing the language I could only look upon the 
surface and judge by the ordinary behaviour of the 
people ; this, however, gave me no reason to sup- 
pose that they admired the English to any great 
extent. Surely if there were that warm admiration 








Pitcairn Island, becoming too numerous for 
its capabilities, the Government offered them 
Norfolk Island, and in June, 1856, they were all 
conveyed there, 192 souls. However, there’s no 
place like home, and so in 1859, and again in 1864, 
parties numbering in all 40 people, returned to the 
island, and it is they and their descendants who 
now inhabit it. 
These are divided as follows : 
Married men aa 18 (three widowers). 
» women .. 16 (one widow). 
Unmarried men ... 9 (between the ages of 
18 and 22 


a women 17 (between the ages of 
16 and 22), 
Boys die sd ss 
Girls aes aes aia 26 
Total... 106 (men, 47 ; women, 59). 


It seems as if some of the women will have to go 
without husbands, but that seems to be the normal 
condition of the female sex under the English rule. 

The characteristic feature of these people is their 
bad teeth. I doubt if there is a single adult on the 
island with a whole set of teeth, and some of them 
are very bad indeed. I was unable to get any satis- 
factory explanation of this defect. The previous 
generation had remarkably good teeth ; the people 
do not smoke, nor drink, and their diet is more or 
less vegetable ; their lives are quiet and virtuous, 
while the situation and climate of the island are as 
healthy as any in the world. Possibly the con- 
stant intermarrying of the inhabitants is the cause 
of their unhealthy appearance, and of the loss of 
their teeth. Whatever may be the reason the 
affliction is very real, and it would be an act of 
kindness if some physiologist would inform these 
poor people of a remedy. A letter addressed to 
the chief magistrate, Pitcairn Island, care of Com- 
mander-in-Chief, Pacitic Station, would always 
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reach. This is really the only sure method of com- 
munication, as a man-of-war generally goes once a 
year in the same way as we have just done. There 
are many merchantmen now that call at the island, 
but it is more by chance than hy purpose. The 
islanders are always ready to board any ship, some- 
times going out for ten or twelve miles to supply 
them with fruits, vegetables, &c. 

The settlement is a curious place, consisting of 
low wooden houses hidden away among the cocoa- 
nut trees. They are without glass in the windows, 
cloths or canvas, or in some cases wooden shutters 


being used to shut out the weather when required, | 7 


which is only when it comes on to blow, and that is 
not very often. The appointment of chief magis- 
trate is for one year with the chance of re-election. 
The present chief magistrate has held the office for 
seven years out of the last ten, and seems to be 
very much respected. 


/ 0 SES 


(For Description, see opposite Page.) 


Fig. 5 
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Indeed, as far as one could judge from our short 
stay there, the people all appeared to pull thoroughly 
well together, and to respect themselves and one 
another. 

The following is a list of the prices charged for 
the different produce : 


Pumpkins 12)cents each or 8 for1 dol.(Amer ican)* 
Bananas... 383 ,, lbunch,, es 
Oranges ... ae 
Fowls 25 4, each 
Pineapples 3 ” ” 9 34 ” ” 

lligator 4 

pears ... ee » 50,5, 5 

ove 3 ” ” ” ” ” 

Sweet po- 

tatoes ... 1 barrel (150 lb.) for 2 dols. 


* An American dollar is = to 4s, 2d 
one halfpenny. 


There are on the island three large whale boats 


+, and 1 cent = 





with which they communicate with passing ships, 








and about twenty canoes, curious little craft, with 
sharp ends and a flat bottom, formed of two trees 
hollowed out and joined along the keel. There are 
only two landing places ; one just underneath the 
village in a sort of cove which gives a partial 
shelter from the swell, but which must be entered 
on a favourable opportunity, and the other round 
the north side of the island, which is seldom used 
on account of its being so far from the settlement. 
Pitcairn is certainly a very beautiful spot and is 
very fruitful. It is said that the seasons are gra- 
dually getting drier, and that there is not nearly so 
much water as there used to be. However that 
may be, they seemed to have plenty of rain when 
we were there. 

Up till very lately the Pitcairn Islanders have 
been staunch adherents of the Church of England, 
but last year they were visited by a missionary of 
the Seventh Day Adventers’ Society, and during 
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his stay of a month he converted the whole com- 
munity, lock, stock, and barrel, to his doctrine, 
and now they are all second adventers. Some of 
the ladies have even gone so far as to abjure tea 
and coffee, holding that they are even more dele- 
terious in their effects than spirits—besides being 
incentives to gossip! Luckily the change of 
religion was made pretty unanimously, one or two 
stubborn ones who failed at first to see the evil of 
their ways, being ultimately convinced, so that the 
community were spared that most terrible of all 
evils—religious disunion. One cannot help being 
rather sorry that this little community, who boasts 
so strongly of its loyalty and attachment to 
English traditions and customs, should have aban- 
doned the Established Church, in which it has 
been brought up, and gone over ina body to dis- 
sent. But after all, this is a mere matter of senti- 
ment, and as long as they pull together and worship 








God truly and honestly—as I really believe they 
do—the form of their worship is of little account. 
Conclusion.—-Pitcairn was our last place of call in 
the South Sea Islands. By the judicious use of 
steam for the first part, and afterwards with theassist- 
ance of the Roaring Forties, as the westerly winds 
which blow pretty steadily, between the 40th and 
60th parallels, are called, we made the trip to 
Lota in twenty-eight days. For the benefit of those 
of my readers whose geography may be shaky, let 
me state that Lota is in lat. 37 deg. S. on the west 
coast of Chili, and owing to its coal mines, smelting 
works, pottery and glass factories, is rapidly becom- 
ing one of the most important towns in South 
America. But as it is not within the limits of the 
cruise I marked out at the commencement of this 
series of articles I must say no more about it. My 
task is finished. It has not been my purpose to 
compile a store of cyclopzedic information, culled at 
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second or third hand from books. Ihave been con- 
tent to give my readers simply the result of m 
observations and inquiries made on the spot, wit 
the view of enabling them to realise something of 
the lives and manners of the dwellers in these far- 
off and little-visited regions. The produce, industry, 
and commerce of many of the islands are peculiar, 
and I have tried to point out their salient features, 
in the hope that at some future time the capabili- 
ties of these lands may be made available for the 
extension of British trade and supremacy. 








8.8. ‘ALFONSO XII.” 

On our two-page plate of February 15, and also on 
the two-page plate in the present issue, as well as on 
present and opposite pages, we publish cnqpayinge of the 
s.s. Alfonso XII., built by Messrs. Wigham Richard- 
son and Co., of Newcastle-on-Tyne, last year. The 
Alfonso XII. is a large steamer recently added to 
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the fleet of Spanish mail boats owned by the Com- 
“agg Trasatlantica of Barcelona, and presided over 

y the Marquis de Comillas. The position of the 
Compania Trasatlantica in Spain resembles that of 
the Peninsular and Oriental Company in England, 
the Compagnie Générale Transatlantique in France, 
and the Nord Deutsche Lloyds in Germany, and like 
these companies they are making rapid advances 
in the size, speed, and equipment of their fleet. 
In our issue of February 8 we noticed the Alphonso 
XIII. and the Reina Maria Christina, and on page 415 
of our last volume we illustrated the engines of the 
Buenos Aires, another steamer of the same line, which 
was built by Messrs. Denny Brothers and supplied 
with a set of Mr. Brock’s patent quadruple engines. 
The Alfonso XII. (Fig. 7) is considered a very hand- 
some looking clipper steamer, and is built of steel with 
decks and deck fittings of teak. She is rigged asa 
four-masted schooner, and is 426 ft. long, 47 ft. 6 in. 
beam, and 36 ft. moulded depth, and 5060 tons gross 
register. Her accommodation is of the most modern 
kind, and provides for 1200 people and 4400 tons of 
deadweight. The cargoderricksare worked by hydraulic 
power on the system of Brown Brothers, of Edinburgh, 
as also are the steering gear and warping capstans. 
Every provision which the skill and knowledge of the 
builders and owners could suggest for the greater 
security of the vessel and passengers has been provided. 
The holds are thoroughly sub-divided, as also is the 
double bottom, which is carried the full length of the 
ship, and each compartment of the double bottom is 
connected to powerful pumping machinery placed in 
the engine-room. Further security is obtained by 
thicteen large teak boats, two collapsible boats, and 
numerous life rafts and life boats, and 1200 life belts, 
which are placed in convenient places on the ship. 
The creature comforts of the passengers have not been 
neglected. The cooking and baking appliances are of 
the most complete description, and especial attention 
has been paid to the sanitary arrangements and to the 
ventilation and lighting of the various state and re- 
ception rooms. The state rooms are all very large, 
and in the first-class part some of the rooms contain 
only one, others two, and none more than three 
passengers. Many of the rooms are fitted on the Pull- 
man system, some having folding iron beds, others 
beds which can be drawn up to the ceiling of the cabin 
when not in use; other rooms have handsome brass 
bedsteads, and all are provided with two compactum 
lavatories. A few of the cabins are of extra size, and 
are specially fitted to suit travellers of more luxurious 
tastes, or for families travelling together. These berths 
occupy the whole of the centre part of the upper ’tween 
deck, and extend aft to the dining saloon (Fig. 8). 
This is a spacious elaborately decorated apartment, 
furnished in oak with panels formed by handsome oil 
paintings. Above the saloon is a large deck-house, 
in which is placed a music-room (Fig. 10) and draw- 
ing-room, and a vestibule containing the main stair- 
case. The vestibule (Fig. 9) is entirely of marble, as 
is also the smoking-room. The music and drawing- 
rooms are of sycamore highly decorated and enriched 
with hand-painted nebo and water-coloured draw- 
ings. A special feature in the arrangement of these 
rooms is the provision made for the lighting and 
ventilating of the dining saloon. Instead of the 
very common long narrow opening in the floor 
of the upper room the beams are in this case cut away, 
the ends being supported upon six massive oak columns 
carved to correspond with the decoration of the saloon, 
and aclear opening is thus left 18 ft. long by 12 ft. 
wide. This opening is, ina general way, simply railed 
in or tunnelled over either in decorated woods or 
stained glass. The first of these systems destroys 
the privacy so desirable, whilst the latter system, 
although extremely suitable for vessels trading in 
colder climates, has many objections in ships like 
Alfonso XII. running to the West Indies. The sides 
and ends of the opening are in the form of six 
arches of polished sycamore, panelled with oak and 
sycamore carvings, with an electro-plated rail running 
round and furnished with curtains, which form a 
kind of Andalusian ‘‘ patio,” a design which whilst 
securing sufficient privacy for the rooms, gives free 
passage for light and air, and as wi'l be seen from the 
engravings, is highly decorative. A double set of 
engines and Holmes dynamos, are provided to light 
the vessel. Lightfoot’s refrigerating engine and rooms, 
and all appliances denned by the luxurious tastes 
of the present time, are fitted. Artificial ventilation on 
the D. C. Green principle, is fitted to the lower tween 
decks, &c. The propelling engines (Figs. 5and 6), built 
by Messrs, Wigham Richardson and &., are on their 
patent principle, not the least prominent feature of 
which is its great simplicity and interchangeability of 
parts, rendering total disablement at sea almost an 
impossibility, a very important advantage, especially 
in vessels making long voyages and carrying so many 
people as this vessel does. The cylinders are 34 in., 
55 in., and 90 in. in diameter respectively, and 60 in. 
stroke, and the steam pressure is 150 lb. To further 
reduce the chance of accident two main steam pipes are 
used instead of one large one, The link motions are 


of the double-bar type, working directly on to the 
valve spindles of the high and mean pressure cy- 
linders, and indirectly through a heavy steel lever 
to the spindle of the low-pressure valve. The details 
of this valve gear are of extreme simplicity, and has 
been used by Messrs. Wigham Richardson and Co, 
some four years. The cylinders are supported at the 
back and front on six large columns, the front columns 
being spread out at the base to give greater stability. 
The crankshaft is 174 in. in diameter, of steel, and 
is made up of a number of carefully selected pieces 
into three interchangeable parts, which are coupled 
together to form the complete three-throw shaft. 
The shaft is supported on six bearings lined with 
Parsons white brass. The reversing is done by a 
pair of engines controlled by automatic cut-off gear, 
and another pair of engines is provided for turn- 
ing the main engines in port, and yet another pair, 
also automatic on Messrs. G. and J. Weir’s principle, 
and made by the latter, are fitted for pumping the 
water from the hot-well, to the feed-heater, and then 
to the boilers. Beside the air, circulating, feed, and 
bilge pumps, and closet and deck service pump worked 
by the main engine, there are quite a host of auxiliary 
engines, many of them interchangeable with others. 
Steam of 160 lb. pressure is generated in four large 
double-ended boilers, weighing with water 300 tons. 
There is also a large donkey boiler with three fur- 
naces, also working at 160 lb., and so arranged as to 
be used as an auxiliary to the main boilers in case of 
need. Forced draught is provided for use when cruis- 
ing in war time. The boilers are fired from three 
stokeholes, and have a protection of coal at the sides 
for cruising, and the decks are specially strengthened 
to enable six heavy guns to be carried in time of war. 





TRIALS OF MOTORS FOR ELECTRIC 
LIGHTING.* 
(Continued from page 179.) 
Analysis of Results.—The measurements made upon this 


trial, together with the gas analyses of Mr. Wilson, given 
later on, allow atolerably complete examination of the 





working of the engine to be made. In Table II. is given 


TABLE II.—Arkinson Trrat, SEPTEMBER 21, 1888. 








it is not improbable that it was about equal to that of the 
jacket water when discharged, namely, 116 deg. Fahr. 
On this assumption the volume of the gas per explosion 
would be 0 0314 cubic feet in the cylinder. ‘This assump- 
tion as to the temperature of the charge (which has been 
already alluded to in the introduction) is one which cannot 
pretend to accuracy, but it is believed to be very near the 
mark. It should be pointed out that an error of even 
20 deg. in this temperature would have a corparatively 
small effect on any of the following figures, and it is not 
likely that the error of the assumption made is at all so 
much as this. The volume of the air under the same con- 
ditions would be 0.293 cubic feet, and this corresponds to 
a ratio of air to gas of 9.33 by volume and 22 8 by weight. 

For the purposes of the ideal indicator card it has been 
assumed that the compression and expansion curves can 
be represented by equations of the form pv” = constant. 
The figure shows that this is a verv justifiable assump- 
tion. The value of the index n (which in this case and in 
all the others given below has been found by actual 
measurement of and calculation from the pressures on the 
whole of the diagrams taken in each trial) for the com- 
pression curve is 1.205. The curve, therefore, lies below 
the adiabatic (which will be sensibly the same as for air, 
with n = 1.408), so that heat must have been rejected to 
the jacket water during compression. The temperature 
at the point C would be 719 deg. absolute, and the amount 
of heat rejected during the compression would be equiva- 
lent to 412 foot-pounds. 

In the ideal card the main part of the reception of heat 
is supposed to take place first at constant volume (C D), 
and then at constant pressure (I) E). In most cases the 
combustion is still incomplete when the expansion begins, 
and continues as the gas expands. The charge, therefore, 
goes on receiving heat even during the expansion. The 
temperature at D works out to 2620 deg. absolute, and at 
E, where it reaches its highest value, to 2990 deg. absolute, 
or 2530 deg. Fahr. No work is done, of course, during 
CD. The work done during D E amounts to 435 foot- 
pounds. 

The value of n for the expansion process is 1.264, which, 
with the volumes given above, corresponds to a fall of 
temperature of 970 deg., so that the temperature at F 
should be 2020 deg. absolute. The work done during the 
expansion is 4280 foot-pounds, but the loss of internal 
energy corresponding to the fall of temperature is only 
3010 foot-pounds. It is clear, therefore, that a Jarge quan- 
tity of heat must have been received by the charge during 
the expansion ; in other words, that combustion must have 


























| 1 Cc less, ! egedigges | wa 
p | Weight in One| 5, 4 os ae SEFc\sEZ2 | Weight of Products 
| B Weight of One CavieFootof| 2 | SES. | Seek goSSSSS2_, | of Combustion for 
| & | Gas 8 S63)" sec SSS onl bS | One Pound of Gas. 
Constituents, | $$ $3 e§"3 | ses 2225525 || 
| Be unt Promureana | 22 |Epee| Seas ecegeaeses| zac 
x = 4 2s\ss2 95! 
ES | AtStandard Prewureand | £2 | gieu | GkOm PESES|SEEST| Steam. | Mane 
; | id. 
per cent. Ib. lb. thermal | thermal | | 1b. Ib. 
units. units. | | lb. 
CH, .. ..| 87.78 0.0447 0.01686 0.511 21,510 10,991 4 | 2.044 1.150 | 1.405 
C,H, &e. Pe 0.1410 | 0.00574 0.174 20,100 3,49 | 24 | 0.597 0.224 | 0.547 
H se -.| 48.66 0.00559 } 0.00271 0.082 52,200 4,280 | 8 0.656 0.738 | 
co es .-| 419 0.0783 | 0.00328 0.099 4,350 431 | $ | 0.057 se | 0.156 
cs. ss} 0.0783 0.00386 0.117 | 
CO,endO.. 0.52 | 0.1060 | 0.00055 0.017 | 
| 10.00 | ig | 08800 1.000 | 19,199 | | 3.954 | 2112 2.108 
| | 





Calorific value of one cubic foot = 19,199 x 0.0330 =633 thermal units. 


Mr. Wilson's analysis of the gas, which is by volume, with 
the corresponding analysis by weight worked out. In the 
same Table the calorific value of the gas is also worked 
out. It will be seen that this comes to 19,200 thermal 
units per pound, or 633 thermal units per cubi- foot at 
standard pressure and temperature. pay 

In order to work out a heat balance for a gas engine it 
is necessary to assume that the various operations have 
gone on in a certain fashion, to some extent idealised from 
the actual operations. For this purpose it has been 
assumed that the indicator diagram of the engine has the 
form shown in Fig. 13 (page 204). The points B, C, D, 
and F have been determined by measurements of the 
actual pressures in the whole of the indicator cards, and 
represent the mean of those measurements. The point E 
has been found by marking a line on each of the indicator 
diagrams atthe mean height of D, and then taking the 
average distances D E on all thecards. How nearly this 
ideal diagram corresponds with the actual one is shown 
well by the figure, where one of the actual diagrams 
nearest to the mean is drawn within it. The pressures 
and volumes at the cardinal points of the ideal mean dia- 
gram are as follows : 

Taste ITI. 


Pressure in Pounds 





per Square Inch. p Aci og~ tow 

Absolute. 2 
A 14.87 0.064 
B 14.87 0.324 
Cc 50.30 0.118 
D 180.90 0.118 
E 180.90 0.135 
F 29 00 0.575 
G 14,87 0 575 


The atmospheric pressure was 14 87 lb., and the light | 
spring carde x oniact that the points A, B, and G lay 
sensibly on the atmospheric line. The meter pressure was | 
1.48 in. of water, and the temperature of the gas inside 
the meter 68.8 deg. Fahr. Under these conditions the | 
weight of gas used per explosion was 0.000896 lb. The 


temperature of the gas after admission is unknown, but | 











* Reprinted from the Journal of the Society of Arts. 


| 





continued throughout the expansion. More detailed 
examination of this matter shows that the quantity of heat 
received per inch of the stroke was about the same towards 
the end as towards the beginning of the expansion, so that 
it may fairly be expected that combustion was not com- 
pleted even when the point F was reached. 
One of the essential data for the working out of these 
—— being the specific heat of the charge, this has 
n worked out with the results given in Table IV. 
on the assumption that complete combustion had taken 
place. The first figures in Table IV. are obtained from 
those given at the end of Table IT. 























TaBLeE IV. 
Sd | S.2 | Mechanical Equivalent of the Heat neces- 
5 2 ZA sary to raise the Temperature 1 Deg. Fahr. of 
al Ey . eneranae 
| 
g3 BS | One Pound (Specific | The Quantity in One 
sg e 3 oo Heat) Pound Discharged 
§ %2 |SS¥ 
g (6° lg 4] At At At At 
= ‘3% |O.S5| Constant | Constant | Constant | Constant 
8 e Wy Volume. | Pressure. | Volume. | Pressure. 
Steam..| 2.112) 0.089] 286 871 | 25.4 33.0 
CO, ..| 2.125) 0.089 132 167 11.7 149 
N «. 11.217) 0.471 134 188 63.1 88 5 
Air .. 8.346) 0.351 130 183 45.6 64.2 
23.800) 1.000 oo ee 145.8 200.6 

















200.6 -145.8=54.8=« 
——=1.376= 
145.8 

The net work per explosion, calculated from the ideal 
card, comes to 3390 foot-pounds, from the actual mean in- 
dicated horse-power it is 3030 foot-pounds, or about 89 per 
cent. of the calculated, which corresponds very closely to 
the difference between the ideal mean diagram of Fig. 13and 
the particular actual card which has been drawn with it. 
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The jacket water used amounted to 6801b. per hour, as 
measured through the meter, and the total heat carried 
away by it was 33,938 thermal units per hour. This is 
equivalent to 3590 foot-pounds per explosion. ; 

The exhaust waste, of which a part, as mentioned 
below, may go to the jacket water, is practically equiva- 
lent to the amount of heat which would bring the charge 
back from the conditions of pressure, volume, and tem- 
perature at point F to those at point B. This can easily 
be calculated, and amounts to 5030 foot-pounds, 

The ‘‘heat account” for the process, as represented by 
the ideal mean diagram, stands therefore as follows: 





Foot-Pounds | 











aaa per Explosion, Percentages. 

Calorific value of the gas used per | 
explosion 0.000896 x 19200 x 772. 13,280 | 100 
Heat turned into work = 3,390 | 25.5 
»» rejected in jacket water 3,590 | 27.0 
xa ms » exhaust 5,030 | 37.9 
s, unaccounted for 1,270 | 9.6 
100.0 


| 18,280 | 





There seems little doubt that the largeness of the per- 
centage unaccounted for is due to the fact, already men- 
tioned, that combustion was not completed at the time 
the point F was reached, so that the charge did not 
actually receive the whole amount of heat with which it 
has been credited. A heat account constructed in this 
way ought, in fact, to over-balance, for it cannvt be 
doubted that the jacket water carries off a certain amount 
of the heat which is here credited to the exhaust, and 
therefore counted twice over, 

The following Table gives the actual percentages of 
heat actually turned into work, &c., the heat per explo- 
sion being taken as above at 13,280 foot: pounds : 


Per Cent. 
Heat turned into work as shown by indicator 
diagrams ... re ae “ ee aes é 
Heat rejected in jacket water... —... eee 27.0 
ei ' exhaust, lost by imperfect 
combustion, and otherwise unaccounted for 50.2 
100.0 


The actual expenditure of heat was at the rate of 11,250 
thermal units per indicated horse-power per hour, which 
corresponds to the absolute efficiency of 22.8 per cent. just 
given. Itis very interesting to notice that the heat ex- 
penditure per indicated horse-power per hour ie little 
more than half that of the Paxman engine, a difference 
due, of course, to the greater range of temperature within 
which the engine works. : 

The efficiency of the engine, as compared with a perfect 
engine working between the same limits of temperature, 
and receiving the same amount of heat, is 28.2 per cent. 
The limits of temperature assumed are, of course, those 
which have just been calculated from the ideal mean 

ram. 

ba om B.—This was a trial at half brake-power, and 
lasted three hours. The speed was the same as on trial 
A. The engine ran at 129.6 revolutions per minute, its 
brake-power being 4.74 and its indicated horse- power 6.59 
see Fig. 10, page 179 ante), corresponding to a mechanical 
efficiency of 71.9 per cent. The consumption of gas in the 
cylinder per indicated horse-power per hour was 19.29 cubic 
feet, and per brake horse-power per hour 26.8 cubic feet. 
Taking into account the ignition gas, these figures become 
20.18 and 28.10 cubic feet respectively. ; 

The horse- power expended in driving the engine 
was 1.85, . 

The expenditure of heat was approximately as follows ; 


Per Cent. 
Heat turned into work... 3 22.3 
», rejectedin jacket water ..  ... 28.2 
‘ es exhaust, &c. (by differ- 
ence) es ae ae oe 54.5 
100.0 


Trial C.—In this experiment the engine was run for 
half an hour empty. Six sets of indicator cards were 
taken, and give the mean indicated horse-power as 2.3 (see 
Fig. 10). The gas used in the cylinder per indicated horse- 
power per hour was at the rate of 20.5 cubic feet. The 
engine ran at 131.9 revolutions per minute. 

The heat turned into work corresponds to 21.0 per cent. 
of the whole heat of combustion. . 

It is noteworthy that in this engine the horse-power 
necessary to drive the engine itself increases as the load 
diminishes, and is much greater when the engine is 
running empty than when it is loaded. This is doubtless 
due to the fact that the negative work of the ** pumping” 
strokes (which is given in the Tables, but which has not in 
any case been deducted from the horse-power), not only 
becomes proportionately larger because of the increased 
proportionate number of blank strokes (misses), but also 
absolutely larger per stroke. Working full power, the 
light spring diagrams (Fig. 11) show that when there is no 
explosion the charge receives so much heat from the hot 
end of the cylinder at the end of the compression that in 
expanding again it does not follow the compression line, 
but goes considerably beyond it. The diagram for the 
missed stroke is therefore a double loop, and the area of 
its positive and negative halves ara practically equal. 
When a number of misses follow one another, as in trial C, 
this reception of heat cannot well continue—the positive 
loop will disappear and the negative one become larger. 

Trial D.—In this experiment the engine was run with 
about the full brake load, but at a lower speed than before, 
viz., 110.5 revolutions per minute. The brake horse-power 





was 8,29, and the gas usedin the cylinder per brake horse- 
power 22.75 cubic feet. 

Trial E.—On this trial the speed was still further re- 
duced to 100.5 revolutions per minute. The brake horse- 
power was 7.08, and the gas used in the cylinder per brake 
horse-power per hour 22.29 cubic feet. 

THE CrosstEY Gas ENGINE. 

Four experiments were made upon this engine—A at 
full power, B at half power, and C empty (corresponding 
to the three similarly lettered experiments made with the 
other engines), and D to ascertain the power necessary to 
drive the countershaft. The principal results of these 
trials are given in Table V. 


TABLE V.—Crossley Gas Engine. 


162.3 and 164.8 
19.0 10,5 





1. Date 
2. Trial 


.- |Sept. 19\sept. oc| Sept. 20) 
“a A B Cc 
3. Duration 


} hour 


Sept. 27 
r D 
.| 6 hours | 3 hours 


full 


} hour 
With and with- 
out counter- 
shaft. 


4. Power half | empty 
5. Revolutions pe 
minute .. ee 
6. Explosions per 
minute.. ee 
7. Mean initial pres- 


160.1 
78.4 
196.9 
67.9 


17.12 
177.4 


14.74 
0.861 
3518 
3.5 


355.3 


158.8 
41.1 
196.2 


161.0 
10.2 

148.0 

73.4 €6.7 


9.73 2.19 | 
89.9 | 


sure .. ae 
8. Mean _ effective 
pressure 
9. Indicated 


power .. Pe 
10. Brake load, net 
11. Brake horse - 
power .. a 
12. Mechanical effi- 
ciency .. 
13, Gas_ per 
main .. ° 
14. Gas_ per hour, 
ignition 
15. Gas per 
al 


72.3 74.1 


2.50 





horse- 
4.40 ,, 
7.41 
0.762 | 


202.6 





hour, 
. 49.0 


“ 3.2 
hour, 











tot: ae z 205.8 
16. Gas per indicated sieeiesisiagea 
horse-power per | 
hour,main ..| 20.55 
17, Gas per indicated ———— 
horse-power per 
hour, total 
18. Gas per brake 
horse-power per 
hour, main 
19. Gas per brake} 
horse-power per| 








20.8 


20.76 | 21.2 





23.87 





hour, total .. | 2410 | 27.77 
20. Gas per net horse- 
power available| 
electric| 
per; 
after} 
allowing for 
countershaft, as| | 
pertrialD,main| 27 4 36.8 
713 Ib. 


480 lb. 





21. Water per hour 
22. Rise of tempera- 
Ce x. a 
23. Horse-power in| 
driving engine 
24. Mean __s pressure 
during working} 
stroke, equiva-| 
lent to work 
done in pump-| 
ing strokes, | 
about al 
25. Corresponding in-| 
dicated horse- 


power .. “| 





128.0dg. 


2.38 2.31 2, 2.50 








102.3dg. | 
| 
| 
| 
| 


2.19 





| 

| | 

| | 

| 

0.55 | 
| 


Trial A (Fig. 14).—This experiment was made on 
September 19, and lasted six hours continuously. The 
exhibitors elected to run under 15 brake horse-power and 





cated horse-power for driving the engine was, therefore, 
2.38, and the mechanical efficiency reached 86.1 per cent. 

The gas used per indicated horse-power per hour in the 
cylinder was 20.55 cubic feet, and per brake horse-power 
per hour 23.87 cubic feet. Taking into account ignition 
gas, these quantities became 20.76 and 24.1 cubic feet re- 
spectively. The work done during the pumping stroke 
(Fig. 11) was equivalent toa mean pressure of about 2.19 1b. 
per square inch during the working stroke, which corre- 
sponds to an indicated horse-power of 0.55. 

The following working out of the thermal efficiency of 
the engine corresponds to that already given for the 
Atkinson engine : 

Table VI. gives, as in the former case, an analysis 
of the gas by weight and the calculation of its calo- 
rific value, which amounts to 19,826 thermal units per 
pound, which corresponds to 626 thermal units per cubic 
foot under standard conditions. For purposes of calcula- 
tion the value of the gas has been taken at 19,800 thermal 
units per pound. It will be noticed that this is some- 
what higher than for either of the other two engines, the 
gas on September 21st being of distinctly lower value than 
on the 19th. The ideal mean indicator diagram, and an 
actual card for comparison, are shown in Fig. 12. The 
mean pressures and volumes used for calculation are 
given in the following Table : 

Pressure in Pounds 


per Square Inch. Volumes in 


Cubic Feet. 


Absolute, 
A 13. 0.300 
B 13.8 1.039 
Cc 763 0.300 
D 211.8 0.300 
E 211.8 0.3505 
F 44.6 1.039 


It must be mentioned that the exhibitors were not able 
to state the precise volume of clearance in this engine as 
it worked during the trial. It has been taken at 40 per 
cent. of the volume swept by the piston, which, if not 
exactly correct, is known to be a close approximation. 
The barometric pressure for the day was 14.9 lb. per 
square inch. The temperature of the gas in the meter 
was 68.2 deg. Fahr., and its pressure 1.34 in. of water. 

The total weight of gas per explosion, corrected for 
these meter conditions, works out to 0.00223 lb., its 
calorific value being 34,040 foot-pounds. Assuming, as in 
the former cases, that the temperature of the charge just 
before the beginning of compression was equal to that of 
the jacket discharge water, in this case 190 deg. Fahr., 
the ratio of air to gas by volume works out to 9.50, and 
by weight to 24 2, and the total weight of the charge to 
0.0561 lb. 

The value of n for the compression is 1.380. The pro- 
cess was, therefore, very nearly adiabatic, only about 
6 per cent. of the heat of compression being carried off by 
the jacket water. The calculated temperature at the end of 
the ccmpression is 1064 deg. absolute. The calculated 
temperature at the point D is 2950 deg. absolute, and at 
the point E, where it reaches its maximum value, 3440 deg. 
absolute, or about 3000 deg. Fahr 

The value of n for the expansion process was 1.435, 
while for the adiabatic process it would be 1.376. The 
work done during expansion (above zero of pressure) 
amounts to 9220 foot-pounds per explosion, while the tem- 
perature falls to 2130 deg. absolute, which corresponds to a 
loss of internal energy of 10,700 foot-pounds. It appears, 
therefore, that combustion must have been completed 
before the expansion ended, and that the gas was losing, 
and not receiving, heat during its expansion (at least 
during its latter part), the expansion curve falling much 
more quickly than the adiabatic line. 

It was found that 713.2 ]b. of jacket water were used 
per hour, and that the average amount of heat carried 
away per hour amounted to 89,575 thermal units, which 
corresponds to 14,700 foot-pounds per explosion. The 





with 160 revolutions per minute. The actual mean brake 


calculated value of the exhaust waste is 12,100 foot-pounds 


TABLE VI.—Crosstry Triat, SEPTEMBER 19, 1888, 



































! | | . le = 2 
P Weight in One| > 2028 2388) OF88, 48328 Weight of Products 
Bb — = One Cubic Foot of| ~ - es ae rn S$ so 8 os 6 os § &| of Combustion for 
s UDIC Foo | Gas s e2os | FEES 8° 2slla58 =| One Pound of Gas. 
Constituents. 2¢ $3 8 “3 gos# S2b2cs Ssoz5 
a 7 } —s-" ago 
g S| F. | Be OMS ese mee es | 
Bs At Standard Pressure and 25 Sei) Shee Bs 5335 o5290 Ste | Carbonic 
he Temperature. EF | Sa00 | §80Rn [FE ROSA S oeSe el Aad. 
percent.| Ib, oer thermal | thermal | Ib Ib. Ib, | Wb, 
| units. units } 
CH, .. 37.84 | 0.447 0.01669 0.528 | 21,510 11,357 4 2112 1.188 1.452 
CoHy, &e. 8.77 0.1410 0.00522 0.169 | 20,100 3,397 “4 0.579 0.217 0.531 
H - 50.44 0.00559 0.00282 6.089 | 52,200 4,646 8 0.712 0801 | 
co 3.96 0.0783 0.00310 0.098 4,350 426 $ 0.056 0.154 
N i 3.98 0.0783 0 00312 0.099 | 
CO, and O 0.61 | 0.1060 0.0: 054 0.017 
100.00 | i | 0.03159 | + ‘1.000 | | 19,826 3.459 2.206 2 137 





| 


horse-power was 14.74, and the actual mean speed 160.1 | 
revolutions per minute. The greatest speed during any | 

uarter of an hour was 161.8 revolutions per minute, and | 
the least, 155.1 revolutions per minute. The engine ran 
quite cool throughout the whole trial. The oil used for 
cylinder lubrication was Price’s gas engine oil, the value 
of which is about 3s. 3d. per gallon, or about 4.4d. per 
pound, and 0 921b. was consumed during the run. The 
value of this lubricant is about equal to that of 1.54 cubic | 
feet of gas per indicated horse-power per hour, taking the | 
gas, as before, at 2s. 6d. per 1000 cubic feet. 

The mean initial pressure was higher than in any of 
the other engines, being 196.91b. per square inch above 
the atmosphere. 

The mean effective pressure was 67.9lb. per square 
inch, and the indicated horse-power was 17.12. The indi- 





Calorific value of one cubic foot = 19 826 x 0.0306 = 626 thermal units. 


per explosion, and with these figures the heat account 
stands thus: 


Foot-Pounds | 











-__ per Explosion. Percentages. 
Calorific value of the gas per ex- 
plosion 0.00223 x 19,800x772 .. 34,040 100 
Heat turnedinto work .. ee 7,515 221 aA 
» rejected in jacket water .. 14,700 | 43.2 
- exhaust. . 12,100 | 855 
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It has been already pointed out that an account calculated 
in this fashion ought to overbalance if all the heat be 
accounted for, because it is inevitable that some of the 
heat included under exhaust waste, and here supposed 
to be carried into the atmosphere with the escaping gases, 
should be taken up by the jacket water, and therefore 
doubly reckoned above, 

The actual indicated work done corresponds to 7210 
foot-pounds per explosion, or 21.2 per cent. of the whole 
heat of combustion, instead of 22.1 per cent. as above. 
The heat rejected in the jacket water amounts to 43.2 per 
cent., and that rejected in the exhaust and unaccounted for 
to 35.6 of the whole heat of combustion. 

The actual heat supplied to the engine amounts to 
12,120 thermal units per indicated horse-power per hour, 
which corresponds to the 21.2 per cent. of absolute effi- 
ciency just given. The efficiency of a ‘*‘ perfect” engine 
working between the same temperatures as those calcu- 
lated for this engine would be 81.1 per cent. The engine 
therefore reaches 26.1 per cent. of this efficiency. : 

Trial B.—This trial lasted three hours. The engine 
ran at half power (7.41 brake horse-power), at 158.8 
revolutions per minute, with 41.1 explosions per 
minute. The mean initial pressure was practically the 
same as for trial A, the mean effective pressure some- 
what higher (see ‘fable V.) The indicated horse-power 
was 9.73 (Fig. 12), so that the mechanical efficiency of the 
engine waz 76.2 per cent. The gas used in the cylinder 
per indicated horse-power per hour was 20.8 cubic feet, 
per brake horse-power per hour 27.34. Taking into 
account the gas used for ignition, these figures become 
21.2 and 27.77 cubic feet respectively. The horse-power 
expended in driving the engine amounted to 2.31, 

The gas consumed during this trial had a thermal value 
of about 119,450 thermal units per hour, the expenditure 
of which was, approximately, as follows: Per Cent, 


Heat turned into work _... Be 20.9 
sy rejected in jacket water... a# 41.1 
= Re » exhaust and unac- 
counted for (by difference) + oD 

100.0 


Trial C.—In this trial the engine was run for half an 
hour empty. Cards were taken every five minutes 
(Fig. 15), and the explosions were counted throughout the 
whole time as before. The engine ran at 161 revolutions 
per minute, and made 10,2 explosions per minute. The 
mean effective pressure was 66.7, and the indicated horse- 
power 2.19, Gas was used at the rate of 22.38 cubic feet 
per indicated horse-power per hour. 

In this trial the work done corresponds to 19.4 per cent. 
of the heat of combustion of the gas used. 

Trial D.—The Otto engine was fitted, as has been 
already stated, with a high-speed countershaft, for the 
purpose of obtaining greater regularity in driving for 
electrical purposes. It was thought necessary to find the 
power expended in driving this countershaft as far as it 
was possible to doso. For this purpose a short trial was 
made with the engine driving the countershaft only. 
Three sets of indicator diagrams were taken with, and 
three without, the countershaft, and the difference between 
the powers developed in the two cases may be taken 
(with the limitation stated later) as representing the 
power necessary to drive the countershaft at its proper 
speed. The indicated power found necessary to drive the 
countershaft amounts to 1.9 under these circumstances. 
This indicated horse-power has to be deducted from the 
brake horse-power of trials A and B, in order to estimate 
the work which the engine could actually do against 
electrical resistances. The net brake horse-power reckoned 
in this fashion comes therefore to 12.84 and 5,51 respec- 
tively, and the corresponding gas consumption per brake 
horse-power per hour becomes 27.4 and 36.8 cubic feet. 

Tue GRIFFIN ENGINE. 

Four experiments were made upon the Griffin gas 

engine. Experiment A was a six hours’ run at full power. 
Taste VIII.—Griffin Gas Engine. 











. Date .. ve S ..|Sept. 27 Sept. 27 Sept. 26| Oct. 1 
2. Trial .. ~ doom ee, pe D 

3. Duration a -|6 hours 3 hours! § hour | 1 hour 
4. Power as an --| full half | empty/| full 
5. Revolutions per minute..} 198.1 | 201.8 | 200.1 206.0 
6. Explosions .. os --| 129.0 | 82.6 30.6 136.5 
7. Mean initial pressure ..) 182.3 | 135.1 | 128.0 131.6 
8. ,, effective ,, ..| 64.15 | 65.85 | 56.60 54.20 
9. Indicated horse-power ..| 15.47 | 10.23 | 8.84 16.39 
10. Brake load, net... «.| 180.7 64.67 |. 134.48 
ll. __,, horse-power --| 1251 | 6.30 oe 13.39 
12. Mechanical efficiency .. 0.809; 0.616 me 0.817 
13. Gas per hour, main --| 350.2 | 228.7 95.2 | 370.8 
1%. 34, ‘ignition 7.1 | 68 | 48 6.98 
UE us. qs eel ..| 357. 234.5 99.5 | 877.8 








3 
i6. Gas per indicated horse- 

power per hour, main..| 22.64 22.35 2479 | 22.68 
17. Gas per indicated horse- - 

power per hour, total.. | 23.10 22.92 25.91 23.05 
18. Gas per brake horse-power| 

per hour, main .. -.-| 28.00 36.30 si | 27.69 
19. Gas per brake horse-power) —_—_-— 

per hour, total .. .-| 28.66 | $7.20 | 


20. Water perhour .. --| 1022 | 616.6 
21. Rise of temperature . (71.8 dg.|71.81dg. 
22. Horse-power in driving | 

i | 2.96 3.93 | 8.84] 3.00 











23.21 





engine .. ~ - 

23. Mean pressure during! 
working stroke equiva- 
lent to work done in 
ms en gg ne sa 2.40 

24. Corresponding indicated } 
horse-power eo] 0.69 | 





| 





Experiment B was a three hours’ run at half power. 
Experiment C was a short run empty. Experiment D 





was a one hour’s run at a somewhat higher speed and 
indicated horse-power than trial A, and with an altered 
valve gear. Particulars of these trials are given in 
Table VIII. 

Trial A Fig. 16).—This trial corresponds to the similarly 
lettered trials of the Atkinson and Crossley engines, and 
observations were made in the same manner. The ex- 
hibitors elected to work at 200 revolutions per minute, 
and at a brake load corresponding to 124 horse-power 





cent., and the power used up in driving the engine itself, 
2.96. The engine was fitted with two equal flywheels on 
which similar brakes were placed. 

The gas used in the engine was 350.2 cubic feet per hour, 
and for ignition 7.1 cubic feet. This corresponds to a gas 
consumption in the cylinder of 22.64 cubic feet per indi- 
cated herse-power per hour, or 28.0 cubic feet per brake 
horse-power per hour. These figures become 23.10 and 28.56 
cubic feet respectively, if the ignition gas be also taken 


TABLE IX.—Grirrin TriAt, SEPTEMBER 27, 1888, 























= | 
” | ‘ ‘ b | ow . - ° 
| & |Weight of One Weight in One} > SES 3 ofa os E 2 gj os E : 93 Weight of Products 
| | Cubic Foot Cubic Foot ao”. | me B-"S°95/~S°O5| of Combustion for 
Age Ae | of Gas = Past EEO 5° RSs S254 One Pound of Gas. 
Constituents. | $8 Ba 1/2 _5 | SSR [ESESE slo E2Sa 
| Be At Standard Pressure and Bed Bebe | Begs RSEEEE|SEE3 5 ie boni 
| cae Standar r) Ssoe/|es ° 3 o/s 3 arbonic 
| eid Seanperehene. EE | Sass | S855 |ERRCSA/S ROSA) Steam. | “Acid. 
| per cent. | Ib. lb. thermal | thermal Ib lb | Ib. 
| units units 
CH | 86.14 | 0.0447 0.01615 0.509 21,510 10,948 4 2.036 1.145 1.400 
C,H,, &e. 4.04 | 0.1410 0.00569 0.177 20,100 3,558 24 0.6C7 0.228 | 0.556 
3 | se 50.94 | 0.00559 0.00285 0.090 52,200 4,698 8 0.720 0.810 | 
co re 4.58 0.0783 0.00359 0.114 4,350 495 4 0.065 | 0.179 
et 8.94 | 0.0783 0.00309 | 0.098 | 
CO, and O 0.36 | 0.1060 0.00038 0.012 | 
| 100.00 0.03175 1.000 19,699 oe 3.428 2.183 | 2.185 
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Calorific value of 1 cubic foot =19,699 x 0.0317 =624 thermal units. 
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effective. The actual average speed throughout the trial 
was 198.1 revolutions per minute. he maximum 
8 for any quarter of an hour was 199.8 revolu- 
tions per minute, and the minimum 192.7 revolutions 
per minute. The songs, number of explosions (the 
misses were counted as before) was 129.0 per minute. 
This corresponds, practically, to three misses per 
minute, The mean initial pressure was 132.3 lb. per 
square inch above the atmosphere, corresponding toa 
mean effective pressure of 54.15 lb. per square inch, an 
an indicated horse-power of 15.47, The brake horse-power 
was 12,51, the mechanical efficiency being thus 80.9 per 


‘ ’ n ‘ ‘ rn 1 
x” eo 6 3 4% 0 66 30 ® 6o 66 oo & 70 


into account. The work done during the pumping strokes 
(Fig. 17) was equivalent to an average mean pressure of 
2.401b. per square inch throughout the working stroke, 
and the corresponding indicated horse-power is 0.35. The 
indicated horse-power expended in driving the engine was 
2.96. The engine ran quite cool, and used 1.89 lb. of 
lubricant in the cylinder (both ends) in the six hours. 
The lubricant used was ‘‘ vacuum oil” costing about 3s. 
per gallon, or 4d. per pound. The cost of cylinder lubri- 


d| cation was, therefore, equal to that of about 2.72 cubic 


feet of gas per horse-power per hour, taking the gas at the 





same price as before, 
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The thermal results of this trial have been worked out 
upon exactly the same lines as those of the other engines, 
with the following results : 

The analysis of the gas used is given in Mr. Wilson’s 
report, and its thermal value is worked out in Table IX., 
which shows it to have been 19,700 thermal units per 
pound, or 624 thermal units per cubic foot. The weight 
of the gas used was 0.03175 lb. per cubic foot under 
standard conditions. 

The mean pressures and volumes at the different car- 
= — of the stroke marked in Fig. 21 are given in 

able X. 


TABLE X,. 


Pressure in Pounds 
















































































works out to 31.6, and by volume to 12.36. The total 
weight of the charge works out to 0.04426 lb. 


The value of the index n for the compression process, | 


worked out as before, is 1.245, and under these conditions 
the rise of temperature would be 206 deg. Fahr., so that 
the temperature at the point C would be 799 deg. abso- 
lute. The temperature at D, corresponding to the rise of 
pressure at constant volume, would be 2010 deg. absolute, 
taking the specfic heat of the gas to be the Ee ag aed 
worked out in detail for the Atkinson engine. This is a 
point in which the different engines would vary extremely 
little. During the process D E (Fig. 3) the calculated 
temperature rises to 2580 deg. absolute, the highest limit 
of temperature. 























per Square Inch, Bsa yb The expansion process was very nearly adiabatic, the 
Absolute. : value of » being 1.350, while for the adiabatic process it 
. 13.8 = would be 1.376. The calculated temperature at F is 
Cc 58.7 0.231 1866 deg. absolute. The quantity of heat apparently 
D 147.2 0.231 received during the expansion is therefore very small. 
E 147.2 0.296 It works out to only 320 foot-pounds, which is less than 
F 42.7 0.739 7 percent. of the heat turned into work during the same 
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The mean air temperature for the da 
a atmospheric pressure being 14.87 lb. per square inch, 
z e temperature of the gas inside the meter was 67 deg. 

abr., and its pressure 1.20 in, 


gas per cubic foot through th te i- 

tions, ‘works out to 0 g ag meter, under these condi 

sponding weight of gas per explosion was 0.001358 Ib, 
@ mean temperature of th 


was 132 deg. 
to be the eg. Fahr., 
cylinder, 


temperature of the charge after it entered the 





A of water, its total pressure | 
being thus 14.91 Ib. per square inch. The weight of the hour, and the average 
é | was 72,790 thermal units. 
cubic foot. The corre- | valent to 7260 foot-pounds 


i the water as it left the jacket | 8220 foot-pounds per explosion. 
and this has been assumed, as before, | heat account comes out as annexed : 


Explosions per min 3°. Rev‘ per min. 201-0. 
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was 70 deg. Fahr., | operation, as against about 30 per cent. in the Atkinson 
| engine. 
nearly complete when the point E was reached. 


The combustion must therefore have been very 


The quantity of jacket water used was 1021.7 lb. per 

heat carried away by it per hour 

This amount of heat is equi- 
r explosion. 

The exhaust waste, calculated as before, is equivalent to 

With these figures the 


It is to be noticed that the balance unaccounted for in- 


On this basis the ratio of air to gas by weight | cludes in this case a quantity—the heat carried away by 











the “‘ scavenger” charge of air—which did not exist in 


| either of the two former cases, 


The actual work done corresponding to the indicated 
horse-power of 15.47, was 3960 foot-pounds per explosion, 





‘eimai Percentages. 





Calorific value of the gas per ex- 








plosion 0.001358 x 19,700 x 772 20,650 100 
Heat turned into work as 4,350 21.1 
» rejected in jacket water 7,260 35.2 
jo od >» exhaust .. a“ 8,220 39.8 

Unaccounted for, including heat re- 
jected in blank charge of air 820 3.9 
20,650 100.0 


or 91 per cent. of that due tothe ideal mean process. “The 
difference between the ideal mean diagram and an actual 


| indicator card will be seen on reference to Fig. 21. The 
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GRIFFIN ENGINE. 


heat actually turned into work is thus 19.2 per cent. of 
the whole heat of combustion; 35.2 per cent. of the same 
quantity was rejected in the jacket water; and 45.6 per 
cent. in the exhaust, &c. The total quantity of heat used 
corresponds to 13,390 thermal units per indicated horse- 
power per hour. The efficiency of a ‘‘ perfect” engine 
working between the same limits of temperature as the 
Griffin engine would be 78 percent. The efficiency of the 
actual engine compared with such an engine is 24.6 per 


cent, 

Trial B.—In this trial, which lasted three hours, the 
brake horse-power was 6.30, or, as nearly as possible, hafl 
that upon trial A. All the other conditions were kept as 
nearly as possible as in trial A. The results are given 
in Table VIII. The gas used in the cylinder per indi- 
cated horse-power per hour was 22.35 cubic feet, and 
per brake horse-power per hour 36.3 cubic feet. These 

uantities become 22.92 and 37.2 cubic feet respectively, 
it the gas used for ignition be also taken into account. 
The expenditure of the heat of combustion (135,200 thermal 
units per hour) was approximately as follows : 


Per Cent, 
Heat turned into work . eS: 19.4 
», Yrejectedin jacket water. aaa 32.5 
oa ea exhaust and blank 
charge, and unaccounted for (by 
difference) pee isa os a 48.1 
100.0 


The speed of the engine during the trial was 201.8 revo- 
lutions per minute, the number of explosions per minute 
82.6, which corresponds to 51.9 misses per minute. The 
brake horse-power was 6.30, the indicated horse-power 
10.23 ; the mechanical efficiency was, therefore, 61.6 per 
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cent., and the horse-power expended in driving the 
enzine 3.93. The diagrams are given in Fig. 18. 

Trial C.—In this trial the engine ran empty. Itsmean 
speed was 200.1 revolutions per minute, with 30.6 explo- 
sions per minute, the explosions being in this case counted 
instead of the misses. The indicated horse-power (mean 
of six sets of cards, Fig. 19) was 3.84. The gas per indi- 
cated horse-power per hour was 24.79 cubic feet, or 25.91 in- 
cluding ignition gas. Kunning empty, the valves for one 
end of the cylinder were disc nnected, so that the engine 
worked single-acting. 

In this trial the indicated horse-power corresponds to 
a cent. of th3 whole heat of combustion of the gas 
used, 

Trial D.—During this trial, which lasted for one hour, 
the engine was run at 206 revolutions per minute. The 
trial was made for the purpose specially of testing the 
working of the engine at a somewhat higher speed than 
before, and with a somewhat different arrangement of 
valve gear. The mean initial pressure was 131.6 lb. per 
square inch above the atmosphere, The engine ran with 
about one governor miss per minute throughout the trial. 
The indicated horse-power was 16.39 (Fig. 20), and the 
brake horse-power 13.39, the mechanical efficiency being 
thus 81.7 per cent., and the horse-power used in driving 
the engine itself 3.00. The gas used per indicated horse- 
power per hour was 22.63, and par brake horse-power per 
hour 27.69, which quantities become 23.05 and 28.21 
respectively, taking into account the gas used for ignition. 

In this trial the indicated horse-power corresponds to 
19.2 per cent. of the whole heat of combustion of the gas 


used, 
To be continued.) 








NOTES FROM THE NORTH. 
G Lascow, Wednesday. 

Glasgow Pig-Tron Market.—Last Thursday’s pig-iron 
warrant market was strong and buoyant, and the price of 
Scotch iron advanced 2}d. per ton further, making an 
advance of 7d. per ton for the week. Oa Cleveland and 
hematite iron the price was in each case advanced 3d. per 
ton. On the part of makers of special brands an exceed- 
ingly healthy demand was reported, the orders placed by 
merchants having been unusually general. At the close 
the settlement prices were—Scotch iron, 42. 74d. per ton; 
Cleveland, 35s. 6d. ; hematite iron, 45s. 94. per ton. On 
the following day there was much excitement over the 
contiaued improvement in the prices for warrant iron, 
and ‘‘ bears” were evidently very seriously alarmed, as 
they were buying in heavily to cover sales. Holders, how- 
ever, kept the reins firmly in hand, and sent prices up to 
the extent of 5d. per ton, 433. O}d. por ton cash being paid 
for Scotch iron—a price not reached since January of last 
year. Cleveland iron improved in price 24d. per ton, and 
hematite iron 54d., and the closing settlement prices were 
—Scotch, 433. ; Claveland, 353. 9d. ; hematite iron, 463. 3d. 
per ton. Thera was a continuance of the excitement in 
the market on Monday, aud a large amount of speculative 
business was done in warcant iron. The shipments of 
Seotch iron did not show a large increase for last week, 
and there was a further decrease in the public stocks ; the 
heavy import of Claveland iron at Grangemouth, how- 
ever, was ominous. In the forenoon there was some heavy 
eolling to realise pro‘its, which sant prices ‘‘down by the 
ran.” The opsning quotation for Scotch iron was about 
ljd. per ton over last week’s closing price, but subse- 
quently there was a drop of 4}d. per ton. Confidence 
was restored again by reports of makers having advanced 
theice pricas, and there was a gradual recovery. No 
material change took place in the price of Cleveland iron, 
but the price of hematite iron was 34d. per ton easier ia 
‘the forenoon, and the closing quotation in the afternoon 
was 2d. per ton under last week’s closing quotation. The 
settlement prices at the close were—S.otch iron, 42s, 104d. 
per ton; Cleveland, 353. 94.; hematite iron, 463. per 
ton. The tone in the warrant market in the early part of 
yesterday was somewhat undecided. Warrants were 
strong at the opening, and the price went up to 433. per 
ton cash, but at that price heavy realising for profits 
began, and prices went down 3d. per ton. Thereafter the 
quotations oscillated, and the close in the afternoon was 
423. 104. cash for Scotch iron, being a loss of 1d. per ton 
onthe day. Cleveland iron was 4d. per ton lower at the 
close, and hematite iron remained unchanged in price. 
Makers of special brands again announced further ad- 
vances in the quotations both for No.1 and No. 3. From 
the rapid advances in the prices of these brands it seems 
very probable that makers have little, if any, iron in 
hand. Orders from Canada were placed in the Glasgow 
market yesterday morning, but the bulk of the business 
done was for home and Continental consumption. The 
market was barely steady this forenoon, and in the absence 
of outside support there was doubt as to the maintenance 
of the prices. Trade prospects, however, were reported 
t>» bea everywhere promising. The demand for makers’ 
iron was again reported to be brisk. Scotch iron changed 
hands at 42s. 84d. per ton cash, and 35s. 10}d. and 
463. 3d. were paid for Cleveland and hematite iron 
respectively. Up to 42s. 104d. cash was paid in the 
afternooa for Scotch warrant iron, 35s. 10}d. cash for Cleve- 
land iron, and 46s. for hematite iron. There are now 80 
blast furnazes in actual operation in Scotland. One fur- 
nace makiog hematite iron at Gartsherrie Works has been 
put out during the week. A year ago there were 86 fur- 
naces blowing. Last week’s shipments of pig iron from 
all Scotch ports amounted to 7152 tons, as compared with 
5283 tons in the corresponding week of last year. They 
included 1100 tons for the United States, 810 tons for 
Australia, 500 tons for France, 201 tons for Italy, 200 tons 
for Holland, 195 tons for Spain and Portugal, smaller 
uantities for other countries, and 3692 tons coastwise. 
The stock of pig iron in Messrs, Connal and Co.’s pub ic 





warrant stores stood at 1,034,096 tons, against 1,034,181 
tons yesterday week, thus showing for the week a decrease 
of 85 tons, 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde reported last week included the following: 
Locomotive engine for Singapore, valued at 1100/.; marine 
engines and rice-cleaning, paper-making, and sugar-crush- 
ing machinery, of the value of 13,500/.; sewing machine 
parts, for Rouen, Bordeaux, Gibralter, &c., valued at 
47231. ; plates, bars, and other steel goods, of the value of 
8500/.; pipes and other castings, malleable iron tubes, 
bars, sheets, plates, and miscellaneous iron mannfactures, 
valued at 21,5001. : 


East of Scotland Engineering Association. —At the 
eighth fortnightly meeting of this Association, held in 
Edinburgh, Mr. J. B. Bennett in the chair, Mr. James 
H. Anderson, A.M., Inst. C.E., read the second part of 
a paper on ‘* Foundations.” 


Institution of Engineers and Shipbuilders in Scotland.— 
An ordinary meeting of this Institution was held last 
night, the attendance being unusually large. A discus- 
sion took place on Mr. David Joy’s paper on ‘‘ The 
Joy Valve Gear and its Results.” The author was present, 
aud made some interesting remarks regarding the extent 
to which his gear is now used in locomotive and marine 
engines. Subsequently Professor Jamieson gave a vivd 
voce summary of his paper on ‘*The Designing of 
Dynamos,” and a very full and interesting discussion 
followed. Sir William Thomson was the principal 
speaker, and the others were Mr. J. F. D. Andrews, Mr. 
Smillie (Dumbarton), and Mr. William M‘Whirter, elec- 
tric lighting engineers. Much was said in praise of the 
Rankin-Kennedy dynamo as to its simplicity of con- 
struction, and its efficiency in action. The rest of the 
business on the billet was postponed till next meeting. 


Govan Iron Works and Uulisation of Blast Furnace 
Gases.—At Govan Iron Works arrangements are at pre- 
sent in progress for collecting the blast furnace gases so 
as to extract from them their ammonia and tarry vapours 
with a view to their utilisation. It is said that the plant 
being laid down to do this work is likely to cost from 
40,0007. to 50,0007. 


Inspection of the Forth Bridge.—The official quarterly 
inspection of the Forth Bridge on behalf of the Board of 
Trade, was mide yesterday by General Hutchinson and 
Major Marindin. 


The Lanarkshire S cel Works.—The steel works through- 
out Lanarkshire continue to ba very busy, and, in fact, 
there is a general complaint from merchants of great 
delay indelivery. Though no large accession of work has 
come upon the market for a time, all the makers are regu- 
larly booking orders, and in the case of the larger firms 
at practically their own terms, As regards the smaller 
firms, they have been taking some work at easier prices 
than were commanded a month or two ago; but at the 
moment they are firmer again, and business, it is said, 
could not probably be placed at recent figures, 


Shipbuilding Contracts.— Messrs. Russell and Co., Port- 
Glasgow and Greenock, have contracted with a Liverpool 
firm t» build three cargo steamers of 2200 tons each. The 
engines, which are to be of the triple-expansion type, are 
to be supplied by Messrs. James Howden and Co., Glas- 
gow. An order for a steam trawler, measuring 100 ft. 
in length, has been placed with Messrs. John Scott and 
Co., Kinghorn, by Messrs. Robert Brown and Co., 
Aberdeen, 


Dundee Engineers’ Wages.—Afier being three weeks on 
strike for an advance of wages the Dundee engineers 
have resumed work on the promise ‘that they will get an 
advance of 1s. per week after the lapse of afortnight. It 
seems that the employers were very unwilling to yield to 
the men’s request. At first they would not make any 
concession, then they wanted to make it at the end of four 
weeks, and at last they yielded at the earnest solicitation 
of the Lord Provost and two other prominent citizens. 


Extension of Messrs. Scott and Co.’s Engine Works.— 
Messrs. Scott and Co., shipbuilders, propose making some 
extensive additions to their engine works in Springkell 
and Cartsburn-streets, Greenock. The moulding shop is 
to be extended, and will take in the present smithy, which 
will enable Messrs, Scott and Co. in future to do all their 
own ironfounding. The present engine-erecting shop is 
to be converted into a turning and machine shop. ‘The 
erecting shop is to bo transferred further west, and the 
three properties at the head of St. Andrew-street, belong- 
ing to Messrs. Scott and Co., are to be taken down and a 
smithy erected on the site. A portion of St. Andrew- 
street above the railway bridge is to be inclosed and a 
large boiler shed erected. The smithy and boiler shed 
will be fitted with travelling cranes and machinery suit- 
able for the carrying on of work required for the largest 
class of vessels. It is expected that the cost of the altera- 
tions and new machinery will not amount to much under 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday the attendance 
on ’Change was large, and business was good. There have 
been several animated markets lately, but yesterday there 
was more excitement on ’Change than has been noticed 
for some considerable time, Since last week pig iron has 
advanced 1s. per ton. Purchasers were numerous, and 
offered 353. 9d. for prompt delivery of No. 3 Cleveland 
pig iron, but sellers declined to do business under 36s., and 
this latter figure was obtained. For forward delivery 





36s. 6d. to 37s. is the quotation. Grey forge iron is 35s- 
per ton. Shipments of pig iron are only poor this month, 
but it is generally expected that next month the exports 
will be very heavy. On Monday night Messrs. Connal 
and Co., the warrant storekeepers, had in stock at Middles- 
brough 248,461 tons of pig iron. This is a decrease of 
933 tons on last week. In Glasgow the same firm hold 
a stock of 1,034,096 tons. All kinds of manufactured iron 
are in good request, and prices are fully maintained. The 
steel works are well employed and quotations are tending 
upwards. 


Ironworkers’ Wages.—The iron manufacturers of the 
North of England and Cleveland, connected with the 
Conciliation Board, have made an advance of 24 per 
cent. in the wages of ironworkers. The matter has been 
pending for settlement by the Arbitration Board, as the 
operatives put in their claim a month since. The 
employers coupled their concession at first with the adop- 
tion of a sliding scale, but have now given the advance 
without the scale, though it is still left for the Standing 
Committee to report on the matter to the Board, and to 
send the case before Dr. Spence Watson to fix a basis for 
a scale if one could not be agreed upon by the Board of 
Arbitration. This advance brings the men equal to the 
Staffordshire operatives in the increases of wages since 
the improvement in trade. 

Engineering and Shipbuiiding. —Engineers and ship- 
builders have a lot of work on hand, but at some of the 
shipyards in the North the wages questions are not yet 
quite settled. All the firms are sufficiently supplied with 
orders to keep them fully occupied for by far the greater 
part of the present year. 


Uhe Coal and Coke Trades.—Coal and coke are firm. 
There is a good demand for all kinds of fuel, and prices 
continue to steadily improve. 


NOTES FROM THE SOUTH-WEST. 

Cardiff.—Less activity has prevailed in steam coal, and 
in some cases lower rates have been accepted. Within 
the last day or two the market has shown more steadiness. 
The best qualities have made 14s.; second-class coal, 
12s. 9d. to 133. 3d.; and best Monmouthshire 12s. to 
12s. 3d. per ton. The demand for house coal has heen 
well maintained at about former rates. Patent fuel has 
been in steady demand, Coke has experienced little 
change. 


The Last of the Broad Gauge.—A conference of delegates 
from various local boards in South Devon was held on 
Monday at Newton, to consider the best means of 
approaching the Great Western Railway Company, 
with the view of inducing them to extend the narrow 
gauge over the South Devon portion of the company’s 
system. A resolution was carried unanimously declaring 
that in the opinion of the meeting great advantages 
would arise from the narrow gauging of the section, both 
to the company and to the district. It was also decided 
to prepare a memorial in accordance with the terms of 
this resolution, and to ask the various local boards in the 
county, as well as the town councils of Plymouth and 
Devonport, to support it. 


Coal at Portsmouth.—A line of rails connecting the 
coaling station at Portsmouth with the general railway 
system of the country is to be laid down, so that coal 
for the use of men-of-war may be received by land car- 
riage. At present the coal used is entirely sea-borne. 


Abertillery.—At Abertillery, on Tuesday, the first sods 
were cut of two new pits to be sunk for the Tillery Coal 
Company (Limited). The work of sinking has been in- 
trusted to Mr. F. Coulson, of Durham, who expects to 
win coal in from six to eight months. The coal mined 
will be what is known as the old coal seam of steam coal, 
which is expected to yield some of the best coal in the 
Monmouthshire Valley. The probable output is esti- 
mated at about 2000 tons per day. The coal mined will 
be shipped at Cardiff and Newport. 


The ** Mayflower.” —The Lords of the Admiralty have 
approved an estimate of 16,600/. for building and com- 
pleting the brig Mayflower, 8600/. to be spent on labour, 
and 8000/. on material. This sum is to include the cost of 
completing the hull, and fitting out the vessel at Devon- 
port. 


Rhymney Railway.—At the half-yearly meeting of the 
Rhymney Railway Company on Friday a dividend at the 
rate of 9 per cent. per annum was declared, and the share- 
holders approved a Bill now being promoted in Parlia- 
ment, for the consolidation of preference shares and other 
purposes. The chairman, in moving the adoption of the 
report of the directors, said a dividend of 10 per cent. per 
annum was beyond the strength of the company at pre- 
sent. There were various causes for this, one being the 
obstruction of traffic by the Taff Vale Junction line. The 
most important cause, however, was the increased expen- 
diture which had been found necessary, particularly upon 
the permanent way, in the locomotive department, an | 
in legal and Parliamentary charges. The mileage run 
had increased by 24,899 miles during the last half-year, 
and, as the proprietors knew, the price of coal had in- 
creased, which made a considerable difference in the cost 
of working the line. The directors had fixed signals 
of a more modern pattern, and that had involved an ex- 
penditure which would not occur again. In this extra 
work 1 per cent. of dividend had been consumed, but he 
could assure the proprietors that under the management 
of Mr. Lundie nothing which was not absolutely neces- 
sary had been done. If the company made a tunnel line 
into the Monmouthshire valleys, powers for which were 
obtained last summer, it would open up the Sirhowy 
district. 

Pembroke Dockyard.--Orders have been received at 
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Pembroke Dockyard for the building of a monster line- 
of-battleship, several feet longer and of more beam than 
the Nile, which has just left Pembroke for Portsmouth. 
The new ship is likely to be the largest vessel afloat. 


Water Supply of Bristol.—A special meeting of the 
Bristol Water Works Company was held on Saturday at 
Bristol for the purpose of considering a Biil pending in 
Parliament, seeking additional powers for the company 
and for other purposes. The chairman (Mr. E. Bush), in 
moving the approval of the Bill, said it was for the pur- 
pose of supplementing and making complete the powers 
which Parliament had granted on the occasion of the 
company’s last application. Parliament had not seen fit 
to grant the company pumping powers, it being the first 
time that such powers had been refused to any water com- 
pany. The new scheme would, however, enable the 
company to take the springs, as well as the Yeostream, 
down to the foot of the new reservoir which would be con- 
structed across the valley at a cheap rate. It would thus 
enable the company to save an immense quantity of water, 
and permit a daily flow through the district of 1,900,000 
gallons. The proposed new works would cost, roundly 
speaking, 200,000. The Bill was approved. 


The ‘‘ Achilles.”—The Lords of the Admiralty have 
approved an estimate of 34,513/. for refitting the Achilles, 
15, at Devonport, for future service. This estimate is ex- 
clusive of new boilers, which are to be placed on board at 
a cost of 12,587/., the total cost of the refit being 47,100/. 


Caerleon Tinplate Works.—On Saturday, Mr. D. T. 
Alexander (of Messrs. Stephenson and Alexander, Car- 
diff) offered for sale at Cardiff the Caerleon Tinplate 
Works at Llangattock-juxta-Caerleon, Monmouthshire. 
The business was offered as a going concern, the purchase 
to be completed on the 25th of March. The bidding 
started at 3000/., and soon went up to 6000/., where it 
stopped; and as the reserve price of 7000/. was not 
reached the property was withdrawn. 


Devonport Dockyard.—The constructive department at 
Devonport Dockyard has received drawings from the 
Admiralty for building a torpedo storeship of the improved 
Vulcan type. The vessel is to be 360 ft. long, 60 ft. beam, 
= . displacement of 7350 tons, and a mean draught of 
23 ft. 9 in. 





MISCELLANEA. 
AN English company has purchased the Gravfos water- 
fall in Norway, close to Modum, for a sum of 6000/. The 
waterfall is reckoned to have about 4000 horse- power. 


The Gothenburg Engineering Company has contracted 
for the building of a new steamer in lieu of and exactly 
like the last steamer, Miranda, with the exception of 
Swedish plate(Domnarfaet) being used instead of English. 


We understand that Messrs. W. Simons and Co., of Ren- 
frew, N.B., have commenced to build two bucket dred- 
gers, each to dredge 600 tons of material per hour from a 
depth of 35 ft. forthe Melbourne Harbour Trust, under 
the direction of Mr. W. R. Kinipple, M. Inst. C.E., of 2, 
Westminster Chambers, 


Messrs. Merryweather and Sons have made some con- 
siderable improvements in the Sphinter Grip armoured 
hose machine, which is the subject of a patent. By means 
of their new appliances they can cover any class of hose, 
even plain canvas of small sizes, by which the hose is 
rendered always circular and of full bore. 


The gross receipts of the twenty-three principal railways 
in the United Kingdom for the week ending February 17, 
amounted, on 16,022 miles, to 1,121,643/., and for the 
corresponding period of 1888, on 15,926} miles, to 
1,088,443/., an increase of 95? miles, or 0.5 per cent., and 
an increase of 33,200, or 3 per cent. 


We understand that the Manchester Ship Canal Com- 
pany have adopted Messrs. Priestman Brothers’ new oil 
engine. After making careful trials, extending over some 
months, with a small engine, an order has been given for 
two of larger size upon the recommendation of their engi- 
neers, 


Messrs. Victor Coates and Co., Limited, of Logan 
Foundry and Prince’s Dock Works, Belfast, have re- 
cently erected a set of triple-expansions of the ordinary 
marine type, at the Hilden Mills of Messrs. William 
Barbour and Sons, near Belfast. These engines have cy- 
linders 20 in., 31 in., and 5lin. in diameter by 4 ft. 
stroke, and are worked with steam at 1501b. pressure. 


In answer to a question in the House of Commons on 
feb night, Mr. E. Stanhope stated that there were 
some alleged patents in connection with the new magazine 
rifle, but that a very full inquiry would be made as to 
their validity before any question of payment or com- 
pensation for rights under them would be entertained. 
At present he did not admit that any one had a claim, 


In a recent lecture at the Society of Arts on the Forth 
Bridge, Mr, B. Baker described a practical method he 
had adopted, for the purpose of determining the effective 
area of the bridge exposed to a wind pressure striking 
the work at different angles. A model of the bridge was 
made and towed in water at different angles to the 
stream, the area of a flat board normal to the current was 
then determined, which exerted the same drag as the 
model ; this area was then taken as the effective area of 
the bridge for the particular angle at which it was towed. 


It is now definitely known that two large armour-clads 
and a cruiser will be laid down at Portsmouth Dockyard. 
during the ensuing financial year. The former will re- 
semble the Trafalgar type of battle-ship, but will have a 
greater length. It is not at present finally determined 
whether they will carry their heavy guns in turrets or 
barbettes. The cruiser, which is intended for the Austra- 





lian Government, is to be called the Pallas, and will be 
of the same character as the Pandora or Ptype. She 
will have the same protection as the Medea and Medusa, 
and have a displacement of 2500 tons and a speed of 19 
knots. 


The City Commisssion of Sewers have decided that 
contractors for electric lighting in the City must conform 
to the following conditions: The main thoroughfares and 
public streets of the entire area of the City are to be lighted, 
and for convenience are divided into three districts, 
and the contractors are at liberty to tender for either one 
or two districts, or the whole City. The three districts 
are denominated the west, the central, and the east, and 
the positions of the arc and glow lamps, as well as those 
of the existing gaslamps, are to be expressly indicated, 
and, in addition, the positions of the main and service 
pipes. So soon as the main thoroughfares have been 
lighted, the contractor must proceed when called on to 
light the other public ways. ‘lhe whole of the lamps are 
to be efficiently lighted nightly, from sunset to sunrise, 
and when otherwise necessary, but the existing system of 
gaslighting is in no way to be interfered with. The 
duration of the contract is to be twenty-one years, and it 
is provided that, if the profits arising from the contract 
exceed a cumulative dividend of 10 per cent. per annum 
on the capital invested, the excess is to be divided equally 
between the contractor and the consumer by the reduc- 
tion of the charges. Power is reserved to the Commis- 
sioners to acquire the undertaking and works by purchase 
at the end of twenty-one years, 


To develop and provide accommodation for portions of 
the South African trade, the directors of the Union 
Steam Ship Company have arranged for the construction 
of two steamers. One of these is intended for the South 
African Intercolonial Mail Service between Cape Town, 
Natal, and Delagoa Bay. The other new steamer will 
be utilised in the company’s branch services between 
Southampton and Continental ports. The contracts for 
these vessels have been placed with Messrs. Day, Sum- 
mers, and Co., of Southampton. The details of the inter- 
colonial steamer are as follows: — Length, 270 ft. ; 


breadth, 33 ft.; depth, 16 ft. 10 in.; estimated gross | }, 


tonnage, 1350. Her engines will be of the tri-com- 
pound type, the cylinders being 22 in., 37 in., and 59 in. 
in diameter, and length of stroke 42 in. ; working pres- 
sure of boilers, 160 1b. ; and estimated indicated horse- 
power, 1100. She will have accommodation for about 30 
first-class, 20 second-class, and 50 third-class passengers. 
The steamer for Continental service will be of the follow- 
ing dimensions : —Length, 238 ft. 6 in. ; breadth, 30 ft. ; 
depth, 16 ft. ; estimated gross tonnage, 800. Her engines 
will also be tri-compounded and the diameter of cylinders 
21 in., 34in., and 57 in. respectively ; leagth of stroke, 
34 in. ; indicated horse-power, 700; working pressure of 
boilers, 160 lb. ; and she will have accommodation for a 
considerable number of passengers in each class. Both 
vessels will be lighted electrically. 


At a meeting of the Engineering Students’ Club, 
Newcastle-on-Tyne, held at the Durham _ College of 
Science on Thursday evening last, Mr. J. Wallan bein 
in the chair, 2, lecture on ‘‘ Indicator Gears and Cards” 
was delivered by Mr. J. Hamilton, B.Sc. (London). A 
Richards indicator with Danke motion was taken to 
pieces, and the use and adjustment of each part described 
and contrasted with the ccrresponding parts of a Crosby 
indicator. Various gears for giving motion to the barrel 
were then described under the classification of lever gears, 
pulley gears, spiral thread gears, and special gears. The 
kinematics of each was discussed, and the actual errors 
resulting from the use of some were worked out. The 
various deformation of cards due to the inertia of the 
moving parts and the variability of the acting forces were 
then considered, and the effects due to the stretching of 
the string which was illustrated by an experiment were 
next considered. Diagrams showing the resistance of the 
spring in the barrel were combined with barrel oscillation 
diagrams at 60, 120, and 240 revolutions per minute, to 
show the true pull on the string at all points of the stroke. 
Of these speeds 120 were found to give the nearest approxi- 
mation to the constant pullon the string. In conclusion, 
the precautions to be observed in taking cards were de- 
scribed, and remarks made on the most suitable connec- 
tion to the cylinder. 


Messrs. Elliott Brothers are now manufacturing an 
electric ship’s telegraph, designed by Mr. J. Bonelle 
Willis, which possesses many advantages. In outward 
appearance the instrument much resembles the ordinary 
mechanical ship’s telegraph, but possesses several advan- 
tages over the well-known arrangement. A transmitter 
and receiver are combined in the same instrument. The 
transmitter consists of a handle fitted with a spring lock- 
ing piece of the usual type, fixing the handle in any 
position, and unlocking the handle causes an electric bell 
to ring in the engine-room and so attracts the attention 
of the engineer to the signal that is about to be trans- 
mitted. The handle is mounted on a horizontal axis, 
and is connected by a coiled spring with a drum in the 
same way that the drum of an ordinary clock is con- 
nected with its arbor. This drum carries the con- 
tact-making arm, and when the handle is moved over to 
any position this drum tends to follow it, but is prevented 
moving at more than a certain speed by a fly with which 
it is geared. Thus, however quickly the handle is put 
over, the contact maker will only follow it at its own speed, 
and does so till it catches the handle up. The receiver 
is made of three electro-magnets fixed in a circle like the 
cylinders of a three-cylinder engine, the armatures of 
these correspond to the pistons of such an engine, and are 
connected to a crank in the same way. The contact 
pieces in the receiver are connected up to these magnets 
and consecutively bring them each into action in its 





proper turn. The dial handle is connected and turns 
with the crankshaft, and so shows the proper signal. 
The current required is that from ten conglomerate Silver- 
town cells, which on board one boat have worked for nine 
months without being touched, and were found practically 
as good as new. The device, slightly modified in details, 
has also been applied to telegraphing directions to the 
steersman of a vessel, dials graduated with so many 
degrees port or starboard being employed for this purpose. 


The ninth ordinary meeting of the present session of 
the Liverpool Engineering Society was held atthe Royal 
Institution, Colquitt-street, on February 20th, Mr. H. H. 
West, M. Inst. C.E., vice-president, in the chair, when 
@ paper was read by Mr. G. Farren, Assoc. M. Inst. O.E., 
upon “The Construction of Small Harbours and the 
Silting they give rise to.” The author commenced by 
stating that twenty years ago he was called upon to design 
aharbour upon the north-western coast of Carnarvon- 
shire for the use of a private company with which he is 
now intimately connected, and as he considered this to be 
a typical case of the many points to be considered and the 
difficulty to be overcome in designing such a structure, he 
took it as his text for the present paper. He then described 
very fully the physical position and conditions of the site 
of the proposed harbour, illustrating by numerous charts 
and diagrams the nature of the prevailing local winds, 
tides, and currents. The second portion of his paper con- 
sisted of a full description of the nature of the proposed 
pier and breakwater and of the many difficulties he had 
to contend with in the construction of them, one violent 
storm destroying in an hour what had taken many months 
to build, the wind and sea raging so fiercely that stones 
weighing many tons were tossed m had like so many blocks 
of wood. He then gave the actual cost of construction 
of the different portions of the work. The third portion of 
his paper described fully the effects of the construction 
of the pier and the breakwater upon the shifting sands, 
mentioning and explaining the peculiar phenomenon of 
the off-shore winds causing the sand to accumulate in the 
harbour, and the inshore winds removing them. He then 
gave a description of the effect of a steamer grounding on 
the banks, showing from the accurate measurements which 
ad been made on some of his own vessels the nature of 
the strains and the damage which hadensued. He then 
concluded with observations and recommendations as to 
the construction of similar harbours and of the steamers 
which are generally used for navigating such coasts. A 
long interesting discussion followed upon the various 
points raised in the paper, and after the author had 
replied fully, a hearty vote of thanks was by acclamation 
accorded him by the meeting. 








Prussian State Raltwars.—The revenue of thePrussian 
State lines in 1888-9 is officially estimated at 36,012,775/. 
The working expenses of the year are set down at 
24,447,709/. The net revenue of the lines for 1888-9 is 
accordingly estimated at 11,565, 066/, 


CaTALOGUES.—The Pulsometer Engineering Company, 


& | of Nine Elms, London, have issued a new edition of their 


catalogue of icemaking and refrigerating machinery. It 
is upon the ammonia compression system. We notice that 
they guarantee to keep portable chambers below the 
freezing point for a sufficient time for transit between 
Penzance and Aberdeen. Messrs. Schiffer and Budenburg 
announce in their new catalogue that they have manu- 
factured more than 1,000,000 pressure gauges since 1850, 
and that the present annual production is about 70,000. 
The catalogue gives a full account of their very various 
manufactures, 





GASHOLDER TANKS,—At a meeting of the Birmingham 
Association of the Students of the Institution of Civil En- 
= on Wednesday, the 20th inst., Mr. C. Hunt, M. 

nst. C.E., read a paper on “ The Construction of Gas- 

holder Tanks.” In the author’s opinion London clay isthe 
best subsoil for tank construction, being impermeable to 
water and affording a solid foundation. The following 
Table giving the cost of some tanks constructed under 
different conditions was annexed to the paper: 

















| 
| Cost per 
Description and Locality | Dia- | p)..44, | Cost of | 1000 Cubic 
of Tank. meter, | °P Tank. | Feet 
Capacity. 
{t. in. ft. in £ £ 
Brick and puddle tanks : 
Birmingham oe --| 82 0/| 20 9} 1,902 17.3 
itto ee -| 97 0; 20 9| 2,250 14.7 
Ditto 102 0, 24 9) 3,882 19.2 
Ditto 102 0! 24 9! 3,420 16.9 
Ditto 142 0; 2 9) 5,850 15.3 
Ditto 185 0| 41 0 18,190 16.5 
*Dit ee --| 200 0| 37 0 | 16,800* 14.4" 
*Ditto ee --| 200 0| 387 0 20,800* 17.8* 
Salfordt .. pe --| 154 0} 40 O | 11,700 15.7 
Fulham .. ‘a --| 2838 0; 82 0 | 10,000 | 7.3 
Kennington Lane 218 0| 44 6 21,446 12.9 
Beckton .. oe --| 195 0} 37 6 15,00 | 13.4 
Leicester .. ee --| 172 0) 37 O, 15,200 | 16.5 
Brick tank, Bolton} --| 142 6) 32 0} 7,066 | 14.0 
Concrete and puddle tank, | 
Nine Elms, London ..| 200 0 | 45 0 | 17,600 12.4 
Concrete and_ rendered 
tank, Old Kent road, 
London .. se - | 218 0 55 6 | 20,300§ 9.8 


* Inclusive in each case of 1200/, for timber framing to the gas- 
holder crown. ; 

+ Puddle found on site. No pumping. 

t No puddle; a cavity between two walls filled hydraulic 
mortar. 

§ Inclusive cf 1800’. for timber framirg, valvcs, &c, 
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EBERHARDT’S UNIVERSAL AUTOMATIC GEAR-CUTTING MACHINE. 


CONSTRUCTED BY MESSRS. JOHN LANG AND SONS, ENGINEERS, JOHNSTONE, NEAR GLASGOW. 
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We 
: 


THE illustration above represents 2 72-in. universal | which is a disc with notches in its periphery. A bolt 
automatic gear cutting machine (Eberhardt’s patent) | normally engages with one of these notches, and holds 
constructed by Messrs. John Lang and Sons, of John- | the disc and the connected train of gearing stationary. 
stone, N.B. The gear wheel to be cut is placed on) When the cutters have moved back to the end of their 
the horizontal spindle, which can be raised and lowered | travel and are about to advance against the blank 
by a screw to set it to the proper height for any required | again, the chain, seen to the left of the figure, pulls 
diameter of wheel. On the back end of this spindle is | the bolt out of the notch and leaves the disc free to 
a worm dividing wheel made in sections. It gears with | rotate. The bolt is fitted with trip mechanism, which 
a worm driven by change-wheels which will serve for | returns it immediately to the edge of the disc, ready 
cutting any number of teeth up to 100, and any number, | to arrest its motion at the next notch. Several discs 
except prime numbers, up to 200, besides many of|are provided with different numbers of notches. 
higher range. The change-wheels for working the| There are two cutters fixed on one spindle; one 
wormwheel are driven by the pulley at the top of the | for roughing and one for finishing, and the machine 
machine, This pulley runs constantly ; it is joined to|is so geared that it can cut iron wheels up to 
its shaft by a friction coupling, and slips, except at the |3 in. pitch with two such cutters when required. 
moment when the blank is being rotated. The motion | The cutters are mounted on a slide which can be tilted 
of the pulley is transmitted through the vertical shaft | into an inclined attitude by means of the slotted 
and through gearing to a horizontal spindle, upon | quadrants at the sides. One of these has teeth on its 





i 











edge gearing into a worm, fitted with a handwheel 
which is seen to the right of the engraving. The 
cutter frame is moved backwards and forwards by a 
screw, which is rotated slowly on the cutting stroke, 
and quickly on the return stroke. The change from 
one motion to another is by a clutch operated by stops 
at each end of the travel. Beneath the cutter is a 
trough to catch the particles of metal, and in this 
trough there is a coarse-threaded screw which serves 
as a conveyer to remove the particles as they fall. 
This conveyer is driven by a belt as shown. 

The machine will cut spur, bevel, and wormwheels. 
All the motions are entirely automatic, and one man 
can attend to several machines. A dial is provided for 
setting the depth of the cutter, and also a gauge for 
setting it exactly to the centre of the mandrel. There 
are also graduated indexes for the various adjustments 
required when cutting bevel and wormwheels, 
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NOTICES OF MEETINGS. 

INSTITUTION OF Civil ENGINEERS,—Ordinary meeting, Tuesday, 
March 5th, at 8 p.m. Paper to be further discussed: ‘* Alternate 
Current Machinery,” by Gisbert Kapp, Assoc. M. Inst.C.E. At 
this meeting the monthly ballot for members will be taken.— 
Students’ meeting, Friday, March 8th, at 7.30 p.m. Paper to be 
read ; ‘‘ Notes on Mining in Spain, with special Reference to the 
Lead Mines of Linares,” by Chas. F. Smith, Stud. Inst. C.E. Mr. 
Thos. J. Bewick, M. Inst. C.E., in the chair. 

LIVERPOOL ENGINEERING Society.— Wednesday, March 6th, at the 
Royal Institution, Colquitt-street, Liverpool, the chair to be taken 
at 8 p.m. 1. Mr. C. 8. Pain, Assoc. M. Inst. C.E., will show a 
number of lantern slides of the Vyrnwy Water Works. 2. Discus- 
sion will be raised upon the following subjects ; (a) ‘‘ The Relative 





Advantages of Steel and Iron for Engine Shafts,” by Mr. T. L. 
Miller, Assoc. M. Inst. C.E. (0) ‘‘Is there any ‘ Fibre’ or ‘Grain’ 
in Iron?” by Professor H. S. Hele Shaw, M, Inst. C.E. (c) ‘The 
Cause of Increased Tenacity when the Limit of Elasticity is Ex- 
<—s in Ductile Materials,” by Professor H. S. Hele Shaw, M. 
nst. C.E, 

Puysicat Socisty.—March 9th, at 3 p.m. ‘‘On the Magneto- 
Optic Rotation by Transient Currents with Reference to the Time 
required for the Production of the Effect ;” ‘‘ On an Electrostatic 
Field Produced by Varying Magnetic Induction ;” ‘‘ On some Ex- 
periments Allied to those of Hertz ;” *‘On the Velocity of Electric 
Pulses along a Pair of Isolated Wires;” ‘‘Sundry Laboratory 
Notes ;” by Professor O. J. Lodge, F.R.S. 

Tue Sanitary InstirvuTe.—Tuesday, March 5th. Introductory 
lecture on ‘‘ General History, Principles, and Methods of Hygiene,” 
by Dr. Benjamin Ward Richardson, LL.D., F.R.S. 

CuemicaL Socisty, Buruineton Houss, Lonpon, W.—Thursday, 
March 7th, at 8 p.m. Ballot for the election of Fellows. 

GEoLogists’ AssociATION, Lonpon.—Friday, March Ist, in the 
Mathematical Theatre, at University College, Gower-street, W.C., 
when the following paper will be read : *‘ The Geological History 
of Iron Ores,” by Wilfrid H. Hudleston, F.R.S., Sec. G.S., &c. 
Illustrated by lantern slides. 

Society or ENGINEERS.—Monday, March 4th, at the Westminster 
Town Hall. A paper will be read on ‘‘The Construction and Re- 
pair of Roads,” by Mr. George R. Strachan, Assoc. M. Inst. C.E. 
The chair will be taken at 7.30 p.m, precisely. 

CIVIL AND MECHANICAL ENGINEERS’ Socrety.—Wednesday, March 
6th, at 7 p.m., at the Westminster Palace Hotel, Westminster, 
when the following paper will be read and discussed : ‘* Liquid 
Fuel,” by Mr. E. A. Brayley Hodgetts. 

Society or CusmicaL INpustry.—Chemical Society’s Rooms, 
Burlington House, Monday, March 4th, at 8p.m. A discussion 
will be opened by the chairman of the section, upon the question : 
‘In what Direction is State Aid needed to assist Technical Edu- 
cation in Chemistry ? 
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THE NAVY. 

Navat affairs are still to the fore. Were it not 
for the everlasting Irish nightmare we might say 
that the session of Parliament just opened would 
be likely to prove a naval session ; for certainly, 
next to Irish matters, the Navy is likely to be 
the most important subject discussed. Naval 
affairs afforded the most striking paragraph in the 
Queen’s speech, and the report of the admirals on 
the naval manceuvres affords a fruitful subject of 
discussion amongst naval men. To this we shall 
return next week. In the mean time, expectation 
is on tip-toe. The quidnuncs are wagging their 
wise heads, and their talk is all of ‘‘ millions.” One 
of those epitomes of human wisdom, the ‘‘ London 
correspondent,” has ‘learned some of the details” 
of the Government programme, amongst others that 
100,000,000/. are to be raised. There is a round- 
ness and amplitude about such a detail which must 
be extremely comforting to all true patriots who 
look to be concerned in the spending of it ; but the 
average unemotional taxpayer may be moved to 
remember that it means a permanent charge of 
3,000,000/. a year at the rate of interest of 3 per 
cent. per annum. 

Vast as this sum is, there are circumstances under 
which its spending would be justified. Some time 
ago a magazine writer in search of a new sensation 
hit on the novel and striking title, ‘‘Is life worth 
living?” How he answered it we do not know— 
probably in the affirmative, as we have not heard of 
his suicide. The country as a whole has now put to 
it the self-same question : ‘‘ Is(national) life worth 
living?” If we accept the verdict of our fore- 
fathers we shall answer ‘‘ Yes!” most emphatically. 
In 1816, after the close of the great Continental 
wars our National Debt was over 900,000,0001. 
sterling, a price the nation may be said to have 
up to that time paid for living. Poor as we 
then were—with not a mile of railway laid, not 
a single ocean steamer running—within a few years 
we paid off 200,000,000. The American War of 
Independence cost us 121,000,000/., the French 
Revolutionary war over 601,000,000. What a war 
would cost in the present day it is impossible to 
estimate, but at any rate the figures we have 
quoted go to show that even 100,000,000/. might 
be well spent if it frightened our enemies from 
attacking us and kept our friends friendly. 

Without being as omniscient as a London cor- 
respondent to a provincial paper, we may, however, 
venture to say that no such sensational amount 
as 100,000,000. will be asked from the tax- 
paying community. But, whatever the sum may be, 
it seems pretty evident that its grant will be opposed 
on strictly party lines. The appeal to the masses 
has already commenced, and no doubt before the 
money is voted we shall hear a great deal about 
‘* bloated armaments,” ‘‘ grinding taxation,” and 
other commonplaces of rhetoric. We do not aspire 
to understand the tactics of party warfare, or the 








‘ethics upon which old Parliamentary hands formu- 
late their principles, but it would be a gratification 
to know on what grounds the appealers to the 
masses, in the interests of the masses, base their 
opposition to naval expenditure. Out of the 
90,000,000/. or so raised annually by taxation, only 
about one-half is contributed by the Excise and 
Customs. The remaining moiety is obtained from 
sources to which the classes rather than the masses 
—the terms are convenient— contribute. Thus 
we have income-tax about 15,000,000/. ; stamps, 
12,000,000/. or so ; Post Office, telegraphs, and land- 
tax, all over 1,000,000. Even in the Excise de- 
partment there is a good deal that appertains to the 
classes ; for instance, carriage-tax, armorial bear- 
ings and plate, game and gun licenses, wines, &c. 
Even of the 22,000,000/. odd obtained from beer 
and spirits, the classes must contribute quite an 
appreciable amount. 

If these figures are to be accepted as having any 
meaning in the direction we have indicated, they 
show in a general way that the greater part of 
the money spent on ships and munitions of war 
comes out of the pockets of the classes, and, for the 
most part, is transferred to the pockets of the 
masses. The proportion, could a balance be struck, 
that would be chargeable on the building of a ship 
to capitalists’ profits and royalties would be insig- 
nificant compared to that payable for wages. With 
regard to manning the Navy, we presume that, in 
any additions made, the money required for officers’ 
pay would not increase in a greater ratio than that 
required for wages to men; and for every man 
enlisted there is one less unit to compete in the 
labour market. 

It is for reasons such as these that we, having no 
knowledge of the exigencies of ‘‘ cries,” wonder 
why those who regard themselves as more espe- 
cially representing the masses, do not annually de- 
mand an extra expenditure of several millions on 
warship construction. We recommend the notion 
to any philosophic Member of Parliament of this 
type who may be in search of a ‘‘ platform.” 

It is little use, however, discussing the action of 
the Government until we know what it is to be, 
and we gladly turn to more solid ground for debate. 
A lecture delivered by Lord Brassey last Friday at 
the Royal United Service Institution, under the 
presidency of Lord Clanwilliam, affords a text for 
discussion on a subject of great importance at the 
present time when millions are about to be spent. 
As our readers are aware, Lord Brassey has already 
delivered one important lecture this year on the 
naval question* in which he dealt with the amount 
of building required in the Navy. The discourse 
under present consideration was evidently intended 
to be acomplement tothe former lecture. The sub- 
ject of last Friday was shipbuilding with reference 
to types. One who has always paid so close atten- 
tion to naval matters as the compiler or editor of 
the ‘‘ Naval Annual” must necessarily be worthy 
of attention when dealing with this subject. 

His lordship commenced with a glance at what has 
been done abroad. ‘‘ The French ships,” he said, 
‘are defended by a continuous belt, and they have 
the advantage of a high freeboard. In our ships the 
heavy guns are better protected, and recently we 
have established a decided superiority in speed. 
The Italian constructors, while building ships of 
the largest dimensions, as yet accepted, have thrown 
off belts, preferring other methods of protection 
for the vitals of ships. In armaments and in 
armour for the protection of guns, speed, and 
coal endurance, their ships are matchless. The 
Germans are imitators rather than pioneers in 
matters of construction. The United States, 
after a long peace, are adding to their fleet 
several ships, in which are combined the best 
features of recent construction elsewhere. The 
Russians are throwing their main efforts into 
turret ships heavily armoured and armed.” The 
lecturer then went on to refer to the Admiral 
class, in which we have built six vessels. He 
referred to Sir Edward Reed’s ag of 
the type, and to Admiral Hood’s and Mr. White’s 
defence of the design before the Select Committee 
on the Naval Estimates. Mr. White said that the 
‘¢ Admirals” will fight with risks of the same kind 
as the ships of foreign navies having narrow belts. 
Admiral Hood said that for fighting purposes under 
usual conditions at sea it is not of vital importance 
whether the upper edge of the belt is flush with the 
water-line or 18 in. above it. The gallant admiral 
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is, however, responsible for the designs of the Nile 
and the Trafalgar, and to these he has given more 
extended protection. ‘‘It is,” the lecturer said, 
‘*important to take note of the sacrifices required 
to secure this increased amount of armour. The 
tonnage had to be raised from 10,600 tons to 12,000 
tons, and the cost from 729,0001. to 854,000I.” 
That is to say, we could get over ten and half 
Admirals for nine Trafalgars. The question is 
which would afford us the more effective means of 
carrying on war. There has, we are told, been no 
development of offensive power in the later ships. 
In point of speed and coal endurance the Nile and 
Trafalgar are somewhat inferior to the Admiral 
class. 

Lord Brassey offered some further reflections on 
the respective merits of the two types of battle-ship 
and quoted Mr. White’s evidence before the Com- 
mittee on the Naval Estimates. At the present 
juncture, for reasons we have indicated, the subject 
is worth full consideration. 

As is well known, the Director of Naval Con- 
struction had a great deal to do with getting out the 
designs for the ‘‘ Admirals,” under his predecessor, 
Sir Nathaniel Barnaby. He, of course, believes in 
them thoroughly and says in language as emphatic 
as, doubtless, Sir Edward Reed would use in giving 
a contrary opinion, that they deserve to be classed 
as battle-ships of the most formidable type. Lord 
Brassey, accepting the conditions as to size and cost, 
is inclined to advise ‘‘ taking something from the 
armour of the barbettes in order to give more pro- 
tection to the battery. It is questionable whether 
it would have been expedient to give an additional 
proportion of weight to the protection of the water- 
line.” 

The battle of the armoured ends has yet to be 
fought ; whether it will be fought in earnest or by 
peaceful experiment remains to be proved. As the 
nation having most at stake, it is to our interest to 
gain the requisite knowledge with least risk, and 
for this reason we should prefer to see as certain a 
knowledge as possible obtained by experiment. 
For our own part we are of opinion that no one 
knows anything definite about the subject. En- 
deavours have been made to bring up the points at 
issue for discussion on more than one occasion ; 
and, indeed, it has become the fashion lately to say 
that ‘‘ this question has been thrashed out so often 
that nothing remains to be said.” We fancy we 
heard this formula repeated at least once last 
Friday. The statement, however, is far from the 
truth. The question has been brought forward 
many times both by verbal discussion and in print, 
but it has, so far as our information goes, never 
been ‘‘thrashed out.” Sir Nathaniel Barnaby, 
Mr. W. H. White, Admiral Hood, Captain Fitz- 
gerald, Admiral Colomb, Sir Edward Reed, Mr. 
Biles, and a host of other critics have expressed 
opinions over and over again, but the question has 
now got beyond a matter of opinion—we want to 
know upon what these opinions are founded. 
‘* Look at the machine and quick-firing guns of the 
present day,” says one side. ‘Is it not absurd to 
leave so vast an area of side absolutely unprotected?” 
‘* Observe these mighty guns and armour piercing 
projectiles” say the other party. ‘‘ Is is not equally 
absurd to hope to protect this vast area of side with 
armour sufticiently massive to be any good?” ‘* At 
any rate, you can give a watar-line belt” says A. 
‘* What is the good of that if you roll it out of the 
water,” retorts B. And so the controversy runs its 
circular course, all parties ending just where they 
began, a dénowement which perhaps gives the greatest 
happiness to the greatest numbers so far as the dis- 
putants are concerned ; but, in the mean time, the 
perplexed taxpayer scratches his head and wonders 
whether belted Frenchmen could sink all our Ad- 
mirals, Inflexibles, Niles, and Trafalgars, without 
risk of damage, or whether armowed ends are the 
merest midsummer madness. 

Mr. W. H. White, in his evidence before the 
Select Committee on the Naval Estimates, in 
answer to a question by Mr. J. M. Maclean, said 
that recent English battle-ships are distinguished 
from those of most foreign navies by their armour 
belts not going on to the ends. ‘‘ That,” he con- 
tinued, ‘‘is a matter which really has been so fully 
discussed, and was so fully discussed by the Board 
of Admiralty before the ships (Admiral class) were 
ordered, that Ido not think it would be possible to 
add eg ge that point.” We question 
whether Mr. White was quite justified in his state- 
ment, if we take the word ‘‘ discussion” to mean 
an advancing and weighing of facts. Literally, 








perhaps, he was right (and it will not for a moment 
be thought that we wish to say so fearless and out- 
spoken a man as the Director of Naval Construc- 
tion wished to convey a wrong impression), for, 
doubtless, there was a great deal of talk at White- 
hall, and many opinions were expressed ; but, if 
one may judge by events, there was little enough 
discussion from the point of view of weighing and 
comparing facts, and reducing conflicting elements 
to an even balance. 

For this, however, disputants on this question 
are not to blame. No doubt Mr. White, from his 
long experience and great natural ability for the 
work, has a pretty shrewd notion of the leading 
necessities of battle-ship designs—although he dis- 
claims being more than a calculator — but his 
opinions must be greatly the result of intuition and 
conclusions based on slender foundations of know- 
ledge. When he said he did not think it possible 
‘to add anything to the point,” he meant of course 
with our present knowledge. A short time pre- 
viously he had told the Committee: ‘‘ The question 
of what possible damage the armour may receive 
in action is one entirely for a gunner ; it is nota 
matter upon which the naval architect can decide. 
If the conditions are fixed by any one, the calcula- 
tions of stability are a matter of mathematical 
procedure, but the difficulty is to fix the con- 
ditions.” Exactly! and that difficulty should be 
got over in peace time, so far as it can be got 
over by peace experiments. It is not, with all 
deference to Mr, White, a question entirely for 
the gunner, but rather one for the sailor and 
naval tactician. The gunner can say at what 
range a projectile from a certain gun will pierce 
a given thickness of armour, but this is only 
an element of the problem, just as much as is the 
quantity of water required to be taken on board to 
destroy the stability of a vessel. The data the 
naval designer requires is how often and how 
seriously a vessel will be likely to be struck in an 
engagement. What are the respective values of all 
means of offence and defence? If your 100-ton gun 
only fires once in aquarter of an hour, and her average 
number of serious hits is likely to be in action only 
one in twenty, thirty, or fifty, is it worth carrying 
such a weapon, considering the sacrifice that has to 
be made in other valuable qualities? Would it be 
better to discard the heavy ordnance and expend 
the weight in side armour ? or should we throw both 
overboard and trust to speed, manceuvring, machine 
guns, the ram, torpedoes, dynamite shells, or, if 
you like, anzesthetic bombs ? or, finally, should we 
have all in exactly equal proportions? and, if so, 
what are equal proportions ? 

All these problems, it may be said, have been 
considered at the Admiralty, and decisions arrived 
at. Probably; but what is the value of the decisions? 
Not very great, because there are so few data upon 
which to found them; and this brings us to the 
moral of the story. 

It tends very little to our credit as a common- 
sense people that we have been spending year after 
year so many millions on warship construction 
without knowing the value of what we are buying. 
It is ridiculous to think that Mr. White designs us 
half a dozen ships, costing three-quarters of a 
million apiece, and, when Sir Edward Reed says 
practically they are not fit to meet possible foes, 
that the designer is no more able to prove his critic 
wrong than the critic can prove himself right. Ad- 
miral Hood “ personally” forces a design on the 
constructive department against the judgment of 
all the chief professional officers. Whether an 
admiral or a constructor should be the best judge 
does not matter, for neither side is able to bring 
forth facts to refute the other. 

What is wanted, it will be seen, is experiment. 
Data recorded, facts collated, results obtained. 
‘* But that,” says the financial purist, ‘‘ will cost 
money—a very great deal of money.” The purist is 
right, and it is for that reason we make the appeal 
at the present time. During years the parlia- 
mentarians and financiers had matters all their own 
way with regard to the Navy. For some time past 
matters have been assuming a more healthy com- 
plexion, thanks to the naval manceuvres in part, 
and to the constant preaching of a few clear-sighted 
individuals. At no time, perhaps in the history of 
this country, during a time of peace, have the 
people taken a juster view of our naval position. 
Now is the time to ask for money for experiment ; 
that most necessary element in the building up of 
a successful navy, but one that makes the least 
return in the eyes of the financial and economic 





faction which has hitherto ruled the roost. We 
sincerely trust ‘‘ trials and experiments” will form 
a very heavy item in the coming estimates. 

In the discussion which took place after the read- 
ing of Lord Brassey’s paper last Friday, Admiral 
Colomb referred to the ignorance of those elements 
which should govern warship design. ‘‘ The ques- 
tion of armoured ends,” he said, ‘‘ should be decided 
by experiment. We have no notion how many shots 
would be likely to hit between wind and water, but 
we know that rifled shot acts very differently to 
the old round shot. It bounds high and is likely to 
go over the ship. The public servants at the Ad- 
miralty are doing their best, but what we want is 
experiment, and such experiments need not be 
expensive.” We cordially agree with Admiral 
Colomb, except in his last statement. The experi- 
ments must necessarily be very expensive, if they 
are to be conclusive. A great deal could be done 
with the means already to hand, but it might be 
necessary to build vessels especially to be experi- 
mented upon; to be fired at, rammed, and toi- 
pedoed whilst under way ; in fact a water tournay 
with bluntened lances. It is only a question of 
money, and whether the money would be so worth 
spending ; whether we had better spend, say, 1l. in 
experiment and 191. in certainty, or the whole 201. 
in the dark. 





NORTHERN PACIFIC RAILWAY ; 
CANADIAN EXTENSIONS. 


THERE is a new factor in Canadian railway en- 
terprise in the introduction of a series of lines 
promoted by the Northern Pacific. This company, 
whose transcontinental line from Tacoma on Paget 
Sound to Duluth on Lake Superior is the main 
competition of the Canadian Pacific, proposes to 
construct a series of railways in Canada which will 
afford a new outlet from the great Canadian north- 
west wheatfields to the Atlantic, and will seriously 
interfere with the existing arrangements of the 
Canadian railways, and completely destroy the 
monopoly held by the Canadian Pacific over cer- 
tain districts in the north-west. The question of 
the level crossings of the Northern Pacific exten- 
sions in Manitoba, bitterly fought through all the 
courts of law, and settled adversely to the Canadian 
Pacific, has stirred up an amount of irritation 
against the latter company, which is not shared 
alone by the Northern Pacific, and this year that 
railway is promoting a series of Acts in the different 
legislatures that point to a very important increase 
in the mileage and importance of these Canadian 
extensions. The Northern Pacific lines actually 
built or building comprise at present three lines 
in Manitoba, the first from Winnipeg city to 
the boundary line due south about 65 miles, 
where it connects with a branch of their railway, 
forming an independent line between Winnipeg 
and St. Paul. This line is finished and working. 
By an arrangement with the Hudson’s Bay Company 
the railway secured an excellent block of land in 
the heart of the city of 30 acres with a water front- 
age on the Assiniboine River, on which elevators 
and warehouses have been built, and extending 
across to Main-street, on which the company pro- 
pose this season to build a capacious central hotel 
with a first-class railway station and running shed 
behind it for their trains, forming for both pur- 
poses decidedly the best location in the city. 
Branching from this line immediately south of 
the Assiniboine River, which is the southern 
limit of the city, the second line turns off, and 
running due west again crosses the Assiniboine in 
60 miles, and in five miles more reaches Portage la 
Prairie, where it crosses the main line of the 
Canadian Pacific to a junction with the Manitoba 
and North-Western Railway, which commences 
at Portage, and is now open about 250 miles 
in a north-west direction towards the compara- 
tively well-settled farming district of Prince 
Albert on the Saskatchewan River. This line, 
65 miles long, is graded and the rails will be 
laid early this spring. A third line, on which at 
present but little work has been done excepting 
the acquisition of the right of way, commences at 
Morris on the first line about 20 miles north of 
the International Boundary, and runs north-west 
about 130 miles to Brandon, where a second cross- 
ing of the Canadian Pacific enables it to form a 
junction with the North-West Central Railway 
now making to Battleford. All these lines are 
building or built under the authority of Acts passed 
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by the Manitoba Legislature, but as the Canadian 
Pacific have raised the question of the validity of 
these charters (although the only two branches 
they have constructed themselves in Manitoba have 
been under the same authority), the Northern 
Pacific have an Act before the Houses at Ottawa 
giving them the fullest powers, which doubtless 
will become law, and overrule these objections. 
Besides this they are obtaining power in the 
local legislature to extend a branch from the 
Morris and Brandon Railway to the Souris coal- 
field in the south-west of the province, and 
in the Quebec Legislature they have three 
Bills which, if presented and completed, will 
give the Northern Pacific. and the Grand Trunk, 
for it is an open secret that they are working 
together in these extensions, a new line from 
Ottawa direct to a port on the Gulf of St. Law- 
rence, 500 miles nearer to Europe than Quebec or 
any other Canadian port excepting Halifax, and open 
for a much longer season than any part of the 
St. Lawrence. For the interest of Canada this ex- 
tension to the Peninsula of Gaspé is very desirable, 
and it places the whole Atlantic connection between 
Canada and Europe on so much better a footing than 
it now is, bringing the nearest port to a point only 
2000 miles distant from Ireland, and opening up to 
commerce the excellent harbour of Gaspé, one of 
the finest and most capacious ports in existence, but 
at present useless for generalcommerce. The Nor- 
thern Pacific during the last twelve months have 
very much improved and consolidated their system, 
and though the total mileage is not much increased, 
only 77 miles during the year, many of the short 
lines built are of great importance to the whole 
system. The short line from Pasco to Kennewick 
substitutes an all-rail route for their through traflic 
for an objectionable ferry over the Columbia River, 
the bridge over which consists of nine steel spans of 
250 ft. each, and one drawbridge of 235 ft. opening. 
The rapidly increasing ocean traffic from the 
Pacific has necessitated some extensive alterations 
at Tacoma, the western terminus, where nearly 
three miles of additional sidings with other con- 
veniences and extensions, have been made during 
the year. The increasing developments of the 
mining industry of the eastern slope of the Rocky 
Mountains has required a complete rebuilding and 
remodelling of the station and yards at Helena, 
which is now the principal intermediate station on 
the transcontinental line, and where six miles of 
additional siding accommodation has been made. 
An important line, the Central Washington, is 
under construction through what will shortly be a 
new State, and a line from Cheney to Devonport, 
40 miles long, is nearly complete. Altogether the 
past year has been a prosperous and important 
epoch in the development of the Northern Pacific. 








STEEL CAST GUNS. 


In referring to the physical tests of this gun, in 
our issue of December 21 of last year, we expressed 
a doubt as to whether it would be able to stand the 
test prescribed for it, because of its low elastic 
limit, 38,000 1b. (19 tons) ; but we called attention to 
its being made of open-hearth steel, and that it had 
more metal, was of better proportions, and much 
more uniform in quality than the Pittsburg (Hains- 
worth) gun, which exploded at its first service 
round. 

The gun was cast in one piece of open-hearth 
steel by the Standard Steel Casting Company, of 
Thurlow, Pennsylvania, 13 tons of metal being 
employed. It was annealed, and was the second 
attempt on the part of this company. The first not 
proving satisfactory, the Thurlow people broke it 
up and tried again. The regulation test-pieces were 
sent to the Washington Naval Gun Factory, and the 
tests showed the results already published in our 
issue of December 21 last. This second annealed 
casting, rough bored and turned, was sent to the 
Washington factory, where it was finished, rifled, 
and sighted, and then sent to the naval proving 
ground at Annapolis, Maryland, where it was tested 
on February 7 in the presence of a number of naval 
officers and a representative of the Standard Com- 
pany, its superintendent. 

Owing to the total destruction of the bomb-proof 
and the carriage upon which the Pittsburg gun 
exploded, the Thurlow gun was mounted upon an 
ordinary wooden pivot slide carriage, and the usual 
precautions were taken to guard against injury to 
those engaged in the proof. 





The gun is a 6-in. breechloading rifle, fitted 
with an interrupted screw breech mechanism. It 
is 195 in. in length, chambered to 7.5 in., the ex- 
terior diameter of breech is 22.2 in., and the weight 
13,125 lb. (about 64 tons). The following official 
report of the trial will point out to our readers the 
gun’s performance : 

‘*T respectfully submit the following report of the 
test on the 7th inst. of 6-in. cast-steel gun No. 2, 
manufactured by the Standard Steel Casting Com- 
pany, of Thurlow, Pa. The gun was mounted at 
the velocity platform on a wooden S.P. carriage for 
100-pounder Parrott, which had been strengthened 
for the purpose. The slide was placed at an angle 
of 10 deg. with the horizontal, to facilitate return- 
ing the gun to battery. Two extra compressors 
were placed on the carriage. For the protection 
of other material on the platform, a shelter was 
built about the gun at each side and overhead, con- 
sisting of 24in. of heavy poplar and pine timbers, 
strengthened by shores and struts to deaden the 
force of fragments in case of failure. This was re- 
inforced on the side towards the remainder of the 
battery by a double row of sand-bags. During the 
firing all visitors were required to remain at the other 
end of the grounds, near the office, and the crew 
and fire party to take shelter in bomb-proofs. 
Position was offered the superintendent of the 
Standard Company to witness the test from a bomb- 
proof near the battery, but he preferred to remain 
with the general spectators. There were present 
on the grounds during the test Mr. Boldt, super- 
intendent of the Standard Company ; Lieutenant 
N. F. Wright, inspector of material at Thurlow ; 
representatives of the Press, and a large number of 
officers from the United States Naval Academy. 

‘‘The gun was star-gauged just previous to the 
trial and a careful examination made of the bore and 
exterior. The bottom of a slight flaw or blow-hole 
nearly turned out about half-way down the chamber 
was the only defect that could be detected. This 
was too slight to be measured with the star-gauge. 
The charges used were such as gave a muzzle velo- 
city of 2000 F. S. and a pressure of 15 tons, 
with a projectile of 100 1b. I. E. Dupont’s brown 
prismatic powder, P. index, No. 38. 

‘*The projectiles were weighed and calipered. An 
offer was made to do this, and weigh the charges in 
presence of the representative of the Standard Com- 
pany, but he declined and expressed himself as 
satisfied in all respects with the preparations. 

‘¢ A preliminary round with a charge of 36 lb. was 
first fired to adjust the gas check pad. As the first 
one showed signs of leaking a second round of 36 lb. 
was fired with a new pad 10 minutes afterwards. 
At 2.13.12 the statutory test of ten rounds, full 
charge, was commenced and finished at 2.32.20, 
time for the ten rounds being 19 minutes 8 seconds. 
The time is 7 minutes 25 seconds longer than is 
taken for the statutory test of the service 6-in. gun. 
This wasowing to the necessity with the old-fashioned 
carriage used of returning the gun to battery by 
hand after each fire and the time occupied in send- 
ing the larger crew to a secure shelter. 

** The behaviour of the gun and carriage, so far as 
exterior observation goes, was in all respects normal. 
The gun was allowed to cool down and on the suc- 
ceeding morning was re-star-gauged, the circum- 
stances in all respects being the same as operated 
before the trial. A careful examination was other- 
wise made of the gun. Near the seat of the pro- 
jectile, 5 ft. 4in. from base of breech, is a score 
extending across the fifth land and groove (coming 
from bottom to right), At 58 in. from base of 
breech, one extending across lands 3 and 4 (count- 
ing to left) and the intervening groove at 57 in., one 
across lands 10 and 11 (to left). These scores are 
too narrow to be measured with the gauge. As the 
day was dark and cloudy, it was impossible to make 
a perfect examination. It is possible there may be 
small defects which were filled or glossed over with 
metal before firing. I will endeavour to obtain 
photographs at the first favourable opportunity. 
The permanent enlargement was, in the chamber, 
about ;z55 in.; near seat of projectile, about 
Too in.” 
hn examination of this report shows that while 
the gun did not burst it was permanently enlarged 
after only ten rounds, showing itself deficient in 
the elastic limit so necessary to high-power 
ordnance, and, therefore, a failure. Whether the 
gun will be accepted or not is not yet determined, 
but the Navy Department to show its earnestness in 
the encouragement of experimentation will probably 
accept the gun and by a series of endurance and 





other tests get all the light possible from this one 
gun bearing upon the cast-gun problem. 

After the trial the superintendent of the Standard 
Company is reported to have said: ‘ This is not 
as good a gun as wecan make. In the first place, 
when it was cast, it took every bit of metal we 
could scrape together. This gun was not tempered, 
on the contrary, it may be said to have been in its 
crude state. In the next gun we can make the 
metal denser by giving ita greater head. I attribute 
the failure of the Hainsworth gun to the metal 
being too hard ; it was not oil-tempered ; besides 
Ido not think a solid steel bored-out gun can be 
successfully made from Bessemer steel; it is too 
irregular. There isso much metal run in the con- 
verters that the blast does not completely penetrate 
it. So far as our gun is concerned, if the Govern- 
ment does reject it now upon the grounds of expan- 
sion after the test, it will not deter us from making 
another and better gun if we can only get the 
Government to fire it for us. The price that we 
may receive from the Government, 5300 dols. 
(1088/.), will just about cover the cost of manufacture 
of this gun.” 

Much has been claimed for the cheapness of steel 
cast guns, but thus far the total cost of these guns 
completed has exceeded that of the forged steel 
built-up guns of the same calibre. The trial of the 
Thurlow gun has shown that a gun can be made to 
stand afew rounds of 2000 F.S. powder, but not 
without destroying the life of the gun and very 
quickly developing permanent enlargement. Mean- 
while the forged steel built-up gun is ‘‘ forging” 
ahead to higher power, and there seems little, if 
any chance of a casting ever reaching it. 


LITERATURE. 


Gold not only in Wales, but in Great Britain and Ireland. 
By A. T. Vanpennaie. London: Swan, Sonnenschein 
and Co. 

Unver the above cumbersome title, Mr. Vanderbilt 
sets forth his opinions and the result of his investi- 
gations regarding the gold which has been found 
and remains to be found in the United Kingdom. 
The information contained in the book is of a 
highly interesting character, but those who search 
for technical information will not find it, as the 
author is evidently cut out for a historian, and has 
devoted himself to the purely historical and specu- 
lative aspect of the subject, 

The collating of the particulars necessary for the 
author’s purpose must have been a work involving 
much time and voluminous reading, but the manner 
of classifying the result is somewhat disjointed, 
beginning as it does with Sir Hugh Myddleton and 
the New River (water) Company, in the time of 
James I., then mentioning Mr. W. Pritchard 
Morgan’s recent workings in Wales and following 
immediately with King Solomon, Strabo, Pliny, 
and such adventurous spirits as Himilso and Hanno, 
who sailed the stormy seas 1500 years B.c. 

The author is also a social economist. He wishes 
to divert the ever-growing urban population to the 
more alluring and remunerative pursuits of the 
hardy gold digger. Although in a measure we 
agree with him, yet we cannot see within any 
measurable distance the millenium which he fore- 
shadows, until the laws relating to the holding and 
working of auriferous properties are framed upon 
a basis somewhat similar to those of our Australian 
colonies. There can belittle doubt if the vexatious 
and practically useless system of Crown royalties, 
enforced here, had been perpetuated in our colonies, 
and the same regulation allowing grants of thousands 
of acres of Crown lands to one holder without 
labour regulations, that the magnitude and im- 
portance of the gold finding in Australia and New 
Zealand would never have approached its present 
state. The employment of a few ‘‘ wages men,” 
working as an irresponsible holder of Crown gold- 
mining grants may direct, will never make an im- 
portant factor in the solution of the surplus labour 
question of this country. 

As a politician, Mr. Vanderbilt writes with no 
‘thesitency,” for according to him, ‘‘ With the excep- 
tion of the Jewish nation, no race has ever, per- 
haps, been so cruelly maligned, by ignorance or 
malice, as the Irish ;’ then follows a description of 
a Home Rule Parliament, which sat some 922 years 
B.c., which commends itself to the notice of the 
legislators of the present day, especially in one 
particular, namely, that of only sitting once every 
three years. In those days the historians sat in 
Parliament, and any who attempted to ‘ pervert 
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matters of fact, and represented them in improper 
colours, or by fancies and inventions of his own, 
was solemnly degraded from the honour of sitting 
in that assembly and was dismissed with the mark 
of infamy upon him; his works, also, were de- 
stroyed as unworthy of credit.” What commotion 
this rule would produce if enforced in the present 
day ! 

be before stated, the book is full of historical 
information, but it is a pity that the author did not 
give individual references in every case when 
making quotations ; this would undoubtedly have 
rendered his work of considerable value to stu- 
dents of history. The authors whose works were 
used for reference are acknowledged as R. W. 
Cochrane Patrick’s ‘‘ Early Records of Mining in 
Scotland ;’ G. A. Kinahan ‘‘On the Mode and 
Occurrence and Winning of Gold in Ireland ;” 
G. H. Kinahan’s ‘* Manual of Geology in Ireland ;” 
Readwin on ‘‘Gold ;” and Calvert’s ‘‘Gold Rocks 
of Great Britain.” 





Papers Literary and Scientific by the Late menage f Jenkin, 
F.R.S., LL.D. Edited by Sipnzy Corvin, M.A., and 
J. A. Ewrna, F.R.S. With a Memoir by Robert 
Louis Srevenson. London: Longmans, Green, and 


Co. 

The history of the Jenkin family has been dealt 
with by Mr. Stevenson in a short outline sketch, 
taking in a period from the time of Henry VIII. 
to our own days. The chequered career of the 
family during that time is a romantic and interesting 
record. Charles Jenkin, the father of Fleeming, 
was brought upasasailor, and in one of his voyages 
was, at Jamacia, introduced to the Jacksons, a 
Scotch family who settled there. He subsequently 
married one of the Miss Jacksons. In 1833 the 
subject of these memoirs was born. 

Fleeming Jenkin appears to have inherited more 
of his mother’s characteristics than those of the 
Jenkin family, and during his early life the strange 
wild scenes, in the midst of which he was educated, 
tended to develop in his nature the romantic vein, 
which in later years showed markedly. In 1848, 
as a boy, he roamed the streets of Paris during the 
Revolution, and ran with the crowd—ladies, gen- 
tlemen, and vagabonds—away from the flying shots 
and cavalry charges of the National Guard. During 
these stirring scenes of bloodshed and riot he kept 
up an interesting correspondence with a boy friend 
in England ; many of the letters are reproduced 
in the volume under notice. From Paris his family 
removed, to save their lives, toGenoa ; here, again, 
a short time afterwards, they passed through the 
terrors of another revolution. 

In 1851 the Jenkin family returned to England 
‘*from the palaces and Alps, the Mole, the blue 
Mediterranean, the humming lanes, and the bright 
theatres of Genoa . . . . to the dim skies and the 
foul ways of Manchester.” In Manchester Fleeming 
was entered in Fairbairn’s works as an apprentice, 
and had ‘‘ from half-past eight till six” to “‘ fileand 
chip vigorously in a moleskin suit, and infernally 
dirty.” Even in Manchester he did not escape 
turmoil, for ‘tin 1852 he had occasion to see 
both men and masters at their worst, in the 
excitement of a strike.” Things then began to 
steady down, and much of the memoir is devoted 
to an account of how he gradually worked up 
from the apprentice stage until he joined with Pro- 
fessor (now Sir William) Thomson in electrical in- 
ventions and the laying of deep-sea cables. An 
account of his private life, courtship, and marriage 
is also given. A large portion of the memoir is 
composed of extracts from diaries when Mr. Jenkin 
was employed in laying and repairing cables ; the 
remainder is devoted to an account of his domestic 
life with his wife and children, also of the domestic 
life of his father and mother, then their death, and 
subsequently of the death of Professor Jenkin, 

The appendix contains a ‘* Note on the Contribu- 
tions of Fleeming Jenkin to Electrical and Engi- 
neering Science,” by Sir William Thomson, F.R.S8., 
LL.D. ; and then follows a series of papers by 
Fleeming Jenkin, comprising a very wide’ field of 
investigation from speculative science, to discourses 
on literature and drama. All of these papers—many 
of which have a permanent interest and value—have 
been published before and commented upon, and 
no doubt many who have not yet read them will do 
so now, as they will be found collected and arranged 
in the work under review. 
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NOTES. 
ProposeD LARGE TELESCOPE IN THE UNITED 
STATES. 

Tue great Lick telescope has proved so successful 
that it is proposed in Congress to vote a million 
dollars for the construction of a still more powerful 
instrument. Butler, the member who made the 
motion, will be satisfied with nothing less than an 
object glass 60 in. in diameter. The Lick object 
glass is 36 in. in diameter, and as the light-gathering 
power varies as the square of the aperture, such a 
diameter if successfully produced would be a much 
greater improvement over the Lick telescope than 
that is over thelargest of its predecessors. The largest 
refractor before the construction of the Lick was the 
30-in. telescope of the observatory at Pulkowa. 
The light-gathering power of the Lick compared 
with this is as 36 to 25, or nearly 14 times more 
powerful, but the power of a60-in. would be nearly 
three times as great as the Lick telescope, or four 
times the Pulkowa instrument. In one year the 
Lick telescope has so completely revolutionised 
the telescopic standing of many celestial phenomena, 
that as the director, Professor E. H. Holden, has 
declared such must henceforth be studied as if never 
seen before. The nebulous parts of the universe 
have already unfolded marvellous spectacles to the 
gazers upon the Californian peak where the great 
telescope is perched, and we have here the promise 
of an enormous stride in our knowledge of creation 
in its grandest phase. While the Americans have 
been thus successful with their large refractor at 
Mount Hamilton, important progress has been 
made in this country, and Mr. A. A. Common has 
now completed the erection of his 60-in. reflector at 
Ealing. This reflector has been constructed by Mr. 
Common himself, and we understand that the re- 
sults obtained with it, so far as the recent miserable 
weather has permitted it to be tested, are excellent. 
We hope shortly to be able to give a complete ac- 
count of this important installation. 


THE GERMAN Way or Promotine INpustry. 

Of the earnestness with which the Germans follow 
industrial pursuits we cannot but have a degree 
of admiration, no matter how we may question 
the methods adopted. Some of these are very 
good, and are worthy of imitation. The Society 
for the Promotion of Industry has just offered 
21,000 marks in prizes for solutions of various 
problems. For the best treatise on mechanical 
engineering applied to the construction of ma- 
chinery, 5000 marks and a silver medalare offered ; 
while 3000 marks and a silver medal are to be given 
to the best chemical and physical inquiry into the 
nature of iron paints most used. The greatest 
prize is to be given to the most meritorious solu- 
tion of the point as to how far the chemical com- 


position of, and particularly the amount of carbon 
contained in steel, is a standard for the usefulness 
of cutlery and edge tools. The amount offered, 
in addition to a silver medal, is 6000 marks, of 
which 3000 marks have been granted by the Minister 
of Commerce ; 4000 marks are to be given for the 
best description and actual estimate of such lifts 
as are most generally constructed for hoisting pas- 
sengers, baggage, and goods in factories, hotels, 
public and private buildings, arranged after 
their different kinds, as well as of the neces- 
sary safety precautions and their tests, and of 
the regulations of police and trade companies for 
the building and management of these lifts, the cost: 
of construction, the working expenses, and neces- 
sary space. A silver medal and 3000 marks is to 
be given for a description of the chemical pro- 
cesses which take place in producing pure cellular 
fluid from wood and other vegetable substances by 
means of soda and other sulphide processes. For 
the second best answer the Society of Wood Cellular 
Material Manufactures have offered a prize of 
1000 marks. The time given for the answers 
is to November, 1890, but in the case of the query 
regarding iron paints the time allowed is to 
November, 1894. 


AntI-Friction Merats. 

During the past year some important experiments 
were made at the United States Government yard 
with an anti-friction metal of American origin, 
called by the makers ‘‘ magnolia metal.’’ The first 
series of observations were simply comparative, 
a very simple and ingenious machine being used 
for this purpose, consisting of a steel spindle coned 
at either end. One cone fits into a bearing of 
one of the metals to be compared, and the other 
into a bearing of some other metal. These two bear- 
ings are pressed together endwise, so that exactly 
the same load comes on each, and arrangements are 
made by which the temperature attained by each 
bearing, when the spindle is set rotating, can be 
ascertained. In this case the comparison was made 
with Parsons’ white brass, and the following results 
are stated to have been obtained : 








Pressure 
Revolu- 
— tions. per Square | Temperature. 
Inch. 
deg, Fahr. 

Magnolia .. 2008 100 103 
Parsons’ ;. 2008 100 280 
Magnolia .. 2008 150 126 
Parsons’ .. 2008 150 347 
Magnolia .. 2008 250 202 
Parsons’ .. 2008 250 362 (melted) 
Magnolia .. 2008 732 366 














Under the heaviest loads the magnolia metal main- 
tained a smooth and polished surface. Further ex- 
periments were afterwards made with a Beau- 
champ-Tower machine, having a spindle 4 in. in 
diameter and 3} in. long, the are of chord of con- 
tact with brass was 3 in. The results obtained 
were ; 






































Pres- | Dura- | Revolu- | Rise of Coefficient 
Metal. sure, | tion of | tions per | Tempera- of 
Test. Minute. ture. Friction. 
Ib. per | min. | 
sq. in, 
Magnolia 100 | 200 496.16 | 22.80 | 0.0065 
Parsons’ ../ 100 | 200 493.03 | 25.45 | 0.0198 
Magnolia ..| 150 | 200 497.10 | 13.50 | 0.00212 
Parsons’ ..| 150 | 200 495.88 | 381.85 | 0.0126 
Magnolia | 200 | 200 499.42 13.30 | 0.00207 
Parsons’ 200 | 200 497.40 39.05 | 0.00945 
Magnolia ..| 250 200 | 494.35 13.00 | 0.00199 
Parsons’ ..' 250 | 200 487.98 | 41.00 | 0. 
Magnolia ..! 300 | 200 | 494.01 17.35 | 0.00178 
Parsons’ ..| 300 | 200 490.35 44.80 | 0.00967 
Magnolia | 350 | 200 495.03 16.25 | 0.00164 
Parsons’ --| 850 | 200 489.78 57.05 0.00778 
Magnolia “| 400 | 200 498.13 19.20 0.00164 
Parsons’ ..| 400 | 200 | 485.05 | 64.10 | 0.00731 
Magnolia ..| 450 | 200 497.00 14.15 0.00122 
Parsons’ --| 450 | 200 487.63 59.90 0.00561 
Magnolia ..| 500 | 200 493.86 24.45 | 0.00167 
Parsons’ --| 500 | 200 489.25 59.15 0.00: 
Magnolia ..| 550 200 495.73 22.50 0.00119 
Parsons’ ..| 550 {| 200 484,53 59.50 | 0.00531 
Magnolia ..| 600 200 500.15 12.40 | 0,00130 
Parsons’ ..| 600 | 200 | 478.63 | 46.70 | 0.00407 
! 
With regard to the above Table it is to be re- 


marked that the rise of the temperature is somewhat 
irregular. The lubrication was effected by a bath of 
sperm oil, in which the lower part of the journal 
dipped. The small fraction of resistance offered by 
magnolia metal is probably due to the fact that it 
contains a large quantity of graphite. 

Tue Koorenay Canat. 
The Columbia, the great river of the Pacific 








slope, commences in a long narrow lake running 
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nearly north and south on the west side of the 
Rocky Mountains, and for the first 150 miles of its 
course runs nearly north, receiving on its eastern 
side the thousand rills and rivulets from the Rocky 
Mountain range, and draining on its west the rugged 
defiles and valleys of the Selkirk Mountains. Nearly 
opposite to the upper or southern end of the 
Columbia Lake, but nearer to the Rockies, is the 
Upper Kootenay Lake, which finds its outlet in 
the same natural valley between the Rocky and 
Selkirk ranges, but instead of running into the 
Columbia this river turns south, and after a course 
of 100 miles crosses the international boundary 
into the United States. This Upper Kootenay 
Valley is one of the richest districtsin America, but 
at present for freighting purposes is completely iso- 
lated from the rest of British Columbia. The Koote- 
nay Valley Company has been formed for the purpose 
of developing this isolated but valuable district, and 
proposes to cut a canal from the south end of the 
Columbia Lake to the Kootenay River, the distance 
being about a mile and a quarter, more exactly 
6700 ft., whilst the Kootenay is about 11 ft. higher 
than the Columbia Lake, necessitating the use of 
a lock with proper guard gates and protecting 
dams. The earthwork is finished, and the dock 
will be pushed on this spring, so that by the end 
of the summer it is hoped that a steamer may pro- 
ceed without difficulty from the crossing of the 
Canadian Pacific Railway at Golden City, 100 miles 
up the Columbia through the canal, and another 
100 miles down the Kootenay to the international 
boundary, and a few miles south of this to Fort 
Steele, an American military post. The company 
are to receive 30,000 acres of land in the Upper 
Kootenay Valley as a bonus for the work; this 
land they have already selected, and both for its 
agricultural value, and its mineral wealth, itis sup- 
posed to be of far more value than the work they 
have undertaken to do for it. Besides this they 
will have the canal, the traffic on which should be 
of some importance. 


Tue MertropouitaN Boarp oF Works. 


In a few weeks the Metropolitan Board of Works 
will cease to exist, and it is to be feared that it 
will not depart the scene of its activity with the 
odour of sanctity. Although the Commissioners 
appointed to investigate their proceedings practi- 
cally absolved the members from complicity in the 
misdeeds of a part of their servants, yet the public 
declined to endorse the verdict, and rejected nearly 
all who aspired to seats in the County Council. 
Still the Board of Works has done an immense ser- 
vice to London in the thirty-three years of its 
existence, and one which should not be forgotten, 
even if some of the members were not so perfectly 
disinterested as to entirely forget their personal 
concerns in their zeal for the public good. In its 
last reportthe Board gave a brief account of the works 
which it had executed, and the catalogue is both 
long and weighty. The most important work is the 
main drainage system, which was commenced in 
1858 and completed in, 1865. The total length of 
the intercepting sewers is 82 miles, the cost of the 
works 4,600,000/., and the average daily quantity 
of sewage discharged is 160,000,000 gallons. The 
old main sewers came under the control of the Board 
in 1855, and three-quarters of a million sterling has 
been spent on their reconstruction. A number of 
storm-water sewers were commenced in 1880, and 
were completed a year or two ago, at a cost of nearly 
700,000/. The second great work of the Board is the 
embankment of the Thames. The Act for the Victoria 
Embankment was obtained in 1862, and the road was 
opened in 1870, the cost being 1,156,981/. The site 
of the approach, now called Northumberland-avenue, 
was purchased from the Duke of Northumberland 
for half a million sterling. An Act for the Albert 
Embankment was obtained a year later than that for 
the Victoria Embankment ; the works were begun 
in July, 1866, and completed in November, 1869, the 
length of the embankment being 4300 ft., and the 
cost 1,014,5251. The Chelsea Embankment was 
begun in July, 1871, and completed in May, 1874, 
at a cost of 269,591/. In addition to the riverside 
roads the following large streets have been created 
or widened by the Board: Garrick-street, Burdett- 
road, Southwark -street, Queen Victoria-street, 
Great Eastern-street, Theobalds-road, Gray’s Inn- 
road, Shaftesbury-avenue, Charing Cross-road, and 
others. For housing the working classes evicted in 
making the improvements, and in other ways, the 
Board have erected 324 blocks of buildings, provid- 


amount spent under the Artizans’ and Labourers’ 
Dwellings Improvement Act exceeds a million and 
a half sterling. The cost of freeing the bridges 
was 1,376,825/., and large sums had afterwards to 
be spent on the bridges themselves. In furtherance 
of the pleasures, as well as of the health, of the 
people, the Board has made Finsbury Park, South- 
wark Park, and Ravenscourt Park, and it has 
acquired possession of many other parks and com- 
mons, the area under its control being 1076? acres 
north of the Thames and 2603 acres of the south. 
Into the smaller duties of the Board we have not 
space to enter, but we have enumerated enough of 
their past achievements to show that they will leave 
an enduring monument behind them which the 
County Council will find difficult to eclipse. 





THE INMAN AND INTERNATIONAL LINER 
“CITY OF NEW YORK.” 
On Wednesday next, the 6th inst., the Inman and 
International Steamship Company’s steamer City of 
New York resumes her sailings for the season. This 
vessel created great interest in shipbuilding circles 
last year on account of her large size and the many 
novelties that have been introduced into the construc- 
tion of the hull and machinery. Itis well known that 
a new ship, even of an ordinary type, has difficulties 
to contend with in her first few voyages, and the City 
of New York has been no exception to this rule. It 
was not expected that she would be, as she has a great 
deal of complicated machinery on board, and part of it 
is being tried under novel conditions, She has, for 
instance, twin screws, necessitating two complete sets 
of engines in separate compartments. Her machinery 
is of the triple-expansion type, working to 150 lb. 
pressure. This involves the almost exclusive use of 
fresh water in the boilers, which again requires a 
special means for securing the minimum of waste of 
steam or water by leakage, and means of readily 
evaporating sea water in some place other than the 
main boilers of the ship. The boilers themselves 


are worked under forced draught, on what is 
known as the closed stokehold system, and in 
this lies the most interesting novelty in the 


ship. Boilers have been worked under forced 
draught for years in short runs of a few hours dura- 
tion; but this is the first attempt on so large a 
scale to make use of this system continuously for days 
together. Between the Ist of August and the end of 
November last year the City of New York made four 
round voyages between Liverpool and New York. 
Though many difficulties were met with, which had to 
be overcome at the sacrifice of the speed of the ship by 
slowing the engines, and though the boilers were often 
for days together continuously worked under forced 
draught, they never, during the whole of the time, 
gave the slightest trouble; but, on the other hand, 
gave ample evidence that their steam-producing power 
is sufficient for the greatest requirements of the ship. 
The owners and builders must, therefore, be credited 
with a success in this direction. 

Many amusing and alarming reports have been given 
out by newspapers as to the performances of the ship 
and as to the necessities for and possibilities of 
radical changes. These have been made, too, by tech- 
nical journals whose sources of information and pro- 
fessional knowledge should have prevented them from 
making statements, which, to say the least, are mis- 
leading. One authority, for instance, writes, ‘‘ Each 
square foot of grate (in the City of New York) must 
represent: nearly 15 horse-power. Now with natural 
draught and triple-expansion engines, it is not safe to 
count on more than 9 horse-power per square foot of 

rate. . . . It was, we believe, contemplated to use in 
the City of New York an air pressure of about ? in. of 
water, which is very moderate, in our opinion, much 
too moderate for the work to be done.” Then, in sup- 
port of this opinion, the writer quotes the performances 
of H.M. ships Satellite, Conqueror, and Rodney, where 
with an air pressure of about 2in., from 16 to 17.3 
horse-power per square foot of grate were obtained. 
These were all obtained, though it is not mentioned, 
with compound engines. The same amount of steam 
would have produced at least 20 per cent. more horse- 

wer—that is to say 18 to 21 horse-power per square 
foot of grate—had the engines been of the triple-expan- 
sion type, and under natural draught they would have 
developed from 11 to 12 horse-power per square foot 
of grate. The machinery of the vessels named were 
designed in the early days of forced draught (in the 
year 1880), and if the performances of more modern 
vessels, designed at a later date, had been cited it 
would probably have been clearly shown that under an 
air pressure of 1 in. to 1} in., 18 horse-power per foot 
of grate has been developed, and as much as 12 horse- 
power under natural draught. Any superintending 
engineer will readily show that there are vessels 
running with machinery developing under natural 
draught considerably more than 9 horse-power per 





ing accommodation for 38,231 persons. The total 





account the statement would never have been made 
that 9 horse-power per square foot of grate under 
natural draught and 15 horse-power under forced 
draught, were all that could be depended on with 
triple-expansion engines. Neither would it have been 
added that air pressure of ? in. was much too mode- 
rate for 15 horse-power per square foot of firegrate. 
The engines of the City of New York have had a 
complete overhaul, such as is usually given to fast 
Atlantic steamers when theyare laid up for the winter. 
Small adjustments, which experience has shown to be 
desirable, have been made, and everything is now in 
order for hard work. Greatly exaggerated reports have 
been circulated as to what was being done to the steamer, 
and it was said that extensive alterations were bein 
made. We have therefore made inquiries at officia 
sources so as to give full and accurate information on the 
subject which is engrossing so much interest. In order 
to afford a better supply of fresh water, two of Gil- 
mour’s evaporators have been fitted. Each of these 
is capable of making 40 tons of fresh water per day. 
The electric light engines have been removed | ooh the 
engine-room into separate compartments, so that they 
may be kept clear of the main engines, and that the 
little noise they make shall not be heard by the 
passengers. 
Those who have had experience in high-speed vessels 
know how difficult it is to fix upon the best propeller at 
the first attempt, and in this respect the City of New 
York has not proved an exception. In her last voyage 
outand home, whensheexperienced exceptionally heavy 
weather, she, in both runs, beat the Etruria, though 
she did not break the record. Her propellers, which 
were made of steel, showed that they were capable of 
driving her well in heavy weather. Thisisa great point 
gained, and has helped her constructors in determin- 
ing the lines on which an improvement could be made, 
so that not only may speed in heavy weather be main- 
tained but thather fine-weather speed may be increased. 
The steel propellers have been superseded by new 
manganese-bronze propellers, The effect of the change 
will be to reduce the surface friction of the blades and 
consequently increase their efficiency. The revolu- 
tions of the engine will, it is expected, be increased, 
and thus a greater demand will be made upon the 
boilers for steam, and those who know them best 
believe they will be able to supply the extra demand. 
Changes have been made in the accommodation with 
the view of adding to the comfort and improving the 
facility of moving about the ship. Passengers can 
now get direct from each separate water-tight com- 
partment to the promenade without passing through 
the saloons or along any part of the upper deck. Baths 
have been added to several of the suites of rooms which 
formerly were without them. ‘These suites have been 
very popular during the time the vessels have been 
running, and are destined to be still more so this year 
with so many family parties coming to view the Paris 
Exhibition. The supply of hot water to the baths is 
a development which has grown simultaneously with 
the steam engine. Originally the water in the City 
of New York was heated by driving a jet of steam into 
it ; but as this involved the loss of water it was decided 
to heat the water in the tanks by means of steam coils, 
from which the steam passes back into the boilers as 
water and without loss. These changes but afford 
evidence of the determination of the Inman and Inter- 
national Company to place their vessel in the premier 
position, as much on the score of comfort as of speed. 
It may be added that the City of Paris, the sister 
ship to the City of New York, will be ready to sail 
from Liverpool on April 3. She will be commanded 
by Captain Watkins, who last year was in charge of 
the City of New York, which will now be under the 
care of Captain Land, late of the City of Montreal. 





CAST-STEEL GUNS. 
To THE Epitor oF ENGINEERING, 

Srg,—Referring to the article in your paper of Decem- 
ber 21st last, and also to that by Mr. Thwaite of the 28th 
regarding cast-steel guns, I take the liberty, being inte- 
rested in the question, of troubling you with the follow- 
ing: I am acquainted with the views of Mr. Thwaite, and 
am not surprised that Mr. Hainsworth’s gun did not fulfil 
the expectations of the manufacturers, as the details 
given about the design and the mode of manufacture, as 
well as the result of the physical tests, gave good reason 
to doubt the capability of the gun to withstand the strains 
to which modern ordnance are subjected. Judging from 
the few details given about the design of the gun, it seems 
quite evident that for ordinary service the piece ought not 
to have been put to a higher pressure than 1600 atmo- 
spheres, or, say, 10.5 tons per square inch; but, on the 
other hand, basing the calculations on the physical 
properties given, the gun ought at least for atime to have 
borne a pressure of 2800 atmospheres, or 18.4 tons per 
square inch, and it is consequently rather remarkable that 
it burst in the first round with a strain not higher than 
14.1 tons. This unexpected result can scarcely alone be 
explained by the elongation lacking at the breach, 
although this, of itself, indicated that the metal was un- 
suitable for the purpose, but may have arisen from other 





square foot of grate. Had these facts been taken into 





causes as well, and in all probability when carrying out 
the tests of the metal, the bars may not have heen taken 
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in such a manner as to fairly represent the physical 
properties of the ingot, which must be considered as an 
item of immense importance. 

If by cast-steel guns is understood a casting in one 
solid block, then I admit that the problem remains un- 
solved as to how such a gun would stand against a built- 
up forged gun ; but if under the title of ‘‘ cast-steel guns” 
there should also be included built-up guns of unforged 
solid steel, then the question has long ago been satis- 
factorily settled, as there is now a regular manufacture at 
Bofors in Sweden, where built-up cast-steel guns of 8 cm., 
12cm, 15cm., and 16cm. calibre, and weighing from 
450 kg. to 5000 kg., has for several years been in existence. 
Your valuable space does not admit a description of the 
many trials carried out with the Bofors stzel before it was 
acknowledged as a metal suitable for guns, and therefore 
I only wish to state what a gun of proper manufacture 
and design, made from unforged Hofors steel, can with- 
stand. 

The gun was made for a foreign Government, and the 
data here given are taken from the official reports of the 
test made by the representatives of the said Government 
on the Continent of Europe. 

The gun was rifled, and consisted of a jacket shrunk on 
to the tube. The following are dimensions and weights 
of the gun: 


Outside diameter over the chamber ... 364 mm. 
ss > 3 MUR. .. 188 ,, 
Total length se c am nee SOO 96 
Calibre ae _ oe ~~ ae aa os 
Maximum diameter of chamber = 127 45 
Weight with mechanism ee Pee 


Kxtract from Reports of Experimental Firing with a 12cm. 
Bofors Cast Steel Gun. 

The test bars taken from the breach end of the ingots 

showed the following physical prope: ties : 


Elastic Limit, Tensile Strength, | Elongation 
| Pounds per | Pounds per after Fracture 
Square Inch, Square Inch. per 100 mm. 





Tube. é 44,267 99,964 | 212 
Jacket . ..| 68,640 97,147 175 


Before the trial commenced 15 rounds were fired with 
2200 atmospheres (14.45 tons per square inch) the average 
pressure. On examining the gun it showed a maximum 
enlargement of bore of 0.09 mm. Thence the gun was 
fired as follows; 


Number of late | : | : Maximum 
Weight of | Weight of Medium “m dees 

Rounds | projectile. | Powder. | Pressure, Widening of 
Fired | | Bore. 





kg. | 
18.0 
18.0 


| | atmos, mm, 
| 18.0 
} 
1 
| 
| 


3820 | 0.10 
2717 0.11 
3450 0.11 
2400 
2450 
2580 
8130 
3100 
3320 
3530 
4617 
4900 
4547 
4570 
4620 


36.0 

360 

36.0 

86.0 

36.0 

86.0 

36.0 

36.0 

36.0 

86.0 

86.0 

72.0 | 
| 


| | | 

~ As the officials ‘emsidered the durability of the gun 
fully proved, the trial was not carried on any further at 
that time, but at the — of the manufacturers it was 
further tested by firing the following rounds: 
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Number of rot Tot : | Maximum 
Weight of | Weight of | Medium |y.0*". 
— | Projectile. | Powder. | Pressure. |W — of 

| kg. | ; atmos, 
| 86.00 " 3640 

36.0 ‘ | 4795 

36.0 | ; 5800 

86.0 5 4650 

360 \. | 6100 

36.0 i) 5850 





| et et et 


~ 
— 


In all fifty-one rounds were fired. The real trial of the 
gun may be assumed to have commenced at the sixteenth 
round, after which the minimum pressure was 2400 atmo- 
spheres=15.75 tons per square inch, and the maximum 
reached to 6400 atmospheres, or 42 tons per square inch. 
The smallest powder charge 44 kg. asd the largest 
7.2kg. The lightest projectile weighed 18 kg. and the 
heaviest 72 kg. 

Besides the foregoing 51 rounds, there were fired 128 
more rounds of various charges and weights of projectiles 
without any measurement of the gas pressures being 
made, After these experiments were completed the gun 
was examined and did not show the slightest trace of 
scoring or other defects in the bore, except that the 
chamber being enlarged 07 mm., which, taking into con- 
sideration the tremendous pressures that the gun had 
been subjected to, was considered an exceedingly good 
result. 

Whether a hammered steel gun of similar design could 
have undergone equal or still severer tests than the fore- 
going I do not attempt to argue, but that the Government 
officials were convinced of the suitability of the Bofors 
steel asa material for gunmaking on account of the expe- 
riment already made, seems plainly proved by the fact 





that a number of guns were ordered according to the 
same design. Without entering into any discussion about 
the different methods of manufacture as regards forged 
versus cast-steel guns, I beg to state as a fact that the 
beneficial effect of hammering steel diminishes in the 
same degree as the bulk of the ingot to be worked upon 
increases, and this to such an extent that with very heavy 
forgings it becomes practically impossible to carry out 
this task in such a way that it can be acknowledged to 
insure sufficient guarantee of obtaining homogeneousness 
and reliability, which together with the well-known diffi- 
culties of ae a homogeneous steel with ingots of 
such extraordinary large sizes as those in question, pretty 
well seems to account for the many failures and accidents 
which during the last few years have happened to forged 
steel guns. 

Those who have a knowledge of the properties of steel 
and the treatment it requires will no doubt assent that a 
test bar taken from a big forged block can hardly be con- 
sidered as a reliable representation of the block itself, 
which may be better in one part and worse in another, 
and therefore the manufacturer of forged steel guns is 
lacking a wished-for criterion of the real properties of his 
product, 

Compared with forged, the built-up “‘ cast steel guns” in 
their manufacture present some very considerable advan- 
tages which in hitherto discussing the different methods 
appear to have been entirely overlooked. 

1. In a Siemens-Martin furnace it is comparatively very 
easy to produce a homogeneous steel of the wished-for 
physical properties if proper materials are used. 

2. The ingots are cast tolerably near their finished 
shape, and consequently do not, even for guns of very 
large calibres, present the well-known difficulty for obtain- 
ing homogeneousness of the steel consequently upon the 
too slow solidification and cooling of the ingot after cast- 


ng. 
3. The ingots do not require to be heated to such a 
degree that the physical properties of the metal are in- 
jured, nor are any of the dangerous procedures necessary 
to bring a heavy ingot down to the shape of a finished gun. 
4. A test bar taken properly from the ingot can be con- 
sidered as really representing its physical properties. 
Regarding the risks of blowholes which are said to be 
so dangerous with steel castings, I beg to call your atten- 
tion to the shape of the casting for guns which presents 
the most favourable conditions for getting a solid mass, 
and very few objects present more favourable opportuni- 
ties for detecting such faults if any. 
From the foregoing simple facts it is quite evident that 
a cast-steel gun properly manufactured gives the greatest 
possible guarantee for uniformity and reliability, and I 
would be very much surprised if the Americans, with 
their well-known perseverance and ingenuity, should not 
in time also learn to use and appreciate the advantages 
attached to the method of manufacturing cast-steel guns. 
It is very probable that the great European powers at their 
large establishments for manufacturing forged steel guns 
will bo very slow in recognising the advantages of cast- 
steel, but their eyes may be opened when their forged 
steel guns have had an opportunity of showing their real 
nature or being tested under the conditions of actual war- 
fare. Your obedient servant, 


C. DANIELSON, 
Bofors, February, 1889. 








QUICK-FIRING GUNS. 
To THE Eprror oF ENGINEERING. 

Srr,—I am glad my letter favoured by publication in 
your issue of February 8, has provoked such prompt 
criticism and created the possibility of a fruitful and 
advantageous discussion, and (although I regret such a 
task has not passed into the hands of my friend Colonel 
Rogers, who gave me my earliest lessons and induced me 
to take a zealous and persistently active interest in this 
branch of military science, who, of all men, is best 
entitled and qualified to deal authoritatively with the 
machine gun subject) I have much pleasure in complying 
with the officially sanctioned request conveyed in the 
letter of ‘‘ Economist,” to whom are offered my heartiest 
thanks for the more than complimentary terms employed 
in his allusions to myself. I am sure ‘‘ Economist” will 
not think it is from any disrespect to his own communi- 
cation if, before attempting to comply with his request, I 
deal with my adverse but courteous critic “ F, FF. 4 lige 
whose letter, albeit evidently written with intent to 
generally traverse the line pursued by myself, contains, 
nevertheless, various points touching which we are really 
agreed rather than divided. Should he re-read the con- 
text of my statement that certain authorities have 
commended the employment of Gatlings (it may be 
noted, by the way, that though the Nordenfelt may 
be the only machine gun of l-in. calibre in the 
British service, a Gatling of the same calibre has 
existed for a long time past) against torpedo boats, he 
would find therein nothing denoting sympathy on my part 
with such a suggestion ; on the contrary, ample evidence 
is there furnished of my entire concurrence with his own 
view, that the réle of the machine gun is the destruction 
of personnel and not of material ; an opinion each of us 
may have formed from a common reason, that it would be 
eminently undesirable to increase the weight of machine 
guns and impossible to give them the necessary additional 
penetrative power without adding to their weight. But 
* F, F. F. F.” must bear in mind that for a similar 
reason the calibre of the quick-firing gun must be limited, 
and that it is not impossible to render the resisting power 
of the torpedo boat’s defences supericr to the quick-firing 
gun’s penetrative power extended to its utmost limit. For 
one and the same reason, therefore, I urged the exclusion 
of both guns from consideration of the question of torpedo 
boat opposition and suggested that the torpedo boat should 





be left to the tender mercy of the ordinary shell gun, 
My further deduction was, that, as it has not been shown 
that the quick-firing gun is of any particular use for any 
other specific purpose or in general application, and it has 
been proved beyond doubt that the machine gun has ex- 
ceptional properties and peculiar functions as well as 
general utility, it would be ridiculous waste of public 
money to invest in the former and false economy to 
abstain from purchasing the latter. I would like to say, 
en passant, that in my opinion the most important point to 
be considered, when the question of providing for the naval 
and military services arises, is that of economy. Naval 
and military men, as a body, never regard this matter 
from the political point of view. Whether the public 
funds can be more wisely expended in other directions 
than have relation to their own departments is a question 
they will not consider. Their sole object is to obtain 
money, and their constant demand is for an increased 
grant; and of the money given in compliance with their 
urgent demands it may safely be said that at least one- 
third is absolutely wasted and another third administered 
as badly as is possible. Were one compelled to give a 
decided reply in the simple affirmative or negative to the 
question, Js it advisable to expend money on military pur- 
poses? experience and reason would dictate the answer, 
No! That being so with regard to the question in the 
abstract, whenever a wider license is permitted in deciding 
questions of that character, the tendency ought to be in 
favour of the negative (not, of course, necessitating a 
decided, but a conditional negative or qualified negative), 
and before deciding that public money shall be spent, it 
must be ascertained that the demand is just, and that it 
is absolutely necessary that the specified want shall be 
supplied, and then it must be assured that the most suit- 
able article obtainable within certain limits of cost shall 
be provided. In such spirit I proceed to deal with the 
question of the provision of machine and quick-firing 
guns. Is there a demand for weapons of the nature 
of these classified together under that head? Yes! 
Is that demand justified by circumstances? Yes! 
Dealing with each class separately, and remember- 
ing that the financial conditions obtaining do not 
permit money to be spent unless the expenditure is 
absolutely necessary nor move to be spent than is imme- 
diately essential, Is there a definite void to be supplied 
by each class of gun? Our reply is that, as for certain and 
all other purposes, the ordinary shell guns and the machine 
guns respectively are superior to the quick-firing guns, 
there is no absolute need of the quick-firing guns and no 
money should be thrown away on their purchase, and, on 
the other hand, as there can be no doubt that machine 
guns are not only superior to rifles and ordinary shell 
guns for certain purposes common to the three arms, but 
are also applicable to particular objects foreign to the 
other weapons, there is a definite void supplied by the 
employment of these guns and the circumstances giving 
rise to the demand for their supply as well as the financial 
conditions under which they can be provided, amply 
justify and necessitate their purchase. When urging the 
rejection of the quick-firing gun and not advocating the 
employment of the machine gun qud specific opponents to 
torpedo boats, it is not unfair to point out that, given a 
machine gun on shore or aboard ship, and a torpedo boat 
approaching, the machine gun might—either by a chance 
shot or by the niutural sequence of the application to one 
spot of the accumulated force of a continued discharge of 
its rapidly-fired projectiles—prove ‘‘too much” for the 
torpedo boat; at all events, speaking for myself, on such 
an occasion I would prefer being behind the machine gun 
and would gladly ivave the torpedo boat to *‘ F, F. F. F.’s” 
adoption. The Board of British officers to which I re- 
ferred as having recommended the Gatling for use 
in the defence of fortresses and for other purposes 
was assembled, not in 1874,,as “F. F. F. F.” thinks, 
but four years earlier ; and he will, perhaps, be somewhat 
astonished to find the very point upon which he evidently 
relied as an element of strength to himself regarded by 
me as strengthening my own position. He says that since 
that report was issued the Gardner and Nordenfelt have 
come into existence. Quite so; and if the Gardner or 
Nordenfelt had proved superior to the Gatling commended 
in that report and no improvements had since been per- 
fected in the Gatling, i would not have attempted to 
champion the Gatling, on account of either its superiority 
orits utility. Iam, however, entirely ignorant of any 
proof having been given of the Gardner’s or Nordenfelt’s 
superiority over even the Gatling of such ancient type 
as that which held the field in 1870 (I know of the 1880 
English trial ; but, fora reason to be hereafter given, that 
is not worth considering), and I wouid point out that 
since that trial and subsequent to the introduction of the 
guns named by “‘F, ¥F. F. F.,” again and again within the 
period bounded by then and now, marvellous improve- 
ments have been effected in the Gatling system and 
such wonderful strides in the direction of its development 
towards perfection have been made that the Gatling of 
to-day is as different from the Gatling of 1870 as is a 
Martini-Henry from an Enfield or even a smooth-bore 
musket of older date. ‘F, F, F,. F.” may reply that the 
military authorities and the general public (particularly 
the former) in this country are ignorant of these Gatling 
improvements. Exactly : and all the greater shame to 
our military authorities. Since 1880, right up to the mo- 
ment of writing, these improvements have been con- 
stantly in a state of advancing ay oon but 
what do our military authorities care! hey prefer 
to remain in ignorance, and so long as their salaries 
are paid they are indifferent to aught beside. Improve- 
ments in old guns have been made; new guns, the Maxim 
for instance, have been invented ; but since 1880 no com- 
petitive trial has been ordered, and neither improved nor 
new guns have been properly tested under official autho- 
lity. Promise has been made of further reference to the 
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trial at Shoeburyness in 1880. Any one who knows any- 
thing about that trial is aware of the fact that it was 
simply a ridiculous farce, unworthy of recollection, except 
as an example of what should be avoided in other trials. 
We all know that an old-time official had ready at hand 
a hundred excellent reasons to excuse the non-delivery of 
a salute from guns under his charge on an occasion when 
his sovereign’s presence demanded the payment of that 
honour, his first reason being that there was no powder. 
Wise Queen Bess, history records, considered that reason 
to be so entirely satisfactory—in one respect—that she 
declined to recognise the necessity of the ninety and nine 
other excuses being related. Tn this connection also 
it will suttice to give one and a similar reason (not to 
excuse the imperfections of the trial, for they were 
inexcusable) explaining why the Shoeburyness trial was 
and could not be otherwise than entirely unsatisfactory, 
and, therefore, unworthy further discussion. There was 
not an entire absence of powder, but the ammunition was 
so utterly unsuited to the guns and so bad in itself that a 
fair test of the merits of the weapons taking part in the 
competition was simply impossible. The authorities either 
have remained satisfied with that most unsatisfactory ex- 
hibition of their genius for administration, or they fear 
and acknowledge their utter incapacity to manage better ; 
at all events, be the reason what it may, the fact remains 
that they have not instituted any trial since 1880-1, and 
have ordered guns which have not been submitted to com- 
petitive examination. ‘‘F. F, F. F.” furnishes a state- 
ment of the comparative weights of the Gatling and 
Nordenfelt which, I confess, surprises me. What type of 
each gun has he taken for illustration? Is the comparison 
established on a fair basis? or has he chosen a new Nor- 
denfelt and the lightest possible, to compare with an old 
Gatling or Gatling of the heavier kind, and of classifica- 
tion different from that of the quoted Nordenfelt? I do 
not intend at this time to enter fully into the portion of 
4 general subject affected partially by point one in 
“FF. FF, F.’s” letter; it will be sufficient in that con- 
nection to proceed on the principle of an ex uno disce 
omnes, and to offer in illustration of my theory that 
“F, F. EF. F.” is incorrect, a Nordenfelt and Gatling 
of acommon standard, the five-barrel rifle-calibre Norden- 
felt andthe ‘‘ police” Gatling. The former weighs 1 cwt. 
and fires 600 rounds a minute, the latter weighs 70 lb. and 
fires 900 rounds a minute. If ‘*F.F, F. F.” will accept 
the statement as appropriate to his second point, I will 
merely mention that this Gatling contains fewer pieces 
than the Maxim. I do not discuss point two at greater 
length, because the definition of terms is an indispensable 
preliminary to any argument upon such a question, inas- 
much as, unless worked out in the minutest detail, 
numeration of pieces contained in and appropriate toa 
gun is apt to be dec ptive. With point three there is no 
necessity to deal unless and until “ F. F.F.F.” boldly 
declares that he considers rolled cartridges the best form 
of ammunition for machine guns, the general opinion 
being, I believe, that they are not suited to that class of 
weapon. With his concluding remarks, to the effect that 
machine guns and artillery have different fields of action, 
Iam in entire sympathy. ‘'F. F. F. F.” will pardon me, 
I trust, if, after making that general and sweeping admis- 
sion, I add—the result of legal training and enforced 
habituation to argument—a ‘‘saving clause,” namely, 
there are certain spheres of action which are fields common 
to the operation of both weapons, and in such cases it has 
admittedly been substantially proved that the machine 
guns are superior to the artillery arms, 

My reply to “ F. F. F. F.” will have occupied so much 
of your space that I-fear neither policy nor courtesy will 
permit you to grant in the same issue sufficient room for a 
reply (which, albeit abbreviated as much as_ possible, 
would, with due observance of anything approaching pro- 
portion, necessarily contain considerably more matter than 
was needed in connection witha reply to ‘‘ F. F. F. F.’s” 
letter) to ‘‘ Economist,” with whose request I will deal, if 
you permit, in another issue of your paper. 

have the honour to > Sir, 
Your faithfully obedient servant, 
Puiip H. B. Satussury. 
_ P.S.—For fear lest I should be misunderstood, I think 
it well to explain that in all I have said about competitive 
trials, the trials meant are such as would be of the most 
complete and searching character possible, 





POISONOUS BOMBS. 
To THE EpiToR oF ENGINEERING. 

Sir,— J. T. B.” (whose letter appears on page 182 of 
your last issue) is quite right. There were no arguments 
in my letter. I merely stated why I failed to comprehend 
his distinction between poisoning men, as inadmissible, 
and mangling men, as wus praiseworthy. I left the 
argumentation to ‘‘J. T. B.,” but he has declined the 
task and devoted himself to a very able justification of 

J. C. T.s’ extraordinary ideas,” even going so far as to 
admit that ‘‘the horrors of war are bad enough,” that our 
civilisation (which can tolerate such horrors) is only 

z Partial,” and (by implication) that the ‘“‘ drawing of the 
line’ _by “‘civilised nations” between mechanical and 
chemical murder is simply an arbitrary convention. 

If ‘J. T. B.” had stated his position thus in his first 
letter, if he had said ** Don’t let’s throw poison—that is 
even more fiendish than what we do now’—or “ Let us 
abolish bayonets, then our work will be a little cleaner,” he 
would have been consistent and I should have had nothing 
to say; but so long as he awards “‘ the worst punishment 
of the Inquisition” ‘ to one who deliberately would bom- 
bard a town with poisonous bombs,” and (presumably) ‘‘a 
place in Westminster Abbey” to one who would treat the 
same town with explosive bombs, the grotesqueness of 
his position is too apparent to require pcinting out to 

civilians.” That military gentlemen fail to recogaise 





it, merely illustrates the obliquity which the manly art 
of national self-defence produces in the mental vision, and 
our proneness to 
**Compound those sins that we’re inclined to, 
While damning those that we’ve no mind to.” 

Military gentlemen, “in order to gain positions of 
vantage,” will, if necessary, cripple or kill you “‘ most any 
way.” They will blow you up with bombs (charge not to 
exceed one pound), carve you with sabres, run you through 
with bayonets, roast you to death with hot shot, &c., and 
doubtless think they are doing God service. (Even ‘‘J. 
T. B.” does not protest against machine guns). But 
they *‘ draw the line” at nitrate of amyl], as being quite 
too horrible for their dainty nerves, and therefore one of 
the ‘‘ works of the devil.” Could ‘‘ argument” add to the 
utter preposterousness of such affectation ? 

It is hardly necessary to point out that such distinctions 
are purely artificial. It does not even seem to be claimed 
that poisoning is more painful to the victim than muti- 
lation. It is simply that the public (and especially the 
military) conscience is benumbed by familiarity with 
murder by “admissible” or ‘‘ordinary” methods, while 
as in ‘‘ J. T. B.’s” case, it remains in a fairly normal con- 
dition of sensitiveness toward new or ‘‘ extraordinary” 
methods, ‘It is all right to kill a man our way, but no 
innovations, please.” 

My remark that military men strive chiefly to excel in 
the art of killing is sufficiently borne out by such discus- 
sions as that now going on in Exomeenrra over ‘‘quick- 
firing guns,” unless, indeed, these guns are meant to 
discharge bon-hons, or verbal protests, or such ‘‘ admis- 
sible” projectiles. 

I did not erroneously ‘‘ suppose that greater loss of life 
has been produced in war by the use of improved weapons 
and methods.” Indeed, my impression to the contrary 
was one of my reasons for wonderirg at ‘‘J. T. B.’s” 
objections to the poisonous bomb, the introduction of 
which, like that of other ‘‘improvements,” would very 
likely bring about a still further decrease in the number 
of actual victims, 

The absurdity of the whole thing is perhaps best shown 
up by *‘J. T. B.’s” citation of the arbitrary limits which 
nations fix upon their killing operations. If the gentle- 
men who framed the Treaty of Paris could “tix the 
minimum (maximum ?) weight of powder in an explosive 
shell” at 1 lb. instead of 2 lb., what earthly excuse 
(outside of military logic) have they for not fixing it at 
4 1b. instead of 1 1b., or, better, at no pounds at all? 

These very conventions are perhaps the best evidences 
for the desirability of ‘“‘improving” warfare. We have 
made it so horrible now that nations find it necessary, for 
self-preservation, to arbitrarily limit the charge of powder 
that may be used in tearing upa man. Make it a little 
worse yet, and they may have to fix the limit at zero. 

Perhaps I may add that I am, happily, ‘some civilian,” 
unhappily without an exterminator, chemical or mecha- 
nical, but very much in favour of any other (civil or 
uncivil) fellow’s exterminator that will help to bring 
people (not including the military) to their senses, and 
induce nations to settle their difficulties like sensible 
men, not like quarrelsome babes, as they do now, however 
they may strive to dignify their revolting practices. 

J.C. T., Jun. 








ENGINE BUILDING AT THE ROYAL 
DOCKYARDS. 
To THE EpiTor OF ENGINEERING, 


Srr,—In your issue of 22nd inst., at the end of a notice 
of Mr. Donaldson’s lecture on *‘ Torpedo Boats,” you refer 
to the recent decision of the Admiralty to build new 
engines in the dockyards, stating that you consider it 
fraught with danger to the efficiency of our Navy, and 
instituting a comparison with the effect of Woolwich on 
gun-making. 

In making the foregoing statements you can hardly, I 
think, have looked at the subject from the right point of 
view, and further consideration will I think show: 

1. That the Admiralty have good and weighty reasons 
for their decision, and 

2. That the parallel with Woolwich does not hold good. 

You will no doubt admit that it is an absolute necessity, 
that in time of war, our dockyards will require to be 
manned to their utmost extent, and that the organisation 
should be, so far as is humanly possible, perfect. For 
this to be the case the yards must now be kept manned to 
a far greater extent than is necessary for the simple re- 
pairing of the fleet; if they were reduced to the bare 
number now necessary, then we should, directly any war 
scare arose, have the usual indscriminate admission of 
new hands, and whether that sort of thing tends to per- 
fection of organisation and efficiency I will leave to you to 
say. Assuming then that more men than necessary for 
mere repairs must be employed, and seeing that the old 
system of pulling a ship to pieces, so as to have the plea- 
sure of building her up again, has been rightly put a stop 
to, it follows I think that either the staff must be 
employed in building new engines or else they must be 
paid for doing nothing (@ la redundant clerk). 

Next as regards the parallel with Woolwich, the two 
cases appear to me utterly dissimilar ; in one case we have 
a production, guns, with no cnstomers but our own or 
foreign Governments, and consequently Woolwich gets 
practically a monopoly ; and on the other hand, as regards 
marine engines, what proportion of the horse-power built 
per annum is the production of the Royal Dockyards ever 
likely to come to? If you consider the answer to this 
question I do not think you will quote Woolwich again in 
this connection. 

You may perhaps argue that we should consider only 
warship engines; even admitting this, the production of 
ths dockyards would still bear but a small proportion to 





the whole, but I do not think the argument applies ; the 
production of engines for ships of war differs little from 
that of those for merchant ships, and bears certainly no 
resemblance to such a very specialised process as gun- 
making. 

In conclusion I hope the considerations I have put for 
ward may have the effect of modifying your judgment. 


February 25, 1889. 








THE RAILWAY RACE TO SCOTLAND. 
To THE EDITOR OF ENGINEERING. 

S1r,—As there have been so many foolish tales going the 
round of the papers about this so-called race to Scotland, 
I have thought I should like to give my version of the run 
or race. Now as I understand a race, each racer is allowed 
to do his or her utmost to win. We were not. Wehada 
set time to run the train in, and we had to run to that 
time, and although we ran a little under that time, we 
were not expected to do so, otherwise we could have run 
much faster than we did (AND MARK THIS, WITH PERFECT 
SaFetey), for I always put Safety first, Punctuality second, 
and Economy, third and last. But working the engine 
economical is a very great point, as an engine properly 
worked will last longer and do more work than one 
worked anyhow, and of course burn less coal. We get a 
little coal premium and I think I can challenge an 
driver for taking good loads and keeping good time wit 
little expense, with all sorts of engines. I had about 
15 years on Ramsbottom 7 ft. 6 in. engines, but I 
think I haveWone the best work ever I did in my life with 
Webb’s SMALL comMPpouNDS, taking the heaviest loads, and 
making the best time and working the cheapest. In fact 
I have been surprised at the work I have been able to do 
with these engines, and I have received many a bright 
sovereign coal money. Now, Sir, you will think, perhaps, 
what has that to do with the race, so-called, to Scotland. 
But it has because we want an engine that will run a long 
distance in a little time without any danger of running 
hot. Now these small compounds are the very engines. 
This is not theory, this is practice. I have run thr-ngh 
from Liverpool to London with one oiling many a i.e 
with the 11.5 a.m., with 8 or 9 and sometimes more coaches 
with 4 or 5 stops in 4 hours 10 minutes, and 4 hours 
15 minutes, and could do it in less time than that, only 
for running before time, and I could give you cases of 
heavy loads, as well as long distances, were it needed, 
with great speed, hut you must bear in mind that no 
engine ever built yet will maintain a speed of 60 miles 
an hour with such loads as are run on our main line, 
varying from 12 up to 18 or 20 vehicles. I remem- 
ber what the engine said to the driver when I was a 
lad, viz., Load me lightly and I will show you some pretty 
running, and it still holds good with a load of eight coaches, 
I see nothing to hinder us from being in Carlisle at 
3.50 p.m., leaving Euston at 10 a.m. with the four stops ; or 
the small compound would run from Euston to Carlisle 
with the Crewe stop only, which would make it so much 
the easier, and I will warrant they would do it on about 27 
or 28 lb of coal per mile ; it would not want two firemen to 
put that on. One paper stated that the work was so 
trying that one fireman could not stand it, and there 
ought to be two. But we expect such nonsense from them 
that know no better. Now, Sir, if the public want fast run- 
ning let them have it ; we can run faster by long odds than 
ever we have done, and that with perfect safety. Weare 
not like we used to be, see a signal on 3 miles off and not 
know wether we should be able to stop or not. Wecan stop 
now in any reasonable distance with our brakes that we 
have. Our permanent way is of the best, our coaches 
and engines A 1, so that the most nervous old lady 
in the kingdom need not be afraid, nor insure herself 
with Tit Bits or any other insurance company. The 
chairman of the Midland Company has put his bit in 
now about it, saying what it has cost them. Well, I 
suppose, that tale will do to tell the shareholders, 
because he could see no chance of beating the other 
companies, else he would have had a go, But we 
the drivers of the L.N. Western fear no others. We 
have been brought up to hard and fast running, from 
our childhood, many of us, and I believe our bosses 

lory in us, and we in them. They fine us rather tco 
ail sometimes, but I suppose they think that to makea 
good child they must not spare the rod. But I should be 
thankful if their justice was tempered with i ~ as we 
are but fallible creatures, and we do our best. Now, Sir, 

ut all nonsense on one side and come back again to facts. 
Base of the things that I have written may seem like boast- 
ing; others may appear as if I was trying to set the 
L.N.W. offabit. Boasting I don’t like, and I think I don’t 
boast much in saying what I have said about L. N. Western 
drivers fearing no others. For 30, 40, and even 50 years 
can the drivers say they have been in the service and we 
know nothing about Srrixrs. Not a hint about such a 
thing. But I think we might be allowed to boast a little 
about our employers ; first our money is always sure, that 
is grand, and so long as we are able and willing to do our 
work they never discharge us, no matter whether Whig or 
Tory, Home Ruler or Gladstonian. I say this becaure 
a driver on an engine wants his mind free from 
all anxious thought, only about his work. He has 
enough to do and more attimes than he can do, the 
moment he commences his duty on the engine. You 
will see this with fast trains, as he no sooner passes 
one lot of signals than he is on the look-out for others, so 
as to see them at the first possible sight, having a look at 
steam gauge, and water between, and watching the work- 
ing of the engine. Although the fireman does some of these 
things, the driver is responsible for all, so that when 
men can say they have seen 40 years and upwards, it 
speaks well for their carefulness and their employers 
agreeing co well with them. Now this is the class of men 
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thatrun these fast trains, so when men in the various papers 
speak of the dangers attending fast running, they speak of 
that they donot know. I say again there is no danger only 
what is common to other trains ; everything is as near per- 
fection as it is possible to be, that is men, rolling stock, 
permanent way, signals, and other arrangements. If 
they want anything more let them pay their fare and ride 
with the trains and tell the truth at the finish, because we 
know every yard of the line from Euston to Carlisle and 
what the engines can do and what they cannot do. One 
man gave his timing of the train from Euston to Carlisle 
and said that the engine, 7 ft. 6 in., 16 in by 24 in., tra- 
velled fastest up Lichfield Bank, that is between Tam- 
worth and Lichfield, all up-hill and pick up water into the 
bargain, and again from Preston to Lancaster, 21 miles in 
18 minutes, where it would take 2 minutes to go the first 
mile and do well, leaving only 16 minutes to go 20 miles, 
very slightly up hill 19 miles out 20. I could go on 
with cases of the same sort of nonsense, but I have said 
enough to show that there is no danger in fast running 
either one way or tha other, Tell the nobles to patronise us 
and we will do our very best to convey them in safety and 
comfort, and they will not complain about the speed being 
excessive and irregular, but quick and smooth. Now one 
word for myself; I have battled summer’s heat and winter’s 
cold without anything stronger than coffee, cocoa, or the 
like, as I signed the pledge on March 16, 1858, and am 
well and hearty now after about 36 years on the footplate, 
Yours truiy, 
L.N.W. Driver, 
WHO HAS RUN ONE OF THE TRAINS. 
* 





THE SEWERAGE OF FRANKFORT-ON- 
THE-MAINE. 
To THE EpiTor or ENGINRERING. 

Sir,—In the abstract of my paper on ‘‘Some Canal, 
River, and other Works, in France, Belgium, and Ger- 
many,” published in your issue of the 15th inst., it 
appears as if Mr. W. H. Lindley, the engineer to the 
municipality of Frankfort-on-the-Maine, had designed the 
system of sewering for the town, commenced in 1867, as 
well as the haven, quay extensions, and sewage disposal 
works, recently carried out. The design of the sewering 
was not attributed to Mr. Lindley in the paper itself, and 
I am informed by Mr. John S. Hodgson, Assoc. M. Inst. 
C.E., that Mr. Lindley had no share in the design. I 
shall, therefore, feel obliged by your kindly affording me 
the opportunity of correcting this discrepancy between 
the abstract and the original paper. 

I am, Sir, your obedient servant, 
L. F. Vernon-Harcourt. 

6, Queen Anne’s Gate, Westminster, S. W., 

February 25, 1889. 

[The abstract of Mr. L. F. Vernon-Harcourt’s paper 

ane ro by us was the official abstract supplied by the 
nstitution, and we are not responsible for the discrepancy 
he points out.—Ep. E 





THE COMPRESSED AIR SYSTEM IN PARIS. 
To THe Eprtok oF ENGINEERING. 

Srr,—A word omitted in my letter of last week, altered 
the meaning of what I meant to say. Six electric com- 
panies have actually obtained the concessions for different 
sections, The Compressed Air Company is not therefore 
the only one in the tield, as you state in your article of 
February 8. The privilege of taking possession is made 
conditional with all the companies, upon the payment of 
caution money; with this point I have nothing to do, I 
only wished to protest against the suggestion of mono- 
poly in your article, and I will ask you to insert this 
etter to correct a wrong impression. 

Yours truly, 
E. Hosprracier. 
120, Boulevard St. Germain, 
Paris, Feb. 26, 1889, 








LAUNCHES AND TRIAL TRIPS. 

On February 27 there was floated from the large build- 
ing dock at the Birkenhead Iron Works the twin-screw 
mail and passenger steamer Columbia, a vessel of great 
size and eee built by Messrs, Laird Brothers to the 
order of the Hamburg-American Steam Packet Company, 
for the Atlantic service between Hamburg and New York. 
As the vessel is intended for carrying passengers, it has 
been subdivided into many water-tight compartments, 
and there is a central bulkhead between the engines, so 
that each set of engines and each of the three groups of 
boilers with its coal pont f is in a separate water-tight 
compartment. The vessel has a length between perpen- 
diculars of 463 ft., the beam is 56 tt., and the depth in 
hold 36 ft., with a gross tonnage of about 7000 tons, anda 
load displacement of about 10,000 tons on 24 ft. draught. 
The engines are on the triple-expansion principle, having 
cylinders 41 in., 60in., and 101 in. in diameter, with a 
stroke of 5 ft. 6 in., supplied with steam from nine cylin- 
drical boilers at 1501b. pressure, and designed to develop 
12,500 horse-power. The boilers are of steel and placed in 
three distinct groups with three funnels. The shafts and 
many other parts of the machinery are of steel. The pas- 
senger accommodation, which is for about 400 first-class, 
120 second-class, and 580 steerage passengers, will be un- 
surpassed by any steamer afloat. A very complete electric 
installation will be provided, comprising no less than 625 
lights, and as a precaution against accident duplicate sets 
of dynamos will be fitted, either of which will be capable 
of running the total number of lights, 


On the 20th ult., Messrs, Earle’s Shipbuilding and Engi- 
neering Company, Limited, launched, from their yard at 





the Empreza Nacional’s mail and passenger service 
between this country, Lisbon, and the coast of Africa. 
The ship is built of steel, the dimensions being 340 ft. by 
41 ft. by 28 ft. depth of hold to top of floors. The builders 
have carried out an elaborate installation for lighting 
throughout by electricity, in addition to which the usual 
arrangement for illumination by the ordinary system of 
lamps will be made. The machinery consists of a set of 
triple-compound three-crank engines, also of Messrs. 
Earle’s manufacture, with cylinders 32 in., 48in., and 80in. 
diameter by 48 in. stroke of piston, steam for which will 
be supplied from two large double-ended steel boilers, 
made for a working pressure of 160 lb. per square inch, 
and having each six Fox’s furnaces fitted with Hender- 
son’s patent firebars. 

On Saturday last the patent hopper dredger Otter left the 
Clyde for Port Natal, where it will be employed in connec- 
tion with extensive harbour improvements. This dredger 
was launched ashort time ago by Messrs. Simons and Co., 
Renfrew, and is remarkable as being the first sternwell 
twin-screw dredger yet built. She was fully described re- 
cently (see ENGINEERING, page 57 ante), so that it is only 
necessary here to state that she is propelled by two pairs 
of independent compound surface-condensing engines of 
500 indicated horse-power collectively, and is capable 
of raising 400 tons of ordinary material per hour. The 
dredging and steaming trials recently took place on the 
Clyde, the former at the entrance to the new docks being 
constructed at Glasgow by the Clyde Navigation Trustees, 
and which we hope to describe in an early number. 
hoppers were loaded with fully 500 tons of material, the 
working of the dredging machinery being found_very 
satisfactory. The vessel then proceeded down the River 
Clyde, and the steaming trial, with and against the tide, 
proved equally satisfactory, the rate of speed attained 
being a knot over the contract speed. The Natal Harbour 
Board, for which the Otter was built, were represented by 
Mr. D. Macalister, who superintended the construc- 
tion of the vessel, and by Mr. James Stewart, the resident 
inspector, 





On Tuesday the new steel screw steamer Dionysios 
Stathatos, built by Messrs. John Readhead and Sons, 
West Docks, South Shields, was taken to sea on her trial 
trip. The dimensions of this steamer are 280 ft. by 38 ft. 
by 18ft. 9in. The engines are of the triple-expansion 
type, having cylinders 21.35in. and 57in. in diameter, 
with 39-in. stroke. Steam is supplied at a pressure of 
1601b. per square inch by two large steel boilers. Both 
engines and boilers have also been built by Messrs. John 
Readhead and Sons. On the trial the engines worked 
very smoothly and satisfactorily, being in every way up 
to the expectations of all concerned. Several runs were 
made on the measured mile and along the coast, and the 
mean speed attained was 11 knots per hour. The 
Dionysios Stathatos has been built to the order of Messrs. 
Stathatos Brothers, of Braila and Sulina, and on her re- 
turn from sea entered Tyne Dock, where she takes a cargo 
of coals for the Danube. 


On Wednesday, Messrs. Russell and Co. launched from 
one of their yards at Port-Glasgow a pretty-modelled 
screw yacht built of iron. The dimensions are as follows: 
Length between perpendiculars, 179ft.; over all, 204 ft.; 
breadth moulded, 24 ft. 6in.; depth moulded, 15 ft. 2in.; 
and her measurement, 520 tons. Engines of the triple- 
expansion type will be supplied by Messrs. William King 
and Co., Glasgow. The diameters of the cylinders are: 
Horse-power, 154 in.; intermediate, 24in.; and low pres- 
sure, 40in.; and the piston stroke, 33in. The yacht is 
named Lady Aline, 








There has just been launched from the yard of the 
Sunderland Shipbuilding Company, Limited, a finely 
modelled spar-deck screw steamer named the Gutepfels 
and built to the order of the Hansa Company, of Bremen. 
The registered length of the vessel is 322 ft., beam 40 ft., 
and depth of hold to top of ordinary floors 28 ft. 6 in. The 
main engines have cylinders 234 in., 39 in., and 64 in, by 
42 in. stroke, 160 lb, working pressure. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Wages in the Leeds Engineering Trade.—Some time ago 
the workmen employed in the Leeds engineering trade 
intimated to the masters that they claimed an advance of 
wages. They expressed their desire for a restoration of 
the 2s, per week deducted from their wages two or three 
years ago. A number of employers have partly met this 
wish, and without conceding a general advance have in- 
creased the wages of some of their most capable men. It 
is thought this course may be followed by other firms. 


All-Steel Armour Plate.—The Sheffield firms who are 
endeavouring to make all-steel armour plates, in antago- 
nism with compound armour, have this week received 
some very flattering reports, as the result of Government 
trials, and it is believed that orders for these specialities 
for home use will be forthcoming. Heavy plant is also 
word laid down in Sheffield for ‘** finishing” guns of large 
calibre, 


Hull and Barnsley Railway.—The adjourned half-yearly 
meeting of the proprietors of this railway was held on 
Friday, at Hull, under the presidency of Lieutenant- 
Colonel Smith. It was of a very noisy and excited 
character, and had been adjourned from the previous day 
in consequence of disorder. Mr. T. K. Sanderson. of 


Wakefield, had proposed an amendment to the effect that 
the proposed terms of agreement between this company 
and the North-Eastern should be submitted to the general 


amendment the chairman on Friday declared to be lost, 
and the directors’ suggestions adopted. On Friday Mr. 
R. Hill Dawe (Town Clerk of Hull) attended and handed 
in a written protest, on behalf of the mayor, aldermen, 
and burgesses of Hull, and proprietors of the company, on 
the ground that the proceedings were informa]. The meet- 
ing broke up in disorder. 


Dore and Chinley Railway.—The overland line of rail- 
way has been completed from the Dore Station up to 
No, 2 shaft at Totley Bents, and is being used daily to 
convey the heavy material and plant from the store yard 
up to the tunnel mouth and shafts. A 10-ft. heading has 
now been driven through from the tunnel mouth past the 
bottom of No. 2 shaft, and near to No. 3, which will ex- 
tend to upwards of half a mile in length. The steam 
pumps which were in use at No. 1 and No. 2 shafts have 
both been discontinued. The water now runs to the 
tunnel mouth where a centrifugal pump has been put down 
for its expulsion, 


A Leeds Engineer’s Will.—Probate of the will of the 
late Mr. Robert Fowler, of Fowler’s Steam Plough 
Works, Leeds, engineer, who died in November last, 
aged sixty-three years, has been granted to the executors, 
his nephews, Mr. R. H. Fowler and Mr. A. Fowler. The 
will is: ‘‘ I devise, give, and appoint all my real and per- 
sonal estate, including all property over which I may 
have at my death any power of disposition, to my nephew, 
Robert Hy. Fowler, or if he should predecease me, to 
my nephew, Alfred Fowler, absolutely, but at the same 
time requesting them respectively, but without creating 
any trust whatever, to carry out and give effect to my 
wishes, expressed or to be expressed in a letter or memo- 
randum addressed to them.” ‘The value of the testator’s 
personal estates has been declared by the executors at 
219,6177. 13s, 9d. 


Disaffection amongst the Colliers. — Although the coal 
proprietors of South and West Yorkshire have only 
recently conceded an advance of 10 per cent. to their men, 
there is again an agitation amongst the latter for a 
further rise of 10 per cent. It is considered that because 
the last concession was obtained so easily a similar one 
will not be resisted, and it is stated that the agitation 
finds favour with the head officials of the union. It will 
be well with the men if they maintain the last advance. 
The pit proprietors are now called upon to pay 3d. per 
ton more for railway rates; the majority of them are 
working on old contracts and are losing money on the 
output. The winter demand for house coal will shortly 
cease, and the large contracts for house coal will not be 
entered into until Midsummer next. 


Improved Trade.—The plate, bar, and sheet mills are 
now running night and day, and there is every prospect of 
trade still further improving at stiffening rates. Very 
large orders for hydraulic and other heavy machinery 
have lately come in from abroad; locomotive builders 
are engaged with contracts which willnot be exhausted for 
many months, and indeed there is scarcely a department 
which is not fully employed. 





ErratuM.—In the paragraph on page 194 of our last 
issue, on Fire Tugs for the Thames, the speed of the boat 
referred to should have been given as 16 miles per hour, 
not 16 knots as printed. 

Paris MEETING OF THE INSTITUTION OF MECHANICAL 
ENGINEERS.—At the recent meeting of the Institution of 
Mechanical Engineers it was announced that the Paris 
meeting would commence on June 25, This date hasnow 
been altered to July 2. The meeting will last fonr days. 





A Great Pontoon Bripcr.—A pontoon bridge over the 
Missouri at Nebraska City is probably the longest in the 
world. Its length across the navigable channel is 1074 ft., 
while the back channel is traversed by acauseway 1050 ft. 
long, supported on cribs. The charter for this bridge has 
been held for twelve years, because of the difficulty of 
obtaining financial support for a project which appeared 
impracticable. It is stated, however, that the entire 
bridge was built in 28 fe at a cost not exceeding 3600/. 
by Colonel Stewart, of Philadelphia, assisted by General 
Banks, of Iowa. The draw is V-shaped, with the apex 
down stream. It is worked by the current, and is con- 
trolled by one man. The clear span is 528 ft. The 
bridge was completed in August, and has done good 
service, 





Harpour ExtTEnsions.—The Hangé harbour, Finland, 
will shortly be considerably extended, the traffic from 
there to various foreign ports being on the increase. The 
pier will be made 300 ft. longer, a new quay will be built 
and the harbour will be deepened by dredging. The cost 
has been calculated at about 32,000/., besides 72501. for a 
dredger. The harbour is intended to accommodate vessels 
up to 24 ft. depth. At Koenigsberg some very im- 
portant works in connection with the harbour have been 
decided upon, entailing a cost of close upon 400,000/., 
part of which sum will be covered by a ship’s fee, 
and the Koenigsberg merchants guarantee the balance. 
Fifty thousand pounds are to be expended the first year, 
and the whole works are to be completed in eight or nine 
years. It will be remembered that the town of Koenigs- 
berg is situate at a distance of about twenty miles from 
its harbour, Pillau. The waterway between the two is 
formed for about four miles of the Pregel and for the rest 
of Frischen Haff, The Pregel is between 19 ft. and 20 ft. 
deep, and so is the harbour at Pillau, but Frischen Haff 
is only about 12 ft. or 13 ft., so that vessels must lighten 
at Pillau, entailing actual expense and loss_of time, 
amounting to 20,000/. or 24,000/. per annum. It is this 








Hull, the first of two steamships they haye on order for 


body of the shareholders at a Wharncliffe meeting. This 


drawback the new works are intended to remove, 
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ELEVATOR WITH SAFETY GEAR. 
CONSTRUCTED BY MESSRS, ARCHIBALD SMITH AND STEVENS, ENGINEERS, LONDON. 


Fig. 4. 
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WE illustrate above the cage of a passenger lift 
with an arrangement of safety gear attached, which 
has recently been patented by Messrs. Stevens and 
Major, and which is being made by Messrs, Archibald 
Smith and Stevens, of Janus Works, Queen’s-road, 
Battersea, In our engravings, Fig. 1 is a front eleva- 
tion, Fig. 2 a side elevation, showing double rope gear, 
and Fig. 3 a reversed plan of the under part of the cage. | 
Fig. 4 is an elevation of the opposite side of the same | 
cage, showing single rope gear. 

n what is known as the duplicate safety gear the 
cage is suspended by three ropes. Two of these pass 
down on one side of the cage, being led by guide sheaves 
as shown, whilst the third rope passes down on the 
opposite side of the cage, as may be seen by Figs. 1 
and 4, Dealing at present only with the two first- 
named ropes © and C', we see by Fig. 2 that they are 
attached to the ends of a rocking arm A. This is 
keyed on to the shaft B, together with the double 
lever EE'. From each end of this lever two chains 
F and F" (not drawn in Fig. 1) lead partially round the 
sheaves G and G! respectively, being fastened to the 
sheaves at their ends. Following the train of mechanism 
so far, it will be seen that, should either of the ropes 
break (say C'), the other rope C will pull on the end of 
the rocking bar A, causing it to turn through a quarter 
of acircle. The double lever E E! will likewise turn, 
being keyed to the same shaft, and in this way, 
through the medium of the chain F", the pulley G' 
will turn also. This will turn the shaft H', to which 
the pulley is rigidly attached, and the gripping cam I' 
will be turned inwards towards the wooden guide D 
until its serrated edge comes in contact with the latter, 
the corresponding cams on the other side of the cage 
would, of course, also be brought into play, and the 
descent of the cage would thus be arrested. A similar 
result would take place should the other rope break, 
or merely stretch, and the two gripping cam shafts are 
attached by a link K, which causes both to bite at 
once, 

It will be seen that the chains are wound in such a 
way that the gripping cams are always free to turn 














30 at unseasonable times a spring L is provided, which, 
by its reaction through the medium of the chain 
attached, keeps the cams out of grip in ordinary 
working. In the event of one rope breaking, the 
weight of the cage, which supplies the motive power 
for the catch, would be amply sufficient to overcome 
the resistance of the spring. 

So far it will be seen that the arrangement will work 
supposing one rope only to break, but if the two ropes 
were to break exactly at the same instant of time 
there would be no tendency of the rocking bar A to 
turn, and the spring L would hold the cams out of 
contact. It would take but a fraction of a second, 
however, for the rocking bar to turn, especially were 
the cage loaded with passengers, and the probability 


|of both ropes going absolutely at once seems very 


remote indeed ; almost impossible, in fact, when we 
remember the high factor of safety given to the steel 
wire ropes of passenger lifts. The inventors have, 
however, provided for such a contingency by adding a 


| separate safety gear, which is attached in conjunction 


with the third rope referred to. This is a coiled spring 
device shown at M in Fig. 3. If both ropes C and C 

were to break simultaneously, and the third rope were 
to break too, the spring M is calculated to throw the 
cams into grip. 

A test of this safety catch was recently made, of 
which the following particulars are given: The 
lift tested was worked by an hydraulic multiplying 
cylinder fixed at the bottom of the building. The 
rise of cage was 88 ft., the load lifted 11 cwt., and the 
weight of cage 10 cwt. A pair of ropes was pur- 
posely slackened, on the assumption that a careless 
attendant might make such a mistake. The cage 
was taken to the top of the building and left 
empty, i.e., with the smallest motive power for the 
grips. The point of greatest wear in the rope was 
calculated and checked by observation, and found to 
be 150 ft. away from the cage end, having five wheels 
between it and thecage, Of the 150 ft. of rope 100 ft. 
hung vertically, representing a weight of 50 lb. pulling 
against the gear. Under this accumulation of adverse 
conditions, one of the slack ropes was then cut through 
150 ft. away from the cage, with the result that the 
safety gear went into action, preventing the descent 
of the cage when the valve was reversed for lowering. 

The cut rope was then replaced by a new one and 
all the ropes were adjusted to equal tensions. The 
cage was again taken to the top of the well and loaded 
with 5 cwt. of iron, representing an average load of 
passengers. These conditions were a nearer approxi- 
mation to those of ordinary working, and altogether 
more favourable to the safety apparatus. A second 
rope was then cut at a similar point measured 150 ft. 
from cage, resulting, as was expected, in an even 
sharper and more decisive locking of the gear than in 
the first experiment. 

A duplicate set of gear was tested with a ton of 





towards the guide, and in order to prevent them doing 





iron in the cage, with equally satisfactory results. 








Wire ropes that had done nearly two years of in- 
cessant work have recently been tested for tensile 
strength. A piece was cut out of the worst part of 
one of them and sent to Mr. Kirkaldy to test to de- 
struction. Appended is a copy of his certificate. 


** Results of Experiments to Ascertain the Tensile Strength 
of one Piece of Steel Wire Rope with Fastenings received 
‘rom Messrs. Archibald Smith and Stevens. 

















Circum- | 
= ference |Hemp Core. Ultimate Strength. — of 
° lin Inches. ew 
Ib, tons 

Ww Two tran 
1318 1.90 Main and | 15,495 6.92 broke together 
strands others sepa- 
rately. Allclea 

of fastenings. 





The rope having been in use, and having broken wires, the ex- 
tension was consequently not taken. 








(Signed) Davip KIRKALDY AND Son. 
** 99, Southwark-street, London, 8.E.” 





DUTY TRIALS OF PUMPING ENGINES.* 
A Plea for a Standard Method of Conducting them. 
(Concluded from page 170.) 

STANDARD MeEtHoD or ConpuctTine Duty TRIALS. 


1. It is presumed at the outset that the engine is in 
thorough order in every part, having been in operation a 
sufficient length of time since its erection, to secure easy 
and proper working. If this has not been done and 
especially if the plunger has been recently packed or its 
packing newly readjusted, the engine is worked for a run 
of at least twelve hours’ continuous service in preparation 
for the test. 

2. The plant is subjected to a prelininary run under the 
conditions determined upon for the test, for a period of 
at least three hours, so as to find the temperature of the 
feed water (or the several temperatures, if there is more 
than one supply), for use in the calculation of the duty. 
During this run the observations are made every fifteen 
minutes and the results — 
When the feed water is all supplied by one feeding 
instrument, the temperature to be found is that of the 
water in the feed pipe near the point where it enters the 
boiler. If the water is fed by an injector, this tempera- 
ture is to be corrected for the heat added to the water by 
the injector, and for this pur the temperatures of the 
water entering and of that leaving the injector are ob- 
served. If the water does not pass through a heater on its 
way to the boiler (that is, that form of heater which 
depends upon the rejected heat of the engine, such as 
that contained in the exhaust steam either of the main 
cylinders or of the auxiliary pumps), it is sufficient for 
practical purposes to take the temperature of the water at 
the source of supply, whether the feeding instrument is a 
pump or an injector. 

When there are two independent sources of feed-water 
supply, one the main supply from the hot-well or from 
some other source, and the other as auxiliary supply 
derived from the water condensed in the jackets of the 
main engine and in the live steam reheater, if one be 
used, as often occurs, they are to be treated independently. 
The remarks already made apply to the first or main 
supply. The temperature of the auxiliary supply (if 
carried according to usual practice by an independent pipe 
either direct to the boiler or to the main feed Pipe near 
the boiler), is to be taken at convenient point in the inde- 
pendent pipe. 

When a separator is used in the main steam pipe ar- 

so as to discharge the entrained water back into 
the boiler by gravity, no account need be made of the 
water thus returned. Should it discharge either into the 
atmosphere to waste, or into the hot-well, or into 
the jacket tank, its temperature is to be determined atthe 
point where the water leaves the separator before its 
pressure is reduced. 

When a separator is used and it drains by gravity into 
the jacket tank, this tank being subjected to boiler 
pressure, the temperatures of the separator water and 
jacket water are each to be taken before their entrance to 
the tank, 

Should there be any other independent supply of water, 
the temperature of that is also to be taken on this 
preliminary test. 

3. The engine is now stopped for a time in order, first, 
to connect up the measuring apparatus for determining 
the weight of the feed water consumed, or of the various 
supplies of water if there are more than one; and, second, 
to test the leakage of the plungers. 

In order that the main supply of feed water may be 
measured, it will generally be found desirable to draw it 
from the cold water service main. When this is done, the 
best form of apparatus for weighing the water consists 
of two tanks, one of which rests upon a platform scale 
supported by staging, while the other is placed underneath. 
The water is drawn from the service main into the upper 
tank, where it is weighed, and then it is emptied into the 
lower tank. The lower tank serves as a reservoir and to 
this the suction pipe of the feeding apparatus is connected. 

The jacket water may be measured by using a pair of 
small barrels, one being filled while the other is being 
weighed and emptied. This water after being measured 
may be thrown away, the loss being made up by the main 





# A paper read before the Boston Society of Civil 
a by George H. Barrus, M.E., Boston, Mass., 
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feed pump. Toinsure no evaporation from the water and 
consequent loss on account of its highly heated condition, 
each barrel should be partially filled with cold water, 
previous to using it for collecting the jacket water, and 
the weight of this water treated as tare. Where the 
jacket water drains back by gravity to the boiler, waste 
of live steam during the weighing should be prevented by 
providing a small vertical chamber, and causing the water 
to collect in this receptacle before its escape. A glass 
water gauge is attached so as to show the height of water 
inside the chamber, and this serves as a guide in regulating 
the discharge valve. The chamber may conveniently be 
made of piping. 

When the jacket water is returned to the boiler by 
means of a pump, the discharge valve should be throttled 
during the test, so that the pump may work against its 
usual pressure, that is, the boiler pressure, as nearly as 
may be, a gauge being attached to the discharge pipe for 
this purpose, 

When a separator is used and the entrained water dis- 
charges either to waste, or to the hot-well, or to the jacket 
tank, the weight of this water is to be determined, the 
water being drawn into barrels in the manner pointed out 
for measuring the jacket water. Except in the case where 
the separator discharges into the jacket tank, the en- 
trained water thus found is treated, in the calculations, in 
the same manner as moisture shown by calorimeter test. 

When it discharges into the jacket tank, its weight is 
simply subtracted from the total weight of water fed and 
allowance made for heat of this water lost by radiation 
between separator and tank. 

When the jackets are drained by a trap, and the con- 
densed water goes either to waste or to the hot-well, the 
determination of the quantity used is not necessary to the 
main object of the duty trial, because the main feed pump 
in such cases supplies all the feed water. For the reasons 
which are noted in paragraph 4, however, it is desirable 
that this water be measured, whatever the use to which it 
is applied. 

Should live steam be applied for reheating the steam in 
the intermediate receiver, it is desirable to separate this 
from the jacket steam, if it drains into the same tank, and 
measure it separately. This, likewise, is not essential to 
the main object of the duty trial, though useful for pur- 
poses of information. 

The remarks as to the manner of preventing losses of 
live steam and of evaporation, in the measurement of 
jacket water, apply to the measurement of any other hot 
water under pressure which may be used for feed water. 

Should there be any other independent supply of water 
to the boiler besides those named, its quantity is to be 
determined independently, apparatus for all these mea- 
surements being set up during the interval between the 
aes run and the main trial, when the plant is 
idle. 

The quantity of water which leaks by the plungers is 
most satisfactorily determined by removing the cylinder 
heads. A wide board or plank is temporarily bolted to 
the lower part of the end of the cylinder, so as to hold 
back the water, in the manner of a dam, and an opening 
is made in the temporary head, thus provided, for the 
reception of an overflow pipe. The plunger is blocked at 
some intermediate point in the stroke (or if this position 
is not —— at the end of the stroke) and the water 
from the force main is admitted at full pressure behind it. 
The leakage escapes through the overflow pipe and it is 
collected in barrels and measured. The test need not 
continue over fifteen minutes, or if carefully made a 
less time, the desired object being to get a satisfac- 
tory determination of simply the rate of leakage, If 
no means exists for putting the back side of the plunger 
under water pressure, a suitable pipe can readily ro- 
vided for this purpose. Should the escape of water into 
the engine-room be objectionable, a spout maybe con- 
structed to carry it out of the building. Where the 
leakage is too great to be readily measured in barrels, or 
where other objections arise, resort may be had to weir or 
orifice measurement, the weir or orifice taking the place of 
the overflow pipe in the temporary wooden head. The 
apparatus may be constructed in a somewhat rude manner 
and be sufficiently accurate for practical requirements. 

In the case of a pump from which it is difficult to re- 
move the cylinder head, it may be desirable to take the 
leakage from one of the openings which are provided for 
the inspection of the suction valves, the head being 
allowed to remain in place. If the test is made without 
removing the head, leakage of the discharge valves may 
be confounded with leakage of the plunger. Examination 
for such leakage should be made first of all, and if it occurs 
and it is found to be due to disordered valves, it should 
be remedied before making the plunger test. The dis- 
charge vaives on the back end of the pump should like- 
wise be examined, as also the suction valves on both ends, 
and the disordered valves removed. Leakage of the dis- 
charge valves will be shown by water passing down into 
the empty cylinder at either end when they are under 
pressure. Leakage of the suction valvee will be shown by 
the disappearance of water which covers them. 

The leakage test being completed, no change is allowed 
in the adjustment of the packing of the plunger (suppos- 
ing this to be of a form capable of adjustment), the head 
is immediately replaced and preparations made for at once 
beginning the main duty trial. 

4. The duty trial is here assumed to apply to acomplete 
plant, embracing a test of the performance of the boiler as 
well as that of the engine. The test of the two will go 
on simultaneously after both are started, although the 
boiler test will begin a short time previous to the com- 
mencement of the engine test and continue after the engine 
test is finished. The mode of procedure is as follows : 

While the preparations are being made to start the 
engine, after the completion of the leakage trial, steam is 
raised in the boiler to the working pressure. The fire is 








then hauled, the furnace and ash-pit cleaned, and the 
test of the boiler is commenced. This test is made in 
accordance with the rules for a standard method recom- 
mended by the Committee on Boiler Tests of the Ameri- 
can Society of Mechanical Engineers. This method, 
briefly described, consists in starting the test with a new 
fire lighted with wood, the boiler being previously heated 
to its normal working degree; operating the boiler in 
accordance with the conditions determined upon, weigh- 
ing coal, ashes, and feed water; observing the draught, 
temperatures of feed water and escaping , gases, and such 
other data as may be incidentally desired ; determining 
the quantity of moisture in the coal and in the steam; 
and at the close of the test hauling the tire and deducting 
from the weight of coal fired whatever unburned coal is 
contained in the refuse withdrawn from the furnace, the 
quantity of water in the boiler and the steam pressure 
being the same as at the time of lighting the fire at the 
beginning of the test. Previous to the close of the test 
the fire is burned down to a low point so that the un- 
burned coal withdrawn is in nearly a consumed state. 
The temperature of the feed water is observed at the 

oint where the water leaves the engine heater, if this 
“ used, orat the point where it enters the flue-heater, if 
this apparatus'is employed. In either case where an 
injector is used for supplying the water, a deduction is 
to be made for the increased temperature of the water 
due to this method of feeding. 

As soon after the beginning of the boiler test as prac- 
ticable, the engine is started and preparations are made 
for the ere of the engine test. The formal com- 
mencement of this test is delayed till the plant is in 
normal working condition, which should be not over one 
hour after the time of lighting the fire. When the time 
for commencement arrives, the feed water is momentarily 
shut off, and the water in the lower tank is brought to a 
mark. Observations are then made of the number of 
tanks of water thus tar supplied, the height of water in 
the gauge glass, and the indication of the counter on the 
engine, after which the supply of feed water is started and 
the regular observations of the test commenced. The test 
is tocontinue atleast ten hours. At its expiration the feed 
pump is again momentarily stopped, care having been 
taken to have the water slightly higher than at the start, 
and the water in the lower tank is brought to the mark. 
When the water in the gauge glass has settled to the 
point which it occupied at the beginning, the time of 
day and the indication of the counter observed, together 
with the number of tanks of water thus far supplied, and 
the engine test is held to be finished. The engine con- 
tinues to run after this time till the fire reaches a con- 
dition for hauling and completing the boiler test. It is 
then stopped and the final observations relating to the 
boiler test are taken. 

The observations to be made and data obtained for the 
purposes of the engine test embrace the weight of feed 
water supplied by the main feeding apparatus, that of the 
water drained from the jackets and any other water which 
is ordinarily supplied to the boiler, determined in the 
manner already pointed out. They also embrace the 
number of hours duration and number of strokes of 
the pump during the test, as noted, together with the 
length of the stroke (in direct-acting engines), the indica- 
tion of the gauge attached to the force main, and indi- 
cator diagrams from the pump. It is desirable that 
indicator diagrams be obtained also from the steam 
cylinders. 

Observations of the length of stroke should be made 
every five minutes ; observations of the water pressure 
gauges every fifteen minutes ; observations of the remain- 
ing instruments, such as steam gauge, vacuum gauge, 
thermometer in pump well, thermometer in feed pipe, 
thermometers showing temperature of engine-room, boiler- 
room, and outside air, thermometer in flue, thermometer 
in steam pipe if the boiler has steam heating surface, 
barometer and other instruments which may be used every 
half-hour ; indicator diagrams should be taken every half- 
hour, both from the steam and from the water cylinders ; 
should the diagrams from the pump be rectangular, they 
may be taken, if desired, with less frequency. 

When the duty trial embraces simply a test of the 
engine apart from the boiler, the course of procedure will 
bea the same as that described, excepting that the fires will 
not be hauled and the special observations relating to the 
performance of the boiler will not be taken. 

5. In making preparation for the test, attention should 
be given to the following provisions in the arrangement of 
the apparatus : 

The gauge attached to the force main is liable to a con- 
siderable amount of fluctuation unless the gauge cock is 
nearly closed. The practice of choking the cock is ob- 
jectionable. The difficulty may be satisfactorily over- 
come and a nearly steady indication secured, with cock 
wide open, if a small reservoir having an air chamber is 
interposed between the gauge and the force main. By 
means of a gauge glass on the side of the chamber and 
an air valve, the average water level may be adjusted 
to the height of the centre of the gauge, and correction 
for this element cf variation avoided. 

To determine the length of stroke in the case of direct- 
acting engines, a scale should be securely fastened to the 
frame which connects the steam and water cylinders, in a 
position parallel to the piston-rod, and a pointer attached 
to the rod so as to move back and forth over the gradua- 
tions on the scale. The marks on the scale, which the 
pointer reaches at the two ends of the stroke, are thus 
readily observed and the distance moved over computed. 
If the length of the stroke can be determined by the use of 
some form of registering apparatus, this method of 
measurement is mers | The personal errors in ob- 
serving the exact scale marks, which are liable to creep 
in, may thereby be avoided. 

The form of calorimeter to be used for testing the 








quality of the steam is left to the decision of the person 
who conducts the trial. It is preferred that some form 
of continuous calorimeter be used which acts directly on 
the moisture tested. If either the superheating calori- 
meter or the wire-drawing instrument be employed, the 
steam which it discharges is to be measured either by 
numerous short trials, made by condensing it in a barrel 
of water previously weighed, thereby obtaining the rate 
by which it is discharged, or by passing it through a sur- 
face-condenser of some simple construction and measuring 
the whole quantity consumed. When neither of these 
instruments is at hand, and dependence must be placed 
upon the barrel calorimeter, scales should be used which 
are sensitive to a change in weight of a small fraction of a 
pound, and thermometers which may be read to tenths of 
a degree. The pipe which supplies the calorimeter should 
be thoroughly warmed and drained just previous to each 
test. It making the calculations, the specific heat of the 
material of the barrel should be taken into account, 
whether this be of metal or of wood. 

If the steam is superheated, or if the boiler is provided 
with steam heating surface, the temperature of the steam 
is to be taken by means of a high grade thermometer rest- 
ing in a cup holding oil or mercury, which is screwed into 
the steam pipe so as to be surrounded by the current of 
steam. The temperature of the feed water is preferably 
taken by means of a cup screwed into the feed pipe in the 
same manner. 

Indicator pipes and connections used for the water 
cylinders should be of ample size, and so far as possible 
free from bends; ?-in. pipes are preferred, and the indi- 
cators should be attached one at each end of the cylinder. 
It should be remembered that indicator springs which are 
correct under steam heat are erroneous when used for cold 
water. When steam springs are used, the amount of error 
should be determined if calculations are made of the indi- 
cated work done in the water cylinders. 

To avoid errors in conducting the test due to leakage of 
stop valves either on the steam pipes, feed-water pipes, or 
blow-off pipes, all these pipes not concerned in the opera- 
tion of the plant under test should be disconnected. 

6. The engine is to be worked on the duty trial, unless 
otherwise stipulated, at its rated capacity of discharge. 

7. In review of the method thus pointed out, the various 
steps may be summed up as follows : 

a. Preliminary run to determine the temperature 
of the feed water. 

b. Erection of weighing apparatus, examination 
of pump, and teat of plunger leakage. 

c. Commencement of boiler test. 

d. ~ »» engine test. 

e. Boiler and engine test go on simultaneously. 

J. Close of engine test. 

g. »» _ boiler test, 

8. It is desirable that the report of a duty trial should 
be sufficiently full to show the performance of the engine 
and its various members in all other respects than the simple 
expresssion of the amount of duty performed. For this 
reason the horse-power developed by the steam cylinders, 
the feed-water consumption per horse-power per hour, the 
steam acconnted for by the indicator, and other infor- 
mation relating to the work of the engine in the capacity 
of a steam engine, should be determined and given. 

The efficiency of the mechanism of the engine should 
also be determined and stated, that is, the proportion 
which the work done upon the water bears to the work 
done in the steam cylinders. This efficiency may be 
expressed by the formula : 


Efficiency =! Vw ay x {(H sh iy 





in which the numerator is the expression used in the 
formula for duty, and the denominator is the number of 
foot-pounds of work done during the trial, measured from 
the indicator cards taken from the steam cylinders. This 
last may be determined by multiplying the indicated 
horse-power by 1,980,000 and the product by the number 
of hours duration of the trial. 





AMERICAN STREL Ratts.—The production of steel rails in 
the United States has made very great progress during 
the last ten years, although a check was experienced in 
1888. In 1879 the production was 683,964 tons; in 1880, 
954,160 tons; in 1881, 1,330,302 tons; and in 1882, 
1,438,155 tons. The next three years were influenced by 
depression in trade, the production falling in 1883 to 
1,280,554 tons ; in 1884 to 1,116,621 tons; and in 1885 to 
1,074,607 tons. In 1886 there was, however, a decided 
rally, the production rising to 1,763,667 tons, while it was 
still further carried to 2,354,132 tons in 1887, The pro- 
duction of 1888 is estimated at 1,550,000 tons. 





AUSTRALIAN IRRIGATION CoLonigs.—Mr. C. H. Matters, 
of Adelaide, has been making an extended visit to the 
irrigation colonies on the Murray. He states that Ren- 
mark, the South Australian colony, is a beautiful piece of 
country. It issituated above the high-water level several 
miles beyond Lake Bonney. About 1000 acres have been 
cleared up to the present time, including the streets and 
avenues, which are now well defined. Two central 
avenues named Ral Ral and Renmark Avenues respec- 
tively, each 200 ft. wide, will give a fine appearance 
tothe town. The population is reckoned at about 300. 
By June, 1889, works for conducting water to 10-acre 
horticultural blocks and several of the agricultural blocks, 
will have been completed for the selectors. On the 
eastern side of Renmark a main channel is now being 
scooped out. Besides this preparations are being made 
for a continuous supply in this channel by means of two 
20.in. pumps, capable of throwing a volume of water 
equal to 60,000 gallons per minute, 
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STEAM ENGINES. 


11,226. J. Howden, Glasgow. Improvements in 
Triple-Expansion Steam Engines. (8d. 5 Figs.) August 
17, 1887.—The three cylinders, A, B, C, are placed parallel and so 
as to have their pistons connected to separate cranks on the 
crankshaft (not shown). The distance between the axes of the 
high-pressure and intermediate cylinders A, B, is made the 
same as that between the intermediate and low-pressure 
cylinders B, C. The low-pressure valve H is between the 
low-pressure cylinder C and the intermediate cylinder B, and 
in the necessarily larger space between the intermediate 
cylinder B and the high-pressure cylinder A, both the inter- 
mediate and the high-pressure valves J, K-are placed. The 
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intermediate valve J is a slide valve, but the high-pressure valve 
K is a piston valve, and is arranged to work in a valve chamber L, 
which is entirely inclosed in the chamber M between the high- 
pressure cylinder A and the intermediate cylinder B, and which 
torms the valve casing to the latter. 
admitted by a single passage N into the space between the valve 
pistons P. The steam exhausts from the outer sides of the valve 
pistons directly into the chamber M, and with direct access to the 
intermediate valve J. One practical advantage of this arrange- 
ment consists in being able to place the various eccentrics for 
working the valves on the bodies of the portions of the crank- 
shaft, instead of on the couplings. (Sealed August 24, 1888). 


11,970. J. Tangye and R, J. Connock, Redruth, 
Cornwall. Improvements in Steam Pumping 
Engines. (8d. 3 Figs.) September 8, 1887.—In the working 
of steam pumps a considerable loss is caused by condensation of 
steam against the cold surfaces of the cylinder, which, according 
to this invention, is prevented by heating these surfaces by the 
exhaust as it is discharged from the cylinder. C is a cylinder 
connected to the pump column at A, between suction valve E and 
delivery valve E?, In the cylinder C is a hollow piston B of a 
length exceeding the length of stroke. One or more light springs 
bare fitted to piston to make it steam-tight, and to the opposite 
end a disc of wood is attached to prevent contact of metal of 
the piston with the liquid being pumped. Exhaust steam, 
at the completion of each stroke, enters the piston B by 
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a pipe L opening into pipe K, the pipe L being turned and the 
tube K bored on the inside to work over each other. lis a piston- 
rod passing through tubes K, L. The pipe L opens into pipe H 
leading to outer air or condenser. The steam admission valve-box 
is mounted on the cover of cylinder C, but the exhaust valve 
Opens and closes a passage b2 in piston B and is actuated by a rod 
P Controlled by suitable gear in connection with the steam valve, 
such as trip gear T, U being the crosshead and Q the spring for 
adjusting exhaust valve. A pipe Rfitted with a check valve V con- 
nects interior of condenser with the rising column of pump be- 
neath delivery valve, so that any air in the condenser passes 
through this valve into the main column, maintaining a vacuum 
therein. (Sealed September 14, 1888). 


17,168. D. Joy, Lond I . 
nected with V, mdon. Improvements in or = 


ive Gear for Motive Power 





The high-pressure steam is | 7 


{lld. 7 Figs.] December 13, 1887.—The figure illustrates a 
steam cylinder assisted by mechanical gear. The engine is con- 
structed generally like that described with reference to Fig. 4 of 
the specification of Patent No. 2000, of 1886, granted to the same 
inventor, but the motion of the main valve F, which is produced 
by the fluid pressure acting on the piston F! in the assisting 
cylinder C (and passed to the hunting lever E at the point E!), is 
coupled up with the motion of the small valve D which receives 
that motion from the small ordinary valve gear at E*. This 
coupling of the two motions takes place at or about the neutral 
axis E3 of least or no motion of thelever E, Thisaxis may be rigid 











or it may be made slightly movable by being fixed in a slide (as 
shown), or ona spring. By the means described the two forces 
controlling the main valves, namely, the gear worked by the 
engine itself and moving the small valve, and the steam admitted 
by the said small valve to move the main valve, are combined in 
the movement, and, therefore, in case the steam should fail to 
move the valve instantly or sufficiently, its force is supplemented 
by that of the coupled valve gear E*. The respective forces may 
be arranged so that they are each more or less relied upon, the 
strength of the respective parts being adjusted accordingly. 
(Accepted December 15, 1888). 


8267. G. A. Barth, St. Louis, Mo., U.S.A. Improve- 
ments in Direct-Acting Steam or Pneumatic Engines. 
(8d. 4 Figs.) June 6, 1888.—This invention relates to a direct- 
acting engine in which the piston is reciprocated in the cylinder by 
the action of its valve without the intervention of valve ears 
mechanism, The figuresiliustrate an engine of this type provid 
with a chisel or other tool for chipping, caulking, and other 
purposes, In operation, the parts being in the position shown in 
Fig. 1, the operator holds the machine in the desired position for 
the work by one hand around the lower end portion of the cy- 
linder a, and the other on the handle s, using one finger to control 
the lever ¢, which moves the regulating valve gq for admittin 
steam or air to, and shutting it off from, the passage p an 
cylinder a. The motive fluid entering the cylinder a between 
it and the piston-rod ¢ circulates beneath the piston b around the 
piston-rod cso as to pass through the inlet passage J and around 
the annular space k, and through the inlet passage j, and central 
supply passage t of the distribution valve A, through the sleeve 
above the piston b, which, with the piston-rod c and hammer /, 
is thereby forced downwards in the cylinder a until the hammer f 
strikes the shank v of the chisel, as shown it Fig. 2. Mean- 
while, the outlet passage m on passing the lower end of the small 
portion of the cylinder a corresponding with the diameter of the 
piston-rod c, and the inlet passages /, l', 12, entering the same 
part of the cylinder a, and being thereby closed to the ingress of 








steam from the passage p, the steam, which was below and sup- 
ported the distribution valve A in its raised position, is exhausted 
through the age m, and allows the distribution valve h to 
drop to the bottom of the chamber d so as to close the inlet pas- 
sages J, l!, 12, and thereby prevent the subsequent ent oO 
live steam from the passage p to the central supply passage i 
during the upward stroke of the piston 6. Simultaneously, by 
the dropping of the distribution valve h, its upper reduced end por- 
tion uncovers the exhaust passage n, through which the steam from 
above the piston 6 is exhausted into the atmosphere, and the steam 
from the passage poccupying the space beneath the piston b between 
the cylinder a and piston-rod c, presses upon the lower annular 
surface of the piston b, and thereby raises the latter with the rod 
cand hammer / until the inlet passage m rises just above the 
upper end of the small portion of the cylinder a, when the steam 
from the passage p enters the passage m and chamber d, and 
lifts the distribution valve h to its original position, or with the 
houlder of its d end bearing against the lower end of the 
sleeve g (Fig. 1), 80 as to again open communication between 
the inlet passages j,k, and J for admitting the steam above the 
iston b; and between the passages l' and /,and admitting steam 

neath the distribution valve for supporting the latter in the 
raised position during the downward stroke of the piston b. 
(Sealed November 2, 1888). 








STEAM BOILERS. 


12,294. R. Hattrick, Liverpool. Improvements in 
Vertical Steam Generators. (8d. 18 Figs.) September 10, 
1887,—This invention relates to an improved method of construc- 
tion of that type of verticul steam boilers in which the furnace 
is horizontally arranged within the lower portion of the boiler 





shell, and its object is to cause the stresses, and particularly those 


stresses which come upon the lower horizontal cylindrical or partly 
cylindrical portion of the shell in which the furnace is placed, to 
be taken by the main vertical shell or the boiler in a direct line. 
Referring to Figs. 1 and 2, the shell a of the boiler is made flat 
and straight from the point c' of the front tubeplate ¢ to the point 
a‘ of the horizontal cylindrical portion } of the shell. The portion 
a? of the shell above the flat portion is in this case cylindrical and 
has a sei erical domed. Above the tubeplate c it projects and 
the projecting portion is stayed by vertical stays k to the semi- 
spherical dome d. The main shell a thus takes the stresses upon 












































the lower horizontal portion 6 in a straight line between the points 
c'anda'. eare the horizontal furnaces placed in the cylindrical 





horizontal portion 6, The main shell @ is stayed by stay bolts /. 
J is the bustion chamber, A the tubes, and ¢ is the uptake of 
the boiler. Figs. 3 and 4 illustrate the application of the improve- 


ments to a boiler in which the front plate ¢ is recessed, and the 

back tubeplate c+ is brought forward to allow of water tubes; 

pom placed in the combustion chamber. (Sealed September 21, 
). 


14,534. M. Gledhill, Openshaw, Lancaster. Im- 
provements inthe Manufacture of Steam Boilers, 
(8d. 7 Figs.) October 25, 1887.—A seamless or weld!ess steel or 
iron cylinder or tube is forged by first working or developing a 
hollow ingot by means of rollers, or by a press, acting only upon 
its exterior, and then continuing the development of the cylinder 
thus produced, by means of rolls, which act upon its exterior and 
interior. Twoor more of such seamless or weldless cylinders are 
then united by means of an improved joint without rivetting or 
welding to form a boiler shell. In the improved joint illustrated 
in Fig. 1, each tube a has formed around its end, by thickening 
the metal by hydraulic pressure or other suitable means, a shallow 
flange a!. This flange and the end surface of the tube are faced 
preferably by turning itin alathe. When the faced ends of the 
two tubes a, a to be united are brought accurately together, the 
two flanges a' will be flush with each other on their outer peri- 
phery and will together form a collar or annular projection ex- 
tending around the shell. Over this collar is fitted a hoop or ring 
6 having turned or rolled in it a ch 1 corresponding accurately 
in shape with the collar, so that, when the hoop is shrunk in its 
place upon the tube ends, the collar projects into and accu- 
rately fits the cavity, and thus a sound, secure, and steam-tight 








joint is formed. The hoop b not only serves for uniting the 
tubes or sections, but also as a strengthening band for the boiler. 
In Fig. 2 this joint is shown rivetted through the flanges a! and 
hoop b. The hoop 5b can, in this case, be made in halves or 
parts, which are placed over the flanges a! and are then rivetted 
to them. One of the tubes @ may be formed with an annular 
tongue a?, adapted to enter a corresponding groove in the ad- 
jacent tube. In Fig. 3 there is inserted between the ends of 
the tubes a ring c, which is made in two or more parts, and is 
driven into its place from the inside of the boiler after the hoop 
has been put on. The flanges a! may also be undercut as shown. 
The channel in the hoop }b is made of corresponding form in 
transverse section, and after the sections of the hoop b are applied, 
the ring ¢ is driven between the tubes a and thus forces the under- 
cut edges of the flanges into the opposite edges of the channel. 
In Fig. 4 the hoop db is shown screwed upon the flanges a!, In 
Fig. 5 a series of annular grooves d and projections d' are turned 
in and around the thickened ends of the tubes, and corresponding 
projections and grooves within the hoop }, in such a manner that, 
when the hoop or ring is shrunk upon the tubes, the grooves will 
fit the projections and thus form a strong and secure joint. 
(Sealed December 21, 1888). 


4961. A. J. Boult, London, (H. Rushton, Toronto, 
Ontario, Canada.) Improvements in Steam Boilers, 
(6d. 3 Figs.) April 3, 1888.—The boiler is provided with long 
narrow chambers A sha) to fit within the s left between 
the tubes or between the tubes and shell of the boiler. Each 
chamber A communicates with a pipe B extending along its entire 
length, a slot being made in the pipe B so as to leavea clear 
passage-way between its interior and that of thechamber A. One 
end of the pipe B is carried through the shell of the boiler and has 
a blow-off cock. The feed pipe D is — with the ordinary 
check valve and enters the chamber A at a point below the water. 
A deflecting plate b is placed over the feed pipe entrance so that 
the water entering through the feed rag is directed down towards 





the bottom ofthe chamber A, At the top of each chamber A is a 
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trough E having a series of deflecting plates F arranged to leave 
only a series of small openings between the interior of the trough 
and that of the chamber A. These partitions F are designed to 
keep the main body of water within the chamber A and prevent 
the scum which rises to the surface of the water within the trough 
Efrom overflowing into the boiler. The feed water entering at a 
is thrown towards the bottom of the chamber A where the mud 
will settle. When the level of the water reaches the holes ¢ in the 





end plate of the chamber A it will flow into the boiler. Ae the 
deflecting plate F' separates the end portion of the trough E from 
the main body of the water within the trough, and as the water 
which passes through the holes ¢ must come from the chamber A 
through the small opening g, the scum which may form on the 
surface of the water witbin the trough will not pass through the 
holes e but will finally settle to the bottom of the chamber A and 
escape through the pipe B when the blow-off cock is open. 
( August 31, 1888). 


1087. S. Orlando, Livorno, Italy. Improvements in 
Steam Boilers or Generators. (8d. 3 Figs.) January 24, 
1888. — Fig. 1 is a section of a boiler provided with an elastic joint for 
allowing of the expansion and contraction of the tubes. The 
improved elastic joint a is composed of a metal belt of U or 
semicircular shape in transverse section, which is applied to the 
outer tubeplate 6, and connects it with the end of the boiler. 
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Owing to the shape of the joint a, the tubeplate b follows the 
movements of the tubes c, caused by their expansion and contrac- 
tion, without damage to the rivetting, and the ends of the tubes 
remain firmly fixed in the tubeplates. The tubes may also be 
screwed into the tubeplates, and thus constitute stay tubes. The 
upper part of the joint a may be provided with an enlargement 
. rg obviate the accumulation of steam. (Sealed Septem- 
7 8, ° 


BOILER FURNACES, 


11,898. H. P. Fenby, Farnley, Yorks. Improve- 
ments in Boiler Flues and Fireboxes, and the 
Manufacture thereof. (8d. 7 Figs.) September 2, 1887.— 
The invention has for its object the manufacture of boiler flues 
and fireboxes having annular corrugations or serrations of VY 
section, with rounded top and bottom portions. The plate to be 
corrugated is heated, and is then one or more times through 
a pair of ordinary bending rolls (Fig. 1) having similar V-shaped 
longitudinal grooves in their peripheries. Each corrugation is 
formed by the metal being quietly folded over (‘‘ up and down”), 





a process which does not appreciably distress or stretch the metal. 
The corrugated plate is then bent into the shape of a flue or fire- 
box by means of ordinary bending rolls (Fig. 2) having annular 
corrugations to fit the already corrugated plate, The welding of 
the — is effected by a power hammer (Figs. 8 and 4), which 
carries a tool I with a corrugated surface exactly corresponding 
with the corrugations in the flue. The anvil K, which is inside 
the flue, is similarly provided with a corrugated tool L. The 
welded joint has therefore the same contour as the remainder of 
the flue or tirebox. (Sealed September 14, 1888). 


4708, H. H. Lake, London. (0. B. Peck, Chicago, IUl., 
U.S.A.) Improvements in and relating to Apparatus 
for Generating Steam, Chiefly ed for Utilis- 
ing the Heat of Slag from Blast and other Furnaces. 
(8d. 6 Figs.) March 27, 1888.—The slag table B is supported on 
rollers within the circular walls of the furnace A, and is provided 
on its underside with a ring of teeth gearing with a wheel J 
mounted on a driving shaft L. The molten slag is discharged 
from the smelting furnace through a spout D on to the rotating 
table B. A current of air is discharged upon the slag while on 
the table through a blast pipe C supplied from a blower K and 
arranged annularly so as to surround theslag. After the slag has 
given up its heat it is removed from the table B and dropped into 


volves a stream of mud is deposited by a revolving mop G upon 
the table in the form of a thin wash or coating, so as to protect 
the table from the intense heat of the slag. Above the slag table 
and resting on the walls of the furnace A, is arranged a tubular 





boiler with hollow heads H connected by water tubes I in which 
steam is generated by theaction of the heat radiated from the hot 
slag. (Sealed July 6, 1888). 


7170. C. D. Abel, London. (£. Langen, Cologne, Ger- 
many.) Amn Improved Construction of Furnace 
Grates for Steam Boilers and other Purposes. (6d. 
3 Figs.) May 14, 1888.—This invention relates to an inclined or 
curved reciprocating furnace grate, receiving a to-and-fro motion 
from a suitable motor or driving gear and supplied with fuel from 
a feed hopper at the outer or upper end, so that as the furnace 
grate moves outwards and upwards, the layer of fuel lying upon 
it is prevented from receding with it, or becomes more or less 
pushed together thereon by the fuel in the hopper, while during 
the inward motion the firegrate carries a portion of the fuel for- 
ward with it out of the hopper, and thus effects a gradual step-by- 
step forward feed of the fuel in a thin layer over the grate, the 
ashes and clinkers being made to escape over the open lower end 
of the firegrate into the ashpit below. A is the furnace grate, B 
the combustion chamber, C the feed hopper, and D the motor 
for actuating the furnace grate. The furnace grate A con- 





sists of a frame, the front and back portions of which are 
covered with solid iron plates, while the middle part contains 
firebars E. At the outer end of the frame is an angle plate G to 
which is connected the piston-rod of the motor D, which may be 
a hydraulic or other suitable motor. The fuel is charged into 
the feed hopper C, from which it is delivered at the bottom in 
the above described manner on to the furnace grate, the thickness 
of the layer of fuel on the latter being regulated by the slide H. 
The grate frame rests with two lateral ribs J on rollers K running 
on fixed rails L. Fig. 2 shows an arrangement of grate particularly 
suited for burning pulverulent fuel. The firebars are constructed 
with alternately varying cross-sections so formed that the side 
edges of the larger bars overhang those of the contiguous smaller 
bars, whereby the falling through of the fuel is prevented, whilst 
sufficient space is left for the passage of air between the bars. 
(Sealed August 24, 1888). 


MISCELLANEOUS. 


11,971. J. Tangye and R. J. Connock, Redruth, 
Cornwall. Improvements in Condensers of Steam 
Pumping Engines. (8d. 4 Figs.) September 3, 1887.—Re- 
ferring to Fig. 1, the vessel A is open at both ends to the main 
through which the water being pumped. At the upper part 
of the vessel A is supported a plate C having perforations in it, in 
which are fixed the extremities of tubes B hanging downwards in 
and reaching nearly to the bottom of the vessel. The vessel is 
placed in the suction pipe of the pump at as high a point as possible, 
and the exhaust steam pipe is led into the side near the top of the 
vessel at D. 8S is the end with which the suction pipe communi- 
cates. When the apparatus is in action the air in the vessel A be- 
comes expanded to an extent corresponding to the resistance of 
the column of liquid in the suction pipe; any uncondensable 
vapour entering with the steam escaping with the water of con- 
densation through the open tubes at the bottom with the vapour 
as it flows up through them tothe pump. The steam is instantly 
condensed on the cold surfaces of the tubes, and a vacuum more 
or less perfect according to the height and resistance of the suction 
column is constantly maintained without valves or moving gear 
of any kind. In the modification illustrated in Fig. 2, the tubes 
are dispensed with. The top plate C in the vessel A is perforated 
with small holes P of such size and number that the sum of the 
they afford is about equal to the e through the 





@ receptacle R by means of a carrier E, which consists of a series 


suction ipe of the pump. This vessel A is placed on the suction 


shall enter at the top and flow down through the perforations P 
The exhaust steam is let in through the opening D immediately 
under the perforated plate C. When in action the air in the con 























densing vessel becomes expanded to an extent corresponding to 
the resistance in the suction column. (Sealed September 14, 1888). 
11,652. W. Fletcher, Faversham, Kent. Improve- 
ments in and Connected with Hydraulic Motors. 
(8d. 8 Figs.) August 27, 1887.—To the framing a of the engine 
are fixed a number of horizontal force pumps @ operated through 
the medium of rods e' from a crankshaft driven by gearing from 
the engine crankshaft b. These pumpsd are fed from a tank f 
and pass water through pipes o to the accumulator, which com- 
prises a cylinder m in which works a ram g. A powerful volute 
spring / presses on the ram, and serves to give the accumulative 























force necessary to impart motion to the engine. The water from 
the accumulator is forced through pipes n! and suitable valves v 
alternately into one or the other end of the motor cylinders M. 
One of the cylinders M is shown separately in section in Fig. 2. 
The piston is formed of cup-leathers m! with intermediate disc 
m*, held between two hollow rams m2, which work out through 
cup-leathers at each end. The two rams m2 are secured together 
by the screwed rod m3, (Sealed September 28, 1888). 


14,197. H. Woffindin, Leeds. Improvements in 
Steam Traps. (8d. 3 Figs.) October 19, 1887.—A two-armed 
lever G carries at one end the valve F and at the other end the 
valve H, which gives admission to the water outlet I. A fixed 
cover J is arranged to retain sufficient water over this valve, 80 as 
to insure it remaining steam-tight. In Fig. 2, K is a balance 
weight, which retains the valve F closed until its weight is over- 
come by the head of water collected in the well or cistern. A 
spindle L with screw attachment enables this valve to be opened 
independently of the automatic action of the trap. The steam and 
water entering by the inlet A rushes against the dash-plate E, 
which also serves to prevent the rush of steam from opening the 
valve F, the water being detached and collected in the bottom of 
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the cisternC. The steam freed from the water passes along the 
ge B! into the body of the trap D and presses on the valve F. 
he dry steam can be taken from any suitable opening in the 
body or cover of the trap. When the water collected rises to 
such a height that its pressure on the valve F more than counter- 
balances the weighted lever G, the valve F, and the end of the levor 
G attached thereto, is forced down, at the same time opening the 
valve Hand allowing the water to escape through the outlet L. In 
Fig. 1 the weight of the water in the well is assisted by the 
produced by the cond ~— of 4 — a 
of the trap after the passage o: eam throug 

is cut off or the water in the trap rising to the level of the bottom 

of the leg of the pipe B'. (Sealed September 28, 1888). 
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of scrapers arranged on an endless chain, As the slag table re- 


pipe of the pump in a position at S such that the liquid pumped 
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THE WEIGHT OF MARINE ENGINES. 


_‘* Looxine back, through the medisevalism of the 
side lever and paddle period, to the infantile engi- 
neering of fifty years ago, what astonishing strides 
have been made! Where our fathers carried 3b. 
to 8lb. pressure of steam, we regularly maintain 
201b. to 301b. Where their engines and boilers 
weighed half a ton per indicated horse-power, ours 
have-been lightened to 3cwt. Where theirs worked 
with a piston speed of 220 ft. per minute, ours go 
at 450 ft. to 500 ft., and sometimes, as in the Bel- 
lerophon’s great engines, they reach 600 ft. on trial. 
Where theirs worked at from 51b. to 101b. or more 
of coal per indicated horse-power per hour, we have 
worked down to 3$1b., and in some cases nearly 
“— » 2 1b.” 

uch was the psean we sung twenty-two years ago, 
and, though the young engineer of the at cbewery 2: 
may smile at our glorification of 301b. pressure, 
500 ft. piston speed, and 34 Ib. fuel ‘‘economy,” we 
may still look back to those days with pride and 
satisfaction ; days when British engineering not 
only led the van, but was yet almost unrivalled in 
nearly every field of enterprise—although there 
were even then a few notable exceptions—days 
when Penn was in the zenith of his fame, when the 
impress of Elder was still fresh, when Bessemer 


was in the thick of the fight, although with success | of water being 11.5 ft. The engines are twin-screw 
assured, and when the majority of the engincers | having cylinders 26in., 40in., and 57 in. in dia- 
who now support the burden of the day were | meter by 24in. stroke. There are four navy type 
unknown to fame, and with but the dreams of | boilers having 6650 square feet of heating surface 
future greatness to cheer them to those exertions | and 214 square feet of grate surface. On the four 
which are now bringing their reward. hours’ trial, with a displacement of 1263 tons, the 

It is good occasionally to take a retrospective | speed of the vessel was 18 knots with open stoke- 
glance at what has been done and endeavour to| holds and 18} knots with closed stokeholds. The 
forecast from past experience that which is hidden | indicated horse-power was approximately 5000, and 
in the future; a sort of mental stock-taking and | the total weight of machinery and water was under 
estimate of resources for the coming fray. It is in| 250 tons. ‘‘Thus,” remarked Mr. Marshall, ‘‘ with 
this sense that we now propose saying a few words |a triple-expansion engine, with navy type boilers 
ona subject of great importance, namely, the weight |(not locomotive), strong cast-steel framing, no 



















of machinery in steam vessels. working part loaded to any more severe strain than 
in an ordinary merchant engine, we have one indi- 
cated horse-power per 112]b. or 20 indicated horse- 
power per ton of weight.” 

This remarkably good result Mr. Marshall com- 


In the presidential address delivered by Mr. F. | 
C. Marshall at the opening of the current session of | 
the North-East Coast Institution of Engineers and 
Shipbuilders, some interesting particulars were given 
on this subject. Mr. Marshall, as our readers are 
aware, has played a very prominent part in the 
advances that have been made in lightening steam- 
ship machinery ; and he very naturally and rightly 
attaches great importance to this necessary element 
of a successful steamship. At the time the address 
was delivered a war vessel, the Elisabeta, which had 
been built at Elswick, and engined by Mr. Mar- 
shall’s firm, had just completed her trials. The 
vessel is 222 ft. long and 33.5 ft. beam, the draught 



































P Weight of Ma- ‘ 
Indicated : : +, |Lndicated Horse- 
Ye Horse-Power. me | “eg Power. 
| tons. | per ton. 
Etruria 14,700 1,800 } 8.2 
Victoria 14,500 1,100 13.1 
Elisabeta .. 5,000 250 | 20.0 


pares with two other vessels ; viz., the Cunard 
liner Etruria and H,.M.S, Victoria. The machinery 
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of the latter vessel was, it will be remembered, 
supplied by Messrs. Humphrys, Tennant, and Co. 
The heating surface of the boilers was 20,000 square 
feet and the grate surface 690 square feet. The 
contract power was 12,000 indicated horse-power, 
but the actual result was as stated in the preceding 
Table. Mr. Marshall estimates the similar machinery 
with locomotive boilers would weigh one ton for 
every 24 indicated horse-power exerted. 

It is interesting to turn from these latest records 
to a more distant period in the history of steam 
propulsion. In our issue of January 8, 1869, we 
gave some particulars of H.M.S. Hercules. This 
vessel, which at that time was the most powerful 
ship in the British Navy, had then just completed 
her trial trip, and in commenting on the perform- 
ance we said: ‘‘The attainment by an ironclad 


frigate at her deep load draught of a speed of 14.7). 


knots, and the development of 8528 indicated horse- 
power by a pair of marine engines, weighing with 
their boilers, water, &c., complete, but 1095 tons, 
are facts . . . such as must give the most un- 
qualified satisfaction, not only to her designer, Mr. 
EK. J. Reed, and Messrs. Penn, the builders of her 
engines, but also tothe nation at large.” The 
interesting point to us at present is the weight of 
machinery, and it will be seen that the engines and 
boilers, with water, weighed one ton for every 
seven and seven-tenths indicated horse-power given 
off. These engines have been fully described in 
ENGINEERING, and by turning to our fourth volume, 
page 481, a fairly complete record of what was then 
considered the most perfect thing for warship pro- 
pulsion may be found. Messrs. Penn were, as 
stated, the makers, and their well-known trunk 
arrangement was adopted, The cylinders were 
127 in. in diameter, and the trunks 47 in. in dia- 
meter, the effective area being equal to that of a 
circle about 118 in. in diameter. The streke was 
4 ft.6in. The surface condensers contained 20,768 
square feet of surface. ‘here were eight boilers, 
forty furnaces, the grate surface being 907 square 
feet, and heating surface 23,100 square feet. There 
were also 3908 square feet of surface in super- 
heaters. The cylinders were steam jacketted. 

Such was a good result obtained in the old low- 
pressure simple engine, box boiler days, and lest any 
youthful engineer with the thought of forced draught 
strong in his memory, should be inclined to sneer at 
the efforts of a former generation, we may state that 
about that time French engineersare said tohave been 
getting only five indicated horse-power per ton of 
machinery for warships, whilst the American engi- 
neers apparently found that 9 cwt. of machinery was 
necessary for each unit of power developed, or at any 
rate that was the practice across the Atlantic some 
time previously, and it was said little if any progress 
had been made since the data was collected. 

Taking a step forward, we find in our issue of 
July 28, 1871, an account of H.M.S. Tenedos, a 
vessel fitted with compound engines and cylindrical 
return tube boilers pressed to 601b. The machi- 
nery was very properly supplied by John Elder and 
Co. The cylinders were 57 in. and 90 in. in dia- 
meter by 2 ft. 6 in. stroke. The cylinders were 
steam jacketted and provision was made for ad- 
mitting steam to the pistons by means of a sliding 
pipe. The total heating surface was 5784 square 
feet, and the total weight of the engines and boilers 
with water in the latter, and of the surface con- 
densers, pipes, casings, &c., and the regular Admi- 
ralty allowance of spare gear, was 339 tons. On 
the six hours’ full power trial 2018 indicated horse- 
power were given off, so that just short of six horse- 
power were given off by each ton of machinery, 
water, and gear. 

We may next take the Inflexible’s engines, which 
were also made by the Fairfield firm. They are of 
the inverted type, whilst those of the Tenedos were 
horizontal. he two high-pressure cylinders are 
70 in. in diameter, and they each exhaust into two 
low-pressure cylinders 90 in. in diameter, thus 
making one high and two low-pressure cylinders to 
each engine. The stroke is 4 ft. There are twelve 
boilers pressed to 60 lb. The weights of machinery 
were estimated by Messrs. Elder and Co. as follows : 
Engines, 614 tons; propellers and stern fittings, 
151 tons each; the boilers, funnel casings, &c., 
522 tons ; and the water in the bcilers, 190 tons. 
It may be stated, by the way, that the cost of the 
engines and gear was 100,150/., and the cost of the 
boilers 20,6001. The indicated horse-power of the 
Inflexible’s engines is 8483, so that the number of 
units of power from each ton of machinery would 


Turning to another source of information, we 
find Mr, W. H. White, in his excellent work on 
‘* Naval Architecture,” gives 3} cwt. as the weight 
of machinery per indicated horse-power for simple 
expansion jet-condenser engines. For simple ex- 
pansion surface condensers he gives 3 cwt.; for 
Royal Navy compounds, 3 ewt. to 34 cwt. ; mer- 
cantile compounds, 34 cwt. to 5cwt. ; small torpedo 
boats, 4 cwt. to } cwt.; large torpedo vessels, 
13 cwt. to 1? cwt. In the two latter type of 
vessels the low weight is of course only obtained 
by an extravagant expenditure of coal. Mr. White 
also gives us some definite figures relating to exist- 
ing vessels. ‘‘H.M.S. Devastation,” he says, ‘‘has 
engines of the low-pressure surface-condensing type 
which indicated on trial more than 6600 horse- 
power. . . . These engines weigh 1000 tons. 
. The Nelson, an armoured ship of later date, 
has compound engines, which, on trial, developed 
as nearly as possible the same power, and weigh 
only 30 to 40 tons more than the engines of the 
Devastation, although they consume only two- 
thirds as much coal.” 

Mr. Sennett, the present Engineer-in-Chief to the 

Royal Navy, in his work entitled “The Marine Steam 
Engine,” gives us some particulars as to weights 
of boilers. The old low-pressure rectangular return 
tube boilers he estimates at 1.50 cwt. ; the cylin- 
drical return-tube boiler pressed to 60 lb. at 
1.60 cwt., the through tube or gunboat boiler at 
1.65 cwt. respectively in terms of the indicated 
horse-power developed by the engines. 
In 1881 Mr. Thornycroft read a paper before the 
Institution of Civil Engineers in which he gave 
some interesting particulars as to the weight of 
marine engines which he had been at some trouble 
to collect and which we subjoin : 




















Weight of 
—_ Phe om 
Boiler | cate achinery, 
Date. Name. Pressure. | Horse- | including 
Power, | Water in 
| | Boilers. 
Ib Ib. 
1855 |City of Boston and City 
of New York ie wi 35 1800 606 
1857 |Persia.. a a0 ws 25 4950 498 
1861 |Holyhead mail boats * 22 4751 318 
1878 |H.M.S. Inflexible .. $y 61 8483 420 
1872 |Miranda (emall yacht) .. 120 64 62.8 
1876 |Gitana ne i ze 120 460 43.5% 
1877 |Lightning (torpedo boat).. 120 465 57.7 
1880 |Second-class torpedo boat 180 150 | 66.5 





* Jet condenser. 


Mr. Seaton, in his ‘‘Manual of Marine Engi- 
neering,” 1884 edition, givesa Table which, amongst 
other details, contains the weight of marine boilers. 
Mr. Seaton does not base his estimates upon the 
indicated horse-power that could be developed by 
the steam generated by the boiler, and, of course, 
he is right here. Butin making wide generalisations 
we have to use such data as we can collect, anda 
very unscientific estimate may be sometimes the 
most convenient. Mr. Seaton, however, gives 2.78 
square feet of heating surface per indicated horse- 
power for Admiralty trial trips, and 3 square feet 
for mercantile trials ; so the indicated horse-power 
can be deduced from this in considering the follow- 
ing figures : 
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27.4iron |) 48.0 

four combustion chambers, }|2000 / 20.6 

, one to each furnace, ae | { (24.2 steel | j {| 44.8 
ingle-en oiler aving ) | 29.75 iron | 49.75 
three combustion chambers, > 2000} 52° 20 % 
one to each furnace. | 26.15 steel } { 46.15 

Two single-ended boilers, each | | 
having two combustion 2000 § 33.7 iron 20 { 53.7 
chambers, one to each fur- { |30.6 steel 50.6 
nace, | | 


Turning to total weight of machinery, with water 
in boiler and spare gear, Mr. Seaton gives us the 
following particulars amongst other data. First as to 
weight of machinery in certain naval vessels. 
1. Screw horizontal trunk surface-condensing simple 
engines of 7187 indicated horse-power, boiler pres- 





be about 5.2. 


sure 30 Ib., 0.167 ton per indicated horse-power. 


2. Screw horizontal return connecting-rod surface- 
condensing simple engines 4900 indicated horse- 
power, boiler pressure 301b., 0.146 ton per indicated 
horse-power. 3. Twin-screw horizontal return 
connecting-rod surface-condensing simple engines 
4914 indicated horse-power, 30 lb. pressure, 0.153 
ton per indicated horse-power. 4. Screw horizon- 
tal return connecting-rod surface-condensing com- 
pound, 2100 indicated horse-power, 60 lb. pressure, 
0.167 ton per indicated horse-power. 5. Same 
except that 400 indicated horse-power, 0.199 ton per 
indicated horse-power. 6. Screw horizontal return 
connecting-rod surface-condensing three-cylinder 
simple, 2170 indicated horse-power, 30 1b. boiler 
pressure, 0.109 ton per indicated horse-power. 
7. Twin-screw vertical direct-acting surface-con- 
densing expansion, 310 indicated horse-power, 60 1b. 
pressure, 0.216 ton per indicated horse-power. 

Mr. Seaton also gives a number of examples of 
single-screw vertical direct-acting surfacing-con- 
densing compound engines, with boilers, water, and 
spare gear, for mercantile vessels. We select the 
following: Indicated horse-power, 2300; boiler 
pressure, 80 1b. ; ton per indicated horse-power, 
0.209. Indicated horse-power, 2400; boiler pres- 
sure 80 lb.; ton per indicated horse-power, 
0.224. Indicated horse-power, 1560; boiler pressure, 
80 lb. ; ton per indicated horse-power, 0.197. In- 
dicated horse-power, 1306 ; boiler pressure, 80 Ib. ; 
ton per indicated horse-power, 0.229. Indicated 
horse-power, 1250; boiler pressure, 901b.; ton 
per indicated horse-power, 0.184. Indicated horse- 
power 700 (triple-compound three-crank) ; boiler 
pressure, 150 1b. ; ton per indicated horse-power, 
0.269. Indicated horse-power, 650 (triple-compound 
two-cranks) ; boiler pressure, 110 lb. ; ton per in- 
dicated horse-power, 0.247. Indicated horse-power, 
730; boiler pressure, 801b.; ton per indicated 
horse-power, 0.179. 

The above figures are capable of a good deal of 
explanation ; for instance, in the two cases of triple- 
compound engines the funnel and mountings of the 
lower power engines are 1.8 tons heavier than the 
other. In comparing these two examples, it is 
seen that the ratio between the weights of boilers 
differs from that of the engines, as might be expected 
from the difference in working pressure. However, 
these and many other interesting points are clearly 
brought out in the author’s Table, in which he gives 
every particular. As Mr, Seaton is a thoroughly 
practical man, in addition to being well versed in 
the science of his profession, we cannot do better 
than refer our readers to his work ; the only fault 
in it being that it is now over four years old. 

We add some particulars of weight of machinery, 
including water in boilers and spare gear, of paddle 
and twin-screw vessels with single-crank engines 
taken from the same source. Paddle oscillating jet 
condensing, indicated horse-power 4160, boiler pres- 
sure 26 lb, (no spare gear), ton per indicated horse- 
power 0.175. Paddle oscillating surface-condensing, 
3600 indicated horse-power, boiler pressure 30 lb., 
ton per indicated horse- power 0.144. Paddle 
oscillating jet condensing, indicated horse-power 
1750, boiler pressure 32 lb., ton per indicated 
horse-power 0.144. Paddleoscillating compound sur- 
face-condensing, indicated horse-power 700, boiler 
pressure 60 lb., ton per indicated horse-power 0.182. 
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Vessel. Date. | 3. | SE% Sen% 83 
88 | S.8 | 52.8 | geet 
3 oS ® 
ee | sam | esan | gana 
Ib. Ib. Ib. 
i oe 1880 7,880 136 173 bus 
Canada.. 1882 2,480 152 211 363 
Satellite 1882 1,400 134 177 811 
Conqueror 1883 5,840 145 166 311 
Colossus 1884 7,490 151 178 829 
Edinburgh 1884 7,520 148 169 812 
Impérieuse 1885 | 10,180 130 140 870 
Rodney 1885 | 11,160 105 127 2382 
Leander 1885 5,500 1 196 335 
Mersey 1885 6,630 82) 104 1863 
Surprise 1885 8,030 112 149 261 
Scout 1885 3,370 78 116 194 
Benbow 1885 | 10,850 112 168 270 
Howe 1886 — — bo 220 
Callio; --| 1886 4, 
“ .-| Then 4,500 55 105 190 
building 
Medusa eo| De. 9,000 161 
New Rattler ..| Do. 1,200 a pe 244 
Daphne oo} DO. 2,000 os - 215 
Sandfly.. «sl DO 8,000 uh ae 822} 




















Paddle diagonal surface-condensing (no spare gear), 





indicated horse-power 166, boiler pressure 80 lb., 
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ton per indicated horse-power 0.110. Twin-screw 
vertical compound surface-condensing, indicated 
horse-power 7000, boiler pressure 80 lb., ton per 
indicated horse-power 0.190. Twin screw vertical 
compound-condensing, indicated horse-power 606, 
boiler pressure 75, ton per indicated horse-power 
0.213. Single-screw single-crank compound vertical 
surface-condensing, indicated horse-power 1020, 
boiler pressure 80 lb., ton per indicated horse- 
power 0.239. 

In the valuable paper* on the ‘‘ Development of 
the Marine Engine,” read by Mr. F, C. Marshall in 
1887 at Newcastle before the Institution of Naval 
Architects, some particulars of the weights of 
machinery are given. These we give in the pre- 
ceding column, as the list is the most modern and 
comprehensive with which we are acquainted. 

The following are similar particulars relating to 
machinery made by Mr. Marshall’s firm, Messrs. 
R. and W. Hawthorn and Co, : 
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Name. Date. 3: sis ssece 33% 

So |eSuo SF oe\_Sa8 

SF |eeee Sos big= ek 

EX |Smtieeam ooam 
| Ib. Ib. Ib. 
Tsukuski 1881 2,887 | 147 115 262 
Protector 1884 1,646 | 109 127 236 
Esmeralda ..| 1884 6,252 119 128 247 
G. Basan | 1884 6,000 | 114 | 122 236 
Naniwa | 1885 7,720 98 106 204 
Panther | 1886 6,984 76 100 176 
Dogali*.. | 1887 8,045 73 90 168 
Isla de Cuba*..| 1887 2,700 70 89 159 
Tripolit «al 1887 4,200 3 50 84 
Sardegna* ../Then building} 22,800 83 95 17 
Mentebello*t ..|  ,, aa 4,200 35 49 84 
No. 2098 ..| 4, a 4,200 60 74 134 
Express ‘as - “ 2,800 145 128 273 








* These vessels have triple-compound engines; all the others 
in the Table are two-cylinder compound. 

+ These vessels have each six locomotive boilers. 

{ The Express is a merchant vessel. 

Ina paper read by Mr. J. P. Hall, the chief 
engineer at Palmer’s, of Jarrow, before the North- 
East Coast Institution of Engineers and Ship- 
builders, some interesting data are given as to weights 
of marine engines. The paper in question was 
entitled ‘* Compound »v. Triple-Expansion Engines,” 
and was read in 1887. It contains a great deal of 
useful information on this subject, more especially so 
as the author considers the matter from the ship- 
owner’s point of view, which, after all, is the practical 
way of looking at the matter. We compile the follow- 
ing Table from the information given. The figures 
represent the practice of several engineering firms 
on the north-east coast. 

Two-Cylinder Compound Engines. 








" Pounds per 
Indicated Total ; Total 
Horee- | Working | weight ot | Idicated | Heating 
Power. * |Machinery.* Power.t Surface, 
Ib. ; tons 
730 80 157 482 2828 
800 80 180 504 2637 
80 218 483 3484 
1150 (a) 80 258 502 866 
90 299 478 4199 
1000 80 220.5 493 
735 80 157 479 2793 
Triple-Compounds, 

830 150 173 467 2285 
1100 150 227 462 2975 
yn (v) 150 237 457 3310 

150 402 450 5460 
1100 150 230 468.5 8324 

840 160 168 448 2371 

1900 150 383 452 5211 

















i by total weight includes water in boilers, Lloyd’s spare 
gear, &c. 
t Maximum or highest average horse-power on voyage. 


Mr. Hall also gives elsewhere details of the 
weights of one of the double-compounds and one 
of the triple-compounds referred to. We have 
marked these a and b respectively in the Table. 

















— Compound.| Triple. 
Boilers and all fittings in boiler-room.. 88 tons 90 tons 
Water in boilers .. a Be Ae 47 ,, 83, 
: 135 4, 128 ,, 
Engines and shafting and all fittings in 
engine-room and tunnel = ool) Waa 107 ,, 
Water in condenser, &c. .. = - S wv , ae 
: 2 | in ers woe 27 
Indicated horse-power .. ee se 1150 1160 
Pounds per indicated horse-power_ .. 502 457 
Less weight in triple oe es ax ee 8.9 p.c. 








* See ENGINEERING, vol, xliv., p. 159, 





We will now turn to a paper of Mr. Sennett’s 
read in 1886 before the Institution of Naval Archi- 
tects, from which we can extract some figures 
as to weight of navy boilers. The paper was on 
‘Closed Stokeholds,” and, of course, refers to the 
question of forced draught : an all-important factor 
in discussing the weights of marine engines. 
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atexible ..|ts76| 60 | $,488| s2o| 10.21 ase 

nflexible ..|1 483 | 829, 10. 2 

Open stoke- { Colossus ;.|1883| 64 | 7,492| 645, 11.62| 12.61| 594 
* (|Phaeton ../1884) 90 | 5,588| 546) 10.23| 12.1 | 46: 
[Howe —._ |1885| 99 |11,725| 756) 15.54| 18.5 | 682 
Forced | Rodney  ..|1885| 90 | 9,544| 667 16.83 | 20.1 | 474 
draught. Mersey — ..|1885/110 | 6,628) 399| 16.61 | 21.7 | 806 
Bat. | 'Scout —_..|1886|120 | 3,370! 207| 16.28] 19.8 | 174 
\Trafalgar ..| .. |185 |12,000) 609) 20.00} 23.3 | 514 

















| (estimated) 





* Weight of boiler includes water, funnel, uptakes, fittings, 
spare gear, &c. 

The weight at which Messrs. Humphrys, Ten- 
nant, and Co., tendered for the machinery of the 
Renown (now Victoria) and Sans Pariel was 1100 
tons, upon which 12,000 indicated horse-power was 
estimated to be obtained on trial ; but, as has been 
stated, 14,500 indicated horse-power was reached. 
The engines of the Nile and Trafalgar were esti- 
mated to be of the same power, viz., 6000 indicated 
horse-power for each set of engines, or 12,000 in- 
dicated horse-power in each ship, but the weight is 
to be 50 tons less, viz., 1050 tons. This includes the 
total weight of the whole of the machinery supplied 
by the contractors, with water in surface condensers, 
pumps, and pipes, and 7 in. of water in the boiler 
above the highest part of the heating surface. 
Steering engines, air-compressing machinery, and 
winches for hoisting torpedo boats, with steam pin- 
naces and cutters, are, however, not included. The 
maximum power is to be given out on a four hours’ 
run at sea, with closed stokehold and an air pres- 
sure not exceeding 2 in. of water. It was estimated 
that 7500 indicated horse-power would be reached 
with natural draught. The size of the cylinders 
was to be about 43 in., 62 in., and 96 in., with 
4 ft. 3 in. stroke. The number of revolutions 
would be probably about 95 per minute. The 
steam pressure is to be about 135 Ib. 

It will be seen therefore that, if the natural 
draught trials of these two most recent and most 
powerful ships in the Royal Navy do not work up to 
a higher power than that estimated for, we have 
made no advance in the matter of lightening the 
machinery of our war vessels since the Sultan 
was tried twenty years ago. Our higher pres- 
sures, triple-compounding, steel in place of cast 
iron, steel boilers, &c., have done nothing to lessen 
the weight of machinery if we put on one side 
forced draught. The Sultan’s engines, as we have 
said, gave out 7.7 indicated horse-power for each 
ton of machinery, but the Nile and Trafalgar’s 
engines will not give out above 7.1 indicated horse- 
power for each ton of machinery on natural 
draught, that is supposing the estimate be not ex- 
ceeded, as it undoubtedly will. It must also be 
taken into consideration that there are a good 
many things included in the term ‘ machinery” 
as applied to a modern war vessel that were not 
thought of in the Sultan’s day. 

In mercantile practice we find much the same 
result. Mr. Marshall, in his paper read at the 
Newcastle meeting of the Institution of Mecha- 
nical Engineers, put the weight of steamship 
machinery at 480 lb. per indicated horse-power. 
Mr. Hall gives 450 lb. per unit of power as the 
lightest weight, whilst his highest weight is 
468.5 lb. per indicated horse-power. The saving 
in weight is chiefly due no doubt to a higher 
piston speed, which makes up for the weight of 
the additional cylinder and appurtenances. It is, 
however, but fair to include, not only the weight 
of machinery, but the fuel required to develop the 
power for a given time, and here we find a distinct 
advantage lies with the modern engines. 

It would be a great advantage, however, if the 
machinery itself could be lightened. With regard 
to the engines there really does not seem much to 
hope for whilst working on any principle yet intro- 
duced, and it is, probably, to the boiler that the 





majority of intelligent engineers will look in the 


hope of making some advance. One’s thoughts natu- 
rally recur to the water tube system, but it may 
safely be said that an entirely new departure must 
be taken in this direction before we can hope for 
success. A few years ago it really seemed as if the 
problem was likely to be solved by means of an 
American invention which was introduced in some 
small vessels of the Royal Navy ; but it was speedily 
found that the life of the coils used was far too 
short to allow the system to be applied with any- 
thing approaching success, and the Herreshoff boiler 
has never made any headway, chiefly for that 
reason, although there were other objections to its 
adoption. Mr. Thornycroft has since then intro- 
duced a pipe boiler which has given great satisfac- 
tion in torpedo boats, and which appears likely to 
win a place in larger installations, The development 
of this boiler will be watched with special interest. 

Within the last year a little cloud, no bigger than 
a man’s hand—not even, perhaps, as big as a 
child’s hand—has arisen on the engineering horizon 
to threaten the supremacy of steam. The Zephyr 
system of Mr. Yarrow—and how often do we have 
to look to the torpedo boat builders for guidance 
in marine engineering?—has given remarkable 
results in small boats. It might be, perchance, 
an easy way of winning glory to prognosticate 
its adoption for larger powers. In prophecy, as 
in many other things, fortune favours the bold, 
and it would be a great triumph to point to our 
forecast if ever the spirit motor system should de- 
velop into ‘‘ the big thing ;” whilst if it did not we 
could maintain a judicious silence, and our vati- 
cination would be doubtless soonforgotten. But even 
on the chance of being able to say ‘I told youso!” 
we will not at present suggest the possibility of the 
solid bulk of a Nile or a Trafalgar being propelled 
by the liquid used with such success by Mr. Yarrow 
in his little Zephyrs. 


LITERATURE. 


Keyto Treatise on Algebra. ByC. SmitH. London : Mac- 
millan and Co, 

Tr has long been recognised thatthe examples given 
in the ordinary text-books on algebra were not of a 
sufliciently advanced character for the students in 
the higher forms of those schools which compete for 
mathematical honours at the universities. In his 
treatise on algebra Mr. Smith met this want by in- 
cluding many questions taken from college papers 
set at the various scholarship and other examina- 
tions during the last few years. It was impossible, 
however, for teachers always to spare the time 
necessary to discover the method of solution of 
many of the more difficult problems, which are often 
of a very artificial character, and Mr. Smith has 
done good service in bringing out a key to his work. 
He has been able in many instances to give us the 
special artifices on which so many of the examples 
depend, and has thus enabled us to see how ques- 
tions of a similar type are manufactured. This, of 
course, it is impossible to learn from the mere 
study of a text-book, and without this knowlege a 
solution, if it can be obtained at all, is apt to be 
very cumbrous, 

We have tested the book in the case of many 
familiar questions, and have always found the 
solutions neat, and in many cases elegant. Ina 
few instances alternative methods are given. This 
we should have liked to have seen done more 
frequently, as they are of very great service to 
students. 

Of course in a work of this kind it is always 
possible to suggest improvements ; e¢.g., in the 
solutions of xxxiv., 2, it is better to write down the 
value of the nth term as soon as we have ascer- 
tained the degree of the order of differences. In 
the examples on inequalities, which boys gene- 
rally find so difficult, Mr. Smith might have given 
us as alternative methods a few solutions by means 
of the principle that when two sets of quantities 
have the same product, the greater is that in which 
the difference between any pair of terms is less than 
the difference between the corresponding pair of the 
other. Of this principle xxxv., 24, 25, would furnish 
good illustrations. In xxxvi., 6, the special artifice 











is to write Ltr a, 5 for b, &c. In xxxvi., 7, a 
a 
more direct method is to write 
Stii #8 . & a1 n—1 _ ge 


n+2 ntnt+l1 nt+n-1+ n 





These, however, are minor points, and do not de- 
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perties as: When the fraction 4, where p is a prime, | 


is converted into a recurring decimal, the number 
of figures in the repetend is either p—1 or a sub- 
multiple thereof ; when the period p—1 is multi- 
plied by any number less than p, the product 
contains the same digits in the same cyclical order ; 
and when the period is a submultiple of p —1, more 


than one period exists for the fractions -~-, yee 


, P P 
Some of them being obtained from one period, 





and some from another, e.g. Js, “;, 343; and the 
latter half of the period p-1 may be tlle from 











the former half by subtracting each figure in 
succession from 9. For instance, the reduction 
of ;1, to a recurring decimal with 28 places in 
the repetend by ordinary division would be both 
tedious and unnecessary, as the work may be re- 
duced one-half by the property just stated. 

Chapter VI. contains a full account of the 
metric system, and is followed by a short but 
most important chapter on equations. Many 
problems that are now set in advanced papers 
on arithmetic can only be readily solved by 
methods analogous to those used in algebraical 
equations. How to apply these methods without 
overstepping the bounds of arithmetic, that is, 
without employing algebraical symbols, is the 
great difficulty with students. We share the 
writer's surprise that the method of solution by 
equations has not been used more extensively in 
text-books of arithmetic. It is an instrument 
of great power, and has here been employed 
throughout with advantage. 

In the Chapter on Problems, space should 
have been found for the solution of some ‘‘clock”’ 
questions, which have long been favourites with 
examiners, and present considerable difficulty to 
most students. We are pleased to notice that the 
author is of opinion that ‘‘ the rule of three ought 
to go,” but we do not agree with him in his stric- 
tures on the unitary method, which forms by its rigid 
reasoning an excellent exercise for the mind. The 
method here employed is that of treating propor- 
tion as an equation of fractions. 

The chapters on Percentages, Interest, and 
Stocks are amongst the best we have seen on these 
subjects, but quite the reverse must be said of 
those which treat of Square and Cube Root. Here 
undoubtedly Horner’s method should have been 
employed, and the system of contracting the work 
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The work concludes with a chapter on Surds, an 
account of the elementary propositions in men- 
suration, and 400 well-selected miscellaneous 
examples. 

Mr. Goyen’s book provides candidates with 
powerful weapons with which to circumvent exa- 
miners, and a future edition, embodying the above 
suggestions, and the addition of a chapter on Scales 
of Notation, would be very useful to such students. 
We can specially recommend this work to those 
who have to face the difficult papers now set in the 
Civil Service competitions. 
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THE PALAIS ROYAL ELECTRIC LIGHT 
STATION. 

A ware electric lighting station has been erected 
by La Compagnie Edison for the purpose of supplying 
the vast concourse of shops, theatres, restaurants, and 
dwellings which constitute the Palais Royal, Paris. 
This building is of so special a character that it was 
a matter of difficulty, if not of impossibility, to erect 
within its precincts any engine and dynamo house 
which would not be unsightly. It was, therefore, de- 
termined to put the whole of the machinery under- 
ground, the only evidence of the subterranean cham- 
bers being the skylights by which they were illuminated. 
The Cour d’Honneur was chosen as the site of the 
installation, which is fully shown by the engravings 
on pages 224 and 225, Fig. 1 is a general plan of the 
Palais Royal; Fig. 2 is a plan of the underground 
station ; Fig. 3 is a cross-section through the engine 
and dynamo house, showing the skylight and the 
trees whic! are placed to screen it. 

The excavation measures 6 metres (19 ft. 8 in.) in 
depth by 32 metres in length (105 ft.) and 20 metres 
in width (65 ft. 7 in.), and is inclosed by heavy re- 
taining wells. ‘The level of the floor being below the 
drainage level, it was necessary to protect it against the 
inroad of water. To this end there was laid a thick bed of 
béton, and over this two courses of vaulted brickwork, 
The machinery house is 5 metres in height (16 ft. 5in.), 
and is surmounted by a skylight mounted on beams 
which give the ridge a height of about 2 metres above 
the cemented floor of the court. At each end of the 
main lantern is another smaller one which aids the 
ventilation of the building. Airis drawn down through 
one of these lanterns into a closed chamber at the side 
of the machinery house, from whence it is distributed 
through three ducts beneath the pavement. The 
central duct delivers into the boiler house, which 
is situated directly under the second small skylight. 
The other two deliver their air through adjustable 
valves into the machinery house, and keep the tem- 
perature normal. All the smoke flues converge into a 
single passage about 27 metres long (88 ft. 7 in.), where 
the gases have time to drop their solid particles be- 
fore entering the chimney, the top of which is higher 
than the neighbouring roofing at the side of the Rue 
de Valois. Recesses are formed at intervals in the 
conduit for the extraction of the soot and ashes with- 
out stopping the boilers. A tunnel T T (Fig. 2) con- 
nects the coal stores S S with the boiler A A. The 
ashes are delivered by a tramway into the vault 
D, both S and D being directly accessible from the 
street. Water is stored in tanks R having each a 
capacity of 52 cubic metres (1836 cubic feet). Smaller 
service tanks O O are situated in the boiler house. C 
is the pump room, M the machinery house, E the tram- 
way, B35 the waste steam pipe, V the water from the 
condenser, B well water, G town water, H chimney, 
and K flue, 

The boiler house contains five Belleville boilers 
working at a pressure of 170 1b, to the square inch. 
The pressure falls to 142 1b. at the cylinders. Ata 
later date it is intended to increase the number of 
boilers to seven. There are two rows of engines, four 
in each row (Fig. 3), each driving a dynamo by means 
of a belt. These engines were constructed by Messrs. 
Weyher and Richemond, of Pantin, and are of the 
triple-expansion condensing type. The have four 
cylinders, driving two cranks, there being two low- 
pressure cylinders. There is an independent jet con- 
denser with two air pumps to serve for the whole of 
the engines. It is mounted on a raised foundation 
against the wall which separates the machinery from 
the boilers. The wateris admitted to the condenser 
through a valve which divides it and reduces the con- 
sumption to the quantity actually necessary to reduce 
the temperature to that required for the desired 
vacuum. There are two independent air pumps 
(Fig. 4), one on each side of the condenser. 








The steam pipe is in two lengths, one over each row 
of engines, and either length can be cut off from com- 
munication with the boilers. The feed water for the 
boilers is obtained from the Seine, from the Canal du 
VOureq, and from a well of a depth of 118 ft. It is 
stored in three tanks capable of supplying 5800 gallons 
per hour. The water pumps are driven by two electric 
motors of 12 and 5 horse-power respectively, which 
receive their current from the central station. 

The electric machinery is designed for a minimum 
output of 6400 amperes, and is capable of feeding 
12,000 lamps, requiring for this purpose 1400 horse- 
power. There are eight Edison dynamos, each giving 
800 ampéres ; these were constructed at the workshops 
at Ivry. All these dynamos are fixed on sliding base- 
plates, and can be moved by screws to tighten the 
belts. The driving end of the dynamo spindle has two 
bearings, the pulley being situated between them. 
The following are the particulars of this machine : 
Power : 

125 volts x 800 ampéres = 100,000 watts. 
Armature : 
Surface velocity 10.5 metres per second ; 
350 revolutions per minute, 


Exterior diameter ... ee 24.8 in. 

Length of active surface . 31.5 ,, 

Divisions of commutators ... see 40 

Resistance, measured at rest ... .0054 ohm. 

Weight of copper... a 419 lb. 
Magnets: 

Resistance ... 4.25 ohms, 

Exciting current ... 29.5amperes 

Weight of copper 

Efficiency a 96.5 p.c. 


The switch is shown in Fig. 5. It consists of a 
bolt of horseshoe shape, the ends of which close the 
circuit when applied to another contact piece which is 
placed opposite. A centralrod, surrounded by a strong 
spring, is connected to the bolt. In using the switch 
the hand presses upon the lever A, of which the other 
extremity takes against the stud a, and forces the bolt 
to move towards the contact pieces. It thus remains 
locked in that position by the transverse latch B. To 
break the circuit it is only necessary to raise the latch, 
when the bolt flies back. 

The three-wire system of distribution is that adopted 
in this installation. This consists in feeding the lamp 
circuit by two identical dynamos, placed in series 
One main is connected to the outer terminal of each 
dynamo, and one to the point of connection of the two 
machines. Half the lampsare connected to each of the 
outer mains, while they are all connected to the third 
or central main, and when they are all in action there 
is no current in this last main. If the three con- 
ductors have the same section there is an economy of 
25 per cent. in copper and 50 per cent. in energy lost 
in heat over the two-wire system. For the same loss 
of energy the section can be reduced until there is an 
economy of 62.5 per cent. of copper. The three-wire 
system having been adopted it remained to find a 
means of directing the current of any dynamo into one 
or other of the two networks of the system, without the 
risk of short-circuiting the armatures. To effect this 
M. Ebel, manager of the St. Etienne Station, devised 
an interlocking apparatus, by which it is rendered im- 
possible to make the changes in wrong order. The 
switchboard is placed near the wall, hiding the tunnel 
through which the mains leave the machinery room, 
Fig. 6 shows the switchboard, and Figs. 7 and 8 are 
respectively end and face views of the framing carrying 
the commutators which we are about to describe; 
Fig. 9 is a general diagram of the means of distribu- 
tion. All the positive cables are grouped in quantity, 
and are soldered to the bars on the right of Fig. 6. 
Similarly the negative cables, also connected in quan- 
tity, are joined to the bars on the left. The return 
cables are divided between the two sides of the board, 
and are connected to the lower line of bars. From 
this table there issue eight feeders, which join the 
general network at eight different points (Fig. 1). 

In Fig. 9, M represents the dynamos, v the rheo- 
stat of the dynamos, A the ampére-meters, V the 
voltmeters, a and v standard ampére-meters, E 
voltmeters to measure the pressure at the points 
where the feeders are connected, F wires for con- 
necting the feeders to the voltmeters, R rheostats 
for the feeders, I bolt switches, 7, commutator, 1 F, 
2 F, &c., groups of feeders. We will now describe 
the mechanism of the interlocking commutators, 
shown in the upper part of Fig. 7. We will imagine 
two dynamos grouped in tension by means of two 
circular commutators which we will designate by 
the letters a and b, a! and }'. Each commutator 
carries two contacts diametrically opposed, serv- 
ing to complete the circuit of the dynamo and the 
network. These commutators are each furnished 
with notches in the form of a cross, designed to 
prevent the simultaneous movement of two neigh- 
bouring commutators. The operation of the commu- 
tator a of the dynamo 1 for the purpose of Lanter that 
one on the network (+ 1F) renders impossible the 
rotation of the commutator b of the same machine, 





since the notch of the first serves as a bolt for it. To 


put dynamo 2 in series with dynamo 1], it is only 
necessary to close the commutator b', which puts the 
machine 2 upon the network (—2 F), and the commu- 
tator a' is fixed. Had the coupling of the two ma- 
chines been in quantity the commutator a' would 
have been closed. Independently of these appa- 
ratus there exist other bolts opposing the closing 
of the commutators before the magnetic fields have 
been excited, and reciprocally opposing the breaking 
of the circuits of the magnetic fields before the exterior 
circuits of the dynamos are opened. The rheostats of 
the magnetic fields are operated by handwheels placed 
on a longitudinal shaft, and can be moved individually 
or simultaneously. 

The network consists of three conductors arranged 
in the form of a stirrup, which embraces the galleries 
(Fig. 1). At certain intervals the feeders are con- 
nected to the conductors. On leaving the switchboard 
the —- of cables pass through a tunnel, at the 
mouth of which they radiate in different directions 
through the vast system of sewers existing under the 
Palais Royal. The wires are carried on porcelain 
insulators, and the junctions are inclosed in porcelain 
tubes (Figs. 10 and 11) as an additional security. Iron 
boxes are let into the walls of the premises of the sub- 
scribers. These boxes contain switches by which the 
current can be cut off from the premises, and fusible 
cut-outs. The lighting includes 3000 lamps placed in 
the two theatres of the Comédie-Francaise and of the 
Palais-Royal, in the shops, restaurants, and cafés, as 
well as in the offices of the department of Fine Arts. 
When all the machinery has been installed the capa- 
city will be 14,000 lamps. 

The general design for the electric installation was 
made by MM. Vernes and Picou; M. Chabrol was the 
architect. In conclusion we must acknowledge our 
indebtedness to La Lumiére Hlectrique for the informa- 
tion we have been able to lay before our readers con- 
cerning this very interesting installation. 





TWENTY-HEAD STAMP MILL. 

WHEN visiting Messrs. Charles Appleby and Co.’s 
works at Greenwich some little time back we had an 
opportunity of inspecting a gold-milling plant, made 
by that firm for the La Carolina Mine (West Argentine 
Gold Company, Limited), the whole of the plant being 
put together at the works, and taken to pieces for 
shipment toSouth America. This course was followed 
in order that the machinery might be erected on the 
company’s property, with little trouble and cost, to- 
gether with a considerable saving of time. 

The plant comprised a 20-head stamp mill, in four 
batteries of 5 heads; timber foundations for this mill 
fitted together; amalgamating appliances, consisting of 
mercury riffles, copper tables, and quicksilver rollers; 
concentrators, consisting of four percussion or shaking 
tables, and four ‘‘ Duncan” ore concentrators ; grind- 
ing and amalgamating plant for concentrates (being 
two iron pans, with concave bottoms of the American 
type, with settlers), and four small arrastras with 
granite bottoms and mullers and two amalgama- 
tors. The engines and boilers to supply motive 

wer are, two high-pressure horizontal engines 
coupled (40 horse-power nominal) with automatic 
expansion, two 15 horse-power multitubular horizontal 
external fired boilers, and two 15 horse-power water 
tube boilers of the Roots type; the heating surface of 
these boilers is 250 superficial feet, and the grate area 
123 superficial feet each. The equipment also included 
two galvanised corrugated iron buildings with wrought- 
iron columns and principals. One of these has been 
arranged to take in the motive power plant and the 
other to take the remaining machinery. 

On page 221 we give an illustration of one-half of the 
20-head stamper battery, which of its class is a fine 
piece of machinery. The framework is of wrought 
iron, double channel sections being employed with dis- 
tance pieces and gusset plates ; the vertical members 
are strutted both back and front, and there are canti- 
levers at the level of the camshaft to carry a platform 
which extends all round the mill; a wrought-iron 
stairway is provided at each end of the platform. 
The mortar boxes are of iron, cast in one piece and 
are planed on the bottom ; they are fitted with steel 
liner plates and have front discharge openings ; pro- 
vision has been made for fixing amalgamated copper 
plates inside the mortar boxes. The screen frames 
are of hardwood, held in place by long vertical keys of 
forged steel, and the screens (of different degrees of 
fineness) are of Russian sheet iron, perforated with 
conical burred holes, and are slightly dished outwards. 
The dies and shoes are of special quality, tough hard 
forged steel, the latter having taper shanks to fit the 
heads. The heads are of cast iron, with wrought-iron 
hoops at top and bottom, and have rectangular slots 
for introducing wedges to drift out either the stamp 
stem or the shoes. The stamp stems are of forged 
steel and are turned taper at the end to fit the cast- 
iron head ; the falling weight of each np comprising 
stem, head, shoe, = | tappet, is about 800 lb. The cams 
are of cast steel, of the usual double-toed pattern, giving 





a drop of 10 in., and the tappets are also of cast steel 
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of the Californian type, with steel gib and three cross- 
keys, the wearing surfaces being turned. The guides 
for the stamp stems are of hardwood, bolted to the 
transverse channel irons of the main frames, and means 
are provided for lifting out the entire stamp complete 
without having first to drift off the head in the mortar 
box. The camshaft is of forged steel with double key- 
ways, and is driven by belt pulleys of wood and cast 
iron, designed to absorb the vibration due to the jar 
of the stamps; the speed of the shaft will be 35 to 
40 revolutions, giving 70 to 80 drops of each stamp per 
minute; the arrangement of the cams has been in- 
geniously contrived so that no two stamps will drog off 
the shaft at the same moment. It is estimated that 
this battery will be capable of putting through about 
40 tons of ore per day of twenty-four hours. 

‘he foundation timbers for the battery are 15in. by 
16 in. balks of pitch pine, the vertical members which 
receive the direct blow of the falling stamps—trans- 
mitted through the bottoms of the mortar boxes—stand 
upon and are mortised into 15 in. by 16 in. horizontal 
balks, which in turn are to be bedded on concrete ; 
the whole of these foundation timbers are fitted and 
jointed together and held in position by heavy wrought- 
iron bolts with large washers. Timber framework is 
also provided to which the iron frames of the battery 
are to be bolted down. 








THE ‘* FORWARD” GAS ENGINE. 

Tur distinguishing feature of the Forward gas 
engine, manufactured by Messrs. T. B. Barker and 
Co., of Scholefield-street, Bloomsbury, Birmingham, 
isa rotating valve by which the ignition of the com- 
bustible charge in the cylinder is effected. In this 
valve there are eight ignition ports which come into 
action successively. Each port after having fulfilled 
its office has to make a revolution through an entire 
circle before it comes into action again, and in the 
mean time it is exposed to the air by which the greater 
part of the heat which it has absorbed, is carried away. 
It thus follows that the valve always works cool, and 
runs scarcely any risk of cutting, while the constant 
motion in one direction affords. another element of 
safety. Every time the cylinder takes in a charge 
the valve gives a partial revolution, but when the gas 
is cut off completely the valve ceases to move, and 
the small firing charge, which would otherwise be 
wasted, is saved. The number of missed explosions is 
not, however, great in this engine, as the strength of 
the charge is reduced as the work falls off until it 
approaches the point at which it would cease to ex- 
plode ; the gas is then cut off entirely, and the valve 
left stationary until the governor arms again fall, 

The mechanical arrangements by which these opera- 
tions are performed are shown on page 232, on which 
there is illustrated a four horse-power engine, con- 
structed under the patents of Mr. T. B. Barker. The 
valve a is mounted on a pivot at the rear of the com- 
bustion chamber of the cylinder, and has a number of 
ratchet teeth e around itscircumference. It is rotated 
by a pawl /, worked by a small crank at the end of the 
side shaft, and aconnecting link x. The cylinder being 
charged with compressed explosive mixture, the port d 
is also charged with the gaseous mixture. The disc a 
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is by the intermittent motion imparted to it brought 
into position at the required time for igniting the mix- 
ture in the cylinder. The slot or small gas chamber 
J gin the disc a, which is approaching the port d, re- 
ceives inflammable gas from the fixed gas duct j in the 
cover 6, the passage j? in the rotating disc a being 
brought opposite during the motion of the said disc, 
and communicating with the duct or curved slot j in 
the cover 6. The slot or small gas chamber / g receives 
atmospheric air to form an inflammable mixture with 
the gas in the small chamber through the duct f? in 
the fixed cover b, which duct f? communicates with 
the port g of the small gas chamber /f 9. 

By the action of the ratchet motion the small gas 
chamber fg in the dise a, having been charged in the 
manner described, is carried rapidly forward and the 
gaseous mixture therein is ignited by the fixed re- 
lighting gas jet h'. The igniting of the charge in the 





small gas chamber fg takes place immediately be- 
fore the passage 4 comes opposite the port d into the 
gas cylinder a*. The passage h coming opposite the 
port «, the flame in the small gas chamber / g ignites 
the gaseous mixture in the port d and the engine 
cylinder a*. The passage h opens into the port g of 
the small gas chamber / g immediately after the said 
small gas chamber and the port /? are closed, the duct 
¢ communicating with the port d a little before the 
port h communicates with the port d to effect the 
ignition of the gaseous mixture in the gas chamber or 
cylinder a?, 

The supply of gas is regulated by the lever o and the 
gas valver. The lever receives its motion through a 
spindle o' from a second lever which is acted upon by a 
cam on the side shaft. This cam is under the control 
of the governor. The lever o carries a cam p', which 
engages with a lever p having at its end a stud q' 
taking into a slot gin the pawl/. Upon the lever o 
moving so as to open the gas tappet valve, the cam p! 
operates upon the lever p, causing the stud q to be 
disengaged from the slot, and allowing the paw! to fall 
into the teeth of the valve. When the engine is 
running so fast that the gas valve is not opened, the 
stud holds the pawl out of gear. 

This gas engine has been subjected to a series of 
tests by Professor R. H. Smith, of Mason College, 
Birmingham, and has given most satisfactory and eco- 
nomical results. It was tried at full working load, at 
half load, and unloaded, the latter test being divided 
into three parts at fast, medium, and slow speeds. 
The full working load trial lasted 85 minutes, the 
speed being 176.86 revolutions per minute. The indi- 
cated horse-power was 5.54 (see Fig. 6), and the brake 
horse-power 4.807, giving a mechanical efficiency of 
.8677.. The gas consumed in driving the engine 
was 163.2 ft., or 20.79 cubic feet per hour per in- 
dicated horse-power, and 23.97 ft. per brake horse- 
power. Fig. 6 shows an average indicator card 
taken during this trial, and Fig. 7 a high-pressure 
card, illustrating how the governor supplies a richer 
charge of gas when any sudden demand is made on the 
engine. At half-power the brake horse-power was 
3.084, equal to a gas consumption of 31.86 ft. per 
horse-power per hour. The lighting jet burned about 
2 ft. an hour in both cases. When the engine was 
running empty it burned 53 ft. of gas per hour at the 
high speed, 44 ft. at the medium speed, and 34 ft. at 
the low speed. A comparison of these result with 
those obtained in the Society of Arts trials (see our 
last two issues) shows that the Forward gas engine 
ranks among the best in the market, in the matter of 
economy, while its mechanical simplicity is a great 
additional recommendation. 





PANEL AND HAND PLANING MACHINE. 

On page 228 we illustrate an improved panel and 
hand planing machine, designed and manufactured by 
Messrs. C. S. Worssam and Co., of 35, Queen Victoria- 
street, London, E.C. The peculiarity of this machine 
consists in the driving pulley being situated between 
the two cutter blocks as shown, so that the stress on 
the bearings of the machine is equalised, and greater 
freedom from vibration secured. 


TRIALS OF MOTORS FOR ELECTRIC 
LIGHTING.* 
(Continued from page 206.) 
PaxMAN CoMPOUND PortaBLE STzAM ENGINE. 

Four trials were made of the Paxman engine. The 
first trial, A,, was made under conditions as nearly as 
possible the same as those under which the recent ex- 
periments of the Royal Agricultural Society at Newcastle 
were made on a somewhat similar engine. Coal, indi- 
cated horse-power, and brake horse-power were measured 
throughout, but the whole feed water was not measured, 
because acertain quantity of exhaust steam was returned 
into the tank from which the feed water was drawn, and 
the normal conditions under which the engine worked, and 
under which it was desired that it should be first tested, 
would not allow this exhaust steam to be weighed. Trial 
A, was of similar duration, and carried out in the same 
manner, except that no exhaust steam was returned to 
the feed tank. The total amount of feed water was 
therefore accurately known. In both these trials the 
engine was worked at full power. ‘Trial B was a half- 
power trial under same conditions as A,, the whole 

uantity of feed water being measured. Trial C was a 
shiek trial to ascertain the indicated horse-power required 
to run the engine at full speed empty. The principal 
results of these trials are shown in Table XI. 

Trial A, (Fig. 23, page 229).—In discussing these results 
we shall commence with the trial A», as being really the 
most important of the trials made. This trial took place on 
September 28, and its duration was about 6} hours. The 
trial began and ended with the engine running, and start 
and finish were conducted in the following manner : 

The steam pressure, revolutions, and brake load being 
all those at which it was intended to work throughout 
the trial, and the ash-pan being cleaned out, the fire was 
reduced until the pressure fell notably, and then stoking 
was commenced from the weighed coal. In this case the 


* Reprinted from the Journal of the Society of Arts. 











pressure fell to 150 lb. per square inch, before it began to 
rise again. When the whole of the weighed coal had been 
used, and the ashes, as far as possible, put upon the fire 
again, the trial was declared at an end, when the pressure 
_— fell to that at which the trial started. The speed 
of the engine was the same at the commencement and 
finish, and the height of the water in the gauge glass was 
also the same. It is thought, therefore, that the error 
due to any difference between the amounts of fuel on the 
grate at beginning and end must be reduced to a mini- 
mum. The fuel used was supposed and stated to be 
‘* Powell’s Duffryn” coal. From the analysis, however, 
given in Mr. Wilson’s report, as well as from our expe- 
rience of the behaviour of the coal, it was certainly not up 
to the standard which is expected from that coal, and it 
contained only 84 per cent. of carbon. The total amount 
of coal weighed out was 255lb. It was weighed on a tray 
placed upon the platform of a weighing machine, so that 
the amount put upon the fire in each half-hour could be 
accurately known. It will be seen from the diagram that 
the stoking was very regular throughout. The steam 
pressure and height of water in glass were read every ten 
minutes throughout the trial. The mean steam pressure 
was 188 lb. per square inch over the atmosphere, the 
atmospheric pressure being 14 8 lb. persquare inch. The 
trial lasted 6 hours 16 minutes, or 6.27 hours. Six samples 
of furnace gas were collected. The analyses of these 
samples are given in Mr. Wilson’s report. The tempera- 
ture of the chimney gases was read every five minutes ; 
the chimney draught was also taken at frequent intervals. 
For measuring the temperature of the chimney gases a 
mercury thermometer was used, the space above the 
mercury being filled with nitrogen under pressure, so 
that the thermometer could be employed without fear 
of accident above the normal boiling point of mer- 
cury. It will be seen, however, that there was no 
Taste XI.—Paxman Engine. 

















1. Date .. --|Sept. 26 Sept. 28) Oct. 1 | Oct. 1 
2. Triad .. ee 1 | Ae | Cc 
3. Duration . --|6.43 hrs.|6.27 hrs, 3.12 hrs,| ! hour 
4. Power es ee «| — full full | half | empty 
5. Revolutions per minute ..| 140.48 | 137.35 138.10 | 144.20 
6. Mean initial pressure, 
high-pressure cylinder | 176.6 176.8 113.0 
7. Mean ratio of expansion. . 
8. ,, effective pressure, 
high-pressure cylinder | 52.93 | 54.98 | 83.25 | 11.32 
9. Mean effective pressure, | | 
low-pressure cylinder..| 17.56 16.78 892 | — .19 
10. Indicated horse - power 
effective pressure, high- 
ressure cylinder 11.14 11.30 6.85 | +2.40 
11. Indicated horse - power, 
effective pressure, low- 
pressure cylinder 10.98 10.26 5.47 | —0.12 
12. Indicated horse - power, 
total e ee --| 22.12 | 21.56 | 12.32 2.28 
13. Brake load, net -| 288.8 288.0 147.6 
14. +,, horse-power.. 19.44 18.95 | 9.76 
15. Mechanical efficiency 0.879 0.879) 0.792 
16. Indicated horse-power in | 
driving engine .. 2.68 2.61 | 2.56 2.28 
Boiler. 
17. Mean boiler _ pressure 
(above atmosphere) 191.35 | 187.98 | 120.10 
18. Atmospheric pressure for 
theday .. aes --| 14.9 14.8 | 148 
19. Boiler pressure (absolute) 206.25 | 20278 | 134.9 
20. Temperature of boiler 
steam .. Pr -- |384.3dg. |382.9dg. | 350.1dg 
21.. Pounds of feed used per 
hour AS me - -|(448.7] 447.1 392.2 
22. Pounds of feed used per } 
indicated horse-power } 
per hour .. ot --|{ 20.28) 20.74 26.72 
23. Pounds of feed used per 
brake horse-power per | 
hour <s aa --|[ 23.08] 23.59 33.73 
24. Mean temperature of feed } 
water in tank --| 63.0 63.0 | 69.9 
25. Mean temperature of feed | 
water before entering | 
coil a és «| [201] 201 | 
26. Mean temperature of feed 
water before entering } 
exhaust feed-heater ..| 115.7 63.0 
27. Temperature of chimne | 
gases(Fahr.) .. . -|855.4dg. |304.4dg. 369.1dg. 
28. Coal per hour --| 39.66 40.70 27.25 
a - per indi- | 
cated horse-power. 1.79 1.89 | 2.21 
30. Coal per hour per brak 
horse-power .. «s 2.04 2.15 | 2.79 
31. Poundsof water per pound | 
ofcoal .. - - oe 10.99 | 12.08 
32. Pounds of water per pound } 
of coal from and at | 
212 deg. Fahr. .. 11.71 | 12.76 | 








occasion for this precaution with this particular engine. 
For feed-water measurement a large tank, which con- 
tained sufficient water to last throughout the whole trial, 
was placed upon the platform of a 50cwt. weighing 
machine, carefully adjusted. An india-rubber pipe from 
this tank led the water to a small open tank beside the 
engine, from which the feed-tank drew its supply. This 
tank was also placed upon the platform of a weighing 
machine. The steelyard of the large weighing machine 
was arravged so as to make a contact and ring an electric 
bell every time it fell down on its lower stop. Each time 
this happened the weight on the steelyard was reduced by 
lcwt., so that the steelyard at once lifted, and only again 
fell when another hundredweight of water had been used. 
In this way the exact times at which each hundredweight 
of water passed out of the large tank could be noted. By 
noting at the same moment the weight of water in the 
small tank, the amount of feed water which had gone into 
the boiler was exactly known. The temperature of the 
feed water in the small tank was noted at frequent 
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intervals ; it was, of course, simply the temperature of 
the water in the mains, and so was practically constant. 
In the Paxman engine, as has been already stated in the 
earlier part of this report, the feed water before going to 
the boiler passes first through a feed heater, which is in 
point of fact a kind of surface-condenser for the exhaust 
steam, and then through a coil of pipe in the smokebox, 
by which its temperature is still further raised. A ther- 
mometer was placed in the closest possible contact with 
the feed-pipe between these two feed heaters, its bulb being 
carefully wrapped round with a large thickness of non- 
conductor. This thermometer was read every five minutes 
throughout the trial, and it is believed that its readings 
give a very close approximation of the temperature to 
which the feed water was raised by the exhaust steam. 
The temperature at which the feed water actually enters 
the boiler proper, after having passed through the feed- 
heater coil in the smokebox, could not be measured. 

It will be seen from the Table that the mean tempera- 
tureof the feed water, after leaving the exhaust feed 
heater, was 201 deg. Fahr., although its initial temperature 
was only 63 deg. Fahr. As the temperature of the exhaust 
steam could not have been sensibly above 212 deg. Fahr., 
it will be seen that this feed heater is in itself so efticient 
that there is no necessity for actually returning any con- 
densed steam into the feed tank to heat the water before it 
goes tothe feed heater. The weight of condensed steam 
which would otherwise have gone to the feed tank was 
measured separately. 

Indicator cards (Fig. 24) were taken three times per 
hour, in the middle of each interval of 20 minutes. the 
counter was read every 20 minutes, having been set to 
zero at the start, and the indicated horse-power of each set 
of cards was computed from the revolutions corresponding 
to the interval within which that set was taken. The 
mean indicated horse- power, 21.56, is given in the Table, 
The minimum horse-power for any set of cards was 21.2, 
the maximum 22.2. The mean revolutions per minute 
were 137.4, the minimum for any 20 minutes 135.9, the 
maximum 140.2. 

Four Crosby indicators were used, a separate indicator 
on each end of each cylinder, with the shortest possible 
pipes to the cylinder. The steam jackets were not used 
during the trial, Mr. Paxman electing to run without 
them. The rope brake employed has been already 
described. The spring balance was read every five 
minutes throughout the trial. The weight on the 
brake was altered a little from time to time, so as 
to keep the net brake resistance as uniform as possible, 
Throughout the greater part of the trial the weight. 
was about 320 lb., the spring-balance reading being 
about 321b. The brake horse-power was 18.95. The 
flywheel rim was of trough section, and water was allowed 
to drip into it and evaporate away. No lubricant of any 
kind was employed on the surface of the brake. The 
amount of water run into the rim was about 0.65 1b. per 
minate at full power, which if evaporated at 212 deg. 
corresponds (the water temperature being 62 deg. . Kahr.) 
to. 725 thermal units per minute, or the equivalent of 
17 brake horse-power, which is nearly 88 per cent. of the 
whole power taken up by the engine. This figure, how- 
ever, is certainly somewhat too high, as a small, but not 
insensible, quantity of water was lost by splashing. 

The thermal results of the trial work ,out as follows, 
commencing with the furnace and boiler : 

The calorific value of the coal is about 14,200 thermal 
units per pound.* ‘The fuel used per hour during the trial 
was 40.7 lb., and we have, therefore, to account for 577,900 
thermal units per hour, This heat is expended in (a) 
heating and evaporating water; (b) heating coal and 
furnace gases ; (c) heating surrounding objects by radia- 
tion ; (d) evaporating the moisture in the coal; and these 
points will be considered in order. 

{a) Heating and Evaporation of Water.—The total feed 
water per hour was 447.1 lb., its temperature on entering 
the coilin the chimney—that is when it began to receive 
heat from the furnace gases—was 201 deg. Fahr. The 
steam temperature was 383 deg. Fahr. “The total heat 
taken up by each pound of water under these conditions 
would be 1029.6 thermal units. The total heat, therefore, 
expended usefully in the boiler per hour was 460,300 
thermal units, or 79.7 per cent. of the whole heat of com- 
bustion, and this fraction represents the actual boiler 
efficiency. 

(0) Heating Coal and Furnace Gases,—The following 
figures give the mean of Mr. Wilson’s analyses of the 
furnace gases during this trial, and also the corresponding 
composition of the gases by weight. 

It was attempted to determine the moisture in the 
gases also, but this was found to be quite impossible, 
because of the amount of exhaust steam close to the place 
from which the gases were collected. The analyses 
given are, therefore, of dry gas. By comparing the 
weights of nitrogen and carbon in the: gas, it will be found 
that the amount of air used works out to 19.74lb. per 
pound of carbon. As 1 Ib, of coal contained only 0.84 Ib. 


* In this assumption no deduction is made from the 
hydrogen on account of oxygen already present in the 
fuel and shown by its analysis. Although this deduction 
is so commonly made, it does not seem to be founded on 
any clearly defined basis, for it is quite certain that in 
whatever form the hydrogen may exist in the fuel, that 
form is not one of simple combiaation with oxygen as 
H,O. Practical determinations of the calorimetric value 
of fuel, moreover, appear always to give figures in excess 
of that found by calculation when the hydrogen which 
would combine with the oxygen is deducted. The 
calorific value of the hydrogen is taken at 52,200 thermal 
units per pound, which corresponds to the production of 
gaseous and not liquid water in the furnaces gases, There 
8, therefore, no correction to be afterwards made for the 
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of carbon, the weight of air per pound of coal must have 
been 16.681b., so that the weight of the whole furnace 
gases must have been very closely 17.7 1b. for each pound 
of coal. The air temperature in the testing house was 
65deg. Fahr. The mean chimney temperature (measured 


TaBLe XII, 





| Percentage Composition of Chimney Gases. 


By Volume. By Weight. 








C0, 11.86 | 17.21 
co 0.56 0.52 
Oo 7.27 | 7.67 
N 80.31 | 74.60 
a 100,00 100.00 





above the heating coil) was only 304deg. Fahr.; the rise 
of temperature of the furnace gases being, therefore, 
239deg. Fahr. The mean specific heat of the gases was 
about 0.237. The amount of heat expended in raising their 
temperature was, therefore, 40,700 thermal units, or 7.1 
per cent. of the whole heat of combustion. 
(c) Radiation.—An endeavour was made to determine 
this loss by a separate experiment. Steam having been 
got up, and everything being in its normal condition, as 
nearly as possible, the fire was drawn and small quantities 
of coal put on from time to time, just sufficient to prevent 
the pressure from falling. The total quantity of coal 
burnt amounted to 13.51b. in 3 hours 23 minutes, or 4 1b. 
per hour. Some unknown proportion of this quantity 
was no doubt expended in heating air and furnace gases 
sing up the chimney. It may probably be taken as a 
air approximation that about the same proportion of 
heat was employed in heating the furnace gases and lost 
otherwise as in the run when the engine was working, é.¢., 
9.9 per cent., leaving a balance of 90 per cent., lost by 
radiation. We may, therefore, take it that 90 per cent. 
of 4 1b., or 3.6 lb. per hour approximately, represents the 
quantity of coal corresponding to the losses by radiation. 
ln default of any more accurate means of determining 
this quantity, it must be assumed that the loss by radia- 
tion when the engines are running is the same as when 
they are stopped, the steam pressure and other condi- 
tions being the same. We may, therefore, say that, ap- 
proximately, 3.6 lb. of coal van bees, with a value of 51,075 
thermal units, or about 8.9 per cent. of the whole heat of 
the combustion, was lost through this cause. ; 
(d) Evaporation of Moisture in Coal,—The evaporation 
of the 1.21 per cent. of moisture in the coal corresponds 
only to 570 thermal units per hour, or 0.1 per cent. of the 
total heat of combustion. ; 
Loss by Formation of Carbonic Oxide.—An examina- 
tion of the gas analysis by weight shows that 4.48 per 
cent. of the carbon was burnt oaly to CO instead of to CO2. 
It will be found that this corresponds to a loss of about 
380 thermal units per pound of coal, or 15,450 thermal 





atent heat of the steam in the furnace gases, 





units per hour, which is 2.68 per cent. of the whole heat 
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of the combustion. The whole heat account for the boiler 
stands therefore thus : 
TasBLe XIII. 





ae Thermal | Per- 
Units. | centages. 
Calorific value of 40.7 Ib. of coal at 577,900 100 





Heat expended in heating and evaporating | | 
water, including heat given up by gases | 
tocoilinchimney .. .. .. —«.| 460,300 79.85 

Heat expended in raising temperature + | 





furnace gases .. ‘ie 40,700 7.05 
Heat lost by radiation .. ss - ..| 61,070 8.85 
me »» imperfect combustion.. ..| 15,450 | 2.68 
», expended in evaporating moisture in | 
coal an os Pe «s se ee] 570 | 0.10 
Heat lost in ash and otherwise unaccounted . 
ae ae ae ee rs, 9,810 | 1.67 
| ae | me — 
577,900 100.0 





One very notable point about these results is the-ex- 
tremely low temperature of the chimney gases, consider- 
ably below that of the steam in the boiler. This is 
obviously due to the very efficient action of the coil in the 
chimney as a feed-heater. There was no possibility of 
measuring the temperature of the feed water as it left the 
coil and entered the boiler. If the furnace gases left the 
tubes at a temperature of about 400 deg. Fahr.—and they 
could hardly be cooler—they must have been reduced 
in temperature by the coil about 100 deg. Fahr. As 
there were 1.16 lb. of furnace gases for each pound of 
water, and as their respective specific heats are 0.237 and 
1,00, 100 deg. fall in the eo o. of the furnace gases 
would correspond to about 38 deg. rise in the temperature 
of the water. ; 

The steam which was condensed in the feed heater was 
collected and measured. It amounted to 63.81b, per hour. 
Taking each pound to have given up simply its latent heat 
at atmospheric pressure (and with feed at 201 deg. Fahr., 
it could hardly be more), this corresponds to 61,640 
thermal units per hour. The heat taken up by the feed 
water, 447 lb. per hour raised from 63 deg. to 201 deg. 
Fahr., amounts to 61,690 thermal units, which differs 
from the quantity just given by an amount far within the 
limits of accuracy of the measurements. 

The water actually evaporated per pound of coal was 
10.99 lb. This was raised from 201 deg. to 383 deg. Fabr., 
and evaporated at the latter temperature. Reduced to 
evaporation from and at 212deg. Fahr., the figure becomes 
11.71 1b. Perhaps a still better standard for comparison 
with other engines may be obtained by taking the evapo- 
ration per pound of carbon value in the coal. The weight 
of carbon in each pound of coal was 0.845 lb. The hydrogen 
in the coal was equivalent to 0.131 lb. ef carbon, so that 
each pound of cual had a calorific value equal to that of 
0.976 1b. of carbon. The water evaporated under standard 
conditions per pound of carbon value was therefore just 
121lb. Itisassumed that the steam was dry, and that 
there was no priming. There was no indication whatever 
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of priming, but probably the best evidence of its absence 
is the closeness of the heat balance in Table XIII. 

Engine.—The work done, 21.55 indicated horse-power, 
corresponds to 55,300 thermal units per hour, or 12. 

r cent. of the whole heat taken up by the water. 

he efficiency of a perfect heat engine working between 
383 deg. and 212 deg. Fahr. would be 0.205. Such an 
engine receiving the same amount of heat as the Paxman 
engine, namely, 460,300 thermal units per hour, would 
turn into work 93,200 thermal units per hour. The actual 
efficiency of the engine, therefore, compared with such a 
perfect engine, is 59 per cent. The heat received by the 
engine per indicated horse-power per hour was 21,350 
thermal units. 

The brake horse-power of the engine was 18.95; its 
mechanical efficiency was therefore 87.9 per cent., the 
indicated horse-power expended in driving the engine 
itself being 2.61. 

Boiler and Engine.—The combined efficiency of the 
furnace, boiler, and engine, as represented by the con- 
sumption of fuel per horse power, works out to 9.6 per 
cent., 55,300 thermal units being turned into work per 
hour, with an expenditure of tuel having a value of 
577,900 thermal units. The coal used per indicated 
horse-power per hour was 1.89 lb , and per brake horse- 
power per hour 2.15 lb. 

Steam by Indicator Cards.—The amount of steam shown 
by the indicator diagrams (Figs. 24 to 28) has been 
measured at two places, with the following results : 

Percentage of 
whole Weighed 
Feed Water. 
Steam in en cylinder at a pres- 
sure of 150 lb. per square inch above 
the atmosphere, which corresponds to a 
point at 0.39 of the stroke, a little after 
cut-off in all cases ... ais ee . 60 
Steam in low-pressure cylinder at a pres- 
sure of 10 lb. per squareinch above the 
atmosphere, which corresponds to a point 
at 0.67 of the stroke, well before re- 
lease in all cases... se a ~~ «Se 

Trial A, (Fig. 22).—This trial took place on the 26th of 
September, and was nominally of the same duration as 
trial Ax, As already mentioned, the engine was tested 
in its normal condition of working, with condensed steam 
from the feed heater added in unknown amount to the 
feed water. The boiler was stoked by Mr. Paxman him- 
self, Speed, brake power, boiler pressure, &c., were all 
nominally the same as in trial Ay, the small differences 
between them being fully given in Table XI. The same 
amount of coal was used, but it kept the engine going 
with somewhat larger indicated horse-power, namely 22.1, 
for 6 hours 26 minutes, or ten minutes longer than in 
trial Ag. The brake horse-power was 19.4, so that the 
mechanical efficiency was again 87.9 per cent. The coal 
used per hour was 39.7 lb., which corresponds to 1.79 lb. 
per indicated horse-power per hour, and 2.04 lb. on the 
per brake horse-power per hour. Worked out per 
pound of carbon value in the coal these figures become 
1.75 and 1.99 respectively. It may be noted in pas- 
sing that the coal used on the Newcastle trials was 
of distinctly better quality than the coal here employed. 
Measured in the same fashion each pound of coal there 
used was equivalent to 1.015 lb. of carbon, instead of 
0.976 lb., and had therefore a heating value nearly 4 per 
cent, in excess of the coal used in thesetrials. As the added 
feed was not directly measured it cannot be expected that 
it would be possible to obtain a complete heat balance 
from this trial. It is possible, however, to obtain one in 
which the error must be very small. The actual quantity 
of feed water supplied from the weighed tank amounted 
to 407.5 lb. per hour. This quantity was raised from 
63 deg. to 115.7 deg. Fahr. by the addition mainly of 
condensed steam from the feed-heater. From various mea- 
surements made during the trial, it is possible to calculate 
(the details of the calculation need not be given) the 
amount of condensed steam added to the weighed feed. 
It must have been very closely 41.2 lb. per hour, making 
the total feed water 448.7 lb. per hour. In the following 
account of the heat disposed of in the boiler (Table XV.) 
this quantity is taken as correct. Calculations similar to 
those made for trial A, show that the quantity of air 
used per pound of coal was 20.8 lb., so that, approxi- 
mately, 21.8 lb. of furnace gases passed up the chimney 
for each pound of coal put on the fire. The complete 
analyses of the furnace gases is given in Mr. Wilson’s 
report, and a summary of them is given in Table XIV. 
Taste XIV, 





| Percentage by Percentage by 
Ce, "Fauna Weight. 
CO, 9.98 14.60 
co | 0.00 0.00 
0 9.70 10.30 
N 80.32 75.10 


10000 100.00 





It will seem that on no occasion was any carbonic oxide 
found to be present. The mean chimney temperature was 
355 deg. Fahr., which, although higher than in Trial A,, 
is still less than the temperature of the steam, owing, no 
doubt, as before, mainly to the action of the coil as a 
feed-heater. 

The error of plus 1.6 per cent. is, perhaps, not more 
than might be expectad for a calculation in which one im- 
portant item has had to be estimated. 

Taking as correct the quantity of feed water per hour 

iven above, namely, 448.7 lb., the feed water per indicated 
orse-power per hour was 20.28 1b., and per brake horse- 


power per hour 23.88 lb., results a little better than those 
of trial Ay. On the same basis, the heat turned into work 
is 12.26 per cent. of the whole heat taken up by the water in 


0 | the boiler, which is just 60 per cent. of the quantity which 


would be turned into work by a “* perfect” steam engine 
TaBLE XV, 





| 
Thermal | Per- 
Units. centages. 





Calorific value of 39.7 lb. of coal (the 


quantity used per hour) + 564,000 100 





Heat expended in raising 448.7 Ib. of | 

water from 201 deg. to 384 deg. Fahr., | 

and evaporating it at that tempera- | 

ture.. “s ‘6 vs ee -.| 462,000 82.0 
Heat expended in raising temperature | 





of furnace gases oe oe . 59,400 10.5 
Heat lost by radiation (as before) --| 51,070 9.0 
Heat expended in evaporating mois- 

ture in coal (as before) .. a + 570 0.1 

101.6 


working between the same temperatures, and receiving 
the same amount of heat per hour. The heat taken up 
by the water amounts to 20,850 thermal units per indi- 
cated horse-power per hour, as against 21,350 thermal 
units in trial As. 

The steam shown by indicator cards (Figs. 25 and 26) as 
present in high-pressure and low-pressure cylinders re- 
spectively, at the pressures already given (see trial A.) 
amount to 65.0 and 80.2 per cent. respectively of the 
weighed feed water. 

Trial B.—This trial took place on October lst. Its 
nominal duration was three hours, and its object to test 
the working of the engine at about half its full brake 
power. It has not been thought necessary to work out 
the thermal results of this trial in so much detail as those 
of the full-power trial. The speed of the engine was 
138.1 revolutions per minute, and brake horse-power 9.76, 
or almost exactly half of the brake power of the former 
trials. The weight of fuel used was 85 lb., and the trial 
lasted 3 hours 7 minutes. 

The mean boiler pressure was 0 lower than before, 
namely, at 120.1 1b. per square inch, in order to avoid an 
extremely early cut-off. The quantity of feed water was 
completely measured as in trial Ay. It amounted to 
329.2 lb. per hour, and the coal per hour having been 
27.25 lb , the evaporation per pound of coal was 12.08 lb. 
Reduced to standard, this amounts to 12.76 lb. per pound 
of coal, or 13.09 1b. per pound of carbon value, The mean 
temperature of the chimney gases was 369.1 deg. Fahr. 

The indicated horse-power at this trial was 12.32 (Figs. 
24 and 28), so that the mechanical efficiency of the engine 
reached 79.2 per cent. workng at half-power. The indi- 
cated horse-power expended in driving the engine itself, 
that is, the difference between the indicated horse-power 
and the brake horse-power, was 2.56 as against 2.61 and 
2.68 in trials A, and A, respectively, the revolutions 
having been very nearly the same in all three cases, 

Trial C.—This was a short experiment of half an hour’s 
duration, to determine the power necessary to run the 
engine alone without any load. The speed was 144.2 revo- 
lutions per minute, the indicated horse-power 2.32. The 
trial lasted half an hour, and six sets of indicator cards 
(Fig. 24) were taken in that time. In nearly all of these 
the power shown on the low-pressure cards was negative. 

Figs. 26 to 28 show the indicator diagrams for trials Aj, 
A», and B, expanded in the usual way. The diagrams in 
dotted lines are so drawn that their horizontal breadths 
at any pressure show the amount of steam of that pressure 
present inthe cylinder, while the corresponding ordinate 
of the saturation curve shows the volume as steam of the 
same pressure of the whole feed water per stroke, 


(To be continued.) 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a quiet but steady 
tone in the warrant market last Thursday forenoon, but 
in the afternoon the feeling became firmer owing to 
rumours of some further advances in the price of makers’ 
iron and in consequence of some sales of warrant iron for 
consumption. The quotations for Scotch iron firmed up to 
43s. 1d. per ton cash, being the highest point touched since 
January of last year, and 3d. per ton over the previous 
day’s close. Cleveland iron also improved in price 3d. per 
ton and hematite iron _ a ton—in both cases the 
highest price registered for fully a twelvemonth. The 
closing settlement prices were—Scotch, 43s. 14d. per ton ; 
Cleveland, 36s. yr ; hematite iron, 46s. 44d. There was 
a continuance of the firm feeling on Friday, and some 
excitement was shown in the warrant market. Holders 
showed themselves to be very confident, and at one time 
they had the price of Scotch iron up to 43s. 7d. per ton cash, 
which was 4d. above last year’s highest quotation, though 
still 1s. 44d. per ton under the best price in 1887. Atthe 
close in the afternoon the settlement prices were—Scotch, 
43s. 6d. ; Cleveland, 36s. 6d. ; hematite iron, 46s. 6d. per 
ton. Some of the makers again advanced their quotations 
6d. to 1s. per ton. The market was very strong in the course 
of Monday forenoon, when the cash price of Scotch iron 
advanced to 43s. 10d. per ton. Towards the close of the 
afternoon market some realising sales took place in order to 
secure profits, and prices dropped 4d. perton. The closing 
settlement prices were—Scotch iron, 43s. 6d. per ton ; 
Cleveland. 36s. 74d. ; hematite iron, 46s. 9d. Further 
advances in the price of makers’ iron were announced. 
Yesterday’s market was likewise very strong, though some- 
what irregular. The cash price for Scotch iron eventually 








rose to 43s. 11d. per ton, but when it was seen to be the 





intention of holders to realise, ‘‘ bears” took advantage, 
and ran the price down to 43s. 64d. per ton cash. The 
market left off in the afternoon at 43s. 94d. per ton cash 
sellers, and the settlement prices were—Scotch iron, 
43s. 9d. ; Cleveland, 36s. 104d. ; hematite iron, 47s. per 
ton. Some makes of Scotch hematite iron were advanced 
1s. per ton to 53s., being a rise of 4s. since the year came 
in, and 9a. per ton for the bottom price touched over a 
year ago. The market was again strong this forenoon, 
with a moderate amount of business done up to about the 
highest quotation that has been reached during the pre- 
sent upward movement. At the close of the sitting of 
the ‘“‘ring” the quotation was 43s, 114d. per ton cash for 
Scotch iron; for Cleveland, 37s, 44d. one month was 
realised, and 47s. 2d. cash was paid for hematite iron. 

he prices continued firm in the afternoon, but without 
material change. It is thought in some quarters not 
unlikely that 45s. per ton will yet be reached for 
Scotch warrant iron, as the buoyancy now imparted 
to the market is believed to be indicative of the 
improvement holding. Ironmasters have plenty of 
orders, and merchants are now beginning to take iron 
out of the public warrant stores, which is perhaps the best 
indication of a genuine revival in the demand. There is 
an improved demand for shipment to Canada reported, 
and some of the orders require to be executed promptly, 
On these the freightage rate will be about 18s. per ton, 
whereas, if the purchasers could have waited a couple of 
months, the probability is that they would have got freight 
at about 83. per ton. An additional furnace has been 
blown in at Gartsherrie Works, so that there are now in 
Scotland 81 blast furnaces in actual operation, as com- 
pared with 86 at this time last year. This furnace has 
been put on hematite iron, and another has been changed 
from ordinary iron to hematite. Last week’s shipments 
of pig iron from all Scotch ports amounted to 6306 tons, 
against 4275 tons in the corresponding week of last year, 
They included 383 tons for the United States, 140 tons 
for South America, 250 tons for India, 500 tons for 
Australia, 135 tons for France, 205 tons for Italy, 375 
tons for Holland, smaller _—, for other countries, 
and 3993 tons coastwise. The stock of pig iron in Messrs, 
Connal and Co.’s public warrant stores yesterday after- 
noon stood at 1,033,677 tons, as compared with 1,034,096 
ey yma week, thus showing for the week a decrease 
oO ons. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c , from 
the Clyde, reported last week, included the following: 
Locomotive engines for Calcutta, of the value of 4400/. ; 
a pontoon for Rangoon, valued at 1450/.; marine engine, 
sugar-crushing and other machinery, of the value of 
71251. ; plates, angle bars, and other steel manufactures, 
valued at 5700/. ; pipes and other castings, malleable iron 
tubes, sheets, plates bars, and miscellaneous iron manu- 
factures, of the value of 37,0501. 


New Shipbuilding Contracts.—The London and Glasgow 
Shipbuilding and Engineering Company have secured the 
contract to construct two twin-screw steamers, 255 ft. long, 
36 ft. broad, and 22 ft. 6 in. deep, and about 3000 tons 
each. They will be supplied with triple-expansion engines. 
These vessels are for Messrs. Swire and Sons, London, 
and are intended for the China coasting trade. Messrs. 
Robert Napier and Sons, Govan, have, we understand, 
contracted to build another steel screw steamer for the 
Royal Mail Steam Packet Company, similar to the Atrato, 
completed at the end of the year for the same company. 
This is the fourth vessel ordered recently for the company 
from Messrs. Napier, only one of which, the Atrato, has 
been finished. The vessels are to be of 6000 tons each. 
Messrs. Aitken and Walker, Glasgow, have placed an 
order with Messrs. Mackie and Thomson, Govan, for a 
spar-deck steamer of 3000 tons. The order for the engines, 
which will be of the triple-expansion type, has been placed 
with Messrs. Muir and Houston, Kinning Park. essrs, 
Mackie and Thomson are at present building a similar 
steamer for the same owners. An order for four steamers of 
— 2500 tons each has recently been booked by a Par- 
tick firm. 


Shipbuilding and Marine Engineering at Greenock.— 
During the month of February the various shipbuilding 
yards in Greenock were exceedingly busy. Trade in the 
marine engineering department is exceptionally brisk, 
and in most of the engine works it has been found neces- 
sary to resort to night shifts so as to get the work pushed 
forward and finished by the time required. The stocks 
in the oe yards are quite full. The graving 
docks were also well occupied last month, a large amount 
of repairing work having been executed. 


Clyde Shipbuilding Trade: Launches in February.—The 
output of new work from the Clydeshipyards last month 
was on a considerable scale, though not nearly to the 
grand totals in the same month of 1884 and 1883. With 
those exceptions the month’s output was the largest for a 
number of years. Nine vessels were launched of a total 
of 17,750 tons, as compared with six vessels aggregating 
4980 tons in February, 1888, and nine vessels of a total of 
7245 tons tons in February, 1887. Among the vessels 
launched last month were; three steel steamers of 3000 tons, 
3000 tons, and 3800 tons respectively—the Pegu, Larnaca, 
and Hellopes; there was also asteel steamer of 1500 tons 
for tha Singapore and China trade. A four-masted steel 
barque of 2400 tons and other two sailing vessels of 1700 
and 1170 tons, respectively, were likewise included in the 
month’s output. It is stated that there were at the end 
of February, 122 vessels in the various stages of construc- 
tion in the Clyde shipbuilding yards, 15 of which were 
nearly ready for launching. 

Spanish Iron Ore Imports into Clyde.—There has again 
been a falling off in the monthly imports of Spanish iron 
ore into the Clyde. During the month of February 
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seventeen vessels, with 25,530 tons of ore, arrived from 
Bilbao, Benisaf, &c. This quantity is 5538 tons less than 
the import in February last year, and the smallest import 
for the same month during several years past. Over the 
two months of this year there was a decrease of 17,962 
tons as contrasted with the landings for same period last 
year, and about 22,000 tons less than the import for same 
months in 1887. The returns are: 


Month. Two Months. 
Vessels, Tons. Vessels, Tons. 
1889... tue bY 25,530 37 57,244 
1888... =: 22 31,068 57 75,206 
1887... 35 45,573 62 79,011 
1886... 27 35,115 51 63,218 
1885... 26 31,764 47 58,155 


Water Works Contract.—For the construction of the 
new water supply works which are to be carried out for 
the burgh of Denny and Dunipace, in Stirlingshire, 
eighteen offers were under the consideration of the Burgh 
Commissioners at a special meeting held last Wednesday 
evening. The lowest tender was fixed upon, it being that 
of Messrs. Dobbie and Baxter, Kilsyth. The competition 
was very keen, still there was a margin of some 1800l. 
between the lowest and the highest offers. At the same 
meeting it was resolved to place the order for the suppl 
of the valves required with the Glenfield Company, il. 
marnock, Messrs. Kyle, Dennison, and Frew, Glasgow, 
are the engineers for the scheme. 


The Steel and Malleable Iron Trades.—These branches 
of local industry are unusually buoyant. The quotations 
for plates have been raised 5s. per ton this week by one 
firm of steelmakers, and on Monday some of the Uoat- 
bridge makers of finished iron advanced their quotations 
for marked bars to the same extent. Sheets to-day are 
5s. per ton up. Alllast week there was more than the 
usual amount of business booked by the various firms; 
and on Saturday there was quite a rush of orders, one 
firm booking more on that day than they had previously 
done for a Saturday in the long course of twenty years’ 
experience. An order fora large quantity of steel has just 
been placed by the Admiralty with local makers, some of 
whom are indisposed to contract forward unless at a dis- 
tance of several months. 

Royal Society of Edinburgh.—A meeting of this Society 
was held on Monday evening, the President, Professor Sir 
Wm. Thomson, inthechair. At the outset of the proceed- 
ings he announced that a Keith prize had been awarded to 

r. J. Y. Buchanan for a valuable series of communica- 
tions extending over several years, and dealing with sub- 
jects connected with ocean currents, compressibility of 
glass, &c., which were communicated to the Society 
between 1885-87. A Macdougall-Brisbane prize for the 
period 1884-86 had been awarded to Dr. John Murray for 
papers on the drainage areas of continents, the rainfall of 
the globe, height of land, depth of the ocean, &c. ; and a 
Macdougall- Brisbane prize for the period 1886-88 had been 
awarded to Dr. Archibald Geikie for numerous communi- 
cations, especially that entitled ‘‘ A History of Volcanic 
Action during the Tertiary Period in the British Islands,” 

rinted in the Society’s Transactions. The President ex- 
hibited and described a gyrostatic model of a medium 
capable of transmitting waves of transverse vibration. 
The object was to show the result of elasticity in matter 
having no elasticity, but having quasi-elastic properties 
in virtue of motion, and to give the result that was wanted 
to aid in the struggle to explain the undulatory theory of 
light and electro-magnetic induction. Such a medium re- 
quired a mechanism which fulfilled various conditions, 
and in the model whieh Sir William Thomson exhibited, 
and which consisted of three rayed particles connected 
with each other by pistons moving freely in these rays, 
he showed there could be dilatation and two distinct 
distortions without rotation, and with three gyrostats 
rotating in each of these three ray solids, the conditions 
of medium were met from two dimensions. Professor 
Chrystal, discussing the model, remarked how much Sir 
William Thomson had done in the way of giving practical 
illustration to the most abstruse problems in physics, 


Glasgow Locomotive Works.—It ie reported to-day that 
Messrs. Diibs and Co., of the Glasgow Locomotive Works, 
are exceedingly busy. They have no fewer than eighty 
engines on their books, and it is rumoured that a large 
American order has just been received. It is expected 
that the workmen will get an advance of wages next 
month. 

Institution of Civil Engineers.—The fifth general meet- 
ing of the Glasgow Association of Students of the Institu- 
tion was held on Tuesday night, Mr. James Gale, 
President, in the chair. A paper by Mr. Robert Robert- 
son, B.Sc., on ** The Application of Graphic Methods to 
io aa of some Forms of Framed Structures” was 
read, 





NOTES FROM THE SOUTH-WEST. 

Devonport Dockyard.—The Phoebe and Philomel, ships 
of the Pandora class, will shortly be laid down at Devon- 
port on the slips from which the Sharpshoeter and Spanker 
were launched. The Lapwing, a gunboat of the ‘‘ Bird 
type,” was launched yesterday(Thursday). The Ringdove, 
of the same class, and the Speed well, another of the Sharp- 
shooter class, are building on adjoining slips, The latter 
is expected to be launched on the 15th inst. 


Milford Docks.—The balf-yearly meeting of this com- 
pany was held on Scaggs | at 112, Fenchurch-streeet, 
Mr. T. Wood presiding. The annual report stated that 
the Board of Trade Fad given the required certifi- 
cate as to the completion of the docks, so as to enable 
the company to commence business. Contracts had 
been entered into for the erection of warehouses and 
& covered way, with other conveniences for the accommo- 
dation of traffic in goods and passengers; and an extended 








scope for the entrance channel had been decided upon 
with special reference to the requirements of the largest 
American liners. It had also been decided to make the dry 
dock 50 ft. longer, or 600 ft. The chairman, in moving 
the adoption of the report, said he had made several visits 
to Liverpool, and had had conferences with the chairmen 
of the leading Atlantic liners. The result of these confer- 
ences had been eminently satisfactory. 


The Telephone in the West.—The Western Counties and 
South Wales Telephone Company has completed a trunk 
line between Torquay and Brixham. 


The ** Spanker.”— Mr. W. H. White, F.R.S., Assistant 
Controller and Director of Naval Construction, is the de- 
signer of the Spanker, just launched at Devonport. Her 
length is 230ft.; beam, 27ft.; displacement, 730 tons; 
and load draught of water forward, 8ft.; aft, 8ft. 6in. 
The vessel is built entirely of steel. She has a highly 
elevated conning tower forward, for the working of the 
electric light. The transverse principle has been followed 
in her building. Water-tight compartments with doors 
are arranged at short intervals, and the same contrivances 
are placed longitudinally. A bulkhead partition running 
fore and aft divides the engine-rooms. Coal bunkers on 
each side of the ship protect the engines and the tops of 
the boilers; and the effect of shot and shell in action 
is, to a certain extent, minimised by a steel deck running 
the length of the ship. The Spanker will carry two 36- 
pounders and four 3-pounder quick-firing guns, one bow 
torpedo tube, and a pair of torpedo tubes on each broad- 
side. Two 36-pounder guns are fitted—one forward and 
one aft—and can be fired from the stem and stern re- 
meee | at considerable angles abaft and before the 
beam, he vessel will be propelled by twin screws, 
driven by a pair of triple-expansion ergines of the 
vertical type. The diameters of the cylinders are 
respectively 22 in., 33 in., and 49 in., with a piston 
stroke of 2lin. The engines are expected to work up to 
4500 horse-power. The Spanker will be fitted with steer- 
ing engines, distilling apparatus, electric light engine, 
and a torpedo air service. A speed of 21 knots per hour 
is expected to be attained with the forced draught. The 
keel of the Spanker was laid April 12, 1888, so that her 
construction has occupied a little over ten months, 


Rhondda and Swansea Bay Railway.—The mney 
meeting of this company was held at Swansea on Wed- 
nesday, Sir J. J. Jenkins presiding. It was stated that 
in about six months a connection would be effected between 
Swansea and the Rhondda Valley. 


The Electric Light.—The directors of the Okeharapton 
Gas Company have decided to apply to the Town Council 
acting as the urban sanitary authority, for permission to 
lay cables underground, in the various streets of the town, 
for the purpose of supplying the electric light. The Taff 
Vale ilway Company has determined to light two 
trains on the Penarth section by ee. This is an 
experiment, but should it result successfully, the whole 
of the trains on the system will be lighted similarly. Mr. 
J. B. Saunders, electrical engineer, of Cardiff, who has the 
work in hand, hopes to complete the equipment of a train 
in afew days. The dynamo is to be fixed in the guard’s 
van. Tbe motive power is to be obtained from the axle 
of the van itself, and whenever the train attains a 
certain speed the current for the light is run direct 
from the dynamo; but when the speed is reduced 
by an automatic arrangement the lamps are run from the 
accumulators, which are also in the guard’s van. During 
the whole of the time the train is running at full speed the 
accumulators are being charged, so that should anything 
happen to the dynamo, sufficient electricity is stored to 
light the train for eight hours from them alone. The 
cable runs along the roofs of the carriages, and is con- 
nected at the end of each by an electrical coupling. The 
lamps to be used are Edison-Swan of 12 candle-power, 
and about fifty lamps are being provided for each train. 


The Bristol Channel,—Colonel Hill, M.P., who has re- 
turned from India, considerably benefitted in health, is 
already actively resuming his agitation for a harbour of 
refuge in the Bristol Channel. Colonel Hill has had an 
interview on the subject with the president of the Bristol 
Chamber of Commerce. The Swansea Chamber of Com- 
merce and the Swansea Harbour Commissioners have 
replied to 4 deputation which waited upon them some 
weeks since, and a meeting will be held at Newport on 
the 13th inst. to consider the whole question. 


Purchase of a Bristol Steamer.—The War Department 
has purchased from Messrs. Jefferies and Son, of the 
Mardyke Iron Works, Hotwell-road, Bristol, the river 
passenger steamer Victoria. She will be used as a de- 
spatch and relief steamer between Camden and Haulbow- 
line. She was designed and constructed of steel by 
Messrs. Jefferies early in 1888. 


The Bute Docks.—The Bute Dock authorities are placing 
seventeen new coal cranes, each of which will cost 20,0001, 
on the south side of the Roath Dock. Six are already in 
operation, and they are so arranged that three can be 
brought together, so as to load one vessel at the same 
time. Last week three of these cranes loaded 16,085 tons 
of coal in 166 hours. Had rg 4 been employed the full 
week the quantity loaded at the same rate would have 
been 34,000 tons. The tipping capacity of the seventeen 
cranes will be equal to 10,000,000 tons of coal per year, 
and, including the tips in the Roath basin and the East 
Dock, it would be quite possible to ship 20,000,000 tons of 
coal from these docks in a year. 





Pic IN THE Unitep States.—The production of pig iron 
in the United States last year is estimated at 6,522,000 tons. 
In this total pig made with anthracite figured for 1,784,429 
tons, pig made with coke for 4,198,755 tons, and pig made 
with charcoal for 539,000 tons. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Strike of Puddlers at the Cyclops Works.—A number of 

uddlers at the works of Messrs. C. Cammell and Co., 

imited, have this week struck work, alleging that they 
have a grievance as to the manner in which their wages 
are paid. It is not exactly a question of price. By the 
action of the puddlers a number of other hands have been 
thrown idle, including ball furnacemen, rollers, shinglers, 
and bogie boys. Messrs. Cammell and Co. are very 
busy, and the dispute is therefore more regretable. A de- 
putation from the men is to wait on the masters, when it 
1s hoped the matter will be amicably arranged. 


Opposition to the New Railway Rates.—There is a strong 
feeling throughout South Yorkshire against the new 
scale of charges sought to be levied by the railway com- 

anies. At the meeting of the Barnsley Chamber of 

commerce held yesterday, the question came on for con- 
sideration. The mayor said it would be found from the 
powers that the companies were seeking, that the change 
would not be for the benefit of the public but for that of 
the railway companies. He thought he was justified in 
saying that a large portion of the traffic of the country 
would advance from 10 to even 30 and 50 per cent. The 
subject is to be considered by a joint conference of the 
whole of the West Riding Chambers of Commerce, to be 
held at Leeds. It was resolved that a committee be 
appointed to attend the associated meeting, and to take 
such steps as may be decided upon to oppose the pro- 
posed rates and classification. 


Gaseous Fuel: Its Application and Uses.—Mr. B. H. 
Thwaites, of Liverpool, has addressed the Sheffield 
Society of Engineers on the above subject. Professor 
Greenwood presided, and amongst those present were 
representatives of the leading iron and steel firms of 
the town and district. Mr. Thwaites, after saying that 
there was no longer any excuse for smoke, remarked that 
the combustion of fuel was essentially a process of oxida- 
tion, and to perfectly effect that chemical action, the best 
conditions were those in which the agents were in a 
gaseous condition. After treating on the manufacture of 
water - he explained the making of gaseous fuel, in 
which he said the exact temperature required could be 
attained and maintained uniformly. The chemical nature 
of combustion was entirely under control; it could be 
made oxidising, de-oxidising, or reducing and neutral at 
will. Perfect and smokeless combustion could be effected 
with very little over the theoretical volume of air. He 
had elaborated three projects of production and distribu- 
tion of gaseous fuel in this country. For the supply of 
midland towns and the metropolis he would arrange 
three gaseous fuel producing installations, one in South 
Wales, one in Staffordshire, and one in South York- 
shire. The mains would be four in number from 
Staffordshire for a length of 120 miles. The South 
Wales branch main would consist of two pipes 100 miles 
in length, and the South Yorkshire branch pipe line of 
70 miles. The coal would be converted into gas at the 
coalfields and delivered to the distributing mains under 
great pressure, and from them to the branch lines. A 
vote of thanks to the speaker concluded the proceedings, 


Coalowners and Tonnage Rates.—A private meeting of 
South Yorkshire coalowners has been held in Barnsley 
for the purpose of considering the question of the tonnage 
rates to Hull and the prospects for the future. It was 

inted out that the additional 3d. a ton in the rate to 

ull imposed this year was a very serious burden to the 
trade, and was a distinct breach of the promises of the 
Hull and Barnsley Railway Company. It was unani- 
mously resolved to continue the opposition by every pos- 
sible means to the proposed amalgamation of the Hull and 
Barnsley and North-Eastern Railway Companies, as that 
would mean the actual restoration of the old monopoly, 
and would place the South Yorkshire coalowners at a 
greater disadvantage than they were under already. 





New Iron ann Steg TuBE Works In ScoTLanD.—Near 
Coatbridge, one of the leading centres of the malleable 
iron and ateel trades in Scotland, a new iron and steel 
tube works is in course of erection. These works are being 
built for and under the supervision of Messrs. Stewart 
Brothers, sons of Mr. Andrew Stewart, of the Clyde 
Tube Works, Glasgow. Five acres of ground will be 
covered by the manufacture. The buildings will be of 
brick with iron roofs, to be constructed by Messrs. A. and 
J. Main. The principal erection will be 300 ft. long and 
100ft. broad. The walls will be 18in. thick and will be 
partly of brick and partly of corrugated iron. The roof 
will be in two spans supported in the centre by rows of 
wrought columns. The spans will be of iron-truseed roofs 
covered with corrugated iron plates. This building is for 
the furnaces and rolling mills. There will be erected 
immediately two furnaces on the Siemens regenerative 
principle fed with gas from Wilson’s producers. These 
furnaces are to be 20ft. long. Ground has been retained 
for the erection of eight furnaces in all. Tube-welding 
machinery embodying the latest improvements will be 
introduced, and this is being manufactured by Messrs, 
Stewart themselves. The machinery for tube welding 
will be much larger and heavier than that in general use, 
and will turn out iron or steel tubes 12in. in diameter. 
The engine for driving the machinery is being constructed 
by Messrs. D. Stewart and Co., London Road Works, 
7, Somme and will be of the compound-horizontal type 
with cylinders 18 in. and 33in. in diameter, with a stroke 
of 48in. The flywheel will weigh 18 tons and the indi- 
cated horsepower, under ordinary circumstances, will be 
250. One steel boiler 8 ft. in dismeter and 28 ft. long is 
being constructed by Messrs. H. Wallace and Co. Steam 
will be supplied at 1001b. pressure. Only in Wilson’s 


producer will coal be used, in all other cases gas will be 
utilised, 
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ELECTRIC TRANSFORMER PATENTS. 
Tue Court of Appeal has this week given its 
judgment in the case of the Gaulard and Gibbs 
patent for the system of electric distribution by 
secondary generators or electric transformers. In 
July of last year Mr. Justice Kekewich decided 
against the validity of the patent, and the superior 
court has now indorsed his opinion. We do not 
know if any further appeal is contemplated to the 
House of Lords, but the judgment just given is so 
emphatic that it does not leave much room for the 
supposition that the higher tribunal would come to 
any different decision. The history of the intro- 
duction of the transformer has been very peculiar, 
almost romantic. It was brought to this country 
in 1883 by Messrs. Gaulard and Gibbs, of whom 
the former was an electrician, perfectly un- 
known to fame, while the latter did not profess to 
be a scientist in any way. The invention wasshown 
at the Electric Exhibition at the Westminster 
Aquarium, and was received with ridicule. Pro- 
fessors and practical men alike condemned it as an 
absurdity, while some of the technical papers joined 
heartily in the laugh. It was only in the columns 
of ENGINEERING that the secondary generator was 
treated seriously. Much of the early miscon- 
ception was due to the injudicious language of the 
inventors, which was capable of bearing a con- 
struction which made the secondary generator 
appear to be a kind of perpetual motion machine. 
At the same time the apparatus was to be seen, 
and an opinion could be formed of its possibilities, 
quite apart from the claims which were put for- 
ward on its behalf. However, Messrs. Gaulard and 
Gibbs had the courage of their opinions, and put 
up an installation on the Metropolitan Railway ex- 
tending over several miles, and lighting four of five 
stations, both with are and incandescence lamps. 
It would have been practically impossible to have 
done this on the direct distribution system, and 
when Dr. J. Hopkinson gave his report on the 





economical successes of the experiment, the credit 


of the secondary generator was fully established. 
Shortly afterwards the Grosvenor Gallery lighting 
station was commenced on the transformer system. 
This event, which promised to be so important for 
Messrs. Gaulard and Gibbs, proved the ruin of 
their patent. When other minds were brought to 
bear on the subject their apparatus was rapidly 
improved, and then the question arose as to 
whether the prirciple of it was new. If it was 
it seemed probable than no secondary generator 
could be used except under license from Messrs. 
Gaulard and Gibbs; while if it was not, every 
one might devise a new form for himself, and so 
elude their claims. A very short search at the 
Patent Office showed that others had seen the possi- 
bility of sending an alternate current through an 
induction coil, and of using the secondary current 
for electric lighting. On March 2, 1883, before the 
filing of Messrs. Gaulard and Gibbs’s final specifica- 
tion, we called attention to patents of M. Jabloch- 
koff, M. de Meritens, and Mr. Bright, all dealing 
with this subject. In the first of these, dated 
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lighting with a main wire traversed by an alter- 
nating current, such as is produced by a magneto- 
electric machine, and a number of induction coils, 
carrying secondary wires, upon which the lamps 
were placed. Here was the principle of secondary 
distribution very clearly foreshadowed. 

Among those who invented improved forms of 
transformers was Mr. S. Z. de Ferranti, engineer 
to the Grosvenor Gallery Station. His principals 
were interfered with by the National Society for 
the Distribution of Electricity by Secondary Gene- 
rators, the owners of the Gaulard and Gibbs 
patent, and the result was a petition under Section 19 
of the Patents, &c., Act for the revocation of that 
patent. As we have already said, the case was first 
tried before Mr. Justice Kekewich ; immediately 
the trial commenced the defendants begged leave 
to amend their specification, This was granted 
on their paying all costs up to date, and after 
the amendment had been made the petition was 
heard. The decision was that the patent was 
bad, and the Court of Appeal upholds this find- 
ing. Mr. Justice Lindley said, ‘‘ We have studied 
this matter with care and have come to the 
following conclusion: (1.) Although some of the 
specifications in earlier patents come very near the 
patentees’ invention, none of them quite come up 
to it. No one had previously hit on a combination 
of (1) an electric dynamo machine producing alter- 
nating currents of high tension ; (2) a long main 
wire ; (3) induction coils specially constructed, 
placed along it at intervals for producing light or 
motion when required. The alleged anticipations 
all fall short of this. (2.) The patentees’ system is 
essentially the combination just mentioned.” After 
dealing with the sutliciency of the specification, he 
added, “‘ It is not necessary for us to decide whether 
the patentees could or could not have obtained avalid 
patent for their system, apart from their specially 
constructed induction coils. Perhaps they might 
have done so. Unfortunately that was not their 
intention, as originally described. They have so 
over-estimated the value of their specially con- 
structed generators, and have so drawn and altered 
their specification, as to have missed their mark. 
As already stated, their special form of generator 
was originally made an essential feature of their 
system. This was a grievous mistake. They have 
tried to correct it by amending their complete speci- 
fication, but in doing so they have entirely changed 
their front and the nature of their claim. The 
amended specification is vague and ambiguous. If 
confined to a combination of dynamos giving alter- 
nate currents of high tension with a main wire and 
one of the two induction coils specially described, 
the patent will be of little or no use to the patentees ; 
whereas, if construed more extensively so as to in- 
clude a combination of such a dynamo with any in- 
duction coil having the properties of the two de- 
scribed, the patent will be of immense practical value. 
The specially constructed generators are no longer 
claimed, either separately or as essential parts of 
the combination. They are seen to have no par- 
ticular value, and are dropped accordingly. This 
construction of the amended specification renders 
the patent hopelessly bad in law ; for, first, on this 
construction the invention is not the same as that 
described in the provisional specification, but an 
entirely different invention ; and, secondly, on this 
construction the amendment of the complete specifi- 
cation has greatly extended the scope of the patent.” 

The judgment was a long one, but the above 
extract gives the principal points of it, and shows 
the cause of failure of the patent. The inventors 
imagined in the early stage of their work that the 
form and construction of their secondary generator 
was most important, and when they found that it 
could be made in many forms, they endeavoured to 
amend their specification to include the general 
principle of distribution of transformers, and in 
doing this they rendered the patent invalid. 

This case cannot fail to evoke very real sympathy 
in the breasts of all who are acquainted with its 
facts. The inventors were met at the threshold 
with contempt and derision. One was a foreigner 
who could not speak our language, while the other 
had not the technical skill to meet the arguments 
brought against them. Still they persevered and 
met argument and assertion by absolute demonstra- 
tion. Then the matter entered upon a new phase. 
Their somewhat crude apparatus was perfected by 
other hands, and they were told that they had in- 
vented nothing ; that everything that they imagined 
they had done had been accomplished by others 





May 2, 1877, there is clearly described a system of 
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most important, if not the most important element 
in electric distribution, they must stand aside while 
others reaped the benefit. Poor Lucien Gaulard’s 
intellect gave way under the sense of grievous 
wrong which he imagined to be done to him, and he 
had to be subjected to restraint for a few weeks till 
death brought him the peace and rest of the grave. 
His partner was left to fight the battle in the 
Courts alone, and after six years’ toil nothing is 
left. It is the fortune of war, of course, 
and hundreds of inventors have undergone the 
same experience. But though substantial rewards 
have not followed Messrs. Gaulard and Gibbs's 
exertions, and it is doubtful whether they were the 
first and true inventors of the system which they 
introduced, yet justice demands that the electrical 
world should acknowledge the debt which it owes 
to their exertions. 

The Jablochkoff patent referred to above, has 
acquired a special importance during the first few 
weeks, Its second claim reads as follows: ‘‘The 
use in apparatus for the production of electric light, 
of induction coils interposed in a primary electric cir- 
cuit for generating separateand independentcurrents 
to be used for producing electric light in one or more 
lamps interposed in such secondary circuits, sub- 
atantially as described.” The claim, taken in con- 
junction with the specification, fits the present 
system of transformer distribution so accurately, 
that many of the leading electric manufacturing 
and supply companies, including the Brush Com- 
pany and the London Electric Supply Corporation, 
have taken licenses under this patent, which is now 
the property of the United Electrical Engineering 
Company, of 68, Victoria-street, Westminster. 
These licenses are issued at an exceedingly moderate 
rate te all who apply for them, so that they form 
no clog upon the advancement of electric lighting, 
but leave all parties free to compete with each other 
on equal terms, and without any sensible addition to 
the burden of the consumer. It is curious that 
Paul Jablochkoff’s inventions should mark the two 
principal eras in electric lighting. His candle put 
an end to the one-machine-one-lamp period and 
enabled the electric light to be divided, and his 
secondary distribution system permits the current 
to be delivered over wide areas without undue loss. 
It is wonderful that such an invention could have 
been allowed to lie useless from 1877 to 1885, and 
that it had to be actually forced into the market 
before it was appreciated. The moment the in- 
candescence lamp appeared it became valuable, 
but by that time it had been forgotten, and it was 
only remembered when the labours of others had 
shown its utility. 


THE NAVAL MANCEUVRES. 


In our issue of February 22 we have already re- 
ferred to the report of the Committee on the Naval 
Manceuvres of 1888, extracts from which have been 
issued as a Parliamentary paper. As we also dealt 
with the manceuvres themselves at the time they 
were carried out, we may now proceed to deal with 
the report without further comment. 

The members of the Committee appointed by the 
Admiralty were Admiral Sir William Dowell, 
K.C.B., chairman; Sir R. Vesey Hamilton, 
K.C.B. ; and Rear-Admiral—-now Vice-Admiral— 
Sir F, Richards, K.C.B.; Commander Dickinson 
acted as secretary to the Comniittee. 

The duty of the Committee was to examine the 
reports of the admirals in command, as well as those 
of the umpires, and also the detailed statement of 
facts prepared by the Intelligence Department, and 
the report as to the lessons which had been learned, 
especially on the following points : 

The feasibility, or otherwise, of maintaining an 
effective blockade in war of an enemy’s squadron or 
fast cruisers in strongly fortified vorts, including 
the advantages and disadvantages of : 

«a. Keeping the main body of the blockading 
fleets off the ports to be blockaded with an inshore 
squadron. 

b. Keeping the main bodies of the blockading 
fleets at a base with a squadron of fast cruisers and 
scouts off the blockaded ports, having means of 
rapid communication with the fleet. 

c. In both cases the approximate relative number 
of battle-ships and cruisers that should be em- 
ployed by the blockading fleet, as compared with 
those of the blockaded fleet. 

The value of torpedo gunboats and first-class 
torpedo- boats, both with the blockading and 
blockaded fleets, and the most efficient manner of 
utilising them. 





As to the arrangements made by ‘‘B” Squadron 
for the attack of commerce in the Channel, and by 
the ‘‘ A” Squadron for its protection. 

As to the feasibility and expediency of cruisers 
making raids on an enemy’s coasts and unprotected 
towns for the purpose of levying contributions. 

As to the claims and counter-claims made by 
the admirals in command of both squadrons with 
regard to captures made during the operations. 
As to any defects of importance which were de- 
veloped in any of the vessels employed, and their 
cause. 

Supplementary instructions were also issued on 
the following points : 

1. As to the behaviour and sea-going qualities 
of, or defects in, the new and most recently com- 
missioned vessels, as obtained from the reports 
of the admirals in command of the respective 
squadrons. 

2. The general conclusion to be drawn from the 
recent operations. 

Referring to the first question raised, the Com- 
mittee are of opinion that steam and locomotive 
torpedoes have rendered it impracticable to main- 
tain an effective blockade of an enemy’s squadrons 
in strongly fortified ports by keeping the main body 
of the fleet off the port to be blockaded, unless the 
blockading battle-ships are in a proportion of at least 
five to three. This number would be necessary to 
allow a sufficient margin for casualties—to which the 
enemy’s vessels in a secure harbour would not be 
exposed—and for coaling, making good defects, 
&c. A still larger proportion might be necessary 
if the area to be covered by the blockaders were ex- 
tensive. 

With regard to the next point (b) the Committee 
are of opinion that it would be better for the 
blockading fleet to remain in the immediate neigh- 
bourhood of the enemy’s stronghold, were there a 
suitable anchorage, a sufficient number of swift 
look-out ships to be left off the port, and in direct 
communication with the battle-ships. In such case 
the proportion of blockading battle-ships should not 
be less than four to three, and the squadron should 
be amply provided with colliers and kept coaled up 
to full stowage, as it would be necessary to have 
steam always ready to close with the enemy should 
he leave his port. 

The Committee did not think that a distant base 
would answer in this case. 

It should, they say, be the special object, in the 
construction of Her Majesty’s ships to insure their 
having superiority of speed over the vessels of a 
similar class of all other maritime powers. 

To insure having sufficient force to follow an 
enemy’s cruisers running a blockade, without detri- 
ment to their general duties off the port, the pro- 
portion of fast cruisers employed in blockading 
should not be less than two to one of the blockaded, 
observing that there should be always at least one 
cruiser for every battle-ship in the blockading 
fleet for the maintenance of an efficient inshore 
squadron, 

The question as to the value of torpedo gunboats 
and first-class torpedo boats comes next. The Com- 
mittee is of opinion that torpedo gunboats of high 
speed and good coal capacity would be of incalculable 
value to a blockading fleet ; but torpedo boats of any 
class at present in use, would be of far more value 
to the blockaded squadron than to blockaders. 
First-class torpedo boats might, however, accom- 
pany a fleet if carried in a specially constructed 
vessel provided with hydraulic cranes for hoisting 
them. Secund-class torpedo boats, as carried by 
ironclads, will, it is thought, also prove useful on 
occasions, but the Committee give a preference to 
the new type of ‘‘ Vedette” boat for such a purpose. 

The Committee had not a very difficult duty to 
perform in reporting on the next point raised ; 
namely as to the arrangements made for the attack 
and defence respectively of commerce in the 
Channel. The necessity for the raising of the 
blockade having been established by the escape 
of the blockaded vessels, the hand of the ‘‘ Bri- 
tish” admiral may be said to have been played. 
His enemy was free to attack the British coasts 
or commerce at any point. It was obviously 
impossible for the “British” admiral to know 
in which direction the attack would be made, 
and he could only trust to chance for bring- 
ing him in contact with the enemy. Such a chance 
almost occurred when the A? Squadron left Liver- 
pool only a few hours before her opponents arrived. 
Under these circumstances the admiral commanding 








the A or “ British” fleet could not possibly protect 








more than a very small portion of the coast, as if he 
scattered hisships it would always be open to the 
enemy to attack them in overwhelming force, and 
so in time destroy the whole fleet piece-meal. 
Under these circumstances doubtless the ‘‘ British” 
admiral did wisely in rushing to the defence of our 
most important centre, viz., the Thames, and he 
could not he held blamable for the destruction of 
Liverpool, Aberdeen, Edinburgh, Newcastle, and 
other coast towns, or the havoc created amongst 
British merchant ships. It is worthy of note, as 
supporting the ‘‘ British” admiral’s arrangements, 
that at the time hostilities closed by Admiralty 
order, the van of the B fleet was within two hours 
steaming of the Downs, and we, therefore, pre- 
sumably just missed the experience of a fleet action 
when the British forces might have avenged the 
depredations committed on the unprotected coast 
towns by the destruction of the enemy’s fleet. The 
Committee briefly describe the arrangements made 
by the Achill commander as excellent, but do not 
express any opinion upon the tactical skill of the 
admiral in command of the ‘‘ British” fleet. 

The next point taken into consideration was: 
‘The feasibility and expediency of cruisers making 
raids on unprotected towns for the purpose of levy- 
ing contributions,” 

There could hardly have been much discussion 
amongst the three admirals forming the Committee 
in answering this question. They say: ‘‘ There 
can be no doubt about the feasibility of such opera- 
tions by a maritime enemy possessed of sufficient 
power ; and, as to the expediency, there can be as 
little doubt but that any power at war with Great 
Britain will adopt every possible means of weaken- 
ing her enemy ; and we know of no means more 
efficacious for making an enemy feel the pinch of 
war than thus destroying his property and touching 
his pocket.” 

When we read the number of vessels ‘‘ cap- 
tured,’ we gain some idea how very seriously the 
British pocket was supposed to be touched. How- 
ever, a very heavy discount would have to be 
taken off these ‘‘ captures” before the operations 
could be translated into a representation of actual 
warfare, supposing no greater number of capturing 
war vessels were employed and their raiding was 
confined to an equally circumscribed area, For 
instance, the Sandfly, of B squadron, claimed to 
have captured twenty-three steamers, many of them 
large Atlantic liners, and fifteen sailing ships ; but 
she was using Queenstown as her base—the whole of 
Ireland being enemy’s country—and it was this 
port to which the liners were directing their course. 
It is pretty certain, also, that in a time of actual war- 
fare merchant vessels would use their utmost endea- 
vours to avoid an enemy’s cruisers, whilst in time 
of peace a mercantile captain would not be likely 
to go out of his way to give the war game a more 
realistic appearance. 

The ‘‘ Remarks as to Personnel” are reassuring, 
or rather are satisfactory, for there has never been 
any reason for feeling otherwise than assured on 
this point. ‘‘ The result of these operations as re- 
gards the personnel of the Navy,” says the report, 
**ig one with which England has every reason to be 
satisfied ; it shows that the fine qualities of profes- 
sional knowledge, energy, skill, and devotion to 
duty are as present as ever, and'that, so far as their 
numbers go, the officers and men of the British 
Navy may be depended upon to do their duty, when 
the time of trial comes, in a manner consonant 
with its besttraditions. The hard and trying work 
required from the officers and men of the blockading 
squadron during a fortnight of incessant movement, 
calling for the exercise of the utmost vigilance, 
especially at night, was performed in a manner 
deserving the highest praise, and it is no small 
result that this duty was discharged from the time 
of establishing the blockade until the close of the 
operations without the occurrence of any single 
accident worth recording, though, to perform it 
efficiently, many risks had necessarily to be run.” 

It is hardly to be hoped, however, that this im- 
munity from serious accident will always accom- 
pany these naval manceuvres. When swift veseels 
steam about without lights, one side trying to 
escape, and the other to intercept them, on the 
darkest nights or in thick fog, it can hardly be 
expected that a serious collision will not take place 
sooner or later. This is a thing for which the 
country must be prepared ; perhaps to lose a costly 
vessel. For the ordinary citizen it is simply a 
question of money; the price paid for naval ex- 
perience ; and that experience, it may be added, 
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of a most invaluable nature. But with the men 
of the Navy the case is different, and their risk is 
great. It is to be hoped that sufficient precau- 
tions will be taken to prevent loss of life in 
case of collision between two ships, unless the 
collision be of the most serious nature—such, 
for instance, as an ironclad ram steaming into 
the broadside of an unarmoured vessel—but 
the crews of smaller craft, especially torpedo 
boats, are always open to very serious risk. This, 
however, is not likely to trouble them very much, 
but the discomfort and monotony of many of the 
duties in these manoeuvres are legitimate bases for 
that grumbling whichisthespecial and time-honoured 
privilege of sailors. There is, however, a still more 
serious aspect to the business. Officers are during 
the manceuvres always being put in positions where 
a small neglect of some necessary precaution, or 
even an error in judgment, may have important 
results as to the issue of an operation ; and, there- 
fore, what would be an unnoticed lapse under 
ordinary conditions, becomes a serious offence. It 
is the constant watchfulness rendered necessary by 
these circumstances that makes the manceuvres 
such trying work. If this be true of the less exalted 
officers, how much more closely does it apply to 
admirals commanding. They have nothing to gain, 
none of the honours and rewards of actual war, but 
everything to lose. They have, moreover, a host of 
ill-informed critics ready to point out all their sup- 
posed errors and suggest how much better they 
could have done it themselves. 





THE WEATHER OF FEBRUARY, 1889. 

Tue weather of February has been changeable, 
with a large frequency of rainy days, though not an 
excessive amount of rain, occasional snow, and a 
predominance of north-westerly winds. The mean 
atmospherical pressure and temperature at extreme 
positions of the British Islands, to which the Isle of 
Man is central, were as follows: 




















P Mean Difference Difference 

Positions. | pressure. |from Normal. a= gal from Normal. 
| in. in. deg. deg. 

North | 20.72 nil 38 below 1 
South | 30.03 above 0.04 43 BS 
West be 80.01 * 17 44 above 1 
East Ke 29.79 below .11 37 below 2 
Central ma 29.91 above .03 41 nil 





The distribution of rain (including snow melted) 
in frequency and amount is represented by the 
following results : 








Places. Rainy Days. | Amount. Pgs cnc 
in. in. 
Sumburgh .. ne 24 429 above 1.00 
Scilly .. ae wid 24 2.39 below 0.59 
Valencia Pe ‘i 25 4.13 | » 116 
Yarmouth .. aa 23 1.39 | » 0.68 





The daily general directions of the winds over 
these islands give a resultant from N.W., and the 
mean distribution of atmospherical pressure indi- 
cates nearly the same direction for the prevalent 
winds. Thus the winds were more northerly than 
usual, with a slightly colder atmosphere and less 
than the average rainfall. The greatest atmo- 
spherical pressure, 30.55 in., cecurred on the 19th ; 
the least, 28.5 in., on the 2nd. The highest tem- 
perature, 58 deg., was reported at Bawtry on the 
1st ; the lowest, 6 deg., at Hillington on the 12th. 
At 8 a.m., on the 8th, while the temperature at 
Valencia was 51 deg. it was only 25 deg. at Sum- 
burgh; on the 12th, Valencia 42 deg., Cambridge 
20 deg.; 13th, Valencia 51 deg., Dungeness 
18 deg. ; 14th London was 20 deg. warmer than 
on the 13th; 16th, Valencia 53 deg., London 
32 deg. Lightning was seen in many places on 
the 2nd. 

Snow fell in places on the 2nd, 8th, 10th, 11th, 
12th, 16th, 24th, 25th, 26th, 27th, and 28th, but 
the quantity was not large, except onthe 10th. At 
London, from the 10th noon to 11th 9 a.m, snow 
fell continuously, so that the ground became covered 
to the depth of 4in. or 5in. In some parts of the 
Midland Counties the fall of snow on the 10th 
yielded 0.75 in. of water, and at more southern 
stations rather more than 0.5. At Kewon the 13th 
the temperature was 14 deg., the lowest there for 
the time of year since 1855. On the Ist, 6 P.m., a 
centre of atmospheric disturbance appeared off the 
north of the North Sea, and remained there till the 
2nd, 6 p.m.; afterwards it travelled southward 





down the North Sea and dispersed over France on 
the 4th. 

On the night of the 6th and 7th a well defined 
subsidiary disturbance travelled very quickly over 
these islands from the north-westward. Estimated 
by the weather notations there were six fine days in 
the east of England and only one in the north of 
Scotland ; and overcast days varied between 19 in 
the south and 12 in the central district. During 
the four weeks ending the 25th, the duration of 
bright sunshine, estimated in percentage of its 
possible duration, was for the United Kingdom 23 ; 
west Scotland, 30; south Ireland, 28 ; north-east 
and south-west England, 26; east Scotland and 
north Ireland, 25; north-west England, 23; east 
England, 22 ; Channel Isles, 21; central England, 
20 ; south England, 18 ; and north Scotland, 14. 





THE OUTLAY ON THE NAVY. 

Sir Epwarp Resp has just issued a pamphlet in 
which he deals with the above subject. It takes 
the form of a letter addressed to Lord Randolph 
Churchill, but whether or not this may be taken as 
evidence that the politician who resigned theChancel- 
lorship of the Exchequer supports all the statements 
and opinions expressed we do not know. The style 
Sir Edward adopts is one which his admirers would 
no doubt describe as ‘‘ vigorous,” whilst those who 
are opposed to him would probably suggest some 
other adjective. The gist of the ex-chief con- 
structor’s argument we gather to be as follows: 
He will oppose the further outlay proposed (the 
details of which were to be announced in Parlia- 
ment last night but too late for us to comment on 
them this week), not because we do not want more 
ships, but because the British Admiralty is incap- 
able of designing vessels that are ‘‘ battleworthy.” 
No better reason for exclaiming against the expen- 
diture of money could be found, and there is no 
person whose place it is more to enter such a protest 
than Sir Edward Reed; the constant and bitter critic 
of Admiralty designs since he left Whitehall. When 
we first took the pamphlet in hand, and noted its 
bulk and title, we hoped that at last something 
material would be added to our knowledge on one 
aspect of the ‘‘disposition of armour” question. 
The perusal of the pages has completely disappointed 
us. Coming from a naval architect and warship 
designer who has achieved such a reputation as the 
writer, it might have been expected that the publi- 
cation would contain some facts—some details of 
design by which the author could support his stric- 
tures upon the Admiralty ships. In place of that 
we find nothing but opinion, The line of argument 
appears to be that we are to accept Sir Edward’s 
verdict without question, and all who do not side 
with him are worthy only of very hard names. 
Surely his opponents might take up the same 
ground with equal reason. 

It is in some places difficult to reconcile Sir 
Edward’s views and statements. He claims gene- 
rally that the bulk of naval officers go with him in 
his opinions as to warship design, and yet it would 
seem that almost from the time he left the Admiralty 
hardly a fairly decent battle-ship has been pro- 
duced by the various Boards that have since held 
office. The naval members of the Board are re- 
sponsible for the designs of warships (subject, of 
course, to the overruling authority of the First 
Lord), and we therefore have this remarkable coin- 
cidence, that those naval officers who have been 
selected to serve at Whitehall have been exceptions 
to the vast bulk of the service, inasmuch as they 
differ from Sir Edward Reed. Whether for this 
crime they deserve such epithets as ‘* Whitehall 
Monster,” ‘‘ Huge Official Criminal,” ‘‘ cozeners, 
defrauders, and betrayers,” whether they deserve 
to have it said of them that they form an ‘‘ Ad- 
miralty ring ; in the sense of a set of 
persons who combine and conspire to further their 
own schemes, and are therefore not amenable to 
outside influence ;”’ whether it should be insinuated 
that had the first Lord of the Admiralty been on 
oath when he made certain statements his next 
communications might be expected, not from White- 
hall, but from the Hdétel des Deux Mondes; all 
these things may be a matter of taste, and very bad 
taste too, some will say. That, however, is a ques- 
tion that most nearly affects the writer, but what 
affects the public is that what may be a good cause 
may be injured by such championship. 

If Sir Edward Reed would dispassionately, and 
as becomes a man with a scientific reputation, bring 
forward seriatim his objections to the ‘* Admiral ” 





class, he would be doing a public service. If he 
can make out a good case against these ships, the 
Admiralty would be forced to make a defence, or, 
failing this, the country would be of opinion that 
they had no defence to make. But whilst Sir 
Edward only asks us to take his ipse diwit, especially 
when couched in such language as that of the 
pamphlet, the Admiralty may be excused for ignoring 
his strictures, or at all events for refusing to deal 
with them in the serious manner in which many of 
them would require to be dealt with if advanced in 
a different spirit. 





NOTES. 
LivERPOoL (VyRNWyY) WaTER Works. 

Ow1nce to the want of rain in North Wales dur- 
ing the last couple of months, the newly formed 
Lake Vyrnwy is not as full at present as was anti- 
cipated it would be. The quantity stored at the 
end of last week represents a volume of five thousand 
five hundred million gallons ; this is slightly more 
than half of the total holding capacity. The valves 
in the masonry dam were closed during the last 
week in November, and the volume mentioned has 
been stored since then. The rainfall in this part 
of Wales is very heavy, so rain for a week or 
two would enormously increase, if not entirely com- 
plete, the estimated quantity of water the lake will 
hold. The work of driving the tunnel under the 
Mersey is progressing satisfactorily and rapidly, 
the air drills having been started within the last 
day or two in the bottom of the shaft, and the 
work of the main tunnel under the river commenced. 
The water tower at Norton is now a conspicuous 
object in the landscape, and may be seen from the 
L. and N. W. Railway on the north-east side, some 
four miles south of Runcorn. At Lake Vyrnwy 
in the valley of Llanwddyn a good hotel is being 
built by a company on a site which commands a 
magnificent view of the lake, dam, and surrounding 
country ; this doubtless will be thoroughly appre- 
ciated by the many visitors and tourists who are 
certain to journey to examine this important and 
picturesque engineering work. 

THE ANGLO-AMERICAN BrusH Etectric Licut 

CoRPORATION, LIMITED. 

The report of the Anglo-American Brush Electric 
Light Corporation, Limited, reflects very plainly the 
improved state of electrical affairs. A gross profit 
was made during 1888 of 28,049/., to which was 
added 2562/., balance from last year, making 
30,6111. in all. Of this amount 2995/1, were absorbed 
for general charges, such as rent, taxes, and fuel; 
13211. for directors’ fees ; 54281. for salaries ; 1038/. 
for printing, postage, &c.; 2037/. for advertising, 
agency, &c. ; 2800/. for maintenance and deprecia- 
tion of plant; and 800/. for bad debts. The net 
profit is 12,8851. 4s. 9d,, which is equal to more 
than 5 per cent. on the total capital of the com- 
pany. One naturally turns to see the cost of the 
late litigation. It is entered in a suspense account, 
as 17,484/., pending the appeal to the House of 
Lords. If this appeal should be lost it will involve 
a heavy drain on the company’s resources. The 
patents and goodwill are valued at 59,423/., the 
property at 84,766/., and the stock at 68,2291., while 
48,5311. are owed by the customers of the company. 
The directors report that the volume of business in 
1888 is, as compared with that of 1883, as 307 to 
100, showing an advance in the five years of up- 
wards of 200 per cent., while the gross profits have 
increased in the ratio of 100 to 342.9, or over 242 
per cent., and the standing charges have fallen in a 
ratio of 100 to 65. This does not include the 
foreign business, which is doing well. The present 
year has opened with a great increase of orders over 
the last, and there is every prospect that it will be 
one of great prosperity. 


THe EMPLOYMENT OF RESERVE AND DISCHARGED 
Soxpiers. 

A nation that depends on voluntary recruits for 
the maintenance of its army, and is thus saved 
from the disadvantages of a conscription, ought 
in justice and in’ gratitude to take care that 
the men constituting this force should not, on 
leaving the service, find themselves unable to 
obtain employment. All employers of labour 
ought therefore to assist the National Association for 
the Employment of Reserve and Discharged Sol- 
diers, which has its offices at 12, Buckingham-street, 
Strand, W.C. No doubt a military training must 
unfit the men for some varieties of civil employ- 
ment, but for other kinds, such as watchmen, mes- 
sengers, timekeepers, &c., the training is a good 
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preparation. Asa matter of common prudence also 
these men should be employed as much as possible, 
as the life of a soldier is by no means too attractive 
at the present time, and the prospect of starvation 
at the end of six years is likely to have a deterrent 
effect on prospective recruits. In order to make 
itself better known to employers the Associa- 
tion are issuing advertisement cards stating the 
kinds of employment for which they can find men. 
In very few cases have men employed through the 
Association turned out badly, and in very many 
cases employers who have once engaged men in 
this way, have again applied when they have 
had other vacancies. The Association has branch 
offices in the following towns: Birmingham, 
Assize Chambers, Corporation-street ; Bristol, Re- 
cruiting Office, Hotwells; Brighton, 1, Western- 
street; Cambridge, Orderly Room, 3rd _ Vol. 
Batt. Suffolk regiment, Corn Exchange-street ; 
Chester, The Castle; Derby, 13, Full-street ; 
Dundee, Forfarshire Artillery Orderly Room ; 
Edinburgh, 51, Hanover-street; Glasgow, 36, 
Buccleuch-street ; Halifax, Drill Hall, Prescott- 
street; Hull, Londesboro’ Barracks; Liverpool, 
12, Irwell Chambers West, Union-street ; London, 
12, Buckingham-street, Strand; Manchester, 55, 
Market-street ; Newcastle, The Barracks ; Norwich, 
36, Prince of Wales-road ; Nottingham, 32, Pelham- 
street ; Portsmouth, 69, Commercial-road, Land- 
port ; Reading, Berkshire Volunteer Office, Friar- 
street ; Sheftield, Norfolk Drill Hall; Taunton, 
The Barracks ; Dublin, Linen Hall Barracks. 


A New Torrepo Boat. 

During the past week some trials have been 
made with what promises to be an efficient addition 
to our torpedo boat flotilla. The vessel in question 
has been built by new aspirants to honours in this 
field, although the firm is well enough known in 
other branches of marine engineering. Messrs. 
William Doxford and Sons, of Sunderland, have 
boldly taken up the question of liquid fuel; a 
problem so full of bright promises and bitter dis- 
appointments, It may be said at once that Messrs. 
Doxford have achieved a success. They have driven 
the vessel at a high speed, 21 knots, and made 
long runs quite suflicient to show that the system 
they work upon is perfectly practicable. The 
length of the boat is 137 ft., and her beam 13 ft. 9 in. 
The hull, is of course, of steel, and is, it may be 
said in passing, an excellent example of light 
plating ; so good in fact that one can hardly be- 
lieve the boat was not built on the Thames. There 
isa single three-bladed screw driven by a set of 
triple-compound engines of the ordinary type, 
with cylinders 15 in., 224 in., and 33} in., by 18 in. 
stroke. The engines, like the boat, are an excellently 
finished job. The boiler is of the locomotive 
type, but with a wet-bottom firebox. The fur- 
nace is open at the front to allow for the numerous 
jets by which the fuel is injected, thirty-one in all. 
The injection is by compressed air, in place of 
steam, an air pressure of about 401]b. being used. 
There is also fan draught with closed stokehold, as in 
ordinary torpedo boat practice. The oil is carried 
in the vessel’s double bottom, an arrangement which 
allows of the usual bunker space being utilised for 
other purposes, a most agreeable feature, as is also 
the absence of coal-dust, smoke, and blacks. Last 
week several trips were made in the Solent for the 
purpose of getting the boat into trial-trip form. On 
Thursday and Friday some runs were made on the 
measured mile in Stokes Bay, and a speed of 18.9 
knots was obtained with 214 tons of fuel and ballast 
on board. The steam pressure was 160 1b., the 
vacuum 23in,, and the revolutions about 312. 
This, however, is not the highest rate of running, 
and better results will doubtless be got on the 
official trial. During one set of runs, on the mile 
we were in the boiler-room, and ceriainly the differ- 
ence to one’s usual experience in the stokehold of a 
torpedo boat was most agreeably marked. One 
man only is required to look after the fire, and 
when the burners are once lit,he has little or nothing 
todo. Upon all the trials the boiler and engine 
worked without a hitch, but a little tuning up is 
required to bring some of the minor details to con- 
cert pitch. We intend shortly publishing illustra- 
tions and fuller descriptions of this vessel ; and in 
the mean time congratulate Messrs. Doxford on 
having produced an excellent torpedo boat irrespec- 
tive of the successful fuel-burning experiment, 


Lake Superior Sitver MInine. 
The announcement made in November last of a 
rich find of silver ore in the Badger Mine, about 





30 miles north-west of Port Arthur and 14 miles 
south from Murillo Station of the Canadian Pacific 
Railway, has recalled attention to the wonderful 
richness and extent of the silver-bearing veins in 
the Lake Superior district. The almost accidental 
placing of a surveyor’s picket, to obtain an angle for 
a trigonometrical survey, on a little rocky exposure 
above the waves of Lake Superior, in 1868, led to 
the discovery of the riches of Silver Islet. From 
that year, when work was commenced in a very 
small way and under great difficulties, to 1884, 
when the mine was drowned out, an immense body 
of silver ore wastaken from this little rocky islet. The 
Lake Superior district has been and still is the chief 
and almost only centre of silver production in 
Canada, and for many years Silver Islet was the 
only producer in that district. From 1871 to 
1878 the customs returns give a record of the 
exports of 6,336,237 dols. value of silver ore, 
nearly the whole of which is from this district. 
At the time, however, of the greatest develop- 
ment of this mine it was in the hands of an 
American company, whose vessels touched at no 
Canadian point except the islet ; the Canadian Cus- 
toms were then scarcely organised in the unsettled 
district north of Lake Superior, and the American 
company claimed that they were not under any 
obligation to report their exports, which were, under 
the fiscal regulations between the two countries, 
free from duties. So that these returns give no 
certain information as to the real production of the 
mine, nor is the information now obtainable. Pre- 
vious to the closing of this mine, the Rabbit Moun- 
tain Mine had been started in 1883, and this was 
followed by other discoveries which resulted in the 
silver mines now working in the Thunder Bay dis- 
rict, surrounding Port Arthur, the Beaver, Rabbit 
Mountain, Badger, Silver Mountain, and other 
mines. In 1886, the silver ore exported from 
Canada was estimated at 209,090 dols. ; last year 
the valuation was 349,330 dols., of which 190,495 
dols. was the produce of the Lake Superior mines. 
In March, 1887, the strike of a large body of very 
rich ore at the Beaver Mine was made, assaying 
from 1500 dols. per ton to 15,000 dols., and by 
July 100 tons of an average value of 1500 dols, had 
been raised ; the crushing mill was, however, not 
complete, and but little of the ore would be in a posi- 
tion to realise during the year. When this mine was 
commenced in 1885 the place was a perfect wilderness 
in the woods, and everything had to be brought at 
enormous difficulty and expense to the place. An 
excellent plant has now been erected, and the mine 
is accessible and doing well. The Rabbit Mountain 
and Silver Mountain mines were in a similar state 
of development, with good prospects and a promis- 
ing show of richore. The Badger Mine and Porcu- 
pine Mines were not so far advanced, and neither 
of them during 1887 had any crushing or concen- 
trating machinery. The strike of ore just discovered 
at the former mine is said to assay up to 14,000 dols. 
per ton of ore. In the vein are seen native silver 
argentite and galena, and the quantity in sight is 
said to equal the masses of shining ore that marked 
the palmy days of Silver Islet. Numerous and 
important discoveries have been made during the 
last year all through this district, and the researches 
of Messrs. Ingall and Lawson, of the Geological 
Survey of Canada, have established the fact that 
these silver-bearing veins cover over 1500 square 
miles of surface, the greater part of which is still 
but little explored by actual miners. 


AMERICAN LocomoTivE BuILDING IN 1888. 


During the past year all the locomotive works in 
the United States were kept busy, and some of the 
largest orders from single companies were given out 
that have ever been placed. Altogether seventeen 
firms built 2180 locomotives, whilst sixty-six railways 
built 382 more, making the number of new engines 
turned out 2562. By far the largest manufactory 
is the Baldwin Locomotive Works, of Philadelphia, 
which turned out for the year 737 locomotives, 
something over two per day for every day in the 
year including Sundays. Of these 188 were the 
ordinary 8-wheel American pattern with two pair 
of coupled driving wheels and a 4-wheel truck ; 
275 were Mogul engines with three pair of drivers 
and a pony truck ; 272 were Consolidation engines 
with four pair of drivers and pony truck ; two were 
of special patterns, one of them a rack engine for a 
Brazilian railway, the other an engine and car com- 
bined for inspection purposes for Nicaragua. Of 
the Consolidation engines two of them had cylinders 
21 in. in diameter with 26 in. stroke, and 21 were 





put on to the mountain division of the Phila- 
delphia and Reading Railway, having cylinders 
22 in. in diameter by 28in. stroke. These en- 
gines, with four pair of driving wheels 50 in. in 
diameter, have 138,340 1b., nearly 62 tons, on the 
driving wheels, and a gross weight without the 
tender of over 68 tons ; with the tender loaded and 
in working order they weigh together over 105 long 
tons. They are provided with an enormous boiler 
6 ft. in diameter and 13 ft. 6 in. long, with 270 tubes 
2} in. in diameter. The inside firebox is 11 ft. in 
length by 3 ft. 6 in. wide and has a heating surface 
of 185 square feet, the tube surface being 2160 
square feet. Of the Baldwin engines 93 were ex- 
ported to foreign countries. Australia, Brazil, 
Cuba, Canada, Central America, Mexico, and New 
Zealand, all having had engines from them during 
the year. The Schenectady Company, who do the 
principal work for the Vanderbilt lines, turned out 
during the year 301 locomotives. Of these, exclu- 
sive of 13 switching engines with 4-coupled wheels, 
27 were of the ordinary American type with cylin- 
ders 17 in. in diameter and 24 in. stroke, whilst 
194 had 18 in. cylinders, 44 had 19 in. cylinders, 
and 23 had 20 in. cylinders. Of the 261 engines with 
18 in. to 20 in. cylinders 62 were of the American 
passenger 8-wheel type with 4 driving wheels anda 
4-wheel truck, 134 were 10-wheel engines, mostly 6 
driving wheels and a 4 wheel truck, 13 had 12 wheels, 
that is 8 driving wheels and a 4-wheel truck, 10 were 
Consolidation engines with 8 drivers and a 2-wheel 
or pony truck, and 42 were 6-wheel connected 
engines without a truck, for switching and yard 
engines. It illustrates the tendency of American 
railways to increase the size of their locomotives to 
find out that only 30 locomotives out of 301, or 10 
per cent., built during this year by a leading manu- 
facturing firm, had less than 18-in. cylinders, whilst 
67, or over 22 per cent., had over 18-in, cylinders. 
The average weight of the Schenectady engines for 
the whole number was 98,000lb., or 44 tons, 
exclusive of the tenders. The Rogers Locomotive 
Works, Rhode Island Company, and Brooks’ Works 
turned out an average of nearly a locomotive a day 
each for every working day in the year, and most 
of them of the larger sizes. The Grant Locomotive 
Works has been standing the greater part of the 
po. and the Hinckley Company, of Boston, is 

eing sold. The main feature of the year has been 
the large proportion of Mogul engines, that is, 
three pairs of driving wheels and asmall pony truck 
in front of the cylinders, and the general employ- 
ment of these engines for running passenger trains. 
On the long Chicago and Western lines, and espe- 
cially on the Chicago, Burlington, and Quincy, 
Mogul engines are used on the fast passenger 
trains. So they are on the Canadian Pacific, 
Northern Pacific, and Santa Fé Railways, whilst 
on the Chicago and North-Western the ten-wheel 
engine with six drivers and a four-wheel truck 
seems to be preferred. | 





CANADIAN T1MBER.—A recent decision of one of the 
superior courts of Canada will, it is stated, have the 
effect of nullifying leases of timber lands granted by the 
Dominion Government to American lumbermen. The 
decision will affect American investments to the estimated 
extent of 12,000,000/. 


New DEVELOPMENT IN ScotcH AND IRISH PASSENGER 
SreaMsHIP SeRvicE.—Messrs. Burns, the well-known 
shipping firm, intend this year to make a new departure 
in the passenger steamship service between the Clyde and 
the North of Ireland. Hitherto the voyage could not be 
made in less than two days, the journeys being during the 
night and in the summer months during the day also ; but 
now a fast paddle steamer is to conduct an additional 
service, the special advantage of which would be that the 
double journey can be made in one day, with three hours 
ashore at Belfast. The vessel for this service was 
launched on Saturday from the yard Of the Fairfield Ship- 
building and Engineering Company on the Clyde. The 
steamer, which is named Cobra, is 275 ft. long over all, 
and 265 ft. between perpendiculars; 33 ft. beam, 22 ft 
6 in. in depth ; with a gross tonnage of 1000 tons. The 
engines are to be of the compound type, with cylinders 
50 in, and 92 in, in diameter with a piston stroke of 5 ft. 
6 in, Steam is supplied from four single-ended boilers 
14 ft. Gin. in diameter by 10 ft. 3 in. long, each having 
three of Fox’s corrugated furnaces. We hope later on 
to illustrate the ship and engines, so that there is no need 
to describe them at any length here. A large gathering, 
representative of oer in Belfast and Glasgow, wit- 
nessed the launch, which was conducted by Mr. R. S. 
White, lately appointed manager, and afterwards the 
company inspected the machinery and boilers, the unique 

ints in design and construction being explained by Mr. 
roves the manager of the engineering department. At 
the luncheon, which followed, Mr. Richard Barnwell, the 
vice-chairman of the company, presided, 
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THE ARCTOS REFRIGERATOR. 

Messrs. A. M. Perkins AND Son, of Seaford-street, 
Gray’s Inn-road, W.C., have during the past eighteen 
months perfected a system of refrigerating plant which, 
though in principle well known, is novel in its prac- 
tical application. It is, in short, an ammonia absorption 
plant without any moving part whatever ; there is not 
even a single cock or valve used in the apparatus, which 
consists solely of a combination of wrought-iron pipes 
of various diameters connected by screw-joints only. 
Two horizontal cylindrical vessels are placed one above 
the other ata short distance apart ; they are joined 
by a vertical pipe which projects into each as far as 
the centre line. Out of the top of the upper vessel 
a second pipe issues, of inverted [J-shape. This pipe 
is connected at its remote end with the top of a third 
cylindrical vessel, which latter is placed in the refri- 
gerating chamber, while below the first vessel is a 
heating apparatus, This first vessel is half filled with 
hydrous ammonia, as is also the one above, while the 
U-shaped tube is surrounded by a water jacket. Heat 
being applied to the lower vessel the ammonia is 
evaporated, the gas rises in the water-cooled tube, is 
condensed and collects as liquid ammonia in the re- 
frigerating vessel. During the process of boiling some 
water is of course evaporated, and is condensed with 
the ammonia in the refrigerating vessel, but the two 
liquids being of difterent specific gravities, the water is 
separated by means of an ingenious syphon arrange- 
ment, and returned automatically back to the first 
boiling cylinder. 

The heating process is continued until all the am- 
monia is driven out of the water; the temperature 
rises up to 270 deg. Fahr., and the pressure varies from 
150 lb. down to 60 1b. per square inch in the appa- 
ratus. The source of heat is now withdrawn anda 
spray of water turned on to play over the whole sur- 
face of the two cylindrical vessels, reducing the pres- 
sure in these and causing the liquid ammonia to 
re-evaporate, and pass as ammonia gas from the 
third vessel back into the second and first, where the 
water rapidly absorbs it, at the same time producing 
extreme cold in and around the third vessel. The 
process is thus an intermittent one of alternately boil- 
ing, condensing, and re-evaporating. Mr. Perkins has 
at his works several apparatus of this kind at work, 
some quite small for experimental purposes, by means 
of which a temperature of 50deg. below zero—or, 
roughly speaking, 80 deg. or more of cold—can be pro- 
duced (sutficient to freeze mercury), and he expects 
to get very far beyond this temperature. Other 
small gas-heated apparatus are used to keep chambers 
of various dimensions cold, the temperature in most 
of these being maintained at about 20 deg. to 22deg. 
of frost; they are used by various London poulterers 
and fishmongers as cold storage rooms for perish- 
able articles. Most of these are heated by Perkins’ 
high-pressure heating system, the small heating pipes 
being inserted into the lowest vessel previously de- 
scribed. One of the chambers at the works is 40 ft. 
long, 6 ft. wide, and 7 ft. high; it has two re- 
frigerating cylinders about 12 in. in diameter and 
10 ft. long in it, while the two boiling vessels are of 
somewhat larger dimensions. This chamber is filled 
with a large supply of game and other perishable 
articles. It is kept cool by the boiling being carried 
on for about three hours during every twelve hours by 
means of a branch off the shop-heating apparatus, 
while the re-evaporation occupies about nine hours, 
Ice has been frozen in this chamber in blocks 20 in. by 
20 in. by 15 in., but the plant is not fitted for the 
manufacture of ice, with which problem Mr. Perkins 
is, however, at present occupied. Two plants for re- 
frigeration on a moderate scale are at present in course 
of construction in the workshop, and we hope on com- 
pletion of these to be able to place some complete data 
on record. 

It is, however, certain that the extreme simplicity 
of the plant, the entire absence of machinery, and, 
indeed, of all moving parts, together with freedom 
from leakage and danger of all kinds, must strongly 
recommend it ; while there appears no reason why it 
should not work with great economy, since it is a 
perfectly closed complete cycle, requiring neither 
attendance nor refilling, and only the temporary ap 
plication of heat and cooling water. For domestic 
and small dealers’ use, this apparatus appears in its 
present form to be the very thing wanted, and 
should be in very great demand. Of its application 
on a large scale, we hope shortly to have more to say, 
and to supplement our remarks by drawings and further 
data on this interesting subject. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 19, 1889. 
Tue deepest interest is felt in the copper market. 
Consumption is apparently decreasing. Production 
is increasing. A large sale has just been made at 
16.50 cents. Cable quotations have had an unsettling 
effect upon the market. Quotations to-day are 
16.50 cents for spot and for March, April, me | May 
deliveries, Receipts of tin plates at this port last 





week were 6718 boxes, compared to 36,112 since 
January 1, At Baltimore, since January 1, 3254 boxes, 
compared to 122,678 boxes same time in 1888. At 
Boston since January, 120,103 boxes compared to 
19,792 at the same date last year. At New York, 
receipts since January 1, 248,229, compared to 184,089 
last year. At Straits, receipts since the first of the 
year 935 tons compared to 610 tons last year. Receipts 
of pig iron, 2600 tons this year compared to 6667 tons 
last year. Spiegeleisen, 10,173 tons, compared to 
4782 last year, steel and iron rods 699 tons and 6831 
tons respectively. Steel blooms and billets and slabs 
4865, compared to 644, Old rails 4421, compared to 
3913. Sales of steel rails last week 30,000 tons at 
30 dols. in western mills and 27 dols. to 28 dols. in 
eastern mills. The estimated domestic consumption 
of copper is 60,000,000 Ib. per year, the estimated pro- 
duction is 250,000,000 lb. The export is estimated at 
190,000,000 Ib., leaving 150,000,000 lb. to be con- 
sumed at home, while the market demand calls for 
only 40 per cent. of that amount. This accounts for 
the unsettled condition of the American copper market. 
The exports of copper malleable ore last week were 
1,052,333 lb. ; since January 1, 7,777,410 lb. compared 
to 11,103,928 lb. last year. Lead quotations have 
dropped. Quotations 3.65. Speculators are hanging 
back, Spot tin 21.20 cents, Sales for week 240 tons. 





THE PHYSICAL SOCIETY. 


AT the meeting of the Physical Society, held on Feb- 
ruary 23, 1889, Professor Reinold, President, in the chair, 
Mr. M. H. Kilgour was elected a member of the Society. 

Dr. J. W. Waghorne read a 

** Note on the Measurement of Electrical Resistance,” 
showing that two resistances may be compared by joining 
them in series with a battery, and observing the deflec- 
tions of a galvanometer connected successively with their 
terminals. The resistances are proportional to the cur- 
rents which pass through the galvanometer in the two 
cases, provided they are — compared with that of the 
battery, or are not very different from each other. By 
using a rocking key the method is rendered expeditious, 
and the galvanometer resistance need not be known. 

** Ona New Polarimeter,” by Professor S. P. Thompson, 
D.Sc. The author gave a résumé of the ordinary methods 
of determining the position of the plane of polarisation, 

inting out their advantages and disadvantages, and ex- 

ibited his new polarimeter in which two black glass 
mirrors placed at a small angle (about 24 deg.) are used to 
polarise the light in two different planes. By using a 
suitable analyeer, the plane can be determined to one-tenth 
of a degree, when the substance examined does not absorb 
much light, but for dark-coloured liquids the author pre- 
fers to use one of his “twin prisms” described before the 
British Association in 1887, in which the planes of polari- 
sation are 90 deg. apart. A method of dividing a polarised 
beam into two parts inclined at a variable angle, by means 
of a combination of quarter ware fae of mica, was de- 
scribed, in which the two halves of the field are similarly 
coloured. Mr. Glazebrook considered Poynting’s glass 
cell, with different thicknesses of active solution, a very 
convenient means of obtaining two beams polarised at a 
small angle, as by altering the strength of the solution the 
angle may be varied at will. Professor Thompson also 
read a note “On the Formation of a Cross in Certain 
Crystal Structures.” Several specimens (including benzoic 
acid, stalactite, Eno’s salt, &c.), which exhibit a radial 
structure and show a cross when examined by polarised 
light, were thrown upon the screen, and the fact that the 
cross remains stationary when the specimens are rotated, 
demonstrated. Similar effects were produced by mica 
sectors arranged radially, thus showing the stationary cross 
to be caused by the light not being analysed in those 
directions. 

‘© On Electrical Measurement,” by Professor W. E. 
Ayrton, F.R.S., and_Professor J. Perry, F.R.S. In a 
paper ‘‘On Winding Voltmeters,” read before the Society 
in 1885, the authors showed, on the assumption that the 
thickness of insulating covering on wires was proportional 
to their diameter, that instruments wound with copper 
wire gave a less heating error than similar ones wound 
with German silver. Since then platinoid has been 
introduced and the electrical constants of phosphor-bronze 
determined. Further, a remarkably simple relation 
between the volts corresponding to a given deflection on 
agiven type of instrument and the resistance per unit 
length of the wire used in winding it, has been suggested 
by Mr. Crawley. Suppose F = number of ampere turns 
required to produce the deflection P, and U the half area 
of section and volume of the coil respectively, and d and 
D the diameters of the bare and covered wires, 

Then 

a we _ 4lp remy } 
A=- R= f= = bs 
from these we get 
V=Ar= FU 4p mag 4° 
re wd? 
(say) where K is a constant depending on the type of in- 
strument. Since *f 5 is the resistance per unit length, the 
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volts required to produce a given deflection are propor- 
tional to the resistance per unit length of the wire used, 
whatever be the material of the wire or thickness of the 
insulation. Taking this into account and using a more 
accurate value for the thickness of the covering, it is 
shown that the four metals above referred to arrange 





themselves in the following order of merit when used for 
high reading voltmeters; platinoid, phosphor-bronze, 
German silver, copper ; and for comparatively low reading 
instruments the last two change places. 

As a standard ammeter of great range, a circuit con- 
taining a Depretz-D’Arsonval galvanometer is shunted by 
a wide sheet of thin platinoid, and by altering the resist- 
ance in the galvanometer circuit the sensibility may be 
varied in known proportions. An instrument on this 
plan has been arranged to measure any current from 6 to 
600 amperes to } per cent., and the same galvanometer in 
series with various resistance coils is used as a standard 
voltmeter of practically unlimited range. Whilst arrang- 
ing these standards it has been found that the deflections 
are not generally proportional to the currents, and the 
discrepancy traced to the centre of gravity of the swing- 
ing coil not being in the line of suspension. By replacing 
the bottom torsion wire by a long thin spring, the defect 
may be remedied. As relating to calibration curves of 
instruments, it was mentioned that in ‘* Siemens’ dynamo- 
meter” the ‘‘ square law” is not correct, probably owing 
to distortion of the spring. Referring to ** hot-wire volt- 
meters,” in which the sag of a wire heated by the current 
is measured by a magnifying spring, the authors remark 
that in their original paper on the subject, they neglected 
the change of length due to change of stress in the wire, 
and subsequently their assistant (Mr. Bourne) found that 
maximum sensibility was never coexistent with minimum 
sag. The sag which gives maximum sensibility depends 
on the initial stress in the wire, and by altering the initial 
eag the instruments may be compensated for changes of 
temperature of the room. In the present paper the mathe- 
matical treatment is more rigorous, and the results are in 
accordance with experiment. A voltmeter intended for 
use with ‘‘ electric welders,” which deflects about 300 deg. 
for 2 volts (direct or alternating), and is graduated to ;4,th 
of a volt, was exhibited, and used to measure the resist- 
ance of a storage cell. Dr. Thompson suggested that the 
want of proportionality of D’Arsonval galvanometers 
might be due to lateral displacement of the coil caused 
by the current in the torsion wires crossing a magnetic 
field, but from experiments with pivotted coils the author 
thought this improbable. 

Profeseor Riicker read a 

** Note on the Dimensions of Electro-Magnetic Units,” by 
Professor G. F. Fitzgerald, F.R.S., which suggests that 
specific inductive capacity and permeability be assumed 


to be of dimensions [i] (slowness); if this ke done the 


dimensions of quantities expressed in electrostatic and 
electro-magnetic measure become identical. The author 
aleo states that it seems most likely that inductive capaci- 
ties are related to the reciprocal of the equare root ot the 
mean energy of turbulence of theether. Professor Riicker 
remarked that in his recent paper on the subject he con- 
sidered it important to retain K and “as secondary funda- 
mental units, and Mr. Blakesley did not concur with 
Professor Fitzgerald’s suggestion. 

A photograph of ps. pasa by Mr. R. T. Ander- 
son, Belfast, was exhibited at the meeting. 





THE CONSTRUCTION AND REPAIR OF 
ROADS. 


AT a meeting of the Society of Engineers, held at the 
Town Hall, Westminster, on Monday evening, March 4, 
Mr. Jonathan R. Baillie, President, in the chair, a paper 
was read on ‘* The Construction and Repair of Roads,” 
by Mr. George R. Strachan, Assoc, M. Inst. C.E., of 
Chelsea, 

The author said that the literature on the subject of 
roadmaking was voluminous, and for the most part 
useless, because the authors were chiefly men who knew 
little of the question practically. The paper was confined 
to town roads under heavy traffic, and the costs given 
applied to the metropolis. The standard of traffic weight 
adopted was tons per yard of width per sixteen hours, 
Macadam roads had narrow limits in heavy traffic, and 
modern practice differed from M‘Adam’s practice in three 
things: in the use of (1) binding material, (2) founda- 
tions, and (3) pavements. As to the use of a binding 
material, M‘Adam obtained it from the wear of thestones 
under the traffic, whereas modern roadmakers added 
it at once, and claimed that their practice was more 
economical, humane, and expeditious. As to foundations, 
their use gave equal carrying capacity at a less expendi- 
ture of material, and was, therefore, more scientific. As 
to — roads, which M‘Adam regarded as an actual 
evil, modern roadmakers claimed that their use was 
necessary under heavy traffic. A macadam road was a 
mass of inferior concrete made with small stones and a 
plastic binding material of dirt, and was not a body to 
stand severe traffic. Macadam roads as made in the 
metropolis, with hard core and broken granite, coat from 
3s. be ag to 5s. per square yard. A 2}-in. stone was 
suitable for heavy traffic. Granite chippings were not a 
suitable binding material, and a concrete foundation did 
not add to the life of the surface. The repair of maca- 
dam roads with 2 in. of new stone costs 1s, per square 

ard. The ratio of cost to traffic was a rapidly increas- 
ing one. When Piccadilly was a macadam road, the 
annual cost of maintaining it was 4s. per square yard, 
which for a road 36 ft. wide equalled 4224/. per mile per 

ear. 
: The true principle of road construction was to make 
the foundation the real road and the material thereon a 
wearing surface only. Its use secured economy in con- 
struction and maintenance. Roads should be made tosuit 
the vehicles using them, and not the vehicles to suit the 
road. A concrete foundation 6 in, thick would carry 600 
tons per yard per day without deterioration. It should 
be constructed carefully, accurately, and scientifically, for 
it was the actual road. Asphalt as a wearing surface 






Sialieedideteneideemadiinhetthinnietetaemetindaetame meee eee a ee 
Santeinifiteegh-ninliheaistlieeindindiaiainaeebiendidiaasasatidansiomemementamenmanritor eines ee 

















238 





ENGINEERING. 


[Marcu 8, 1889. 








was the best in use to-day, as it possessed the advantages 
of durability, cleanliness, economy, and healthinees, which 
outweighed its slipperiness. When laid 2} in. thick it gives 
a life of 15 years in Cheapside, at a cost of 13s. per square 
yard. The first cost of such a road 36 ft. wide equalled 
12,788!. per mile, and the average annual cost for repairs 
equalled 528/. per mile. The asphalte could be renewed at 
half the original cost and a life of 15 years was again 
before it. ood was a useful wearing surface. Swedish 
yellow deal had given 10 years of life under a traffic of 600 
tons per yard per day, and the wear had not exceeded 
3in. The cost was 93. 6d. per square yard, not taking 
credit for old material, and the annual cost of repairs, 3d. 
per square yard. The first cost of such a road 36 ft. 
wide equalled 9932/. per mile, and the annual average 
cost for repairs equalled 264/. per mile. Soft woods were 
preferable to hard wvods. Creosoting blocks added to 
their life and was advisable for severe traffic. Wood was 
not suitable for light traffic. Stone pavements were prac- 
tically prohibited by the noise they made. A 3in. by7in. 
Guernsey granite paved road on concrete cost 15s. per 
square yard, and gave 15 — life. The first cost of 
such a road 36 ft. wide would be 15,8401. a mile, and the 
annual repairs 88/. per mile. 





QUICK-FIRING GUNS. 
To THE Epitor or ENGINEERING. 

Srr,—Seeing in your issue of March 1a letter from Cap- 
tain Salusbury in answer to my previous communication, I 
should be obliged if you could spare room for the follow- 
ing explanations: 

Vaptain Salusbury, when drawing comparisons between 
quick-tiring and ordinary shell guns, does not seem to 
realise that the former are only modifications of the latter, 
in which the charge and projectile are entered simul- 
taneously instead of separately. They are now made in 
sizes up toa 100-pounder, and in a few years will have 
superseded the ordinary heavy guns of calibres under 8 in. 
on board ship. The cost of a quick-firing gun is practi- 
cally the same as that of an ordinary breechloading gun 
of the same calibre, though the cost of ammunition is 
slightly more. I cannot agree with Captain Salusbury as to 
the reckless disregard of economy on the part of naval and 
military men. In all trials an important point is made 
of this, and I have known many cases where a useful in- 
vention has been unfavourably reported on this ground. 

The types of gun I selected for my comparison in my 
last letter were a five barrelled .45 in. Nordenfelt of 
Mark II, pattern and a ten-barrel .45 in. positive feed 
Gatling, bought in, I think, the year 1885 or 1886, and 
fired and reported on by the Navy in the latter year, that 
being the latest pattern of Gatling to which I had access. 
The number of parts, an important factor when on de- 
tached duty, is the maximum number iato which the gun 
can be separated, 

I must acknowledge that I do not like to hear of com- 
parisons between artillery and machine guns; the two 
things are so totally distinct. The French in 1870, when 
they armed some of their field batteries with the Mon- 
tigny mitrailleuse to oppose the German field guns, did 
not realise this, and the result was disaster. In conclusion, 
let me assure Captain Salusbury thatI have no animosity 
against the Gatling or any other machine gun. I know 
their value too well, but to give a mana machine gun 
when he asks for a quick-firing or shell gan is like giving 
a beefsteak to a man who is dying of thirst. 

Might I ask Captain Salusbury for a few particulars of the 
** police” Gatling, such as calibre, muzzle velocity, &c. ? 

Apologising for this intrusion on your space, 

I remain your obedient =. r 








ADMISSION OF ASSISTANT ENGINEERS 
INTO THE ROYAL NAVY. 
To THE Epitor or ENGINEERING. 

S1r,—In common I presume with other professors of 
engineering throughout tho country, I have received a 
copy of the new regulations and syllabus of subjects of 
examination for the admission of assistant probationary 
eee into the Royal Navy, from the engineer-in- 
chief, 

As this new departure is one of considerable import- 
ance, perhaps you will give space for a few words on the 
subject. Each year there will in future be ten appoint- 
ments directly into the Navy for any British subject 
fulfilling the following conditions: He must be not under 
twenty and not over twenty-three years of age, must have 
been at least three years in some engineering works, and 
must have ed through a course at some engineering 
college. The original circular does not contain what 
length of college course will be required, but it appears 
(as a result of direct inquiry) that two years is contem- 
plated, and from the nature of the subjects of examina- 
tion, at least, this period would be required by an 
ordinary student in order to have a reasonable chance of 
success. Nevertheless there might be exceptional cases, 
and a good candidate who, it is possible, only attended 
one year at college, but had made up for lack of college 
training by diligent prosecution of private study or 
attendance at evening classes and wasable to take a good 
position in the college examinations, would possibly, at 
any rate for the present, not be disqualified from compet- 
in The subjects of examination are as follows : 


I, Compulsory Subjects. 
Marks. 


Statics, 
statics Ke se 3% ax = 
Hydraulics, pneumatics, and dynamics 
Elementary theory of mechanism and 
machines ... és eA nh 
Physics I. pm light, and sound) 
electricity and magnetism) 


hydrostatics, and graphical 


$82 83 
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Marks. 
Chemistry .. cf 500 
Heat and combustion 400 
Steam and steam engines... 600 
Practical engineering I. ... = 
Workshop appliances and practice 600 
Mechanical drawing t a 400 
Total for compulsory subjects 6,000 
II. Optional Subjects. 
Advanced algebra and trigonometry ... 500 
Conics and differential calculus... se 600 
Applied mechanics and strength of 

materials ... Ras se 533 Ae 600 
Metallurgy ... <e cd 500 
Design of machinery details 600 
Elementary thermo-dynamics ... 600 
Total for optional subjects .. 3,400 
Grand total 10,000 


Candidates who obtain less than 30 per cent. of the marks 
for compulsory subjects will be ineligible for appointment. 
The others will be divided into three classes. Those in 
the first class are allowed to proceed to the Royal Naval 
College for a further course of study. Officers from the 
second and third class will enter the steam reserves at 
once, and be appointed to Her Majesty’s ships as re- 
quired. The pay commences at 109/. 10s. per annum, 
rising to 1361. 178. 6d. at the end of first year, but engi- 
neers who enter the Navy in this way, and succeed in 
passing to the Royal Naval College, are eligible for the 
highest appointment in the service, not only as staff engi- 
neers but as inspectors and chief inspectors of machinery, 
with an ultimate pay of between 600/. and 700/. a year and 
pension of 365/. per annum. 

Further particulars may be obtained by writing to the 
Controller’s Department, Admiralty, London. 

H.S. Here Suaw. 

University College, Liverpool, March 2, 1889. 





MERCANTILE NAVAL AUXILIARIES. 
To THE Epiror OF ENGINEERING. 

Srr,—You may perhaps recollect that in the summer of 
1884, shortly after the Russian war scare had somewhat 
subsided, I addressed a few remarks to you (under the 
nom de plume of ** Alaska”) on the subject of ‘‘ Armed 
Cruisers.” I should like now, with your permission, to 
supplement both that letter and another with regard to 
the Royal Naval Reserve by a brief criticism of the pro- 
gress that has been made in these two directions since 
that date, and, firstly, with regard to the armed cruisers. 
The past twelve months has witnessed a great stride in 
this direction by the launch of several fine steamers, 
which have been built to Admiralty requirements, in 
return for which, in addition to defraying a certain per- 
centage of the cost of construction, the Government also 
subscribe 6500/. per annum as a ‘‘ retaining fee” in case of 
‘‘any great national emergency.” It is certainly the 
right thing to have the vessels prepared beforehand, but 
it is quite a matter of opinion whether the Government 
have obtained anything like value for their money. I 
shall endeavour to show that the latest types of Atlantic 
racers are very little superior to their immediate prede- 
cessors, and certainly inferior to any warships of any type 
with which they would be brought in contact. Let us 
compare the Etruria class with one of the latest of the 
new boats, say the magnificent passenger steamer Teu- 
tonic. The main points in favour of the latter are (1) ma- 
chinery better protected ; (2) steering gearsimilarly treated ; 
and (3) twin screws. The better protection of machinery 
and steering gear will, I think, be found the only differ- 
ence in favour of the Teutonic ; for I do not for amoment 
suppose that the latter would be used aggressively in a 
naval engagement, for not possessing an armoured deck 
pencticnlly does away with the advantage of having the 
machinery below the water line, as it is certainly not far 
enough below, but that the slightest ‘‘list” with a vary- 
ing water line caused by — ordinary breeze of wind 
would very greatly minimise this factor of safety. Again, 
although fitted with twin screws, the ship is so long that 
it would bs at the mercy of its shorter, lighter antagonist. 
Therefore, as regards the question of twin screws, | think 
we may assume that, as an aggressive armed cruiser, we 
are not justified in commending the Government for 
heavily subsidising the ships on this account. With re- 
gard to twin screws as an advantage for Atlantic passenger 
ships, experience has so far shown that it is of little or no 
moment; for take the first argument, i.¢., disablement of 
the engine, I ask how often dves this occur? Rarely, if 
ever, is the stoppage due to accident more than temporary, 
and our Etruria, Germanic, and Alaska classes regu- 
larly perform their voyages, winter and summer, to the 
minute, In connection with this, I may be pardoned for 
repeating a yarn I heard once from (and about) a 
‘* Yankee.” Of course I give it for what it is worth. 
Standing on pier—North River, New York—watch- 
ing the arrival of one of our celebrated liners, he 
was heard to remark, ‘‘I guess she’s twenty minutes 
late.” This wasn’t bad for a ship making her thirtieth 
voyage. In fact our ‘‘racers” have attained the perfec- 
tion of railways in their freedom from breakdowns, and 
this, mark, entirely with single screws. But supposing one 
engine in the new class gets disabled, says the oracle, 
you can still proceed at three-fourths of the normal speed. 
From recent experience with the new Inman boat, this 
would not appear to be the case if we may credit the 
report of passengers who have crossed with her, for on 
various occasions when the one engine stopped through 
hot bearings, &c., the ship either stopped completely or 
went dead slow. I think I can show a good reason for 





this, namely, that the drag of the ship on the propeller 
stopped by the one moving would be so great that it 
would be impossible to stop the disabled engine without 
slowing the other one, and when stopped to hold it in 
position, and also turn the engine as is necessary in any 
serious breakdown. ‘This latter reason will at once com- 
mend itself to practical men. Our only data for this 
new class was obtained from the Royal Naval type, and 
it would be pretty safe to affirm that none of the large 
twin screw men-of-war would steam at their greatest 
capacity for, say, seven days at atime; of course they 
might do it, bat judging from published reports of six- 
hour trials, we can have very little doubt as to the result. I 
have endeavoured to show by the foregoing remarks that 
the new class of racers are, to put it in few but forcible 
words, not worth the money. hy did the Government 
not insist on increasing the efficiency of the ships to the 
standard of the class with which they would have to try 
issues with in war time—the fast naval cruiser protected 
by a curved steel deck and fitted with a ram stem—a 
point on which much reliance is placed by naval experts ? 
The deck would not interfere with cargo accommodation, 
as the hatches could be protected as similar openings are 
in the naval type, and would of course be completely 
below the passenger accommodation. 

Turning now to the question of the Royal Naval Re- 
serve, nothing has been done with regard to inducing 
engineer officers of the mercantile marine to join the 
service. Letany one peruse in the Royal Navy list the 
number of names in the engineering department, and 
keep from his saddest smile if he can. 1t seems to me 
that the old spirit of jealousy which for so many years 
kept the engineering branch in the Royal Navy under 
its heel has survived in this case, having had nothing to 
check it, in fact the -— thing likely to effect this pur- 
pose would be a war, which, supposing it took place to- 
morrow, would find our vast fleet of mercantile auxiliaries 
either laid up in port for want of engineers, or sent to sea 
in a hopelessly inefficient state, or else at a cost which 
the country would do well to minimise by probably 50 
per cent. by spending the necessary beforehand. This, 
Sir, although apparently overlooked is a point of vital im- 
portance, for to send one of our vast liners to sea with an in- 
efficient staff of men, in whatever capacity, is running a risk 
which would be absolutely criminal under the circum- 
stances. Permit me, Sir, in conclusion, to epitomise the 
foregoing arguments by pointing out that the class of 
ship required is a shorter, handier, twin screw, ram- 
bowed cruiser with protective deck, and manned by a 
crew which should as far as possible on the “‘ per- 
manent staff” of the Royal Naval Reserve. 

Yours, &c, 








THE GREAT WESTERN SHIP CANAL v. 
THE BRISTOL AND ENGLISH CHANNEL 
CANAL. : 

To THE EDITOR OF ENGINEERING. 

Si1r,—I shall be glad if you will allow me to refer to a 
letter signed by Mr. F. A. Owen on the above subject 
which appeared in your issue of February 15th, as I con- 
sider it is misleading in more than one respect. Speaking 
as a practical engineer, I think I may say that Mr. 
Owen (who I have not the pleasure of knowing) shows 
very little, if any, of the engineering merits of the two 
schemes, 

First, I will take Mr. Owen’s scheme from Uphill Bay 
to Exmouth vid the route that he suggests, which is 
rongrenge | parallel to the Great Western Railway main 
ine to Exeter, a fact which is in itself, I contend, 
fatal to the scheme on its merits, and for the following 
reasons : : 

(a) The utilisation of the present canal from Bridge- 
water isa mistake. (b) The interference with the River 
Parrett would be fatal to any scheme. (c) Further, Mr. 
Owen alleges that he utilises the present ‘‘old naviga- 
tions.” Of course by that I presume he means that the 
old canal will be upon the site of the ‘‘old navigation.” 
(d) I mean to say that Mr. Owen is wrong in maintain- 
ing that the country to be traversed by his route is favour- 
able. His contention is that it is a formation of new red 
sandstone, whereas that is not the fact; and how Mr. 
Owen intends to utilise the old waterways for a grand 
national canal is a matter which he still has to explain. 

In reference to the geographical and geological forma- 
tions of the country, I have no hesitation in saying that 

r. Owen’s assertions are not founded upon fact. His 
proposed scheme is 70 miles long, and runs parallel with 
the Great Western Railway (Bristol and Exeter), while the 
proposed canal from Stolford to Seaton is only 45 miles 
long, therefore the advantage of the latter scheme over the 
former is obvious, to say nothing of the opposition which 
will be raised by the Great Western Company to Mr. 
Owen’s proposal. And, again, as to the natural harbour 
at Uphill Bay which Mr. Owen alleges to be opposite 
Cardiff, I would refer that gentleman to the Ordoance 
map, after a perusal of which his information will_be 
clearer and more definite than it now appears tobe. For 
all vessels leaving Cardiff by Mr. Owen’s proposed scheme 
the water-way would be almost due south, and there is 
an important and ugly sandbank which would prevent 
them crossing south-easterly. Hence, they would have 
to pass the two Holmes before they could get into Uphill 
Bay, and when they got there they would be properly 
protected by two mountain limestone outliers. 

The other scheme, proposed from Stolford Bay to 
Seaton is, as I have already said, about 45 miles in length, 
and with the exception of crossing the Chard range of 
hills, the country may be said to be perfectly flat. Be- 
sides which, there are no engineering difficulties to be 
contended with in the scheme. With reference to the 
Chard hills, it is well known that they are formed of 
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lias lime, which is the very thing required to concrete 
the face of the whole canal from end to end, so that the 
expense of tunnelling through the Chard hills would be 
recouped. 

Again, a ship canal, crossing from channel to channel, 
should be a canal in every sense of the word for national 
defence ; therefore the dimensions, the width of waterway, 
and the depth of waterway should be sufficient to allow 
any ironclad to pass through. Mr. Owen does not in any 
way touch these important points. The benefits of the 
Stolford Bay and Seaton scheme are great, because versels 
coming down the English Channel would reach the South 
Wales ports in safety, whereas by the route proposed by 
Mr. Owen vessels would be a couple of days longer in 
reaching these ports. Again, as a commercial under- 
taking the Stolford and Seaton scheme is much preferable, 
to say nothing of the great advantage of a subsidy from 
Government on national grounds. 

I maintain that a ship canal between the Bristol 
Channel and the English Channel, if ever made, should be 
of that capacity so as to allow our men-of-war to pass 
through, because there would be a saving in distance of 
300 miles, and there is also the greater advantage of no 
risk of loss of life through shipwreck. 

I am, yours, &c., 
Jno, E. THomas. 








POISONOUS BOMBS. 
To THE EDITOR OF ENGINEERING. 

Sirz,—A slip of the type-writer, it seems, has made me 
announce myself (in the last paragraph of my letter on 
page 215 of your last issue), as “‘in favour of any. . . 
exterminator that will help to bring people (not in-cluding 
the military) to their senses.” Of course I meant to write 
‘not ex-cluding the military,” It would be most unfor- 
tunate if any class were excluded from the enlightening 
processes that we trust are in store for us all. 


J.C. T., Jun, 
London, March 2, 1889. 





To THE EDITOR OF ENGINEERING. 

Sirn,—The manner in which your correspondent, 
“J.C. T., Jun.,” “sticks to his guns” (a term he may 
not relish), is praiseworthy, and his contentions are 
certainly logical from the point of view that war in any 
form is barbarous, and discreditable to civilised humanity. 
But he appears to be entirely oblivious to the fact that the 
great struggle for the survival of the fittest must continue 
among nations as among individuals. Just as over-popu- 
lation produces misery and starvation among large num- 
bers of the latter, so it must inevitably produce the 
horrors of war when the national struggles for existence 
periodically occur. It is true that nations are apparently 
becoming alive to the fact that power is to be gained by 
the conquests of peaceful commerce rather than by those 
of the most successful wars; but the ability to defend 
property against the robber is equally essential, whether 
the owner be a nation or a man. 

_ When combat does occur, in the defence of one’s 
rights, surely there is no necessity to sneer at those 
“customs of war,” which tend to Tenee its barbarity. 
What should we think of a duellist who used a poisoned 


tip to his rapier, or an explosive bullet in his pistol?| 1 


These are similar things to the poisonous bomb. 

The concluding sentence of your correspondent’s letter 
shows that he probably belongs to the Society of Friends, 
and although no humane man can fail to wish that the 
idea of universal peace were possible, so, on the contrary, 
no practical man can fail to see that the doctrine is im- 
practicable and unattainable, quotations from Butler, or 
any other philosopher, notwithstanding. 

Southampton, J. T.B. 

P.S.—Your correspondent “J.C. T.” uses inverted 
commas with great freedom, and in a manner that foists 
sentences and opinions upon me that are (as he would say, 
most generally always) not mine.—J. T. B. 








THE LOCOMOTIVE QUESTION IN NEW 
SOUTH WALES. 
To THE EpiTor oF ENGINEERING. 

Sir,—In concluding my letter published in your issue of 
February 15, I said the case against the Consolidation en- 
gines recymmended by Mr. Midelton, in substitution of 
those specified by Mr. Scott, would not be complete with- 
out the verdict of the makers themselves on the proposal 
to repeat these ‘‘ Consolidations.” 

But before quoting the makers’ opinion, I may perhaps 
be allowed to digress for one moment to say, in reference 
to “Colonial’s” letter in the same issue, that if he will 
only have alittle patience, I promise to give him, in due 
course, all the quotations he can possibly wish for, and 
probably many more than he desires. Secondly, that the 
charge he brings against me of “selecting so much and 
no more of the several minutes and reports from which 
he”—i.e. myself—‘‘ quotes as will give the necessary 
colour and pretext to suit his”—ie. my own—“ views,” 
comes with little grace from one who, as ‘‘ Colonial” did, 
omitted from his ly ogee letter nine-tenths of the minutes 
and reports which he ought to have given in justice to 
Mr. Scott and the engines he specified, and who actually 
went the length, as ‘One Who Knows” pointed out, of 
giving in inverted commas, as if, forsooth, it was a ver- 
batim extract from the report of the experts, his own 
version of that report, and yet suppressed from it this 
important fact, eee other things, that Mr. Midelton’s 
engine consumed on the “‘ trial” trip 26 per cent. more fuel 
than did Mr. Scott’s engine! At the same time I can 
honest] say that I am glad ‘‘ Colonial” has emerged from 
the sec usion into which he seemed to have relapsed after 
his first epistolatory efforts, because I now feel that he 





will, by his timely interposition, rectify any injustice I 
may, however unwittingly, do the cause he has espoused. 
So far I am glad to find the sins ‘‘ Colonial” charges me 
with are sins not of commission, but of omission only. 
Furthermore, he has not attempted to gainsay my evi- 
dence or argument a single statement I have made. As 
to the omission of the two quotations to which he refers, 
one of them—namely, that regarding the ‘205 class” of 
engine being ‘* most sluggish” and full of *‘ grave defects” 
—he will find quoted in my last letter, in full, and just as 
he givesit. So that in respect of it ‘* Colonial” is in pos- 
session of a mare’s nest; although it may interest him to 
know that I shall have occasion to quote it again before I 
have done. 

As regards the other quotation, I need only say that if 
‘*Colonial” had only exercised a little more patience I 
might poseibly have gratified him by quoting it also, in 
due course. At the same time I must frankly say that I 
did not share, and do not even yet share, his view of its 
importance in his friend’s interest. While it has been 
my endeavour to avoid, as far as possible, personal matters, 
yet the nature of ‘‘ Colonial’s” remarks compels me to say 
that, to my thinking, the reasons given by the minister 
for regarding the late superintendent of tramway rolling 
stock as competent to sit in judgmert on the locomotive 
engineer are about as vague and impotent as could well 
have been penned. Besides, the minister was not, as we 
have seen, altogether an unbiassed witness. The question, 
however, is not. as to the qualifications of the parties con- 
cerned in the attack on the engines specified by the loco- 
motive engineer, but rather what were the facts and 
arguments on which they based their counter-recommen- 
dations? 

I may add that my object throughout has been, for the 
sake of clearness, to take one thing at a time, and to avoid 
mixing up distinct and separate matters. When, therefore, 
I have thought the continuation of a paragraph irrelevant 
to the immediate question in hand, I have stopped short 
in the quotation, with the intention, as ‘‘ Colonial” has no 
doubt already discovered, of coming back to it another 
time; and now that I feel that he is ready at hand to supply 
any deficiencies of mine in this respect, I shall pursue the 
course I have hitherto followed for 3 oncom confidence. 
I cannot, of course, know beforehand what ‘‘ Colonial” 
may or may not think important. My endeavour, how- 
ever, will be, as it has hitherto been, to give the history 
of the locomotive question in New South Wales as im- 
partially as I can from my point of view ; and on comple- 
tion of my task I shall be quite willing to leave to the 
judgment of your readers the decision as to whether or 
not I have done so fairly and honestly, undiverted from 
my course by ‘‘Colonial’s” criticisms. With these rather 
lengthy parenthetical remarks, I return to the more im- 
mediate subject of my letter. 

The verdict of the makers on the Consolidation engines 
as recommended for repetition—and which, curiously 
enough, has not been included in the papers as printed 
and laid on the table of the Legislative Assembly, although 
alarge amount of much less relevant matter has found its 
way there—is to be found in the Sydney Evening News of 
March 9, 1887. Itis there stated that ‘‘an inquiry had 
been made by an officer of the Public Works Depart- 
ment as to the price at which locomotives could 
be supplied by the Baldwin Locomotive Company, 

.S.A.” The paragraph goes on to say that “the 
letter sent by the official in question asked for particulars 
of cost, not only of the ‘ Mogul’ class of engine, but also 
of the ‘Consolidation’ class, similar to those supplied 
formerly to the colony by the Baldwin Company.” It is 
then added that, in reply, ‘‘ a strong recommendation was 
given by the firm not to call for any engines of the Con- 
solidation class as manufactured at the time when this 
colony ordered those running, because so many improve- 
ments had been made that they had ceased manufacturing 
this kind of engine in favour of an improved one, and if 
the old class was required it would have to be redesigned. 
They also stated,” it is added, ‘‘ that they did not wish 
the old class to be perpetuated, but were willing to supply 
the improved engines at the figure quoted.” The letter 
from the Baldwin Company above alluded to, goes on to 
refer to correspondence that had passed some two years 
and a half previously, z.¢., in 1884, or only five years after 
the original Consolidation engines had commenced run- 
ning, between themselves and the late Commissioner for 
Railways respecting the ‘“‘improvements” referred to, 
in which the following statements by the makers occur: 
‘*Referring to Mr. Scott’s objections in reference to 
this—the Consolidation—type of engines, we would 
say that we have since adopted a much more secure 
method of attaching the boiler to the frame than that 
shown by the blue print accompanying our letter of May 
31, 1884.” And in this letter of May 31 the following 
notable remarks by the same firm occur, all the more 
notable in view of what was said regarding these engines 
in my former letter: ‘‘ We inclose,” they say, ‘blue 

rint of an outline drawing, and ask your attention to the 

ollowing particulars: 1. Reduction of the total wheel-base 
from 22 ft. 10 in. to 21 ft. 6 in. 2. Reduction of driving 
wheel-base from 14 ft. 9in. to 14ft. 3. By placing the 
firebox over the frames and making it flush with their 
outer faces, an inside width of 43 in. is obtained, allowing 
a reduction of its length to 1034 in.,” in place of the 
abnormal length of 119 in., or 9 ft. 11 in., as in the engines 
recommended for repetition by Mr. Midelton. ‘‘ In this 
connection, we may remark,” they add, ‘‘ that we pro- 
pose to make the firebox deeper than shown in the print 
by raising the barrel of the boiler. This, it is found, con- 
duces to economy of fuel without injuring the stability of 
the locomotive on the track. 4. By lengthening the flues 
to 12 ft. 84 in., instead of 11 ft., the heating surface is 
increased from 1129 to 1337 square feet, while the total 
heating surface is increased from 1277 to 1453 square feet. 
5. By carrying the connecting-rods back to the third pair 





of driving wheels, in place of the second pair, their length 
is increased to 9 ft.7 in. The thrust against the cross- 
head and guides is thus largely reduced, with consequent 
less wear on main rod brasses and crosshead ribs.” 

A goodly list of “‘improvements”—one might rather say 
“radical alterations”—are these, indeed, on locomotives 
which the superintendent of tramway rolling stock had 
specially selected as being, in his opinion, ‘‘ the best goods 
engine we have,” and practically perfect, while it was 
ostensibly represented that by repeating them, just as 
they were, the sin charged against the locomotive engineer 
of introducing ‘“‘ difference in type” would be avoided— 
with a view to which one of the original engines, No. 133, 
had actually been placed, by direction of the minister, in 
one of the railway sidings as a ‘‘ pattern engine,” to be 
copied by the local firms, ‘‘as there was,” the minister 
added, “‘no time to obtain plans and detailed specifica- 
tions for this type of engines.” 

I should have liked to have completed the story of the 
goods engines in this letter—prior to proceeding with the 
other branch of the subject—by adding a few particulars 
as to the cost for repairs of these Consolidation engines, 
together with some other interesting facts which will, I 
think, be found to dispose rather effectually of the charge 
of ** most sluggish” engines, brought by the tramway 
superintendent against the goods engines specified by the 
locomotive engineer. ‘‘Colonial’s” uncalled for, though 
no doubt well-intended intervention, has, however, forced 
on me the consumption of so much space in the early part 
of this letter, that I must defer dealing with these two 
points for the present. 

Let me just add, in reference to ‘‘ Australasia’s” re- 
marks, that I have no intention of “carefully avoiding” 
the question of the trial of the passenger engines, or, 
indeed, any other part of the subjectin hand. If I omit 
anything, however, I shall be only too glad if he will 
make it good. At thesame time he does not seem to me 
to have made the subject very much clearer. In fact he 
has mixed up events, like ‘‘ Colonial,” in a most perplex- 
ing and misleading manner, though no doubt he has 
endeavoured to put the case fairly, as it appears from bis 
point of view, viz., that of the ‘* protectionist” of native 
industries, Yours truly, 

February 19, 1889. JUSTICIA, 





LAUNCHES AND TRIAL TRIPS. 
THEs.s. Wm. C. Mitchell, recently launched by Messrs, 
Wm. Doxford and Son, Sunderland, for the Steam Navi- 
gation Company of Ireland, Limited, of Belfast, went 
on her trial trip on Thursday the 28th ult. She is a 
duplicate of the s.s. Tony, recently built for the Angier 
(1887) Line, London. 








On Saturday Messrs. Laird Brothers launched a very 
powerful twin-screw tug steamer named the Cambria, 
which they have built to the order of the London and 
North-Western Railway Company for service at Holy- 
head. The vessel is built of steel manufactured at the 
company’s works at Crewe. She is 145 ft. long, 25 ft. 
broad, and 13 ft. deep in hold, with a tonnage of 432 tons 
deadweight, and will be fitted with two independent sets 
of direct-acting inverted triple-expansion engines driving 
twin screws, the cylinders being 15 in., 234 in., and 384 in. 
in diameter, with 2 ft. 6 in. stroke, working at 160 lb. 
pressure, and supplied with steam by two steel boilers. 
‘This is the twelfth vessel Messrs. Laird have built for the 
London and North-Western Railway Company, and the 
second steamer of the same name. The first Cambria 
was a paddle-wheel steamer 190 ft. long and 28 ft. 
beam, with engines of 350 horse-power, and a speed of 
nearly 15 knots, built in 1848 for the improved service 
between Holyhead and Kingstown organised in continua- 
tion of the railway system just then completed from 
Chester to Holyhead. 

Last week the Miinchen, built by the Fairfield Ship- 
building and Engineering Company, at Govan, for the 
North German Lloyds, went on her speed trials on the 
Clyde. This vessel is 405 ft. long over all, 46 ft. 6 in. 
beam, 33 ft. deep, and is about 5000 tons. Accommoda- 
tion is provided for about 40 first-class, 16 second-class 
passengers, and 2000 emigrants. She is lighted by elec- 
tricity, there being two engines and duplicate dynamos, 
each furnishing power sufficient for 300 incandescent lights, 
The main engines are of the triple-expansion surface-con- 
densing type, with three inverted cylinders 30in., 50 in., 
and 80 in. in diameter, and a piston stroke of 4ft. 6 in. 
There are two main boilers, double-ended, 14ft. 4 in. in 
diameter, and 17 ft. long, having twelve furnaces 3 ft. 
4in. in diameter, and one auxiliary boiler, single-ended, 
14 ft. 4in. in diameter, and 9 ft. 3 in. long, with three 
furnaces 3 ft. 24 in. in diameter. The furnaces in the 
main boiler have Fox’s corrugated flues, and those in the 
auxiliary boilers are Brown’s ribbed furnaces. On trial 
only the main boilers were fired. With a pressure of 
150 Ib., and the engines working to 80 revolutions, the 
power developed was 3500 indicated horse-power, and the 
speed attained 134 knots. 


Messrs. Robert Napier and Sons, Govan, launched from 
their shipbuilding yard on Saturday, March 2, a steel 
screw steamer built for the London and South-Western 
Railway Company, and intended for the company’s fast 
passenger service between Southampton and the Channel 
Islands. Her dimensions are: Length, 240 ft. ; breadth, 
30 ft. ; depth, 14 ft. 2in.; with a gross tonnage of about 
800 tons. Sleeping accommodation has been provided for 
140 first and 60 second-class passengers. Engines of the 
triple-expansion type will be fitted on board the vessel. 
The diameters of the cylinders are : High pressure, 27 in. ; 
intermediate, 40in. ; ow pressure, 65in.; each with a 
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piston stroke of 3 ft. The steam is to be generated in two 
double-ended boilers, having twelve corrugated furnaces, 
the working pressure being 160Jb. to the squareinch. The 
power developed will be about 2500 indicated horse-power, 
the speed to be attained being 16 knots an hour. 


On Saturday, March 2, Messrs. Edward Withy and Co. 
launched from their = at Hartlepool a large steel screw 
steamer, named the Wastwater, and built to the order of 
Mr, James Huddart, of Melbourne. She is a large vessel 
measuring over 330 ft. in length, constructed throughout 
of Siemens-Martin steel. The engines have been con- 
structed by Messrs. T. Richardson and Sons, Hartlepool, 
and are of the triple expansion type, with two large 
double-ended boilers built for a working pressure of 160 lb. 
per square inch. The hull and machinery have been con- 
structed under the personal superintendence of Mr. J. 
Wotherspoon, of Port-Glasgow. 


The largest steamship ever constructed by a Leith ship- 
building tirm was launched last Saturday from the esta- 
blishment of Messrs Ramage and Ferguson, Victoria 
Dock. The vessel, which was named Suffolk, has been 
constructed to the order of Messrs. Money Wigram and 
Sons (Limited), Leadenhall-street, London, and is in- 
tended for the London and Australian trade. Her gross 
tonnage is 3362 tons register, and her deadweight carrying 
capacity 4400 tons. The principal dimensions are: Length 
over all, 330 ft. ; Hine 41 ft.; depth moulded, 29 ft. 
She is constructed of steel. The builders will fit her with 
a set of triple-expansion engines, the diameters of the 
cylinders being 254 in., 41 in., and 67 in. respectively, with 
a piston stroke of 42in. Steam is to be supplied from 
three boilers made of Siemens-Martins steel to work to a 
pressure of 160 lb. to the square inch. It may be men- 
tioned that the vessels built at Leith ranking next to the 
Suffolk were the Clan McKenzie and Clan McGregor 
of 2950 tons gross and 4000 tons deadweight carrying 
capacity. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppDLEsBROUGH, Wednesday. 

The Cleveland Iron Market.—The animation in the iron 
market has been as great as ever this week, and the price 
has further advanced 6d. per ton, making 1s. 6d. for the 
fortnight, and 33. 3d. since January. But makers are not 
content with this, seeing that it does not cover the in- 
creased cost of production, and accordingly they are not 
selling freely. ‘Their position has been improved by the 
stock returns of the Cleveland Ironmasters’ Association, 
for these have shown a decrease of 7000 tons in stock when 
none or very little was expected, because of the small ex- 
ports. But makers last month appear to have converted 
into money nearly 9000 tons of the iron they had on their 
hands unsold. Their output is maintained, but as far as 
regards Cleveland, iron cannot very well be increased owing 
to the short supply of coke and other materials, and this 
difticulty about further increasing the production of Cleve- 
land iron, when it is wanted, affords an indication to con- 
sumers that prices will be higher. For prompt f.o.b. 
deliveries of No. 3 g.m.b. Cleveland 36s. 6d. is quoted, 
and not less than that is taken, while 37s. is the figure for 
the second quarter, a rate which can be got. iddles- 
brough warrants have gone up to 37s. 3d., that being 
1s, 6d. advance since the beginning of last week. Connal’s 
store contains rather more Clevelaud iron than last week, 
but we must expect an increase now, because speculators 
will buy the iron and store it until they can make a good 
profit out of it, Hematite has shown a substantial im- 
provement recently, and now there are firms in this 
district who have secured 49s. for mixed numbers. The 
ironmasters’ returns show that there are just 99 furnaces 
at work in the district out of 155 erected, and of these 60 
are making Cleveland iron and 39 hematite, &c. The 
demand for the latter has improved so much this year as 
to lead to the employment of more furnaces since January. 


Manufactured Iron and Steel.—The works are well em- 
ployed ; indeed, there has not been such a press of work 
with them for over six years, and having plenty of orders 
they are putting up their prices. This week ship-plates 
have been advanced 2s. 6d. per ton; angles, 2s. 6d. ; 
puddled bars, 5s.; steel rails, 5s.; and this is further 
stimulating the demand. The steel railmakers have good 
contracts for India and South America. An increasing 
trade in manufactured iron is being done by this district 
with Japan and the Kast. The stee reas makers expect 
to have plenty to do all the year, for shipbuilders are well 
off, and they will not be troubled with any more wages 
disputes until towards the close of the year, if then. The 
shipments of manufactured iron from Middlesbrough last 
month reached 17,853 tons, sent chiefly to the Argentine 
Republic, Uruguay, India, the Cape vf Good Hope, and 
Japan; while of steel 14,423 tons were sent chiefly to 
India and Uruguay. Steel rails are 4/. 103. for heavy 
sections and sleepers 5/, 5s., while ship-plates are 6/. 15s. 
and angles 6/, 5s. Messrs. Riley Brothers, boilermakers, 
Stockton, are about to enlarge their establishment. 





MISCELLANEA. 

We have received a copy of a diary for 1889, issued by 
Messrs. Thomas Fleming, Son, and Co., of the West 
Grove Mill, Halifax. This little volume, which is well 
got up and clearly printed, contains a number of useful 
notes on the care of leather belting, as well as descriptions 
of the specialities of the publishers. 

The gross receipts of the twenty-three em railways 
in the United Kingdom for the week ending February 24, 
amounted, on 16, miles, to 1,159,758/., and for the 
corresponding period of 1888, on 15,926} miles, to 








1,067,518/., an increase of 95? miles, or 0.5 per cent., and 
an increase of 92,240/., or 8.6 per cent. 


The Mekarski compressed air motor for street tram- 
ways is being taken up by American capitalists for intro- 
duction into the United States. The car has been 
modified in some details to suit the supposed exigencies of 
American practice, and as now arranged the air reservoirs 
under the car store 70 cubic feet of air compressed to 
600 lb. per square inch. 


The natural draught trials of the new cruiser Medusa, 
6, which took place at sea on Tuesday, proved highly 
successful, and the ship has returned to Sheerness to pre- 

are for her forced-draught trials, The we was tested 
or twelve hours under natural draught with the following 
results: Revolutions, 131; mean horse-power, 6334 (834 
above the contract) ; mean speed, 18.005 knots. 


Among the numerous improvements ety introduced 
into the London, Chatham, and Dover Railway, for the 
convenience of passengers, are some very commodious 
curiages fitted with lavatories. These carriages are 
divided into five compartments, the two end ones contain- 
ing ordinary first-class accommodation ; the central com- 
partment is divided into two very complete lavatories 
divided by a diagonal partition, and communicating each 
with a small saloon accommodating five passengers. 


The present acute phase of the great copper syndicate 
is watched with universal interest. The suicide of M. 
Denfert-Rochercau is probably only the beginning of the 
end which will be hastened by the action of a Canadian 
copper-mining company who have acquired the Harvey 
Hill Mines, in the Province of Quebec, and are complet- 
ing arrangements for an output of 100 tons of first-class 
ore daily. The only remarkable point about the syndi- 
cate is that it has been able to hold out for so long. 


The Pond Machine Tool Works, of Plainfield, New 
Jersey, have adopted the plan of mounting blue prints for 
shop use on thin sheet iron. The sheets used are cold 
rolled, and have a very smooth surface. This surface is 
prepared for mounting the print by varnishing it on both 
sides with shellac varnish, and the print is then attached 
by starch paste, after which it is varnished with shellac, 
rendering it water and grease-proof. Amongst several 
pastes experimented, that made from starch has been 
found to be the most satisfactory. 


A railway on the French island of Réunion is said to be 
a remarkable engineering work on account of the great 
difficulties which had to be surmounted in its construction. 
The road is metre gauge and only 78 miles, yet in this 
distance there are four tunnels having a total length of 
6.84 miles, and many heavy cuttings and high embank- 
ments. Of bridges and culverts of less than 33 ft. in 
length there are 200, and besides these there are 43 large 
bridges and viaducts. In these are included three bridges, 
each 328 ft. long, one 1312 ft. long, one 1640 ft. long, and a 
viaduct 431 ft. long and 82 ft. high. 


From a number of experiments on struts of the dimen- 
sions commonly adopted in the construction of American 
bridges, Mr. C. L. Stobel, M. Am. Soc. C.E., has pro- 
posed the following formula for breaking weight in 
pounds per square inch of such columns, the length of 
which is more than ninety times that of the least radius of 
gyration of the cross-section . 


p=46,000 -125 4, 
ad 


where L=length of column, and 7=radius of gyration, 
both measured in the same units, 


M. Neyreneuf, in a recent number of the Journal de 
Physique, describes some interesting results he has obtained 
in performing electrolysis with aluminium electrodes. If 
a voltameter thus fitted is filled with dilute acid and an 
alternating current passed through it pure hydrogen is 
evolved at both electrodes. If an electrode is of alumi- 
nium and the other of mercury, with distilled water as 
the electrolyte, even’‘more remarkable results are obtained, 
as the current can be passed in one direction only, and 
hence the arrangement forms what is called by the author 
an electric valve. 


M. De Tchihatchef, a Russian writer, asserts that the 
average flow of petroleum in the Baku region is 88,000 
barrels per day, as compared with 25,300 barrels in the 
United States. The chief drawbacks encountered by 
those who have worked the Baku oilfields have been the 
lack of means of transportation and cheap package of 
the oil. These difficulties have been to some extent 
overcome by the construction of a railway to Batoum, 
and of a number of steamers specially constructed for the 
carriage of crude oil. It is therefore very probable that 
Russian oil will very largely displace American in the 
European market, and M. De Tchihatchef is sanguine of 
competing successfully even in America. 


Mr. Richard Peacock, head of the engineering firm of 
Beyer, Peacock, and Co., and Gladstonian member for 
the Gorton Division of Lancashire, died on Saturday 
night at Gorton Hall, Manchester, after alingering illness, 
Mr. Peacock was born in the valley of Swaledale, York- 


shire, in 1820, and was educated at the Leeds Grammar | P 


School. After serving an apprenticehip to Messrs. 
Fenton, Murray, and Jackson, engineers, he became 
locomotive superintendent on the Leeds and Selby Rail- 
way, and some years later he held a similar appointment 
on the Manchester, Sheffield, and Lincolnshire Railway, 
whose great works at Gorton he planned, Mr. Peacock 
was elected member for Gorton in 1885, 


The Union Steamship Company’s Royal mail steamer 
Tartar, since the accident to her shafting last November, 
has undergone a — overhaul and refit, and the 
whole of the main shafting, which was originally of iron, 





has been replaced by steel shafting, manufactured by 
essrs. Vickers, Sons, and Co., Limited, of Sheffield. 
Though no absolute necessity for removing the whole of 
the iron shafting existed, yet, as a portion of it had to be 
renewed, the directors considered it better to incur the 
expense of introducing entirely new steel shafting in order 
to insure perfect safety. This new steel shafting is of the 
same diameter as the old iron shafting, namely, 164in., 
and has thus a great reserve ofstrength. With the object 
of testing the new shafting, the Tartar was taken out for 
a six hours’ steam trial on Saturday, the 2nd inst., when 
everything was found to be in perfect working order. 


The Bulletin du Canal de Corinthe gives the following 
account of the works on the canal now in course of con- 
struction across the Isthmus of Corinth: ‘‘ During the 
last three months the work has continued regularly and 
almost without interruption except for feast days. 
Despite the season there has been an average of five work- 
ing daysaweek. The coldest weather experienced was 
2 deg. below zero. There was a little snow, which did 
not, however, lie long, and in January one or two shocks 
of earthquake. The number of workmen engaged varied 
between 1200 and 1400, The cube executed in this period 
was 382,000 metres, or an average of 5500 per working day. 
No falling in occurred, and the subterranean waters gave 
no trouble. A new place of discharge for 250,000 metres 
of earth has been assigned the contractors close to the 
workshops at Isthmia. All arrangements are being made 
for the renewal of the work in the spring. 


The United States Government recently called for ten- 
ders for a submarine torpedo boat, the design being left 
to the manufacturers. Thecompetition was only open to 
American manufacturers, and of these only two tendered. 
The Columbian Iron Works, of Baltimore, made three 
bids, all for a vessel of 90 tons. The first of these pro- 
posals was for a vessel to make 12 knots on the surface 
and 9 knots submerged, with an endurance of 19 hours 
above water and one hour below; the cost to be 30,0007. 
Secondly, fora vessel with a guaranteed speed of 10 knots 
on the surface, with an endurance of 15 hours above 
water and eight below, to cost 23,000/. Or, finally, 
for a vessel with a surface endurance of nine hours and a 
submerged one of seven hours, to cost 20,0007. Theother 
bid was from George C. Baker, of Des Moines, Iowa, who 
offered to construct a 40-ton boat but without any gua- 
rantees save that she should be easily handled both above 
and below water. 


At a general meeting of the King’s College Engineer- 
ing Society held on February 26, the president in the 
chair, Mr. V. J. Bouton, A.K.C., hon. member of the 
Society, read two papers, the first on ‘‘ Modern Pumping 
Machinery” and the second on ‘‘ Winding Machinery.” 
In the first paper pumps constructed for various purposes 
by Messrs. Bradley and Co., Messrs. Peam and Co., the 
Pulsometer Engineering Company, Messrs. Fielding and 
Platt, and other well-known makers were described. The 
second paper contained descriptions of Corliss engines 
used for winding purposes in Belgian collieries ; Messrs, 
Hathorn, Davey, and Co.’s engines for a Chinese mine, 
with cylinders 28 in. by 54 in., and Cornish double-beat 
valves; the winding engines at Silksworth Colliery, Dur- 
ham ; Mr. Leavitt’s compound engines at the Calumet and 
Hecla mines, with cylinders 40 in. and 70 in. by 72 in. ; 
and Hurd’s patent wire rope gear, which saves six-sevenths 
of the cost of horses. After a vote of thanks to Mr. 
Bouton for his paper the meeting was adjourned. 


For submarine blasting at the Panama Canal works a 
wooden raft 82 ft. long by 46 ft. wide wasemployed. This 
was kept above water by forty-eight floats and was covered 
with planking in which holes 8 in. square and 8 ft. 24 in. 
apart were made, This raft served as a stage, and from 
it the blasting of the boulders under water on the site of 
the canal at Mindi, near Colon, was performed across 
the whole bottom width of the canal. The holes were 
drilled by means of tubes 1.38 in. in diameter and in 
lengths of 16 ft. 5in., which could be screwed together. 
These bars passed through the holes in the planking and 
were kept vertical by passing them through the meshes of 
a sort of trellis roof erected over the raft. An iron pipe 
34 in. in diameter served as a guide for the bar and 
prevented the hole being lost when the bar was removed 
and in charging the hole. The explosive was inserted by 
a tube 24 in. in diameter, and several were connected 
together by wires, thirty-five to forty mines being fired 
simultaneously by electricity. 


At a town meeting held at Sheffield on Wednesday 
night in support of a scheme for improving the waterways 
between Sheffield and the sea, a resolution was adopted, 
declaring that an improved and independent water com- 
munication between Sheffield and the sea had become a 
vital necessity for the retention and development of the 
trade and commercial interests of Sheffield, Rotherham, 
Doncaster, and the South Yorkshire coal trade. It was 
urged that the canal was necessary because of the great 
disadvantage for trade purposes of inland towns, as com- 
pared with places on or nearer to the seaboard or possess- 
ing water communication adapted to the requirements of 
modern times. The objects of the Bill deposited by the 
romoters of the scheme are the purchase of various exist- 
ing canals between Sheffield and Keadby and the widening 
and improving of these waterways, together with the con- 
struction of new canals and extensive docks to accommo- 
date vessels of moderate size. The scheme met with the 
hearty approval of the meeting, over which the mayor 
presided. 





American Rartroaps.—During the last thirteen years 
no fewer than 423 American railroads, representing 43,770 
miles of line, have been either sold under foreclosure or 
are now awaiting such a sale, 
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GOVERNOR AND EXPANSION GEAR. 
CONSTRUCTED BY MESSRS. CLAYTON AND SHUTTLEWORTH, ENGINEERS, LINCOLN. 


9172 
( 





On the present page we illustrate a very neat form | Between the cross-girders are the rail-bearers carry- 
of governor adopted by Messrs. Clayton and Shuttle-| ing curved plates, over which there are 4 in. of con- 


worth for their engines, when fitted with automatic 
expansion gear. Governors for such engines are very 
subject to vibration, necessitating the use of a dashpot, 


| 





crete to receive the permanent way. The main girders 
and the rail-bearers where resting on the abutments 
have granite bearing blocks which form part of the 


which in the present instance is hollowed out of the} moulded impost course. 


weight as shown in our engraving, making a very com- 


In the case of the Berry Burn which forms the 


pact job, As the dashpot is of comparatively large size | boundary between Greenock and Gourock, a different 
it is unnecessary to fill it with oil or water, which is a| method was admissible from that adopted in the case 


considerable advantage. 








GREENOCK AND GOUROCK RAILWAY. 
(Continued from page 194.) 





of the West Burn. On the upper side of the railway 
the ground was s‘eep, and by means of waterfalls 
the burn level was lowered and carried under the line. 
The bridge is a small epan of 6 ft. of box girders 


A snort distance from the Inverkip Viaduct, a brook, | fitted with timber beams on which the chairs of the 


known as the West Burn, crosses the railway on an| permanent way rest. 


Between the box girders are 


aqueduct ata height of 16 ft. Although the usual flow | curved plates covered with concrete flush with the top 
of the burn is not great, heavy spates have had to be| of the girder. The girders are 9 in, deep. 


provided against. In our two-page engraving this week, 
Figs. 18 to 31 illustrate this structure. The span of the 
aqueduct is 46ft. 74in. on skew, and the main girders are 
10 ft. centres and 6ft.9in. deep. The stiffeners of the 
girders are of Zin. plates and angle irons, and are only 
on the outsides, The bottom is formed with rolled 
joists 4 ft. centres, covered with cast-iron plates bolted 
together, and rusted at the joints, as shown in enlarged 
section (Fig. 27). Provision for expansion has been 
made at the high end of the bridge, and is formed with 
channel irons, into which teak bearing surfaces are 
fixed round the bottom and sides of the bridge, those 
bearings working on another teak timber bearing bedded 
in Portland cement into the masonry. The aqueduct 
was constructed two years ago, and since that time has 
—— said to work admirably, being perfectly water- 
ight. 


ina cutting 10ft. deep, built with brickwork. At 
the end of the aqueduct the burn runs into a pond for 
the supply of water to Messrs. Walker’s sugar works. 
The normal depth of the water on the aqueduct is 
between 2ft. and 3ft. Figs. 18 to 31 are illustrations 
of the aqueduct. 

Carrying the railway over the diverted part of the 
Lyle-road is a bridge 60 ft. span. There are two 
main outside girders, 28 ft. centres, and 6 ft. deep, 
with 1 ft. 9in. flanges. The cross-girders are fish- 
bellied in shape and 8 ft. apart; they rest on the bottom 
flanges. There are plate stiffeners on the main girders 
inside and outside at each cross-girder with inter- 
mediate stiffeners of T iron 6 in. by 3in. by } in. 


During the construction of the aqueduct a} 
temporary diversion of the burn was made to the east | 








Elliptical skew arches are not by any means common, 
and it is therefore all the more interesting to find two 
of them on this line. One is situated near Gourock to 
suit the feuing ground on the south side of the rail- 
way. The angle of obliquity is 52 deg. The span is 
28 ft. on the square, and the width between the 
parapets is 30 ft. The abutments are 5 ft. in thick- 
ness, and with the wing walls are of masonry in re- 
gular courses, the spandrels being of similar masonry. 
The haunching of the arch is of rubble work, and 
the whole arch and haunch is covered with 1} in. of 
asphalt. The arch stones are 18 in. deep, and rise 
from toothed springers, the ring pens being 1 ft. 9 in. 
deep, and about 4 ft. 6 in. in length. The rise of the 
arch is 7 ft. 6 in., and the springer is 7 ft. 3 in. 
above the rails. The parapets are of coursed ashlar 
18in. thick, with string courses 12in. deep, and moulded 
cope 10 in. deep; the top of the cope is 4 ft. 3 in. 
above the footpath. The lines of the arch are certainly 
very beautiful, showing care and oe credit on 
the part of the contractors, Messrs. Kennedy. 

Figs. 32 to 39 on our two-page — illustrate a 
syphon carrying Coves Burn under the railway. There 
are two parallel pipes as shown, each pipe having a 
manhole. The inlet tank is built of masonry incement 
mortar 2 ft. thick, and the head of water from the one 
side to the other is 3 ft. 9 in, The joints of the pipes are 
rusted. There is a similar syphon on another part of 
the line, butit has only one pipe of the same dimen- 
sions, and a 9-in. pipe is led from the tank to the side 
drain of the railway to admit of the syphon being 
closed for cleaning out, 





The bridge carrying the turnpike road between 
Greenock and Gourock is built on the girder principle. 
It has a span of 28 ft. on the square, and the angle of 
obliquity is 39 deg. 30 min. The breadth of the road- 
way is 42 ft. between parapets. There are two abut- 
ments 5 ft. 6 in. at the bottom, with two 9-in. breaks 
on the back, bringing the abutment to 4 ft. thickness 
at the top. The parapets are of coursed ashlar, 18 in. 
thick, with a string course 10 in. deep and a moulded 
cope 1 ft. 9in. by 10in., a total height above the pave- 
ment of 4 ft. 3in. There are two outside plate girders 
of malleable iron on the line of roadway carrying the 
ashlar parapet walls ; on the square are malleable iron 
= girders 6 ft. centres, each 2 ft. 6 in. deep and 16 in. 

road, carrying on the bottom flanges jack arches of 
brickwork, 9 in. thick, built in cement mortar. The 
whole surface above is filled in with cement concrete 
to 2 in. over the top of the girders to receive the road- 
way. The Vale of Clyde Company’s double line of 
tramways is carried over this bridge, and in the con- 
struction of the bridge the traffic was not interfered 
with. The abutments were built in trenches, one at 
a time, and the whole of the ironwork, with the jack 
arching, was placed in position between a Saturday 
night and Monday morning, the road being laid in its 
finished condition in the morning to obviate any inter- 
ference with the tramway traffic. The gas and water 
pipes are 4 in. and 5 in. in diameter respectively, and 
are carried across the top of the bridge. This part of 
the work was also done during the short time of con- 
struction. ; 

The bridge carrying the Cove-road, which was 
diverted, is an elliptical skew arch, 28 ft. span, with a 
roadway 25 ft. broad. The bridge is the same as the 
one of similar type already described, but in this case 
the angle of obliquity is only 70 deg. 

The last bridge on the line is that carrying the rail- 
way over Gourock Burn, at the extreme east end of the 
bay. The bridge has four trough girders, one under 
each rail, with timbers 18 in. broad and 14 in, deep 
fitted into them, and resting on the bottom flanges. 
On the timbers the chairs of the permanent way are 
spiked. Between the girders are curved plates restin 
on angle irons fitted to the webs of the girders, an 
covered with cement concrete flush with the top of 
the girders. The span is 16 ft. on the square, and 
21 ft. Gin. on the skew. There are two outside plate 
girders with malleable iron tube handrails. 

Before departing from the subject of bridges it 
may be mentioned that all the ironwork is stressed 
to not more than 4 tons to the square inch, and the 
steelwork to not more than 5 tons to the square inch, 
which are the maximums that the company stress all 
their iron and steelwork. In all the bridges the abut- 
ments are of masonry faced with ashlar, and the re- 
taining walls are of similar masonry. 

As we have already indicated, a considerable part of 
the line is underground. Thereare two tunnels and a 
covered way. The most important part of the works 
is the Newton-streettunnel, which carries theline under 
the street of that name. It is 21114 yards long, so that 
it is the longest tunnel in Scotland. Of this tunnel 
we give several sections showing the radii and the tit- 
bering. A long delay, it may be remarked at the out- 
set, was experienced in making a start at the shafts, 
owing to the opposition of the Police Board of Greenock. 
They offered determined resistance to the putting of 
shafts down in this street ; but ultimately the company 
gained their point. In the mean time a start had been 
made (on the 7th of January, 1886) at the west mouth 
of the tunnel, where the work could be carried on 
without interfering with the street, and on the 28th of 
October following, operations were begun at the east 
mouth. In addition to the open ends four shafts were 
sunk, The first three shafts were commenced in the 
middle of May, 1886. They werenumbered 1, 2, and 
3 respectively from the east mouth. No, | was dis- 
tant from the east end 243% yards ; between 1 and 2 
there were 4354 yards, between 2 and 3, 539 yards, and 
between 3 and the west mouth of the tunnel 893} 
yards. Asthe work in the latter distance was likely 
to be delayed, it was decided at an advanced stage to 
sink an additional shaft (No. 4), and this was com- 
menced in April, 1888, It was principally used to 
drive a heading towards the west mouth of the tunnel. 
The distance between shaft 4 and the west mouth was 
593% yards, but as operations were first started at the 
west mouth, the distance worked was considerable at 
the date of sinking No. 4, so that the — to be 
gone over was pretty evenly divided then. The greatest 
depth of the tunnel is 200 ft. under the surface. At 
the east mouth it is 32 ft. from the surface to rail level, 
No. 1 shaft 68 ft., No. 2shaft 92 ft., No. 3 shaft 118 ft., 
No. 4 shaft 158 ft., and after the maximum of 200 ft, 
is attained the depth decreases until at the west mouth 
the tunnel gets into an open cutting 36 ft. deep. The 
shafts averaged about 11 ft. by 5 ft., and there was, in 
each case, an upcast and downcast divided by a screen of 
timber. The cages were worked by steam engines and 
boiler with overhead pulleys in the usual form. No, 4 
shaft was round, It was ae worked with a kettle, as 
it was unnecessary to have the usual shaft, seeing that 
























242 





ENGINEERING. 


{Marcu 8, 1889. 











the excavations were only coming from the heading 
being driven to get a through connection. 

In No. 3 shaft, 12 ft. from the surface, and going to 
the bottom, was hard conglomerate rock without a 
parting. Very little timbering was needed in all the 
shafts, as the strata gone through were hard; 800 yards 
of the tunnel were through red sandstone beds and con- 

lomerate rock, and none of it required timbering. 

‘he remainder of the tunnel varied very much from 
the most troublesome shale to the hardest whinstone, 
with a great many backs, requiring from 5 to 20 bars 
to support the 12 ft. to 18 ft. lengths which were exca- 
vated at a time. The lengths, of course, depended 
upon the nature of the material excavated. The whole 
of the work was done by hand labour, and all required 
blasting. Tonite was used principally, and where the 
ground was dry, the charges were of black powder. 
In all 157,000 cubic yards were excavated, and it was 
all out by January 26, 1889. The average time taken 
in finishing the 15 ft. to 18 ft. lengths was from ten 
days to a fortnight. 

Fig. 42 on our two-page engraving shows the three- 
ring work, which required no timbering, and the radii, 
which are applicable to all the sections. The centres 
were placed at 6ft. apart, and the material being hard, 
long lengths—in some cases ‘ yards—-could be 
excavated before building the brickwork. The four- 
ring brickwork is shown by Fig. 48, which we shall give 
later on with some other sections, This was prin- 
cipally through solid ground and required little timber- 
ing—a few bars on the top. The work was taken in 
this case in 18 ft, lengths. The six-ring works are shown 
in Figs. 40 and 41, both in course of construction and 
finished, This was through heavy ground and the lengths 
were short, varying from 12 ft. to 18 ft. It was necessary 
to leave in the bars where there were sudden changes in 
the strata. ‘There was a little eight-ring work in open 
cutting at the west mouth of the tunnel, where a shaft 
was formed at the commencement before the cutting 
of the railway could be got up to the tunnel mouth. 
As it was at considerable depth the eight-ring work 
had to be put in to carry the material in filling up the 
shaft. The bars used throughout the tunnel to sup- 
port the roof were of larch trees about 18 in. in dia- 
meter. They were supported with props of larch. 
The only place where any length of heading was formed 
was that between No. 4 and the face entering from 
the west mouth. This was 10 ft. square. Between 
the other shafts the faces were carried forward with a 
top heading always kept about 20 ft. in advance. At 
all the points of junction between the various shafts and 
the open ends the joinings met with perfect accuracy. 

(7'o be continued.) 








THE STRENGTH OF IRON AND STEEL. 

At the last monthly meeting of the London Association 
of Foremen Engineers and Draughtsmen, held at the 
Cannon-street Hotel on February 2, a lecture was de- 
livered by Professor Kennedy ‘‘ On the Strength of Iron 
and Steel,” of which the following is an abstract : 

Professor Kennedy said that it afforded him great pleasure 
to have the opportunity of lecturing to a Society he had 
known for many years by name, dating from the time 
when as an apprentice at a | works (since closed) on 
the banks of the Thames, his foreman as his buss often 
corrected him when he found him going wrong. He said 
the subject of the lecture was one to which he had paid 
great attention for many years and could speak about it 
without any special preparation. The subject was a large 
one, and he felt in a similar position to Mark Twain’s 
Mississippi pilot’s apprentice—who, when he thought he 
knew all about that great waterway began to be upstart, 
but soon found out he knew but a little of it. He said 
we tell the strength of iron and steel in the testing 
machine, a very nice and accurate way of studying it, 
but as we do not use iron in the testing machine, so we 
have to carry our experiments further, but when we have 
found out a good deal s.bout the behaviour of these metals 
there, we have to find out their behaviour not only by 
pushing and pulling, but when subjected to shocks and 
alternating stresses ; a continuous alternate pushing and 
pulling so many times a minute is a very different test 
to steady pushing and pulling. And there was the ques- 
tion, whether iron and steel always remains the same, and 
whether it does not alter its condition if left to itself, like 
a thing growing. When we speak of the strength of a 
material we mean roughly, the lecturer said, that resist- 
ance which it offers to being distorted or being broken ; 
the first we would call its ‘‘elastic strength” and the 
latter its maximum strength. Now elastic strength might 
be defined as the resistance of a material to visible distor- 
tion. He used the word visible because we know that if 
we press on, say, & connecting-rod of a large engine we 
distort it but not visibly; he said visible, not to be 
pedantic and consider ten-thousandths of an inch when 
we only want tenths of an inch. There are some ma- 
terials which have these two resistances nearly identical. 
A piece of cast iron if stretched in the testing machine 
quietly, will not exhibit any extension unless arg “pee d 
measured by a suitable instrument to do so, but it sud- 
denly snaps, then we find the elastic and maxiinum 
limits of strength nearly identical. But there are other 


materials, such as soft steel and ductile iron, which become 
visibly lengthened. 

“Take,” said Professor Kennedy, ‘‘an ordinary test- 
piece 10 in. long and strain it up to 14 tons persquare inch, 
and you will not observe much change up to that load, but 


the next 3 ton will stretch it } in.; that is to say, its elastic 
limit has been reached at this point, and it has rapidly 
changed its condition, but we go on pulling to pretty 
nearly double this limit before it finally breaks. We may 
ask ourselves a question, which, if I could answer, would 
make me very contented. I do not know, and I do not 
believe any one knows the reason of this. We believe that 
the iron consists of a great number of small particles 
called molecules, and some of us believe these molecules 
to be in rapid and continuous motion, and we believe 
that to this motion or vibration is due the tenacity of the 
material, but this may be mere conjecture, and does not 
tell us why. To use an illustration, we know there are 
sounds which cannot be heard by human ears—for 
instance, the ‘‘ bat whistle” can only be heard by those 
who have acute hearing powers, and by many cannot 
be heard at all. I constructed a small whistle which 
ange a very shrill sound, that could be distinctly 

eard, and by gradually shortening the tube the sound 
became shriller and shriller, till I could not hear it at all, 
although I knew the sound existed. This may goa little 
way to explain what may be going on in masses of mate- 
rial, although we are not conscious of it. In pulling a 
piece of iron in the testing machine, we say the tensile 
stress is equal to the force pulling it asunder until it 
breaks ; then the two are unequal. It goes on stretching 
from the commencement of the pull, and these increments 
of length are measured by a suitable apparatus until it 
breaks, and it is found for every ton of stress on a square 


in. in length. Two tons 


12,000 
in., and if it were 6in, long by 


In 


inch of section it gains 


‘ 2 
would stretch it 12,000 


lin, square it would be sbi in. for each ton of stress, 
short pieces, of course, these lengths are not visible, but 
in a bridge link it would be seen quite plainly; and 
whether the material were wrought iron or steel the stretch 
would be practically the same. Differences exist only in 
the case of hard tool steel or similar material, but if it 
were cast iron the stretch would be twice the amount up 
to 10 tons, when this material would break, whereas the 
other materials would go on stretching up to 20 or 21 tons 
before it broke, and after 28 or 30 tons is reached in the 
case of soft steel. The strength of a piece of material 
depends entirely on its cross-section, no matter what 
the shape may be. A round bar having the same 
area of section is exactly equal to a square bar of 
equal area under tension. But a very different condi- 
tion of things exists when we consider the matter from 
another point of view—if we are dealing with this material 
in compression, such as a strut, the above conditions no 
longer hold good, as in this case the shape of the material 
makes a considerable difference. If we take a short cylinder 
of iron and compress it endwise it will carry a great weight 
and will yield only by barrelling; butthe same material 
beaten into a thin plate, although having the same sec- 
tional area, would easily bend or buckle. The same may 
be said of long pieces. Long lengths are not equal to 
short under these conditions, and if the ends of a strut 
are flanged it presents greater stiffness than if pointed. 
A curious feature with struts is that when they break by 
flexure they do so because they have not sufficient tensile 
strength on the outside of the bend. The third chief 
strain to which this material is subjected is called shear- 
ing, t.c., making one portion of the material slide away 
from the other by shearing force, as in rivetted joints, 
In this case the material is not so strong asin compression 
or tension, and is generally about four-fifths of its tensile 
strength. A rivet in what is called single shear is only 
half the strength of a rivet in double shear, i.¢., passing 
through three plates instead of two. Of course the strain 
takes place in two parts of the rivets instead of one, each 
part presenting the same resistance. I have made many 
experiments to test the accuracy of this theory as I had 
some doubts about it. I have hitherto dealt with the sub- 
ject from the testing machine point of view’; I will now 
consider it as applied in actual work. 
‘*Take a piston rod of a steam engine, and we have a 
piece of material undergoing the process of pushing and 
ulling alternately and rapidly, say 120,000 times a day. 
his material is tried in a very different fashion to test- 
ing machine trials, and there has been a great many fights 
(‘‘amicable,” of course) as to how the material is affected 
by this treatment, and a great difference of opinion exists 
about it. An industrious German named Wohler some 
years ago made some very elaborate and lengthy experi- 
ments to test this question thoroughly, which may 
called the ‘‘ Fatigue of Materials;” they were published 
in ENGINEERING at the time. He constructed a machine 
which gave successive pulls on the material, and he found 
that if the pulls were given a sufficient number of times 
the material broke at about two-thirds its nominal maxi- 
mum strength, while the elastic strength was never re- 
duced. A piece of iron with a nominal tensile strength of 20 
tons could in this way be broken at 17 and 16 tons, and one 
iece which had been under test for three years could not 
be broken below 14 tons—‘‘the elastic limit.” This is a 
very important point, as it teaches us that we may load 
our material to nearly its elastic limit with comparative 
safety, if the load be in one direction only. But Wéhler 
found that the same material so tried could in a testing 
machine giving successive pushes and pulls be easil 
broken at 14 tons. And continuing the experiment wit 
gradually diminished loads, he found that 7 tons tension 
and 7 tons compression successively was the limi*. con- 
clusively proving that 14 tons is the elastic lirwit, no 
matter in which direction the test is given. I do not 
believe in the popular theory that continuous work in the 
material brings abouta crystallised condition. I believe that 
nothing whatever happens to it, and that crytallisation is 





caused simply by sudden fracture ; for instance, a plate 








having holes punched across its section, when pulled in the 
testing machine yields first in one of the outer connecting 
piecesslowly, and gives a beautiful silky fibrous appearance, 
the remainder of the connections give way suddenly from 
overload, and a crystallised fracture is the result. The 
same thing happens in cutting a bar with a chisel ; it is 
first nicked on one side and then suddenly broken, the 
same crystalline appearance resulting, but if pulled gently 
backward and forward or torn, a totally different result 
may be obtained. I have many times tested broken axles 
and railway rails that have broken, cutting test-pieces close 
up to the fracture, and always found different appearances 
to the original crack. I do not think that could be if the 
metal were crystallised throughout. Ido not think the 
material in any kind of structure will suffer from fatigue 
unless loaded beyond its elastic limit. If it does we are 
in considerable difficulty ; as in the case of girders carry- 
ing floors or bridges, where they are frequently hidden, 
they may go on deflecting unobserved till something 
appalling happens. But we, as good engineers and con- 
structors, must look well to it and make our structure 
according to our investigations, or some day our material 
will play usatrick. I can safely tell you that time will 
have no effect on your material if you do not load any 
part beyord its elastic limit. My friend Mr. Baker, 
engineer of the Forth Bridge, tells me there never was a 
structure yet erected that was not overloaded in some of 
its parts, and I am bound to respect such an authority. 
If we strain our material by cold bending or straightening 
before putting it into our structure, or unduly Gea one 
part more than another with insufficient strengths, the 
serious consequence is due to our folly or ignorance. I said 
iron was composed of small particles, and great resistance 
is offered to any attempt to displace them ; any punish- 
ment will certainly lessen its strength for the time being. 
There is another very interesting feature about this mate- 
rial; it appears to undergo changes when rolling and 
recuperates itself after hard work. I have several pieces 
of iron in my laboratory that have been many times tested 
and put by to prove this. A piece of iron tested to 15 tons 
per square inch is laid by till the next day and tested 
again. Whenit is found it will take permanent set at 
from 3 to 5 tons, but if left for a month it is quite at ease 
at 5 tons, and at six months it is quite at ease at 15 tons, 
and if left for two years it will actually bear 17 or 18 tons, 
or more than its original elastic limit. This I cannot 
understand; it seems this apparently inert material 
undergoes changes and is a more conscious thing than we 
think. After inviting members to pay a visit to Univer- 
sity College to see some of these things, which was readily 
accepted, a short discussion followed in which the Pre- 
sident, Mr. Powrie, Mr. Coates, Mr. Melton, and Mr, 
Finch took part. Professor Kennedy replied and a hearty 
vote of thanks to him for his interesting lecture was unani- 
mously responded to.” 





Swiss Rartways.—At the close of 1887 there were 18783 
miles of railway in operation in Switzerland. The average 
length of line worked during the year was 1837} miles. 
The aggregate capital expended upon Swiss railways to 
the close of 1887 was 41,951,650. The net revenue 
acquired upon all the lines in 1887 was 1,465,380/. The 
average return realised for 1887 upon the capital expended 
was accordingly 3.45 per cent. 





Lonpon Sanitary PRoTEcTION ASSOCIATION.—The 
eighth annual meeting of this Association was held on 
Saturday at the rooms of the Society of Arts, Adelphi, 
Captain de Lousada, R.N., in the chair. It appeared 
from the report that 468 new members had joined during 
the year, and 454 houses had been inspected for the first 
time, making the total number examined since the foun- 
dation of the Society in 1881, 3115. Owing to the increase 
in the work the staff had been increased, and there are 
now five resident inspecting engineers. During the past 
year an inspection had m made at a nominal fee of 
four large blocks of buildings belonging to the Society 
for Improving the Condition of the Labouring Classes, 
and a donation of 10/. had been sent to the Mansion 
House Committee. A Table annexed to the report showed 
that out of the 454 houses inspected for the first time this 
year 57 per cent. were either classed as rather bad, bad, 
or very bad, 43 per cent. only being ‘‘good,” ‘fairly 
good,” or *‘ very good.” The balance-sheet showed a sum 
of about 920/. in hand, being the savings of the Associa- 
tion for eight years. The treasurer, in his report, referred 
to one of the objects of the Association being the im- 


be | provement in the sanitation of the py parts of London, 
t 


and suggested that it might be well to put subscriptions 
and charges for such philanthropic operations to a sepa- 
rate account. On the moticn of the chairman, seconded b 
Lord Chelmsford, the report was unanimously adopted. 
It was also resolved, on the motion of Lieutenant-General 
Innes, the treasurer, that the Council, with the assistance 
of Mr. R. B. Martin, Mr. Bateman, and Miss Davenport 
Hill, be authorised to consider the desirability of amend- 
ing the Articles of Association. The treasurer, in the 
course of his remarks, pointed out that the mortality 
covenant the British troops in India had been reduced 
from 69 per 1000 to 13, mainly through improved sanitation. 
Mr. Ellice Clark, consulting engineer, drew attention to 
the fact that if the 750,000 houses of which London was 
composed were in the same average state as the 3000 which 
had been inspected by the Association, 427,000 of them, 
containing a population of 2} millions, were in a bad 
sanitary condition, and 172,000 in such a very bad condi 
tion that the whole drainage ought to be reconstructed. 
Lord Chelmsford said he had just learned that in building 
the Reichstag in Berlin asanitary engineer was appointed 
who had sole control of the sanitary works independent of 
the architect. The proceedings closed with a vote of 
thanks to the chairman and Council, 
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‘* ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
Compitep By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888, 
The number of views given in the Specification Drawings is stated 
in each mi Do win: none are mentioned, the 
Specification is not illustrated. 
Where Inventions are communicated from abroad, the Names, 
&e., of 7 Communicators are given in itali 
v) 


ee aden Office of opposition to the grant of a 
‘atent on any 


FORNACES. 

716. J. Noble, Middlesbrough, Yorks. Improve- 
ments in Regenerative Furnaces for Use in the 
Manufacture of Steel and other Metals. [6d. 2 Figs.) 
January 17, 1888.—This invention relates to an improvement in 
the construction of the Siemens regenerative furnace used in the 
manufacture of steel and other metals, and consists in means for 
preventing the choking up of the gas and air ports by melted slag 
and brickwork, which generally occurs in such furnaces as ordi- 
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narily constructed. A is the bed of the furnace, B, B are gas and 
air ports, C regenerative chambers, and D the floor level. E, E 
are slabs of fireclay, one being built into each gas and air port 
between the division walls F on the floor level D, so as to form 
pockets H which catch the melted slag and brickwork flowing 
down from the “port end stopping.” These pockets can readily 
be cleared out at intervals as required. (Sealed January 25, 1889). 


1549. J. P. Guy, Burslem, Staffs. An Improved 
Refractory Material for Use in Furnaces an % 
[6d.] February 2, 1888.—This invention relates to an improved 
refractory material produced from highly aluminous asbestos 
mixed with other suitable substance, as lime, silica, and burnt 
clay, to produce saggers and other vessels and linings for furnaces, 
&e. (Sealed Februarg 15, 1889). : 

3806. Leslie, London. (A. S. Massey, Madras, India.) 
Improvements in Lr gg or Furnaces for Melting 
Iron and other Me (6d. 4 Figs.) March 12, 1888.— 
The cupola is formed in two separate parts A, A'; the lower part 
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306 B 
A is constructed in the usual 
bottom, tap-hole, 
constructed in th: 


manner with drop or rake-out 
and blast tuyere. The upper part A! is also 
e usual manner, but is carried by a carriage B, 


which runs on rails C, C supported in chairs C', C2 on columns 













D, D'. The chairs C! are fixed to the columns D, but the chairs C2 
are provided with screws C3, which take into nuts C4 resting on 
top of columns D', by turning which nuts the front end of frame- 
work C C is raised, by which the part A! is raised from the lower 
part A, and can be shifted for repairs or relining. Fig. 4 shows a 
mode of hingeing the upper part to the lower, A? being the hinge. 
In Fig. 3 the upper part is carried on trunnions A3 working in 
bearings A4 carried upon girders E. The cupola is divided at an 
angle to allow the upper part, when pulled over by tackle, &c., to 
be separated from the lower so as to give plenty of room for re- 
pairing. (Sealed December 14, 1888). 


8234. S. Pitt, Sutton, Surrey. Improvements in 
and Connected with Welding aces. (7. F. Row- 
land,:W. E. Hill, and A. McLachlan,'Brooklyn, N.Y., U.S.A.) (8d. 
7 Figs.) June 5, 1888.—The body to be welded is mounted in a pit 
below the floor level upon acarriage. Ais acylinder to be welded, 
and V acarriage for supporting it, which can moved along 
rails, the cylinder being supported upon rollers for rotating it. The 
welding is done by gas furnaces B, C, which heat the cylinder 
within and without. As soon asa portion of the cylinder is heated 
to the welding heat, the carriage is run forward, so as to bring that 


































part over the movable anvil D. The anvil being raised beneath 
the heated portion, the weld is made by hammers in the usual way. 
The furnaces are mounted on swinging arms E, F, counterbalanced 
by weights G, H, and supported on a vertical pivot X which is 
carried upon the overhead track by a carriage and is capable of 
vertical adjustment. The furnace B consists of an iron casing 
lined with firebrick and is fed by air pipe O and gas pipesN. The 
gas pipes are each provided with three vertical pipes P, each of 
which is surrounded by a larger pipe R, both delivering into 
chamber S. (Sealed December 14, 1888). 


11,969. F. Siemens, Middlesex. Improvements in 
Rotative Furnaces or Kilns for ting, Cal- 
cining, or otherwise Treating Granular or Pulve- 
rulent Materials such as Cement and Ores. (8d, 
2 Figs.) August 18, 1888.—This invention relates to the con- 
struction of rotative furnaces or kilns heated by gaseous fuel. The 
conical furnace chamber A is fed through a shoot B, and is such 
that the flames resulting from the combustion of gas entering 
through ports C, and air entering alternately by ports D or D' 
have free room to expand, E is the gas producer with grate F 




















and hopper G, the gases given off passing flue H to port C through 
the passage formed between the arches E', E*, and the space 
bet the underside of these arches and the incandescent fuel 
whereby the hydro-carbon gases are heated. On each side of the 
producer is a regenerator I, I' for alternately taking up the heat 
from the products of combustion and imparting it to the air 
supply, for which purpose they communicate at top by flues J, J!, 
with the ports D, D!, and at bottom through a reversing valve K 
alternately with the outer air and a chimney flue O, (Sealed 
December 14, 1888). 


MANUFACTURE OF CHEMICAL PRODUCTS, 








173. E. Lnegee Brussels. Improvements in the 
Manufacture of Sodium Bicarbonate and in Appa- 


ratus therefor. (Sd. 2 Figs.) January 4, 1888.—Crude 
bicarbonate of soda dissolved in water, or the mother liquor from 
previous operations, is clarified by decantation or filtration, and 
after being cooled, is treated by carbonic acid. Thereis a vertical 
chamber provided with a pipe 6 for the introduction of the crude 
bicarbonate of soda. At the bottom of the chamber is a pipe ¢ 
for the admission of steam, and near the top a pipe o for the admis- 
sion of water or mother liquor. The gases resulting from the 
decomposition of the bicarbonate pass through a pi to a cooler 
g, whence they through a washing apparatus A into a second 
chamber k, in which the bicarbonate is reproduced. The liquor 
drawn off from the right-hand vertical chamber passes through a 
filter, and is introduced into a refrigerator m, whence it is con- 


3 





veyed to top of chamber /, and after being saturated with the 
carbonic acid therein, the bicarbonate of soda thus produced is 
drawn off through a filter 3, where the pure bicarbonate separates 
from the mother liquor which may be used again. The water or 
mother liquor is pumped into the refrigerator m through a pipe 
e, and passes around tubes through which is conveyed the liquor 
discharged from the aforesaid chamber. The refrigerator m is 
thus used for cooling the liquors obtained in the first operation, 
and heating the water or mother liquor to be used for dissolving 
the crude bicarbonate, (Sealed January 18, 1889). 


3549. L. Q. Brin, Auteuil, Paris. Improvements in 
the Process and Apparatus for Obtaining Alloys of 
Aluminium, and Particularly Aluminium Bronze, 
(8d. 1 Fig.) March 7, 1888.—The process consists in the direct 
employment of salts of alumina or hydrate of alumina, or cf 
bauxite or clay rich in alumina. Copper, iron, or other metal in 
the form of sheets, lumps, &c., having been cleansed, is coated 
with a composition formed of clay, chloride of sodium, borax, and 
fluor spar, triturated with water to form a paste. a is the fur- 
Nace, charged with coke and metal coated with the flux. The fire 
being lighted and blast admitted, the metal melts, and the salts of 
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alumina are reduced to metallic aluminium, which combines with 
the copper or other metal and forms an alloy. The furnace is 
rovided with a chimney b. The escaping gases may passed 
nto a muffle and utilised in plating metals with aluminium and 
forming aluminium alloys, or the tube b may be allowed to dip its 
mouth just under the surface of water or other fluid in a tank c 
herein the ducts carried off by the blast will be conden 
and retained as bye-products. The low temperature at which 
these alloys melt enables a furnace without a blast to be used for 
alloying and melting iron and aluminium. d is the blast pipe, e 
a ioe hole, and / aladle oringot mould. (Accepted January 
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10,426. R. Maclvor, London. Improve- 


. W. E. 
ment in the Production of White Lead or Carbonate 
of Lead, and the Apparatus therefor. (6d. 2 Figs.) 
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July 18, 1888.—The apparatus consists of a vat A into which is 
introduced a solution of acetate of ammonia, or other alkaline 





acetate, and afterwards oxide, or other compound of lead, which 
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is digested in the solution, with or without heat. Carbonic acid 
is su’ uently introduced by pipe a tovat A. When the mix- 
ture is carbonated, the solution is run off through filter b and 
ipe ¢ into vat A', where it acts upon a fresh quantity of oxide of 
ead in vat A', and passes through filter b' an pire eto reservoir 
J, where it is pumped by pump g through pipe h inte vat A. is 
process is continuous, and the acetate of ammonia is used over 
and over again. The carbonate of lead resulting from this pro- 
cess is run into washing vat k through shoots J, where it is washed 
and treated in the usual manner, (Accepted September 8, 1888). 


14,859. J. A. Just, Syracuse,N.Y., U.S.A. Improve- 
ments relating to the Production of Chlorine. (8d. 
6 Figs.) October 16, 1888,—A still or series of stills are connected 
in rows termed batteries, each of which is placed ina trough a of 
wood lined with sheet lead a', and in the bottom of the troughsis 
a coil of steam pipes a? for heating the stills. Each still consists 
of an earthenware jar b having a gas-tight cover b!. The perfo- 
rated chamber e receives the charge, and e? is an opening for the 
entrance of the acid. e! is a nozzle connected to pipes h! and h 
for carrying off the gas formed. The main and branch gas mainh, 
into which the chlorine generated is discharged, leads to a washer 
i, and thence to the chloride of lime chambers i'. & is a furnace 
for the recovery of the acid andmanganese used. The pipe k2 con- 
ducts the nitrous vapours to a tower k", through which they rise in 
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zig-zag course, a pipe A4 admitting air to mingle with them, and 
at the top a spray of water is admitted which serves to condense 
the vapours. The vapours and water are carried off to the last 
jar of the series of condensers, and circulate in the opposite direc- 
tion to the course of the uncondensed vapours. The uncondensed 
vapours then pass through a cooler n' to the first of a double row 
of jars m, fromthe last of which they are led by a pipes to a tower 
o’, where they are condensed, and through a pipe o? again to the 
last jar of the series. All the manganese dioxide and the nitric 
acid is recovered and re-used indefinitely. The troughs in which 
the stills are placed are filled with a strong solution of calcium 
chloride, heated by the steam pipes, 80 as to drive from the stills 
all the chlorine contained in the hydrochloric acid. (Sealed Feb- 
ruary 1, 1889). 

17,412. H. H: Lake, London. (Professor Curt Netto, 
Dresden, Germany.) Improvements in the Manufacture 
of Sodium, Potassium, and Metals of the Alkaline 
Earths, and in Apparatus therefor, (8d. 4 Figs.) De- 
cember 17, 1887.—In carrying out the process the retort b being 
heated to bright redness by furnace a is partially filled with char- 
coal through openings c!, and molten caustic soda is admitted in 
a thin stream upon the glowing charcoal, and the flow of sodium 
and the metallic sodium appear at the mouth of a condenser g. 





In commencing, the tube k is closed by a stopper k' to keep out 
theair. After a short time the tube k may be opened to allow the 
excess of slag or carbonate to flow out into vessel m. Figs. 2, 3, 
and 4show modifications of the device for the disch of the 
carbonate. The discharge tube is cast with the retort. e vessel 
e contains the molten caustic alkali, and is arranged above a flue 


which flows down the passage e! intoa og gk d and thence into 
the retort, being regulated in its flow by a plug h. (Sealed 


February 1, 1889). 
MISCELLANEOUS. 


418. J. H. Darby, Denbigh. Sugrovements in the 
Manufacture of Steel or Iron. (8d. 1 Fig.) January 10. 
1888.—The molten metal is poured into the usual ladle A fitted 
with an ordinary stopper and nozzle, and is then allowed to flow 
through the vessel B which is lined with refractory material, and 
contains charcoal or other suitable form of carbon. As the metal 





passes or filters through this it dissolves or takes up carbon and 

ses out of the vessel B through a perforated fireclay plate b 
nto the ladle C, which is also fitted with a stopper and nozzle d 
for casting purposes. When ladle C has received its entire 
charge it may be lifted up by a hydraulic ram D, or other device, 
and run over the moulds into which the metal is to be cast, 
(Sealed January 18, 1889). 


7097. A. G. Meeze, Redhill, Surrey. Improve- 
ments in the Method of Manufact' g Gas, (8d. 
2 Figs.) May 12, 1888.—In Fig. 1, A is a fireclay trough retort 
with a mouthpiece L, L! and lid G, G' at each end. D are de- 
flectors, some of which are made with solid discs d to act as heaters 
for the water gas, the rest being perforated to receive the small 
retort B. I is an injector, and bisa pipe connected therewith for 
supply of hydro-carbon fluid. C is a double steam superheating 
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coil connected to a pipe c! leading to the injector. A pipe F having 
a valve f supplies the hydrogen, natural gas, &c. A standpipe E 
leads to hydraulic main. In Fig. 2 the internal retort B is made 
short so as to discharge steam and hydro-carbon fluid near the front 
end of retort A. F' isa gas supply pipe. The steam, hydro-carbon 
fluid, and diluting gas pass together in contact with the deflectors. 
The discs d are made solid throughout to present a large heating 
surface, (Sealed January 11, 1889) 


14,107, J. W. Hall, Bristol. (@. 7. Lewis, Philadelphia, 
Pa,, U.S.A.) Improvements relating to the Manu- 
facture of Lead Pigments and to Apparatus there- 
for. (6d. 1 Fig.) October 1, 1888.—Powdered galena ore is 
intimately mixed with natural gas or liquid hydro-carbon, and 
burned ina combustion chamber. The galena is oxidised, and 
is carried off by an exhaust and forced into receptacles of textile 
fabric, where it is collected. A is a hopperin which the powdered 























ore is placed. It has an oulet @ across which a blast of air is 
blown by a pipe B, C is a channel for introduction of gas, D is a 
reverberatory combustion chamber, E a settling chamber, and ¥ 
a hoppper; G is a fan, H, H are cooling pipes, J is a pipe for con- 
ducting oxidised galena into the receptacles K of textile fabric, 
Liquid hydro-carbon can be used in jeer of gas, the channel C 
being dispensed with, and the finely divided ore to be heated is 
mixed with the hydro-carbon in hopper A, and blown into chamber 
D, where the hydro-carbon is ignited. (Sealed January 18, 1889). 


14,867. H. H. Eames, Baltimore, Md. U.S.A. Im- 


vements in the Process of and Apparatus for 
Extracting Iron from its Ores, and i Obtaining 








ucts. (8d. igs.] October 16, 1888.—8 is a brick 


the lower end of each retort is a chamber 10 provided witha per- 
forated sliding bottom 11. The retorts are charged by hoppers 12. 
32 isthe furnace flue and 33 the smoke pipe. Under each retort 
is an air-tight vessel 16 in which is deposited the refined ore, or 
wherein will fall the liquid sulphur liberated from the ore in the 
retort by the heating and electrolysing action therein. The vessels 
16 are lined with porcelain. The retorts are built of iron casing 
20 lined with fireclay 21, on the inner surface of which are carbon 
plates insulated from each other. Attached to these plates are 
conducting rods. Conducting wires 25 connect the respective 
plates with the negative and positive poles of a dynamo or gal- 
vanic battery. To refine either the oxide or the sulphide ores 
of iron, the retorts are charged with the iron ore mixed with 
carbon and limest The electrodes are then so placed, that 
the entire mass of ore to be treated will be primarily placed be- 
tween them, and at the proper stage of the operation, the circuit 
between them will be completed by the conductivity of the ore. 
(Accepted January 80, 1889). 


14,872. J. McM. Rose, Alleghany, Pa., U.S.A. Im- 
provements in the Manufacture of Gas. [8d. 3 Figs.) 
October 16, 1888.— Around a boiler a are arranged gas generating 
chambers b and limestone and hydro-carbon chambers c, which 
communicate with each other and the boiler by means of flues h 
and a! and chamber @2, generating steam in the boiler by meansof 
the products of combustion after they have heated the mass of 
limestone in the hydro-carbon chamber. Pieces of limestone or 
other porous material are coated with a heavy hydro-carbon such 
as asphaltum and charged into the chamber c through a port /. 
The chambers 5 are filled with coke, which is ignited, and the blast 
turned on. The products of combustion pass through the flue 1 


























through the impregnated material and heat it, the chamber c 
being closed so as to prevent the combustion of the hydro-carbon. 
These products then through the flue i into chamber b, and 
thence to boilera. When the fuel in the chamber b has hed the 
proper degree of incandescence, the blast is turned off and the 
damper k lowered to close the flue leading to the boiler from 
the chamber c. Steam turned on from pipe m, coming in contact 
with the incandescent carbon, is decomposed. The hot gases thus 
formed, passing through the heavy hydro-carbon, cause the latter 
to form with the nascent hydrogen hydro-carbons of the ethylene 
and paraffin series, which mingle with the other gases in the upper 
part of chamber c. (Sealed February 1, 1889). 


16,853. W.L. Wise, London. (The Schweizerische Metal- 
lurgische Gesellschaft, Neuhausen, Switzerland.) Improve- 
ments in Apparatus for Producing Aluminium and 
other Metals and their Aner and ating the 
same. (8d. 2 Figs.) December 7, 1887.—This invention relates 
to apparatus for producing, by electrolysis, aluminium and other 
metals from their refractory compounds. B isa series of carbon 
plates forming the positive pole, the negative pole being molten 
metal in a carbon crucible A ; @ is an insulated box. The crucible 
is of carbon. Copper pins a! conduct the current to interior of 
crucible A. The positive electrode B ye into crucible A. gisa 
clamp for holding the plates 0, and by means of which the 
electrode can be raised or lowered. The crucible A has a cover 
k of refractory material, in which are formed openings » for 
charging the material to be treated, which a!so serve as outlet 
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es for the gases face Plates o, each having a handle 
0%, close the holes during the melting process. At the com- 
mencement of the operation the el e B is brought lightly in 
contact with the ulated copper in crucible A, a current is 
passed through ad gone the copper which serves as the negative 
electrode, upon which clay or alumina is placed in the crucible 
and sectrone B somewhat raised. The current will then pass 
through the alumina and melt and decompose it into its con- 
stituent elements, oxygen and aluminium. The oxygen passes 
to the carbons } producing carbonic oxide gas which escapes 
from crucible, and the aluminium passes to the copper and pro- 
duces aluminium bronze, which may be run through tap-hole G 
into an ingot mould ¢ lined with carbon. (Sealed February 15 
1889). 





th illustrations of inventions patented in the 
United tes of America from 1847 to the present time, and 
reports of trials of + law cases in the United States, may be 


UNITED STATES PATENTS AND PATENT PRAOTICE. 
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a', whereby it is heated sufficiently to melt the caustic alkali, 


Bye-Prod: 5 Figs. 
casing in which are placed retorts 9 heated by a furnace 31. At 


consulted, gratis, at the offices of Enenvasring, 35 and 36, Bedford. 
street, Strand. 
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DIVING BOATS, PAST AND PRESENT. 
No. I. 

To those who have paid particular attention to 
the progressive results achieved, during the last 
few years, towards a solution of the problem of 
constructing an effective submarine—or to put it 
more correctly—diving boat, it is clear that, ere 
long, another revolution in naval architecture and 
warfare will be accomplished by the agency of this 
important factor. 

Directly the era of ironclads was inaugurated by 
the launch of the Gloire at Toulon in 1859, a per- 
sistent struggle ensued between guns and armour 
for supremacy, ending, now some time ago, in 
favour of the former, though, forall that, it would, 
as yet, be premature for any first-class maritime 
power to dispense altogether with the mailed mon- 
sters borne on their navy lists. Consequent on 
the failure of these to resist the projectiles of mo- 
dern ordnance, came the process of stripping them 
gradually of their protection, retaining it only over 
their vital parts ; just as the men-at-arms of the 
sixteenth and seventeenth centuries laid aside one 
piece of armour after another as useless against the 
increasing efficacy of firearms. ‘The soldier de- 
prived of his iron casing was rendered more active 
and swift in his movements, an advantage which 
was seized upon by successive great commanders 
and crystallised by Napoleon in the apophthegm 
that ‘‘the strength of an army lay in its legs.” 
We have seen the same course repeating itself in 
the navies of the world. Not only were the more 
recent armoured vessels partially denuded of their 
plates, but naval experts, since they could not 
‘*keep out the shells,” proposed to make matters 
more even with the guns by adopting vessels pro- 
tected or partially protected in various ways, han- 
dier, swifter, and armed ‘* to the teeth” with lighter 
but powerful ordnance, quick-firing guns, mitrail- 
leuses, and torpedoes. 

Vessels of this class—which may be likened to 
the cavalry of an army on land—operating with the 
main body of heavy ironclads, would, it was sup- 
posed, form a battle fleet as powerful as it was 
possible to obtain under existing conditions. In 
order to supplement this combination with addi- 
tional means of offence, the employment of a crowd 
of torpedo boats, to act as sharpshooters, was 
zealously advocated later on. The most exaggerated 
notions were formed in the public mind, through 
the columns of the press, of the power for mischief 
of these ‘‘ mosquitoes of the fleet,” as they were 
called. The notions, however, have not been fully 


justified, either by the tactical value of the cra{t 
when tested, or by any particular merit in their 
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construction, when a severe strain, such as would 
arise in action, has been put upon them while exer- 
cised in mimic war. In confirmation of this we 
need only refer to the reports of French and 
English naval officers of trials conducted at various 
times and places during the last two years ; to the 
opinions of such an experienced seaman as the late 
Hobart Pasha, and to the ‘‘ Return to an order of 
the House of Commons,” issued in September, 1887, 
by the Admiralty, wherein nineteen out of twenty- 
four first-class torpedo boats, commissioned for 
exercise in the Channel in May, are recorded to 
have been placed more or less hors de combat, two 
by collision, one by striking on a rock, and the 
remainder by some defect or other in their ma- 
chinery. 

Before discharging a Whitehead torpedo with 
any certainty that it will hit its mark, the boat 
carrying it must get within a distance of about 400 
yards from its enemy, ard when the missile succeeds 
in reaching its destination, its explosion will be 
found to be not so destructive to the bottom of a 
strongly built ironclad as it was conceived it would 
be before the experiments on the condemned Re- 
sistance, one of our earliest ironclads, and also in 
France, revealed the fact. 

In action on the high seas the percentage of 
torpedo boats destroyed would be probably one- 
third, and the manning of them all an act of 
self-devotion on the part of officers and men who, 
however readily they might undertake any des- 
perate service, ought not to be called on to do 
so under circumstances in which the chances of 
success have been minimised to such a considerable 
degree by formidable and effective means of de- 
fence, and where all the advantage that can be 
gained is not commensurate with the sacrifice. 

As sharpshooters the surface torpedo boats have 
yet to earn their reputation, and notwithstanding 
their celerity and the expedients used to conceal 
their approach, it is to be feared that they still 
remain a too palpable target for an alert enemy 
provided with improved quick-firing and machine 
guns, search lights, and other devices. On the other 
hand a diving torpedo boat disappearing under 
the surface of the water, either on approaching 
or retiring from an enemy, comes nearer to the 
ideal of a marine sharpshooter, and it is not ventur- 
ing very much within the domain of prophecy to 
say that, armed with a controllable and long-range 
torpedo, it will, in the not very remote future, 
supersede the surface boat and necessitate a new 
departure in the construction, composition, and 
tactics of the navies of the world. 





That this is not too sanguine a forecast the 
following data will bear out, Since the first sub- 














marine or diving boat, of which there is any re- 
liable account, was constructed, upwards of 260 
years ago, there are records of between seventy to 
eighty others which have been designed, but of 
which only about thirty have been actually tested. 
Premising that it is a chimera in the present 
state of our knowledge to look for a submarine 
boat which shall do all the extraordinary things 
that Jules Verne makes his Nautilus do, it 
will suffice if a boat can be built which shall 
be strong enough to resist the pressure of the 
water, offer the smallest reducible mark to an 
enemy, sink to a maximum of 50 ft. on an even 
keel, rise readily with the least possible chance of a 
hitch, and remain under water long enough for all 
practical purposes and with a sufficient stock of air 
for its occupants. Its submerged speed is of less 
consequence than its speed when running awash, 
which must be equal to overhauling the swifter 
ironclads and cruisers against which it may have to 
act. It is quite feasible to build a boat strong 
enough to resist the pressure at a much greater 
depth than 50 ft., and to provide the air necessary 
for respiration. It is also feasible to construct one 
that is practically invisible and noiseless when 
moving awash at a distance that is fairly safe against 
hostile guns, as is borne out by the accounts of the 
trial of the latest Nordenfelt boat. 

The great difficulty until recently was to design 
a boat to sink and rise at will with the greatest 
attainable amount of safety, but this difficulty 
has at last been overcome in the Nordenfelt boat, 
which is forced down by mechanical means and 
raised again by its reserve buoyancy. With scarcely 
an exception, all the seventy or eighty submarine 
boats of which we have information have been de- 
signed in respect to their descent and ascent on the 
principle of varying displacement, or regulating the 
specific gravity of the vessel under water by means 
of admitting and expelling the water, of detachable 
weights, piston plungers, and so forth. If the boat 
is heavier than the water, it will, of course, go to 
the bottom, and if lighter it will equally, of course, 
come to the top, but the difficulty is to adjust 
exactly the relation to each other of the boat and 
the body of water. The number of boats that have 
come to a premature end through reliance on such 
methods as the above is a sufficient proof of the 
danger attending the employment of them. 

Another system open to objection and fruitful in 
disaster is that of helping a boat up or down, bow 
or stern foremost, by means of deflecting rudders 
or fins; but in the Nordenfelt the rudders are used 
for keeping the boat on an even keel which is 
absolutely essential to safety. Most of the inventors 
of subaqueous vessels, from Papin to the present 
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time, have expended much ingenuity in various 
devices for fixing torpedoes to the bottom of an 
enemy's vessel, but the objection to all these is 
that they are dangerous and unreliable. Mr. Nor- 
denfelt has adopted the Whitehead torpedo for his 
boat, but as has already been pointed out this 
engine of war has no certainty of aim beyond 400 
yards, and the efficacy of its explosion has been 
exaggerated. It must be superseded by a con- 
trollable torpedo of greater power and range, and 
provided with a suitable apparatus for discharging 
it from a diving boat, and we have reasons for 
believing that the restless ingenuity of inventors 
will very soon produce the requisite weapon. 

So far as our researches go, no boat has yet been 
built in this or any other country that answers even 
the limited conditions of submarine navigation which 
we have indicated except the last Nordenfelt model. 
In Russia the authorities have been engaged for 
many years in trying to obtain a boat to suit their 
views, and have got one in the Goubet, which, how- 
ever, is not identical with the sample of the same 
name concerning which particulars have appeared 
in the press. The secret of the official boat is 
rigidly guarded. In France the Ministry of 
Marine is reported to have adopted a diving boat 
which from the few unauthorised details that have 
leaked out concerning it, does not appear to justify 
the extreme mystery attached to it, although it may 

rove to be a success. In November, 1887, the 
_ sect of the American Navy sent out a circular 
asking tenders for a steel submarine torpedo boat 
on certain specifications, which were noticed in 
ENGINEERING shortly after (see page 680 of our 
forty-fourth volume). In 1886 the Greek Govern- 
ment bought the first Nordenfelt boat, which 
incited the Sublime Porte to immediately order 
two of a larger and more powerful class from the 
same source. 

About the terrible efficacy of properly constructed 
and handled diving torpedo boats in war there 
can be little doubt. In action, either on the high 
seas or on the seaboard, their moral effect on the 
crews of battle-ships or transports crowded with 
the troops of an invader will almost equal their 
material by the demoralisation their proximity 
would create. Along a coast plentifully provided 
with these little monsters no effective blockade 
could be established, and their trifling cost, com- 
pared with that of ironclads and cruisers, would 
allow of their indefinite multiplication. For com- 
municating with a beleaguered port, carrying orders 
or despatches, or entering an enemy’s harbour to 
reconnoitre, a diving boat would succeed where 
ordinary vessels would fail. 

A good deal of nonsense has been talked and 
written about the sneaking and cruel character of 
warfare carried on by submarine boats. All wars 
are cruel, and many an age will pass before this 
earth becomes ‘‘a warless world.” In the mean 
time, the more swift, sharp, and decisive wars are 
rendered, the more impossible will be their re- 
currence, and less cruel their effects in the long 
run. With regard to the sneaking element in the 
employment of such craft, we should like to know 
what is the difference between them and ambushes 
and stratagems on shore and mining and counter- 
mining both in the sea and on land. Subaqueous 
warfare is very ancient indeed. The Syracusans 
defended their city against Athenian aggression by 
sending down divers to stave in the bottoms of the 
Greek galleys, and the Tyrians did the same when 
assailed by the great Macedonian, who did not 
disdain to take a lesson from his enemies, but we 
have never heard of any moralists of note who con- 
demned their action. In war, as the late Lord 
Clyde put it in his pithy way, an ounce of gun- 
powder is worth a ton of sentinent. 





VANCOUVER WATER WORKS. 

In June, 1885, some months before the incorpora- 
tion of the city of Vancouver, and whilst the place 
that now bears that name was known as the Gran- 
ville town plot, the few cottages that had clustered 
round a sawmill, Mr. George A. Keefer, a Canadian 
civil engineer of standing and repute, having faith 
in the future of a place that was selected as the 
terminus of the Canadian Pacific Railway, took 
into consideration the water supply of a city that 
was destined to be the San Francisco of Canada. 
In December surveys were commenced to ascertain 
the best source for the supply required, with the 
result that the River Capilano was selected as the 
most eligible for the purpose. This river is on 








the north side of Burrard Inlet, whilst the railway 
and city were to the south of that sheet of water, 
and somewhat west of the mouth of the river. It 
is a mountain stream of considerable volume, rising 
in the Howe mountain district, 50 miles to the north 
of Burrard Inlet, and running due south to the 
inlet, at what is known as the First Narrows. The 
breadth of the river for the first seven miles of its 
course from its mouth, the only part as yet surveyed, 
is about 150ft., and it runs with a rapid course 
through some wild rocky scenery, falling in places 
from 70 ft. to 100 ft. per mile, often passing through 
deep gorges where the rocks rise 200 ft. perpendicu- 
larly from the water, and occasionally through im- 
passable canyons, in some places only 15 ft. or 
20 ft. wide. In April, 1886, an Act of Incorpora- 
tion was obtained for a company to supply the 
city of Vancouver, incorporated at the same time, 
with water; and a few days afterwards the infant 
city was completely wiped out by a fire, just as 
the surveyors were starting out to commence the 
location of the works to supply water to a town 
in which not a single building was in existence. 
The position selected for the dam was six and a 
half miles up the Capilano River from its mouth, 
at which point the discharge of the river was ascer- 
tained to be daily 450,000,000 gallons of water. 
The dam is 385 ft. long, 41 ft. wide, and 12% ft. 
high, the clear tumbling way for the overtiow 
being 165 ft. long, in which is a sluice-way 14 ft. 
wide. The height of both abutments is 20 ft., 
and the reservoir created by this dam is 385 ft. 
wide by 700 ft. long, containing approximately 
14,000,000 gallons. At ordinary low water the crest 
flowing over the dam is 417 ft. above the water of 
Burrard’s Inlet, 317 ft. above the average of the 
inhabited parts of the city, and 200 ft. above the 
rocky headland at the Narrows, the highest point 
within the city limits. The main from thisdam for 
24 miles is 22 in. internal diameter, the ground 
passed over being a gradually descending flat, at 
the end of which is a whinstone rock blutf. This 
is tunnelled through, the length of tunnel being 
280 ft., and the area of passage 4 ft. wide by 6 ft. 
in height, the fall from the dam to the tunnel being 
29 ft. At the tunnel the 22-in. main ceases and a 
16-in. pipe begins. This continues over an easy 
hillside for a mile and ahalf, when a steep descent 
commences, continuous for 24 miles to high-water 
mark of Burrard Inlet. At the Narrows where the 
mains cross, the inlet is 1086 ft. wide at low water, 
1237 ft. at medium, and 2800 ft. at high water. 
The south shore rises abruptly from high-water 
mark for 12 ft., and is then flat for a considerable 
distance inland. Between high and low water the 
bed on both sides is a soft sandstone rock, which 
rapidly disintegrates when blasted and exposed to 
the air, and the bottom of the inlet is this same rock 
covered with more or less silt, and an almost uniform 
curve from shore to shore, 47 ft. deep at low water 
and 70 ft. at high tide. The current runs through 
this with great velocity, varying from four to nine 
miles an hour, this maximum occurring about three 
hours after low water. At this time the tidal wave 
assumes the appearance of a ‘‘bore,” and is of 
sufficient force to break a 9-in. Manilla hawser 
floating on the surface. At high-water mark the 
16-in. main ends and the 12-in, submerged portion 
commences. It is intended to supplement the 
present 12-in. main with three 8-in. mains in the 
near future, the four pipes being laid parallel, and 
about 50 ft. distant from one another ; each to be 
provided with separate sluices and stop-cocks, and 
all worked independently. On the south side of 
the inlet the 12-in. main again connects with a 
16-in pipe, which is laid under the uniform flat of 
Stanley Park, a distance of a mile, when the long, 
shallow, muddy bay known as Coal Harbour is 
reached. Coal Harbour is 250 ft. wide at this 
place, and 5 ft. deep at low water, and across 
this two 12-in. mains are submerged. At the 
south side of this water the city is reached, 
and here the 12-in. pipes unite into a 16-in. 
main which follows the south side of Georgia- 
street, to the Canadian Pacific Hotel on Granville- 
street, and thence down several streets to West- 
minster-avenue, the present terminus of the main 

ipes, 10 miles from the dam on the Capilano 

iver, the total difference af level between the two 
points being 377 ft., corresponding to a pressure of 
164 1b. tothe square inch. The 22-in. and the 16-in. 
mains are of mild steel plates rivetted together in 
23 ft. lengths, the length of 22-in. pipe weighing 
736 lb., and that of 16 in. pipe 552 Ib. respec- 
tively. Theplates are.11in. in thickness, and have 








a warranted tensile strength of 72,000 Ib. per square 
inch. A band of steel 6 in. wide and }in. in 
thickness forms the joint between each length and 
the next, the space between the ring and the pipe 
being sufficient to allow for an angle of 2 deg. in 
the direction of the pipes ; places requiring greater 
curvature than this having special bends and cast- 
ings. Each length is well coated inside and outside 
with asphalt and coal tar, and the joints are filled 
with lead and well caulked. 

The 12-in. submerged pipes which cross Burrard 
Inlet are of hard close-grained cast iron, thoroughly 
coated with coal pitch varnish. Each length is 12 ft. 
4 in. long over all, }} in. in thickness, and weighs 
12801b., whilst the lead in each joint weighs 70 lb. 
more. The faucet end of the pipe is bored out to 
form a segment of a sphere, and the spigot is cast 
with two raised collars, the inner one of such a 
height as barely to pass through the contracted 
opening of the next pipe, and the outer collar a 
little less so that the molten lead can be run in 
between the two. The extreme end of the pipe 
beyond the inner collar is turned toa truly spherical 
shape to fit the globular form of the faucet. The 
joint when made will turn through an angle of 
12 deg., so that a complete circle can be turned 
with thirty pipes. The contract for laying the sub- 
merged pipes was let in November, 1887, to Mr. 
John F, Ward, the engineer of the Jersey City Water 
Works, the inventor and patentee of this flexible 
joint, who had had considerable experience in lay- 
ing pipes of this pattern under water, although not 
perhaps under water surrounded by the same difti- 
culties that are found in the strong tidal waves of 
Burrard Inlet. By Mr. Ward’s direction a frame- 
work staging was built on the north side of the 
inlet sufficiently strong to resist the tides, and on 
this the pipes were to be jointed, the first length 
being put in position on the staging, to the south 
end of which was attached pag round bar of 
iron, which, coupled to other rods of the same size, 
formed a continuous chain which stretched clear 
across the inlet and was connected by a cable to a 
drum on the south shore, which was worked by a 
30 horse-power engine. When the second pipe was 
connected the engine moved the first pipe forward 
a distance equal to its own length, when a third 
was put on, and this was repeated until 18 of the 
105 pipes intended to cross the inlet were connected 
and most of them submerged. The contractor saw 
by this time the increasing difficulties in his way 
and the contract was abandoned, causing altogether 
a loss of three or four months in the completion of 
the work. Under Mr. Keefer’s direction the entire 
plan was altered, the 18 pipes were drawn back and 
another method was inaugurated. A trench 3 ft. 
deep and 4 ft. wide was now excavated on the north 
shore in the line of the pipes 1200ft. long, at the 
bottom of which continuous runners of barked fir 
were laid, and on these runners 100 lengths of pipe 
(5 lengths having been injured and defective) were 
continuously jointed in one long pipe. Each length 
had a wrought-iron ring, to which cedar blocks of 
500 lb. flotative buoyancy were attached, and at 
the extreme south end a raft was constructed of 
sufficient capacity to buoy up that end when the 
pipe was immersed. To the north end was attached 
a Manilla cable 9 in. in circumference and 1200 ft. 
long, connected to a 25-horse engine stationed at 
low-water mark on the north shore. To the middle 
of the pipe was attached a 1}-in. steel cable, 1876 ft. 
long, to be worked by the 30-horse engine on the 
south shore, and midway between this and the 
south end a second cable of the same size, 1586 ft. 
long, was fastened to the drum of a second engine 
on the south shore of 25 horse-power. A third 
steel cable of the same size, 1310 ft. long, was 
attached to the extreme south end of the pipe and 
carried across the inlet to a pair of 25-horse engines 
on the opposite side, making altogeter four cables 
worked by five engines of a collective power of 130 
horses. Previous to the launching of the pipe a 
test pressure of 3001b. to the square inch was put 
upon the pipes, and under this eight of them were 
found defective and were removed, the final length 
of pipe being in 92 lengths of 12ft., or 1104 ft. 
altogether, and weighing nearly 56 tons. A diver 
was sent along the whole length of the bottom and 
walked the distance of 1086 ft. in thirty minutes. 
On August 28 last, at 10 a.m., the engines com- 
menced to pull the cables, but from the cramped 
position of the drums and cables the blocks and 
tackle had to be overhauled about every 50 ft., and 
it was 7 P.M. before the first of the submerged 
pipes reached low-water mark on the south shore. 
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The diver again walked across the inlet cutting each 
of the buoy ropes in his passage across and liberat- 
ing the floats, and the next day he again crossed to 
ascertain whether the pipes had all fairly taken the 
ground, but all of them were safely bedded and 
most of them were covered over with the silt and 
mud of the bottom. On August 30 the pipes were 
again tested with a pressure of 3001b., and on their 
standing this the work was accepted as complete. 
At present there are 11 miles of main pipe laid 
and a large quantity of service pipe throughout the 
city, besides 62 fire hydrants, and the whole is ex- 
pected to be complete by April 1, 1889. The total 
expenditure will be in the neighbourhood of 
250,000. 
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Alfred Krupp, und die ee Gussstahlfabrik zu 
Essen. By DirtricH BapEKER. Essen: G. D. Bideker, 
[Price 93. 

We have here a book containing the biography and the 

life’s work of a man whose name is familiar through- 

out the world. Krupp’s guns have penetrated into 
every corner of the globe, and even where the 
guns are not actually to be found, their fame has 
gone before them. In every country in Europe, 
with the exception of England and France, Krupp’s 
guns form part of the regular equipment of the 
army or navy, and even from such remote places 
as the head-quarters of our foe in Central Africa, 
the Mahdi, we learn that he boasts the posses- 
sion of one or more of these famous weapons. 
The statement will probably not be contradicted 
that Krupp’s works at Essen represent the largest 
industrial establishment in the world, giving em- 
ployment to more people than any other single 
concern, and this enormous growth is due to the 
energies and the industry of one man— Alfred 

Krupp — who, for the first fifteen years of his 

business career, struggled hard to earn a living for 

himself and family, and who even as late as 1848 

employed but seventy-two men. 

Only fourteen years old when in 1826 his father, 
Friedrich Krupp, the inventor of a method of 
casting steel, and the originator of the works, died, 
Alfred Krupp found himself manager of a concern 
which had declined for years past owing to various 
adverse circumstances, and which at that time 
only employed five workmen. Fifteen years of ex- 
cessive labour and hard struggle this youth had to 
endure before he could see something like a future 
before him, but his untiring energy and his careful 
management were amply rewarded. In 1843 the 
number of his workmen rose to 100, and although 
even afterwards it fluctuated considerably owing to 
the politically disturbed condition of the country, 
the rise was a steady, and, during the last twenty 
years, a very rapid one, culminating in 1887 in the 
employment of over 12,600 men and officials in the 
Essen and affiliated works, but not counting the men 
employed in distant mining and other occupations 
belonging to the concern, in which altogether some 
20,000 men find occupation. 

The business which Alfred Krupp had inherited 
from his father, and which he followed for a con- 
siderable time, was that of making cast steel for 
tools, and also of manufacturing cast-steel dies, 
rolls, and similar articles, and it was not until the 
year 1847 that he made the first successful attempt to 
produce a 3-pounder cast-steel gun, which was soon 
followed by more and heavier pieces of artillery. 
The greatest triumph about this time, however, 
was the production of a cast-steel block weighing 
4500 Ib., which, with numerous other striking 
articles of his manufacture (amongst them a 6- 
pounder cast-steel gun), was sent to the Universal 
Exhibition in London in 1851, where his exhibits 
received the highest award in this group, namely, 
the Council’s medal. 

From this time progress was continuous and 
rapid, but we cannot, of course, in a short re- 
view like the present, follow Mr. Alfred Krupp 
through his continued triumphs and successes ; his 
biographer, Mr. D. Biideker, has, however, with 
great care and industry, collected a mass of de- 
tailed information which is ably set forth in the 
work forming the subject of this notice. The book 
contains several interesting illustrations and a 
vast amount of statistical information, partly in 
the text and partly in tabulated form, showing 
the conditions and growth of the works at Essen 
from year to year. 

It is, however, not only as a remarkable man 
of business that Mr. Alfred Krupp deserves to 





EXPERIMENTS WITH GAS BURNERS, 
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DESCRIPTION OF BURNER. Sait a mS 
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a3 | 2 | 83 
s) & | 8a 
Batswing Burners. cub. ft. | 
1. Hollow-headed batswing burner, No. 6 of the large series of the Ville de Paris, with aslitof , in. width} 635 | 115 | 18 
2. Ditto, No. 7; for public lighting, with a dry regulator passing 4.4 cubic feet per hour .. o . 44 | 97 | 218 
8. Ditto, No. 8; with regulator passing 7.05 ft. perhour .. én as mes, 00 Seu iss i 7.05 | 16.6 2.33 
4. Conjoint burner of M. Coze, of Rheims, comprising three burners, No. 4, 1 in. intervening between 
the central and each of the neighbouring burners. . ae «se da “e =a <é ee We «-| 14.2 84.2 | 237 
Burners with Chimneys. | 
5. Bengal type, furnished by Deleuil rf <a oe se ae + 2 *: a co ee 87 | 95 | 253 
6. No. 2 porcelain burner, two rings of holes of ¥, in. diameter ; glass chimney 2 in. diameter, and 10 in. 
high .. oe Ry oe ee ee os ae ae oe ee - ée ee é. oe eof 30 | 68 | 2¢€3 
7. No. 8 porcelain burner, two rings of forty holes, 7, in. diameter; chimney, 1,65in. in diameter, and | 
EP Rie i FI PO ie pie On ner ra te need ee 20.2 | 263 
8. No. 7 burner, with copper crown, 80 holes of x, in. diameter ; chimney as in preceding instance # 8 | 214 | 268 
9. No. 6 porcelain burner, copper bottom with porcelain crown, 40 holes of ,4 in. diameter ; chimney as 
in preceding instance ‘ae es ee <e ss ae Tae +: $0 at «eo ee « 64 | 12.3 | &7 
10. No. 4 porcelain burner, with 40 holes of ,\, in. diameter; chimney as in preceding instance 7 | 194 | 2&73 
11. No. 4 porcelain burner with 20holesof;hin. .. ve ue we ee ewe ee) | 18D | DBL 
12. American burner, like burner No. 14 of trial No. 15, porcelain bottom, with horizontal slot, giving 
passage to a lever which controls a regulator situated in the axis, rounded steatite crown measuring .6 in. } 
and 1 in. in interior and exterior di ters respectively, 30holes of ,); in. diameter ; cone, 1 in. ; gallery, 
2in.indiameter .. ee es °s * «s $s ee ‘ar S64 4 ee <9 a el 8 208 | 29 
13. Metallic burner, Chaussenot type, nickelled bottom, two concentric chimneys between which the air | 
flows to the burner, being heated in its e by contact with the interior chimney ; metal crown with | 
40 holes of ,4 in. diameter; diameter of crown, inner .7 in., outer 1.15 in. ; cone, 1.4 in. ; diameter of inner | | 
chimney, 1.6 in. ; outer, 2.75 in. sa a pt wa “ + - - ra de da ae 9 | 26.3 2.9 
14. ‘London Argand” burner of S. of London, with its “‘lampe d’architecte,” model D. B. C. and Co., | 
steatite crown, 24 holes of ,|, in. ; cone, central rod of } in, di ter ; glass ch yY, sin. thick, 1} in. } } 
in diameter, and 6}in. high ‘as ae aa ae ai as es ee ae oe oo ee a 65 | 194 2.96 
15. No. 14 American burner, steatite crown inserted in copper crown of .65 in. and 1.05 in. diameters, | 
34 holes of .y in. diameter, gallery 1.6in. .. awe wa ds os aa sa “ ia as aa 7.95 24.4 8.05 
16. No. 10 burner (like the last), arched crown .. ‘a P “ie < <s a va ad --| 7.85 | 28.6 3.16 
17. No. 11 burner, L. and O., cone, 1.35 in.; central rod, .4 in. ; flat crown in steatite, .75 in. and 1.1 in. ;| | 
40 holes of .; in. diameter, gallery 1.75 in., ordinary chimney . cs a rie - +. a ct. G2. | oe 8.26 
18, No. 16 burner, porcelain crown .6 in. and lin., 40 holes of .4, in., cone 1.35 in., gallery 2in. .. +-| 6.05 20 3.28 
19. No, 9 burner, with two concentric steatite crowns; interior crown of .47 in. and .8 in. dia-| | 
meters, with 22 holes of ,'y in. ; exterior crown of 1.1 in, and 1.5 in. diameters, with 50 holes of .'; in., cone) | | 
1.8in,, gallery 2.55in., elongated base, measuring 2.55 in. in height in the perforated portion.. fe --| 10.4 26.2 | 3.45 
20. No. 15 burner, one flat steatite crown, 40 holes of ,in., diameters of crown .55in, and lin., cone) | 
1.35in., gallery 2in. on ee ps re: <n os oe es ‘a ee ee as as ea 6.56 23 3.49 
21. No. 17 burner of 8, and K , of W., in Germany, central rod of .4 in. diameter, steatite crown of .83in.| | 
and 1.1in. diameter, with 34 holes of ., in. diameter, cone 1.3in., gallery 1.9in. ; chimney 1.6in. indiameter ;) 
the crown supported on the gas pipe by three rods of cast copper ; regulation at the centre by a lever and) | 
a horizontal axis; large access of air under the crown .. oe +: ee a *s ee i ‘a 9.2 | 328 3.5 
22, The burner named Cardinal de M., manufactured by R., at R., in Germany : (a) without cup .. 8.3 | 26 3.15 
(0) with cup s4’ 2Sp ahs 3.65 
23. Disc burner of W., Lille, with globular chimney, 42 holes of }, in. diameter, central disc “ --| 101 | 38 3.75 








rank amongst the prominent men of the century ; 
he also achieved great successes as a humani- 
tarian and a philanthropist. Living and working 
as he did in a district in which the people are 
divided between the Roman Catholic and Pro- 
testant religions, he had frequent trouble in this 
direction, but with perfect impartiality he always 
succeeded in setting aside any strife and trouble, 


and Catholics and Protestants alike work side by | h 


side in his establishment and live side by side 
in the various workmen’s colonies established by 
Krupp in proximity to the works. He was at all 
times a kind but stern employer, who carefully 
studied the comforts and happiness of his people, 
and who spent large sums on the improvement of 
their social position, while he was also most gene- 
rous outside his own large sphere. His death took 
place in July, 1887, from which time the care and 
responsibility of the works has rested upon his son, 
Friedrich Alfred Krupp, who continues to conduct 
the gigantic establishment in the spirit of his great 
father. 

To all who are interested in the details of the life 
and work of this remarkable man, we can con- 
fidently recommend the biography before us. 
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THE EFFICIENCY OF GAS BURNERS. 

Ararecent meeting of the Congrés de la Société 
Technique de l’Industrie du Gaz en France, held at 
Boulogne-sur-Mer, a paper was read by M. Ad. Bou- 





vier, of Lyons, from which we extract the above Table 
of the efficiences of various gas burners in regular use. 
Each trial, we are told, comprised two tests, and the 
consumption was taken at the mean of both results. 
Each burner was regulated so as to give a good flame, 
according to its type, and the consumption was reduced 
or increased according as the quality of the gas was 
above or below the standard, which is that it shall 
furnish a light of one Carcel lamp (9.5 candles) for an 
ourly consumption of 105 litres of gas (3.7086 cubic 
feet). In the third numerical column of the Table 
M. Bouvier gave the efficiency of the burners in rela- 
tion to this standard ; thus: 

__carcels x 105 
onsumption in litres’ 
but as the method of comparison is inconvenient for 
use in England we have changed it to 

candles 
consumption in cub. ft. 
It must be remembered that the quality of gas em- 
loyed in these experiments was cera J below the 
ndon standard quality; here the official burner 
gives a light of 16 candles for a consumption of 5 ft. 
per hour, or 3} candles per foot, while the standard 
adopted by M. Bouvier gives 94 candles for 3.7 ft., or 
2.56 candles per foot. Kither the burner or the gas 
must be inferior to that we use. 

A single experiment was made with a petroleum 
lamp, of the type called ‘‘la lampe belge,” which is well 
known in England. When fed with oil of the best 
quality called ‘‘solaire,” costing retail in France 
80 centimes the litre (3s. a gallon), the lamp consumed 
70 grammes per hour, and gave a light of 1.69 carcel 
(16 candles) at a cost of .056 franc (.56d.) With 
refined petroleum, costing 55 centimes the litre (2s. a 
gallon), the following result was obtained, as the mean 
of two tests: 2.99 carcels (284 candles) for a consump- 
tion of 88.6 grammes of oil costing .487d. It must be 
remembered that the price of refined oil in England 
varies from 7d. to 1s., and that, therefore, the cost 
would be much reduced here. 

The following conclusions are drawn from the tests, 
Flat flame burners should be supplied with gas at low 
pressure. The employment of regulators improves 
their efficiency, as it permits of the use of large open- 
ings in the burners, and at the same time maintains 
the pressure above the point at which the flame be- 
comes soft. The true hollow-headed burner (not to be 
confounded with that which has only the exterior shape 
of it) constitutes, with a regulator, an excellent light- 
ing appliance. More simple than the Bengal burner, 
it can attain to an efficiency of 2.34 candles per cubic 
foot. In practice it gives as good alight as the ordinary 
Argand burners, since the chimneys of these latter lose 
a good deal of their transparency by use. The form 


Efficiency = r 


Efficiency = =candles per cub. ft. 
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of the globe employed with a flat flame burner is of 
much importance, The diameter of the lower opening 
should be at least 3in. If it is less it gives rise to an 
ascending current of air of too great rapidity. 





COLD AIR BARGES. 

Tue engraving which we publish on page 245 illus- 
trates a new departure on the part of the London 
and Tilbury Lighterage Company, by which the diffi- 
culties experienced in the distribution of refrigerated 
provisions after their discharge from the ‘‘ cold rooms” 
on board the import vessels, are overcome, and the de- 
terioration in quality arising from partial thawing is 
entirely avoided. The machinery was designed and 
manufactured, and the fleet of barges were fitted up 
by the Pulsometer Engineering Company, Limited, of 
Nine Elms Iron Works, 8.W., and 61 and 63, Queen 
Victoria-street, London, E.C., under the superinten- 
dence of Mr. W. L. Williams, M. Inst. C.E. 

The magnitude of the importations of fresh (that is 
unsalted) meat into the United Kingdom is appre- 
ciated only by those persons who are brought into 
close relations with the trade, and the proportion that 
refrigerated meat bears to the whole, and the enormous 
increase of the importations of frozen mutton are 
known to, perhaps, but few of those. The following 
figures, in the compilation of which care has been 
exercised to obtain correct and reliable statistics, will 
serve to illustrate the point. 

The imports of fresh meat into the United Kingdom 
in the years 1886, 1887, and 1888, amounted to 260,000 
tons, of which no less than 224,700 tons had been sub- 
jected to some artificial method of refrigeration, The 
rapid advance of this industry is shown from the fact 
that in the year 1880 only 400 carcases of frozen 
mutton were imported, whilst in 1888 more than 
1,933,000 carcases were received, of which nearly two- 
thirds were landed in London, one of the principal 
reasons for this being that greater facilities for storage 
are there provided ; that other ports are, however, 
becoming alive to the advantages of the trade and to 
the importance of providing proper cold storage accom- 
modation, is evidenced by he recent establishment in 
Liverpool, Glasgow, Cardiff, and Bristol, of refrigerated 
stores; but at whatever ports the cargoes are discharged 
the fact that inland conveyance is necessary to distri- 
bute the meat amongst the retail purchasers requires no 
demonstration. This question of distribution to the 
various centres of per has, however, so far been 
practically neglected, and the meat is still mainly 
carried in ordinary vehicles by road and rail, and Bir- 
mingham and Nottingham are the only inland towns 
in which cold stores on a large scale are at present 
available. 

The condition in which the meat is received from 
the import vessels leaves little to be desired, and any 
deterioration in quality almost invariably occurs in 
transit from the import vessels to the cold stores on 
land, and between those stores and the retailer; during 
these times the meat is necessarily exposed to the tem- 
perature of the atmosphere, which is ordinarily many 
degrees higher than that at which the meat has to be 
kept to preserve it in good condition. Attempts have 
from time to time been made to overcome this diffi- 
culty, by providing specially constructed vans, artifi- 
cially cooled by ice and salt, but the great increase 
of weight entailed, the disadvantage occasioned by 
the moisture from the melting ice, the additional 
labour necessary, and the increased cost, have pre- 
vented the general adoption of such conveyances, In 
the United States cars carrying vessels charged with 
a volatile liquid, which is allowed slowly to vaporise 
through pipes into other vessels, thereby reducing the 
temperature in the cars, have been used, but the 
danger of damage to the contents of the cars from 
leakage of the volatile liquid adds so greatly to the 
risk, that this system has not been adopted in this 
country. 

The practical method of insuring the delivery of 
meat and other perishable provisions in good condi- 
tion, is evidently to be found in vehicles which can, 
without additional labour and at a small cost, be main- 
tained for considerable periods at any desired tem- 
perature, without carrying machinery, without being 
materially increased in weight, and the contents of 
which are free from danger of damage by the ordinary 
risks of transit. That such means of transport can be 

rovided has been demonstrated by the London and 

‘ilbury Lighterage Company, Limited, who have fitted 
up a fleet of barges that have been plying upon the 
Thames for nearly twelve months, During this period 
they have conveyed many thousands of tons of frozen 
meat, all of which has been landed in good condition, 
frequently at lower temperatures than when dis- 
charged from the import vessels, Such meat has 
realised the best prices when put upon the market. It 
is now proposed to construct vehicles on the same 
principle for use by road and rail. 

The barges referred to were fitted up by the Pulso- 
meter Engineering Company ; they are entirely inde- 
pendent of the source of refrigeration and can be at- 
tached to and separated therefrom without difficulty 





THE WESTINGHOUSE SYSTEM OF ELECTRIC LIGHTING. 





























































































































































































or loss of time ; they are roofed in and insulated in a 
similar manner to the cold chambers of ocean steamers. 
Each barge contains capacity for about 50 tons of meat 
and is provided with doors at each end for loading and 
unloading. The insulation consists of charcoal placed 
between double thicknesses of wood lining, with felt 
and Willesden paper intervening, and specially ar- 
ranged air spaces. In tle roof there is a coil of pipes 
connected by stop valves to an inlet and outlet main 
passing athwart the barge, having swivel connections 
at each end. Any number of barges may be coupled 
together from these swivel connections by means of 
insulated flexible hoses fitted with swivel unions or 
flanged connections; the hoses provide for any difference 
in motion between the barges and permit of their being 
towed or riding at their moorings without straining 
the connections. 

The machinery for producing the cold is fixed upon 
a separate barge ; it consists of one of (Puplett’s patent) 
the Pulsometer Engineering Company’s refrigerative 
freezing machines on the ammonia compression system, 
and comprises a multitubular refrigerator, a horizontal 
double-acting compression pump, a multitubular gas- 
condenser, and the necessary circulating pumps. A 
vertical compound engine, with surface condenser, and 
an ordinary multitubular boiler, with single furnace, 
furnish the motive power. A strong solution of chloride 
of calcium is reduced by the apparatus to a tempera- 
ture of about 10 deg. below zero Fahr., and is circulated 
through the flexible hoses and the coils in the roofs of 
the different barges, where it takes up the heat and 
reduces them to the desired temperature; it is then 
returned to the refrigerator to be re-cooled. The 
arrangement (under Williams and Puplett’s patents) 
is such that one or all the barges can be cooled at the 
same time and any barge detached at pleasure. 

The machinery is designed to cool each barge toa 
temperature below 20deg. Fahr. in about an hour and 





a half, and it is capable of cooling and maintaining at 
that temperature six barges having a total capacity of 
about 300 tons of meat. The-store of cold brine left in 
the pipes in each barge when it is disconnected from 
the refrigerator, is sufficient to maintain the barge at 
a low temperature and preserve the cargo in good 
condition for a considerable time ; in regular work it 
takes several days for the temperature to rise above 
the freezing point. The whole is operated by two 
men and the consumption of fuel does not exceed 84 lb. 
of coal per hour. ‘The atmosphere in the barges is 
perfectly clear and free from snow, any moisture it 
contains is deposited on the pipes in the roofs, but the 
quantity is so trifling that the pipes are seldom quite 
white. 





THE WESTINGHOUSE SYSTEM OF 
ELECTRIC LIGHTING. 

In our previous notices we have given descriptions 
of most of the appliances used in the lighting stations 
of the Westinghouse Electric Company. The illustra- 
tions in the present issue refer to apparatus on the 
consumer’s premises. The instrument shown above is 
a meter for measuring the amount of electricity fur- 
nished, and the second, on the opposite page, is a 
motor capable of being driven by alternate currents, 
such as are supplied for electric lighting purposes. 

The indications of the meter are in ampére hours, 
and are produced by the rotation of aspindle on which 
there are mounted vanes revolving in the air. The 
resistance opposed to the vanes varies as the square of 
the speed, and the motive power of the meter varies as 
the square of the current, whence it follows that the 
revolutions of the axis are proportional to the current, 
and that the indications may be read directly without 
any modification. The total current which is delivered 
to a house or other premises from the converter, is 
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THE WESTINGHOUSE ALTERNATIVE CURRENT ELECTRIC MOTOR. 





passed around the large coil of insulated conductor 
shown in the figure. This coil is made in two parts 
for convenience in adinitting the vertical spindle 
which passes between them. Upon this spindle, 
which runs on hardened centres, is a light metallic 
disc, the edge of which is just visible in the illus- 
tration. Embracing the disc, and between it and 
the insulated coil, are a number of parallel flattened 
copper rings, insulated from each other. These rings 
are situated in planes at an angle to the plane of the 
coil, which angle can be adjusted. Alternating cur- 
rents traversing the insulated coil give rise to a mag- 
netic field of force having its axis approximately at 
right angles to the plane of the coil, and produce poles 
in the armature disc. By induction other currents are 
produced in the copper rings, and the mutual action 
of these currents and the poles in the armature result 
in the rotation of the latter. 

These meters are made in three sizes for 25, 50, and 
100 lamps of 16 candle-power respectively. When 
one lamp only is alight the disc revolves about five times 
per minute. 

The Westinghouse Company have hitherto main- 
tained considerable reticence respecting the exact con- 
struction of their alternate current motor, as their 
patents are not yet published. It is, however, 
founded on the principle of the Tesla motor. The field 
comprises twelve stationary magnets pointing inwards 
from an external ring. The coils of these magnets 
are traversed by two independent and separate cur- | 
rents, generated by separate dynamos, or by indepen- 
dent coils on the same dynamo, so placed that 
the phases of the currents follow each other instead 
of being synchronous, The armature is of the drum 
or Siemens type. Ithas no commutator, and the coils | 
upon it form closed circuits having no connection with | 
any external or fixed circuit. At the moment when 
one current (No. 1) in the field magnets is at its maxi- | 
mum, the other (No. 2) is at its minimum, and hence a | 
certain magnetic field is produced. When the con- | 
ditions are reversed and No. 2 current is at its maxi- 
mum, another magnetic field is produced. Thus there | 











jresults a field of revolving polarity, which reacting 
{on the armature with its coils, produces rotation of 
the armature. When no work is being done by the 
motor the synchronism is practically exact, and the 
back electromotive force produced prevents more than 
a very small amount of current being used. But as 
load is put on, the armature tends to lag slightly, 
causing the passage of more current. The reaction 
between the armature and the field is similar to that 
between the primary and secondary coils of a con- 
verter, and the increase of load on the motor causes 
increased supply of current in the same manner as 
| when lamps are added to the secondary circuit of a 
| converter. 


| THE WATER WORKS AT THE HAGUE, 
| HOLLAND. 
| SIMILARLY to the water works supplying the city of 
| Amsterdam, those for the Hague collect their water 
|from a piece of sandy foreshore some 1600 acres in 
extent, and depend entirely on the surface water fall- 
ing on this ground and percolating to a level at which 
| it can be conveniently collected, carried to the filter 
beds, and ultimately pumped toits destination. They 
were first started in 1872, when an open collecting 
canal was dug out, some 18,400 ft., nearly 34 miles 
long, with a number of small side branches. 

The ground water level on the line of this collecting 
canal varied from 3 ft. 3in. above datum to 26 ft, 

















Number Lanatelen Width of | Length of Section 

of | sett ain F +,| Cutting at | in Relation to 
Seetion<\ 0 Bottom. | Datum Level. 

ft.in. | ft. in. 

1 8550 19 8 | 8 8-D.L. 

2 8380 13 2 at datum. 

4250 ll 5 3 8+D.L. 

4. ] 1300 ll 5 | 6 6+4D.L. 

5 | 920 9 10 | 7 10+D.L. 

} } 








above datum level, the former near the pumping 
station, see Fig. 1, page 256, the latter in a part of the 








sandy plain crossing the direction of the canal and 
about 2000 yards wide. The total length of the canal 
is divided into five sections, see Fig. 2, of which parti- 
culars are given in the Table above. 

In the latter part of 1874 these works were ready 
and able to supply 900,000 gallons daily. In 1880, 
however, the demands had increased to such an extent 
that means for a larger supply had to be considered, 
and in consequence of local conditions it was decided 
not to extend the length of the collecting canals, but 
to deepen them, and by this means to gain a larger 
—- of the surface water from the same area, 

tis this extension and the various operations con- 
nected therewith which we are about to describe some- 
what in detail in this article, since they are of a some- 
what exceptional and novel character. 

In the first year only the first section of the canal, 
some 8500 ft. in length, was deepened, at a cost of 
about 320/., and before any further work was done, a 
departure in the arrangement was settled upon. Up 
to this time the water had always been pumped out of 
this open canal, discharged upon filter beds near the 
pumping station, and then by means of force pumps 
conveyed to its destination in the distributing system, 
A large percentage of the water was thus lost by 
evaporation, and it appeared to the engineer, Mr. 
Waldorp, that a considerable saving might be effected 
by collecting the water in pipes instead of open canals 
and in addition by surrounding the pipes with a filter, 
ing material, thus avoiding the necessity of surface 
filtration later on. The whole collecting ground con- 
sisting of clean pure sand, the water is naturally 
filtered, and once collected in closed conduits, might 
be thus utilised. It was further decided in the exten- 
sion to arrange the deepening in such a manner that 
the bottom of the collecting pipe and canal formed one 
continuous level, for which purpose the far end of the 
canal had to be lowered some 8 ft, 

The system adopted was to lay with partly open 
joints earthenware pipes of 2lin. diameter for the 
main, with smaller branch pipes joining into this. To 
be able to lay these pipes, it was necessary to form a 
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trench by means of planks (Fig. 3), to keep this trench 
dry by pumping it out, and to lay the pipes in the 
bottom. The mode of erecting the timber sides of the 
trench usually adopted in similar ground is to attach 
a small iron pipe to a plank about 7in. wide and 2 in. 
thick ; this pipe is connected at the top by means of 
a flexible hose with a hand force pump, and as the water 
issuing at the end washes away the sand, the plank is 
lowered into the ground. In this way two men could 
lace from twelve to fifteen planks, 8ft. long, in an 
hour, much time being lost in hauling up the pipe and 
reattaching it, and the planks had to be suspended 
from a tripod, which had to be moved frequently. With 
a view of saving labour and expense the engineer de- 
vised a new plan, which proved very satisfactory. An 
iron pipe as before, but with holes drilled in two rows 
opposite each other, was used, connected to a more 
owerful force pump, and after this was once vertically 
orced into the ground, it was dragged along, cutting a 
trench in its course, into which the planks were placed, 
so that with this arrangement four men were enabled to 
place from 80 to 100 planks in an hour, while as many as 
500 could be lifted in an hour. The application of this 
plan is shown in Figs. 4 to 6. The pumping engine 
adopted by the engineer was of Merryweather and 
Sons’ ‘‘ Valiant” type as supplied to the British 
Government for use in the Soudan, and which was 
selected on account of its power, and the ease with 
which it could be transported acrossthe sand. Where 
peaty ground is met with, a pipe fitted with teeth in 
addition to its water nozzles is used, and being dragged 
up and down against the peaty soil, the teeth, in 
addition to the action of the water, soon remove the 
obstacle. Fig. 4 shows an application of this. 
The timber sides thus formed, the trench is cleaned 
out to within about 18in. of the bottom of planks, 
a layer of shell sand 4in. thick is spread over 
the bottom, and upon this the drain pipes are laid as 
shown in Fig. 2. About 8 in. away from the pipes, longi- 
tudinal planks are laid, and the space between the 
ipe and the plank is filled also with shell sand, which 
atter material also covers them to a depth of about 
4 in., so that they are completely bedded in shells. A 
layer of coarse river sand is next placed over the to 
(Figs. 7 and 8), and the breach is then filled in with 
the surrounding sand. The planks are then drawn, 
and the collecting pipe is ready for use. The object 
of so carefully bedding the pipes in shells is to keep 
the fine drift sand out, which would otherwise enter 
through the joints. Figs. 9, 10, and 11 show sections 
of the collecting mains when completed. The very 
gentle slopes shown in these sections are necessary in 
the loose sand of which the whole area consists. A 
pretty clear idea of the work of trenching will be 
obtained from our little sketch, Fig. 6, which shows 
the operation as carried out by four men on the im- 
proved method, 

There is but very slight wear on the planks, and 
they have been in use for from three to four years for 
the same purpose. A number of circular reservoirs 
similar to the one shown in Fig. 3 are arranged at 
convenient intervals along the pipe line, and always 
where a branch collecting pipe, of which there are 
seven in all, joins the main. These branch pipes are, if 
less than 1300 ft. long of 9in. in diameter, while for 
longer lengths they are 12 in, in diameter. The wells 
consist of rings made of cement concrete, built up 
to the required height. During the execution of the 
works a portable engine driving a centrifugal pump was 
used for keeping he trenches dry. By the method 
thus employed a very considerable saving has been 
effected as against the usual mode of working, and the 
whole arrangement has proved far superior and far 
cheaper than enlarged and deepened open canals 
would have done, 

An interesting application of this system of water 
collection was made in providing a water reservoir for 
fire purposes, illustrations of which will be found in 
Figs. 12 to 15. The well consists as before of con- 
crete rings, and four collecting pipes 9 in. in diameter 
and 80 ft. long each supply the same with water. These 
pipes are bedded in shells as described before ata level 
of 6 ft. below the subsoil water level, and an iron man- 
hole is provided to enter the well on the street level. 
The whole is placed in fine drift sand on the Prince 
Hendrik Plain in the Hague, and the water ordinarily 
rises to the level shown in Fig, 12. 

One of Messrs. Merryweather and Sons’ large steam 
fire engines capable of throwing 330 gallons per 
minute was used to test the efficiency of this arrange- 
ment, and while during the first 19 minutes the water 
level in the well fell about 4 ft., it afterwards remained 
stationary at this level, although pumping was con- 
tinued at full force for 32 minutes. The trial was 
considered to be thoroughly satisfactory. The cost of 
this fire well arrangement was only 201. 

The inventor of what may be called the improved 
hydraulic trenching system suggests further, that it 
might be utilised to remove san An a wrecked vessel 
and thus enable the wreck to be towed into some con- 
venient spot. He proposes to arrange a long perfo- 
rated pipe around the vessel, charging it with high- 
pressure water by means of a flexible communication ; 








on being dragged along, the issuing water would cut a 
channel into the sand, forming a road for the vessel to 
travel on. 

In conclusion we should mention that for the infor- 
mation contained in this notice we are indebted toa 
paper read before the Dutch Royal Institution of Engi- 
neers by Mr. Th. Stang. 





THE BATTLE OF THE BRAKES.* 

It is now reported that the Government have decided to 
adopt the automatic vacuum brake, in preference to the 
Westinghouse, for the North-Western Railway. Such 
a decision may be right or wrong, but there can be no 
doubt that it has been arrived at with undue precipitation ; 
consequently it is very likely that the question will be 
re-opened, and on grounds which, in justice, leave no 
room for objection. The matter is one involving large 
sums, and there can be no good reason why money should 
be expended on introducing appliances without proper 
and complete investigations, and before such a tribunal 
as would leave no ground of complaint on the score of 
unfitness or otherwise, f 

As our readers are aware, from statements which have 
appeared in our columns, the brake trials on the frontier 
railways last October, were conducted by a Committee 
composed of the traffic delegates of some of the railways 
which had been represented at the conference at Simla. 
It must have struck most of us that this was at least a 
new and questionable departure, and that in submitting 
such a technical matter of engineering to gentlemen who 
were without the necessary experience, and who, indeed, 
deprecated having such unusual duties thrust upon them, 
the Government were taking a course for which there 
was no precedent or reason worth listening to. A further 
anomaly consisted in the fact that the Westinghouse 
Brake Company had equipped a train of twenty-four long 
bogie carriages and two vans, measuring altogether nearly 
500 yards in length; whereas the vacuum were only re- 
presented by a mixed train of six bogies, and fourteen short 
four-wheeled vehicles, measuring 265 yards long. Not- 
withstanding this great disparity in the length and weight 
of the respective trains, the vacuum train ran from 60 to 
70 per cent. further than the Westinghouse at correspond- 
ing speeds, and with short trains of the same weight on a 
gradient of 1 in 40, the average of the stops shows that 
the vacuum train ran nearly twice as far as the Westing- 


P| house. The Committee, who, as subsequent events have 


proved, may be said to have been prejudiced in favour of 
the vacuum brake, sent in a report, which, though of a 
very mild and negative character, contained a sensible 
suggestion, which has been entirely ignored. Acting as 
a responsible body, and possibly taking into considera- 
tion the plea put forward by the Vacuum Company that 
they, too, had a brake which would work on long trains, 
but which they had had no time to bring out, the Com- 
mittee felt they could recommend neither brake, but they 
did make the very important suggestion that both brakes 
should be tried over an extended period, so that informa- 
tion might be gained as to how the materials entering into 
the composition of each system would stand the trying 
peculiarities of the Indian climate; the heat and sands of 
the deserts of Sind, and the frost of Pishin and Beluchistan. 
We have seen quite enough of the effects of the climate on 
the india-rubber piston and piston-rod packing of the 
vacuum brake already, to show how important this re- 
commendation of the Committee was. The Government, 
however, decided toignore it, and requested the delegates 
to vote for either the one or the other appliance; and 
acting individually, these gentlemen have since recom- 
mended a course, which collectively they were unable to 
do, when the results of the trials were fresh in their minds. 
Moreover, not only have the delegates who were present 
at the trials, voted, but also those who were absent, and 
who, therefore, have never seen the new Westinghouse 
brake at all. How either set can reconcile their verdict 
with the evidence of the results obtained, and with the 
conditions which required fulfilment, we do not know. 

It is said that the reason for the advisers of the Govern- 
ment ignoring the recommendations of the committee, 
and foracting with such a want of proper investigation, is 
to be attributed to the fact that, as this is a military line, 
it behoves them not to be caught napping. But it seems 
to us that if this be so, and if the immediate want 
of a brake arises from the military exigencies of the 
situation, surely it is of the first importance to provide 
one which will fulfil the military requirements. Wehave 
ascertained that these will be satistied with nothing less 
than a train of twenty-four of the long bogie vehicles 
which have been specially provided, and are designed, 
for the conveyance of troops on the North-Western Rail- 
way, andit is noteworthy that with two brake vans, this 
was exactly the length of train with which the Westing- 
house Brake Company gained the victory in the recent 
contest. By having come to the decision they have, how- 
ever, the Government seem to imply, that having any 
trials was sheer waste oftime and money, since they pur 
pose to award the prize to the brake which was not seen 
to operate on anything but trains of moderate length, and 
as to which there is not that experience in actual working 
in India which the Committee considered so essential. 

It will be seen that there are abundant grounds for pro- 
testing against the expenditure of large sums before proof 
has been given that the requirements have been filled. 
We are far from saying that the capacity for quick stops, 
whether with long or short trains, should be made the 
only test or criterion of a good continuous brake, though 
there can be no question that it is a most important point, 
and might frequently mean the difference between life 
and death, pentheuiacly on heavy inclines. Neither do we 
say that the vacuum system cannot be made available for 
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long trains as well as short. But what we do say is, that 
this question of long trains has always been, until recently, 
the weak point of all systems of continuous brakes, and 
that no brake can be considered suitable for adoption on 
the North-Western Railway, until this problem has been 
shown to be capable of solution in an efficient way, and 
actually demonstrated in practice. This the vacuum 
brake has never done, The Westinghouse has done it, 
and with results which, as regards quick retardation, 
have never been excelled either in America or elsewhere. 
Cui bono? We have hitherto endeavoured to abstain from 
favouring one brake at the expense of the other, and have 
shown both sides of the question by publishing the state- 
ments of the representatives of both brake companies; 
we have only desired that the best brake should win, but 
as the facts stand, it will take a great deal of explanation 
to justify the conclusion come to by the Government, who 
can hardly contend that they have taken the best courser, 
either from a military, financial, commercial, or logical 
point of view. We maintain that the only sound course 
to adopt is to give the Vacuum Brake Company the 
opportunity of showing how their system can control 
trains of the length required, and then having accom- 
plished this with the same efficiency as the Westinghouse, 
and proved that the climate has as little influence on the 
perishable parts of their brake as on those of their rival’s, 
let the cheapest system be adopted. On the other hand, 
if a decision must be come to at once, there is no escape 
from the conclusion that the Government are bound in 
justice to abide the results of the trials, and award the 
prize to the Westinghouse on its merits. As it is, their 
action could only be justified by a complete reversal of 
the facts, that is to say, by the vacuum brake having con- 
trolled the long train, and beaten the record in the 
emergency stops instead of the Westinghouse. 





THE PHYSICAL SOCIETY. 

Art the meeting of the Physical Society, on March 9, 
1889, Professor Reinold, President, in the chair, Professor 
R. Threlfall and Professor A. 8. Herschel were elected 
members of the Society. 

Professor O. J. Lodge read a paper 

** On the Magneto-Optic Rotation by Transient Currents 
with Reference to the Time required for the Production of the 
Effect.” Ifa piece of heavy glass or tube of carbon bisul- 
— be placed between two crossed Nicols and surrounded 

y a solenoid, light passes through when a Leyden jar is 
discharged through the wire. That the discharge is oscilla- 
tory may be proved by turning the analyser slightly to one 
side or the other, this having no effect on the result, or the 
beam may be examined by a revolving mirror, in which 
case a beaded band is seen when the discharge takes place. 


When the spark itself is analysed in the same way, a ser- 


rated band results. The frequency of the oscillations 
being given by the fomula 


an, / LS 
wkK 


it is evident that n will be decreased by increasing the 
capacity S and self-induction L, and this fact was demon- 
strated by connecting two condensers, first in series and 
then in parallel, and placing coils of wire in the circuit. 
The pitch of the sound emitted by the spark was by these 
means brought within the musical scale. Contrary to ex- 
pectation, the insertion of a coil with an iron core pro- 
duced little or no change in the pitch, the reason given 
being that the induced currents in the skin of the iron 
wire due to such rapid oscillations of current prevents the 
interior being magnetised. From the mathematical theory 
of the brightening of the dark field, it appears that the 
relative brightness B, when compared with the light field 
obtained from the uncrossed Nicols, is given by 


B=1f" sin? 6 dt, 
TJ 0 


where 7 is the time during which an impression can be 
accumulated on the retina, and @ the angle through which 
the polarised beam is rotated. When @ is considered 
small, 


B=16 12k? n2 48 Vo? 
Rr 


where k= Verdet’s constant, n=number of convolutions 
on the solenoid, R=resistance of circuit, and 4S V,? the 
initial energy of the static charge. The general solution 


is given as “ 
B= 1 Di 1=JTo (x) ga 
2mT Jo x 
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Taking the approximate solution the question as to what 
is the best size of wire wherewith to wind the solenoid is 
considered, and as the insulation is very important it is 
concluded that the secondary of a Ruhmkorff coil is very 
suitable. The main interest of the experiment is said to 
lie in the evidence afforded of the practical instantaneity 
of the development of the rotary property in the substance 
under examination, for Villari (from experiments made 
on a glass drum revolving in a magnetic field) inferred 
that a distinct time between ;}, and z}4, of a second was 
necessary, whereas Professor Bichet and Blondlot, of 
Nancy, have concluded that the time required is less than 


5 7a second. The author finds that carbon bisulphide is 
able to show the effect when the rate of alternation is 
70,000 per second, and has no reason to believe that glass 


is in any way inferior. As a possible explanation of 
Villari’s results he suggests that the strain due to centri- 
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fugal force would modify the components of the polarised 
beam and produce elliptic polarisation. 

Mr. Ward mentioned that experiments similar to Villari’s 
were now being carried out at the Cavendish anager | a 
disc of glass being rotated about 200 times per second by 
means of aturbine. The results so far obtained do not 
confirm Villari’s, but owing to difficulties in keeping the 
speed constant itis impossible to make exact measurements. 
It has, however, been found that the strain due to 
centrifugal force rotates the plane of polarisation and 
elliptically polarises the beam, and that passing an alter- 
nate current round a stationary glass bar produces a 
distinct rotation of polarised light passing through it. 
Referring to the oscillatory discharge of a jar, Professor 
Riicker directed attention to Dr. E. Cook’s experiments 
described before the Society in June, 1888, when photo- 
graphs showing the dust figures produced by sparks were 
exhibited, and pointed out that the frequency required to 
produce air waves of the length there indicated was of the 
some order as the rate of oscillatory discharge, viz., about 
one million per second. Professor Riicker also wished to 
know whether glass behaved precisely like C.S. Dr. 
Lodge said his experiments were not exact enough to 
decide the latter question, and mentioned that Mr, 
Chattock had some time ago produced dust figures in tubes 
by jar discharges, and shown that the wave length de- 
pended on the capasity and self-induction. Professor 
Ayrton suggested the use of a phonograph as a means of re- 
cording and reproducing the oscillations, in the same way as 
himself and Professor Perry have analysed the current 
curves of alternating dynamos. The discharge could be 
passed through a small coil-fixed to a diaphragm and 
placed near a coil through which a steady current was 
passing, the attractions and repulsions serrating the sur- 
face of the rapidly revolving cylinder. By means of a 
mirror attached to a delicate magnifying spring, the 
section of the surface may be determined. Br. Thompson 
remarked that it was satisfactory to learn that Villari’s 
results admit of an interpretation other than by time 
effect, and thought it advisable to vary the experi- 
ment by rotating a bar of glass, but Mr. Ward said he 
attempted that experiment four years ago, and aban- 
doned it on account of the enormous speed re- 
quired. Dr. Lodge showed ‘‘some experiments allied 
to those of Hertz,” and pointed out that all the effects 
were due to resonance. The plates of an air condenser 
were connected by a wire loop and placed near a Holtz 
machine in action. On adjusting the distance between 
the plates to a particular value, sparks were observed to 
pass between them, but on increasing or decreasing that 
distance the sparks ceased. It was also shown that the 
sparking was interrupted if the connecting loop was re- 
placed by a coil, though the coil was effective when con- 
nected to a condenser of smaller size, thus demonstrating 
that the time constant of the re-condenser circuit was all- 
important. Another important condition to be observed 
in such experiments is that the receiving circuit must be 
closed except at the sparking place, so as to permit the 
surgings of electricity to take place freely. Other experi- 
ments were shown in which two spheres provided with 
rods terminating in knobs were used as a Hertz’s oscil- 
lator, and sparks could be obtained from straight pieces 
of wire of suitable length held at some distance from the 
spheres. Dr. Lodge remarked that sparks could be 
obtained from almost any scrap of wire or metal in close 
proximity to an induction coil and oscillator, but to pro- 
duce the effects at considerabie distances careful timing 
of the receiving circuit was necessary. The author also 
described the results of some experiments on the velocity 
with which electric waves travel along wires, and con- 
cluded (contrary to Hertz) that this was not greatly diffe- 
rent from the velocity of light. Owing to the late hour 
the other papers announced to be read were postponed, 





MISCELLANEA. 

THE gross moot of the twenty-three principal railways 
in the United Kingdom for the week ending March 3, 
amounted, on 16,022 miles, to 1,189,131/., and for the 
corresponding period of 1888, on 15,9312 miles, to 
1,112,176/., an increase of 90} miles, or 0.5 per cent., and 
an increase of 76,955/., or 6.9 per cent, 


We are informed that instructions have been given to 
fit the City of London and Southwark Subway with a 
system of cable haulage between the City and the Elephant 
and Castle. This, we understand, will be in addition to 
the system of electric traction which is being carried out 
by Messrs. Mather and Platt. 


On Friday, the 1st inst., the President (Mr. R. E. 
Middleton) and many of the members and friends of the 
Civiland Mechanical Engineers’ Society, visited the Nine 
Elms Works of the London and South-Western Railway 
Company. These works now cover 45 acres and employ 
2400 hands. The company has 850 miles of railway, 550 
locomotives, 3000 carriages, and 8000 wagons. 


Private telegrams received in London announce that 
the Canadian Government have agreed to subsidise an 
Atlantic line of steamers in connection with the Canadian 
Pacitic Railway. The subsidy will be arranged on the 
basis of 110,0007. per annum for a fortnightly service, 
—— is no restriction as to the British port of de- 
parture, 


The total revenue of the Ceylon railways amounted in 
1888 to 3,346,000 rupees, an increase of 415,000 rupees on 
1887, and this increment was spread over every main 
head. The number of passengers carried was 2,182,000, 
an increase of 213,000, and in goods the increase was 
340,000 tons, the total revenue from this source being 
2,346,000 rupees. 


At a meeting of the Engineering Students’ Club, New- 





castle-on-Tyne, on Friday, the 8th inst., Mr. A. McKenzie 
read a paper on “‘ The p> ntar and Care of Steam 
Boilers.” Commencing with the furnaces, the author 
proceeded to treat of the effect of different quantities of 
water in the boiler, and concluded with some remarks on 
boiler testing. A discussion followed the reading of the 
paper. 

According to the Electrical Review, Mr. Edison’s ser- 
vants, on the occasion of his forty-second birthday, pre- 
sented him with a birthday cake of immense size and 
truly novel construction. It was 2 ft. in diameter and 
12 in. high. It bore the inscription : ‘‘ Thomas A. Edison, 
1889,” in coloured greenish white frostwork, and around 
its edges were forty-two tiny incandescent lamps supplied 
from a battery inside the cake. 


On Wednesday last Mr. Charles H. Beloe, M. Inst. 
C.E., delivered a lecture at the School of Military Engi- 
neering at Chatham to the officers of the Royal Engi- 
neers, on the ‘‘ Purification of Water and Sewage by the 
Magnetic Spongy Carbon Process,” introduced by the 
International Water and Sewage Purification Company, 
Limited, of London. The lecture was illustrated by dia- 
grams and samples of the materials used and of the 
results obtained by this process, which has recently 
attracted so much attention in the sanitary world. 

The Electrical Engineer gives the following summary of 
the total number and mileage of the street railroads in the 
United States operated by electricity : 


In Operation. Building. 
Number of roads ... ae 58 33 
Total mileage... co  a 220 
Number of motor cars ... 424 287 


This list includes several roads in which electricity has 
only partially been adopted and on which horses are still 
employed for hauling some of the cars. 


On Monday the armour-clad hulk Resistance, which has 
been specially fitted at Portsmouth Dockyard for a second 
series of experiments with shells containing high explo- 
sives, was towed out of harbour and moored fore and aft 
near the Mab Lightship, on the eastern water frontier of 
the port. The firing into her with guns of three calibres 
will take place to-morrow should the weather prove 
favourable. The Handy, gunboat, has been appropriated 
for the use of the Ordnance Committee of the War De- 
partment, and no unauthorised persons will be allowed to 
attend. 


The Royal Meteorological Society’s tenth annual Exhi- 
bition of Instruments will be held at the Institution of 
Civil Engineers, 25, Great George-street, Westminster, 
in conjunction with the Society's meeting, on Wednesday, 
the 20th inst., and will be very interesting and instructive. 
The Exhibition is specially devoted to actinometers and 
solar radiation apparatus. It will also include several 
new instruments and a number of photographs of flashes 
of lightning, clouds, &c. The Exhibition will remain 
open till Friday, the 22nd inst. Persons not Fellows 
wishing to see the Exhibition can obtain tickets on appli- 
cation to Mr. W. Marriott, Royal Meteorological Society, 
30, Great George-street, S.W. 


The Philadelphia Natural Gas Company, who have 
almost a monopoly in the business at Pittsburg, are 
taking steps to prevent the present frightfully wasteful 
use of this fuel. Professor Forbes recently gave an 
instance of this in connection with the Westinghouse 
electric lighting station, where he was informed no pre- 
cautions were taken for the economical use of the gas, 
and no meter used, the company simply renting a 5 in. 
pipe; so it was full time for a stop to be put to similar 
proceedings. The Philadelphia Company are therefore 
introducing meters; the following rates are to be charged, 
viz., 124 cents per 1000 cubic feet, with a discount of 20 
per cent. for cash. 


At a meeting of the Association of Birmingham 
Students of the Institution of Civil Engineers, held at 
the Colonnade Hotel, Wednesday, March 6, 1889, Mr. G. 
L. Gregson, Stud. Inst. C.E., read a paper upon “‘ Elec- 
tromotors and their Applications.” The paper com- 
menced with the definition of an electromotor by the aid 
of diagrams, the action which takes place in the electro- 
motor, when supplied with a current from an external 
source, was obtained. The difference between the alter- 
nating current and the continuous current motor was 
briefly described. The question of the efficiency of trans- 
mitting power by electrical means was dealt with at some 
length. An instance was given in which 87 per cent. of 
the power put into a generating dynamo was actually 
obtained from an electromotor when 50 horse-power was 
being transmitted. The chair was taken by Mr. Robert 
Godfrey, Assoc. M. Inst. C.E. 


In answer to a question from Mr. Hanbury in the 
House of Commons Lord George Hamilton stated that 
the vessels’ guus are to be delivered on board the Victoria 
on April 30, on the Camperdown by the end of May, and 
on the Sanspareil and the Howe by theend of June. The 
Trafalgar would be ready for her guns by June next, and 
these are to be delivered by the end of August. The 
Thunderer was to be rearmed this year and the Rupert 
next. With regard to the belted cruisers the guns for the 
Undaunted and Immortalité were expected at the end of 
the present month. Those forthe Australia at the end of 
May, and those for the Narcissus at the end of June. 
The guns for the Galatea and Aurora were expected in 
November, and the guns for the Medea and Medusa were 
to be delivered by April 1 and May 15 respectively. The 
guns for the Magicienne and Melpomene were expe 
2 be ready as soon as the vessels were prepared to receive 
them. 


According to the Annales des Travaux Publics, the 
Corinth Canal can be divided, so far as the work is con- 





cerned, into two sections. Of these the first is well 
advanced towards completion, and comprises the two 
extremities of the canal which is being excavated on flat 
ground down to the sea-level, and of which only 431,000 
cubic yards remain to be dredged. But the jetties and 
quay walls still remain to be completed. ‘fhe second 
section is being excavated at the bottom of a cutting 
288 ft. at the deepest point. From this 18,000,000 cubic 
yards have been removed since January, 1886, and at the 
present time 3,316,000 cubic yards have still to be removed 
before the level of the cutting is brought down to 6.56 ft. 
below the sea-level, and after this is completed 1,378,000 
cubic yards of material will have to be removed to make a 
channel 27 ft. 10in. deep. There will also be required 
114,300 cubic yards of masonry and 12,000 cubic yards 
of rock cutting. The excavation is expected to be com- 
pleted in 1891. 


At the fortnightly meeting of the Liverpool College 
Engineering Society on Friday, the 8th, an interesting 
paper was read by Mr. H. Pooley on the history and 
manufacture of coal gas. After an historical introduction, 
an account was given of the chief improvements in- 
troduced up to the present time, the paper concluding 
with a brief description of a modern gas works. On 
Wednesday, the 6th inst., the members, by kind permis- 
sion of the engineers, visited the Liverpovul Hydraulic 
Power Company’s Works at Athol-street. The party 
were met by the resident engineer, Mr. F. M. Evanson, 
who conducted them to the overhead tanks which receive 
the water pumped from the canal; the course of the 
water from the tanks to the pumps and the accumulators 
was then followed, and the party concluded a very agree- 
ably spent afternoon by inspecting the engines and boilers, 
together with some specimens of old wooden water pipes 
which had been excavated during the laying of the hy- 
draulic power main. 


Mr. Howard Vincent, M.P., has introduced a Bill which 
he describes as ‘‘ for the defence of British and Irish in- 
dustry.” He proposes to prohibit the importation into 
the United Kingdom of all goods of foreign manufacture 
which do not bear, in a legible and conspicuous form, a 
definite indication of the country in which they were 
made or produced. If any such articles are imported, 
they will then be subject to forfeiture and to be destroyed 
or otherwise disposed of as the Commissioners of Customs 
may direct. A special exemption from these provisions 
may, however, be granted by the published regulations of 
the Commissioners on the ground that the goods are in- 
capable of being marked as is thus required. Another 
proposal of the Bill is that foreign goods, which do not 
bear a definite indication of the country in which they 
were made or produced, may not be exposed or offered fur 
sale in the United Kingdom unless the purchaser be made 
aware by means of express notice on a board, card, label, 
ticket, or other document that they are of foreign pro- 
duction. 


In a paper read before the Engineers’ Club of Philadel- 
phia, Mr. Rudolph Hering gives the following rule for the 
flow of sewage, as a practical modification of Kutter’s for- 
mula: ; 

_ 188% v/s 

0.64 + J/r 
Where 

v = velocity in feet per second. 

r = hydraulic radius. 
And s = slope of fluid surface. 
The formula is applicable to all varieties uf sewer with a 
maximum error in this class of work of 5 per cent., which 
is always on the safe side. If, however, greater accuracy 
is desired it may be written in the following form: 


yaArs, 
B+wAr 
where A and B are constants depending on the character 


of the surface of the sewers, and their values for different 
cases may be taken from the following Table : 





Different Degrees of Roughness, A. B. 
Surface very smooth with even 

joints... x: ee at 213 0.54 

Surface very good a “i 200 0.59 

s, average smoothness ... 188 0.64 

»» rougher ... oe ne 178 0.69 
Surface of badly built brick- 

work with washed-out joints 169 0.73 


A new gunpowder, the invention of Mr. Hengst, has 
recently been tested, and the results point to it as a 
promising substitute for black powder for military and 
sporting purposes. The new powder is prepared from 
straw, which is pulverised, chemically treated, and 
finished in granular form for use, It is claimed for this 
powder that it is smokelegs, flameless, practically ncn- 
fouling and non-heating, and that both the recoil and the 
report are less than those of black powder, with superior 
penetrative power. This powder has recently been tested 
in respect of the applications above referred to by Mr. 
Perry F. Nursey, C.E., at the firing ranges of Messrs. 
Cogswell and Harrison, at Harrow, the experiments 
being made comparative with ordinary gunpowder. In 
testing for military purposes a Government pattern 
Martini-Henry rifle and ammunition were used, the 
charge being 85 grains of R.F.G. powder. In the case 
of the Hengst powder only 35 grains were used, the 
cartridges in other respects being the same. The same 
rifle was employed in both cases, and the velocities were 
taken by chronograph. The results showed the velocities 
of the Hengst powder to be somewhat lower than those of 
the black powder, but a grain or so more of the former 
explosive would doubtless have placed the two on a level 
in this respect. 
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THE practice of cremation, although it is not by any | 
means common in this country, is engrossing much 
attention, and is, it is said, gaining ground slowly in 
popular favour. In the Continent this is more par- 
ticularly apparent. One evidence of the growing in- 
terest in cremation is the attention paid to it by 
engineers and the number of appliances suggested for 
the process, There are various furnaces in use at the pre- 
sent time. There is the Gorini furnace designed by the 

rofessor of that name, and in use at Milan, Cremona, 

ome, and other Continental towns. This furnace, 
with a little alteration, is in use also at Woking, 
Surrey, where it has been erected by the Cremation 
Society of England. There is the Venin‘, designed 
by an engineer of that name, and in operation at 
Milan, alongside that of Gorini, and at Brescia, 
Padua, and Undine. The Siemens, designed by Mr. 
Frederick Siemens, Dresden, and erected at Gotha, 
Germany. 

Mr. William Key, engineer at the Southside Gas 
Works, in Glasgow, has designed a furnace, of which 
we give several illustrations on the present page. Its 
characteristics are compactness and simplicity, and it 
is not expensive. Besides it can be so constructed 
that additional furnaces could be added at little cost, 
and without interfering with that in use. 

The furnace consists of an arched chainber 12 ft. 
long by 5ft. in width, inside measure, the crown of 
the arch being about 7 ft. above the floor level, and 





there is 2 ft. of building under floor level. The whole 
may be built of firebricks and erected on a foundation | 
of Portland cement concrete. The generator or gas | 
producer, shown in vertical section at Fig. 3, may be | 
pene within one end of the arched chamber and the | 

oor for admitting the bodies at ~-he other end. For | 
convenience, and so as to occupy little floor space, the | 
designer has placed both the gas producer and the door | 
of the crematory chamber to the front of the furnace, 
the opposite end going close up to the wall of the build- 
ing. The gas producer is supplied with fuel or coke 
by an air-tight door sealed in sand, and placed in the 


the cremating hearth. This door is shown in section, 
Fig. 1. The clinker and ash are removed by the arched 
opening under the floor level. 
is an evaporating 
supply to the p 


ucer passes through regulating open- | 


| shown in plan (Fig. 2) and elevation (Fig. 3). 
| nozzles may be deflected so as to cause the combustion 















































into oxygen and hydrogen gas and aids combustion. 
Fig. 2 shows plan of flues conveying the gas from the 
producer, and ona level with these, on either side of 
the gas flues, are the secondary air ducts. The supply 
of gas and secondary air is regulated from the front ; 
the doors for access to the valves and dampers are 
shown in position (Fig. 1), The space beyond the pro- 
ducer and under the level of the hearth is fitted in as 
a regenerator formed of flues undulating backwards and 
forwards from a higher to a lower level, conducting 
the intensely heated furnace gas from the crematory 
chamber to the chimney ; alternating with these are 
the flues conducting the producer gas and secondary 
air supply to the combustion chamber. 

The combustion or crematory chamber is placed 
immediately over the fireclay trough or hearth (shown 
in cross-section Fig. 1 and longitudinal section Fig. 3). 
The hearth on which the body is deposited is 4 in. 
thick and rests on saddles or seats. These are shown 
in Fig. 2, built hollow, where the nostrils are 
arranged to conduct the gas and air supply to the 
furnace. By an alternating arrangement each saddle 
is made to supply both gas and air, the gas passin 
out at the left-hand end and the air at the right-han 
in the one case, while the next saddle supplies air from 
the left and the gas from the right-hand end. Thus 
from each alternate saddle the air and gas supply is 
reversed. The air and gas are then led up in separate 
nostrils to a point within the crematory chamber, 
2 ft. 6 in. above the floor of the hearth. These are 
shown as six openings on each side of the furnace, 
three being for the supply of producer gas and three 
for the secondary air supply. Onone side of the fur- 
nace the nozzles for gas and air supply alternate, the 
gas nozzles opposing those for the air supply in the 
opposite wall of the furnace, and the air nozzles 
opposing those for the gas on the opposite side, fo as 

ese 


to be directed downwards upon the object to be cre- 


/mated. By these arrangements the producer gas and 
arched entrance to the furnace, and on a level with 


secondary air supply are led into the combustion 
chamber at a white heat, and immediately on issuing 


| from the nostrils burst into flame, complete combustion 


In front of this opening | 
, 2in, deep., and the primary air | 


ings in the iron plate covering the pit for removal of | 


ashes, and in passing to the producer it takes with it | 
the steam evaporated from the water. 


taking place. 

The waste gases leave the furnace by the ports 
shown on each side of the hearth, passing through 
seven flues under it. The current of the gases being 
through four of these from left to right, the other 


The steam rots|three from right to left, across the bottom and 


the clinker, enabling it to be easily withdrawn, and in| underside of the hearth, so that a white heat can 


passing upward through the p 





ucer is decomposed | be maintained on the hearth by these gases im- 


pinging onits under surface as well as by the intense 
combustion acting directly from above. The whole 
heat passes downward through the regenerator, in 
flues travelling from back to front through the brick- 
work, alternately with the producer and secon- 
dary air flues, and much of the heat is taken up by 
the air and producer gas, so that the waste gases are 
greatly reduced in temperature before leaving the 
regenerator, The regenerator being maintained at a 
high temperature, any organic matter that may have 
escaped the crematory furnace will be here consumed 
by contact with the white-hot flues under the hearth, 
and in passing along the flues and bricks to the 
chimney. 

As it is not desirable to have too intense a heat for 
cremation of a body, provision is made for regulating 
the heat of the crematory chamber. Suitable provi- 
sion is also made for cooling the chamber by cutting 
off the producer gas supply, and bye-passing it to the 
chimney, where it will be temporarily consumed. 

It is calculated that this furnace can cremate fifteen 
bodies daily, and if the ashes were not carefully re- 
quired in each case, three or four more might be cre- 
mated, working two ‘‘shifts” of twelve hours each. 
The cost for coke to do this work will not, it is said, 
exceed 3s. 6d. per day, this being the price in Glasgow 
at present for 12 cwt. unriddled coke delivered. It 
has been suggested that ‘‘ water gas” should be used 
to heat the crematory furnace. With 12 cwt. of coke 
itis expected that 20,000 cubic feet of producer gas 
can be generated at a cost for fuel of, say, 2d. per 1000 
cubic feet. This would be produced and consumed 
within the arrangement shown in longitudinal section, 
Fig. 3. To manufacture water gas, on the other hand, 
a similar gas producer would be required, and a boiler 
to generate steam. This might be done by using the 
producer gas, but by using the gas direct as shown in 
the plan proposed by Mr. Key, it would be more 
economically used to heat the crematory furnace. Then 
an engine would be needed to drive the blower to give 
the necessary blast for raising the coke in the producer 
to the incandescence required before reversing the 
valves and admitting the steam. The steam would 
then be decom z into oxygen and —— gas 
and pass out of the producer as carbonic oxide gas. 
Other apparatus would be required, such as ici 
valves andagasholder. The cost for water gas woul 
be more than double the cost of the producer gas as 
proposed to be used. Besides, the water gas arrange- 
ment would be cumbrous and expensive to erect and 
work. 





The designer estimates that the whole brickwork 
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THE GREENOCK AND GOUROCK RAILWAY: TUNNEL SECTIONS. 
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Section oF Brick Covered Way from 0” 487*+$5' to 0 53° 


could be built and all ironwork supplied and com- 
pletely furnished for a sum of 1501. The expense of 
renewals would be light and not exceed six per cent. 
perannum. One stoker could attend to five of such 
regenerator furnaces. 

he furnace could be used for several purposes, 
and is suitable for heating plates and angles for ship- 
building, for smelting ores, for the extraction of silver 
from lead, glass-smelting, glass-staining, china and pot- 
tery manufacture, &c. 


— 


GREENOCK AND GOUROCK RAILWAY. 
(Continued from page 242.) 
Ree om yA and South-Western line crosses to 
ler, Greenock, at a point 3132 yards f, th 
east end of the Newton-street Soeel, thie Glasgow ew 
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South-Western Railway is here underground also, and it 
is carried over the Gourock tunnel on arching, elliptical 
in shape, 28 ft. wide and 16 ft. above the rails. The 
arching is 2 ft. thick throughout; but under the 
main walls of the Glasgow and South Western Tunnel 
for a width of 18 ft. there is an extra 2 ft. in thick- 
ness built on the skew principle. Figs. 43 to 46 show 
the work done here. The ground at this point was 
of very hard rock, which made the operations of going 
under the tunnel simpler than they would have been 
otherwise. The traffic of the Glasgow and South- 
Western Railway was not interfered with in any 
degree, the trains running over the works at their 
ordinary speed. Trestles of heavy timber were laid 
under each line of rails before mining operations were 
commenced, the top heading being kept in advance of 
the main tunnel work, and the brickwork always kept 
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close up to the face of the excavations. The whole 
cutting as it went along was closely timbered to pre- 
vent the blasting affecting the line above. The work, 
of course, took much longer time than the other parts ; 
but it was very carefully carried out and the con- 
tractors and all interested deserve great credit. Fig. 47 
shows the section of trestle used. 

The appended Table shows the lengths of the 
different ring works and the number of bricks used, 
and here it may be stated that the size of the bricks 
was 9 in. by 44 in. by 3} in., and the whole brickwork 
was built in Portland cement mortar composed of two 
of sharp sand and one of cement. 

Length. Number 
Yards, of Bricke, 


3-ring work... aa ma iat 1.695,120 
4 - os «- 548% 1,843,520 
5 “ Ae — 3234, 
: a ‘a asa . 2,800,560 
i iis ae 4 
Under Glasgow and South- 
Western ‘l'unnel ... oe 257,600 





Totals ... 21114 7,896,560 


The width of the tunnel is 28 ft. at the widest part, 
and the height above rails is 21 ft. 7in. The ring 
heads at both ends are formed of ashlar work. Man- 
holes are formed every 75 ft. on alternate sides of the 
tunnel. No provision has been made for ventilating 
shafts, as it is considered that the sectional area of 
the tunnel being exceptionally large will besufficient for 
ventilating purposes, 

The other tunnel on the line carries the railway 
under the public park named Wellpark and the old 
mansion-house of Greenock. 1t is 287 yards long, and 
extends from Terrace-road to Bank-street, these 
thoroughfares being at each end of the tunnel. The 
average depth from the surface to the formation level 
is about 55 ft. The height is 20 ft. 6 in. above the 
rails, and the width 28 ft. at the widest part. The 
radii are shown in Fig. 48. 

The excavation was started in the beginning of 
February, 1887, and the work was completed on 
Christmas Eve of the same year. The tunnel was 
driven from both ends, and operations were carried out 
on the same principle as in the case of the Newton- 
street tunnel described on pages 241-2 ante—keeping 
20 ft. to 30 ft. of a top heading in front of the 
excavations. About three-fourths of the tunnel were 
driven from the Bank-street end and the other fourth 
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from Terrace-road end. The strata varied consi- 
derably from boulder clay, blue and red _ blaize, 
with hard freestone at the east end and whinrock 
near to the west end. Part of the top at the east 
end over the freestone rock was very soft and required 
extra precautions to be taken. This part was built 
with six-ring brickwork, which diminished to five and 
four as the tunnel got into clay and rock. The ma- 
jority of the work is four-ring work. The brickwork, 
as in the case of the Newton-street tunnel, is built in 
Portland cement mortar. ‘lhe tunnel was taken out in 
about 15-ft. lengths, and in the four-ring work the 
number of bars used was from twelve to fourteen, and 
in most cases required poling boards, especially where 
the roof was in clay. The on would average 16 in. 
in diameter. The timber required for the five-ring 
work was somewhat similar to that used in the four- 
ring work. In the six-ring work the timbering was 
also carried out in the same principle; but heavy 
dwangs were placed across the tunnel from bar to bar 
in the centre of each length. These stiffened the bars 
considerably. The centres were composed of 1lin. by 
4 in. red pine deals cross clead. In the four-ring work 
five centres were used in each 15 ft. length, while in 
the five and six-ring work, the centres were consider- 
ably increased in number, as many as ten being used in 
some cases where the ground was very soft on the top. 
In these cases the centres were set closely together in 
pairs. Where the tunnel was in four-ring work the 
15 ft. lengths were taken out and bricked in about nine 
days. Of course in cases where the material was so very 
soft, the time required was longer--about a fortnight. 
Hand-set dry packing—stone and old bricks—was put 
in behind the brickwork. Of the six-ring work there 
were 984 yards, of five-ring work 264 yards, and of 
four-ring work 1624 yards. The quantity of material 
excavated was 23,000 cubic yards, and this had to be 
done mostly by hand labour. Tonite and black powder 
were used in blasting the rock. Manholes are con- 
structed at the same intervals as in the other tunnel. 
A 9-in. fireclay pipe drain is laid along the six- footway 
to carry off the surface water, with side branches about 
every chain length. 

The covered way extends from 45 chains to 53 chains 
21 ft., the length being 183 yards. It is partly con- 
structed of brickwork and partly of masonry abutments 
with ashlar stone arching. The portion from 45 chains 
to 48 chains 55 ft., a length of 844 yards, is the part 
constructed of masonry abutments with stone arching 
(see Fig. 49). Owivg to the limited height between 
the streets crossed under and the ground at the sides 
of the streets, it was necessary to adopt an arch of this 
kind, As soon as the covered way got into cutting 
deep enough to admit of more height being formed, 
the section was changed to an arch of loftier dimen- 
sions and formed of brickwork. The intrados of the 
arch are of similar radii as the Wellpark tunnel 
(Fig. 48), 

The rise of the stone arch is 6 ft. and the span is 
28 ft., the abutments being 8 ft. thick, and over the 
arch there is rubble haunching covered with asphalte. 
On the high side of the covered way it was necessary 
to form a retaining wall on the topof the abutment to 
prevent the clay and wet sand from slipping on to the 
arch, as some valuable properties were in immediate 
proximity to the works. Indeed, part of the abutment 


of this covered way was built under a four - story |}, 


tenement, the foundation of the building being 
25 ft. 9in. above the foundation of the abutment. 
The tenement was first properly shored up on either 
side with long raking timbers, and a pit 13 ft. long by 
10 ft. wide was sunk to the depth of the foundation of 
the abutment, and closely timbered with 3 in. cleading, 
having five rows of dwangs in the depth, The timber 
was put in as the excavation went down. When the 
excavation was at the bottom the whole space was 
built bard up tothe back of the cleading next to the 
house with solid ashlar work grouted with Portland 
cement mortar. The work was done so carefully 
that not a sign of a crack is to be seen in the build- 
ing. On the opposite side of the railway a similar 
operation had to be carried out; but the depth was 
not so great, although the abutment encroached 
further under the corner of the building than in the 
case just described. A similar method was adopted, 
and with like success. The abutments for the stone 
portion of the covered way were built in masonry in 
courses of the same description as the bridges. 

The brick covered way, which extends to 983 yards, 
is shown in Fig. 50. It was built in Portland cement 
moctar. Owing to the streets under which it was 
carried and the nature of the strata gone through, the 
lengths taken at a time were from 20 ft. to 25 ft. A 
good length of the covered way was in running 
sand, which gave great trouble and necessitated the 
strengthening of the brickwork on the sides where the 
material was inclined to be heavy towards the arch. 

Two streets are crossed. Ann-street goes over the 
stone-arched way at an oblique angle, and at a gradient 
of lin16. The sewer, which is 2 ft. in diameter, was 
carried over the top of the arch in cast-iron pipes 
similar to those already described in several of the 
bridges. A 12-in. main water-pipe was also carried 








across the top of the arch as well as the usual gas- 
pipes. During the construction of this portion of the 
covered way, provision had to be made for conducting 
the traffic of the street over the railway works, which 
hampered the contractors considerably in their opera- 
tions. Sir Michael-street crosses over the brick- 
covered way at the west end, but as the height from 
the street to the railway was considerable, there was 
sufficient cover to allow of the sewer and other pipes 
being laid in their natural course. 


(To be continued). 





LAUNCHES AND TRIAL TRIPS. 


A NEW tank steamer for carrying petroleum was 
launched from the Lindholmen shipbuilding yard, Sweden, 
on Friday, March 1, She has been built on account of a 
Baku firm, and is so constructed that she can pass through 
the Russian canals to the Caspian Sea. The length of the 
steamer is 159 ft., breadth 284 ft., and draught, with 500 
tons carg, 9? ft. The engine is 80 horse-power compound, 
with surface condenser. As in the steamer Persijanin, 
previously delivered to Russia from the same yard, the 
new steamer will have three pair of tanks, to the fore of 
the boiler and engine, for cargo, and two tanks at the 
sides of the boiler for fuel. A new cargo steamer for the 
United Steamship Company of Copenhagen, of 1240 
tons, will now be commenced at the Lindholmen yard. 





The new screw steamer Kaveri, built by the White- 
haven Shipbuilding Company for the Bombay Coast Steam 
Navigation Company, went on her speed trials on Tues- 
day, the 5th inst., and on the following day proceeded to 
Bombay. This vessel is 180 ft. long, 29 ft. broad, and 
12 ft. 6 in. to main deck, but above that she has an 
awning deck, for the greater part of her length, giving her a 
total depth of 20ft. for awning deck. She has extensive ac- 
commodation for native passengers. The propelling ma- 
chinery, which is of the triple-expansion type, has been 
supplied by Messrs. Dunsmuir and Jackson, Govan. The 
cylinders are 15 in., 26 in., and 40 in. in diameter respeac- 
tively, and adapted to a piston stroke of 30 in. Steam is 
supplied from one single-ended boiler 13 ft. 6 in. in dia- 
meter, and 10 ft. 6 in. long, having three furnaces, 
3 ft.4 in. in diameter. The tubesare of brass. The heat- 
ing surface is 1591 square feet, grate surface 56 square 
feet, and condensing surface 923 ft. The boiler is worked 
under forced draught on the closed stokehold system, the 
fan, 5 ft. 6 in., and engine being by Messrs. Tangye. 
On trial the pressure in the boiler was 160 lb. to the 
square inch, and with the engine working 112 to 113 
revolutions per minute and a piston speed of 560 ft. 
per minute, the power developed was 915 indicated 
horse-power. The diameter of the propeller is 7 ft. 
9 in. The vessel had a full cargo of coal on board, 
and the speed attained was slightly over 94 knots per 
hour, which was considered most satisfactory. The 
general engines in the ship are very complete, considering 
the size of the vessel. For working the cargo there are 
six hydraulic cranes, worked by compound surface-con- 
densing engines, entirely independent of the propelling 
machinery and its auxiliaries. These engines were fitted 
by Messrs. Fullerton, Hodgart, and Barclay, Paisley. The 
steam steering gear is by Messrs. Muir and Caldwell, 
Glasgow ; steam windlass and capstan gear by Messrs. 
Clarke Chapman, and an electric light installation by 

r. Rankin Kennedy. There are in the ship nine 
water-tight compartments, the engines and boiler being 
divided by a bulkhead, and the after hold is divided 
er: No docrs have been fitted in the bulk- 
eads, 





On Thursday, the 7th inst., Messrs. Earle’s Shipbuild- 
ing and Engineering Company, Limited, launched from 
their yard at Hull a fine screw trawler called the Rugby, 
which they have built to the order of Mr. Geo. F. Sleight, 
of Grimsby, for the North Sea fisheries. In most respects 
she resembles the more recent additions to the Grimsby 
fleets constructed by Messrs. Earle, the main departures 
being in the dimensions, which are: Length, 87 ft.; ex- 
treme breadth, 20ft,; and depth of holds, 10ft. 6in. The 
engines are of the compound type made by Earle’s com- 
pany, the cylinders being 17 in. and 32in. in diameter by 
21in. stroke, supplied with steam from a large steel boiler 
made in accordance with Lloyd’s rules for a working pres- 
sure of 901b. per square inch, 





On Monday, the 11th inst., the s.s. Alhena, which has 
been built by Messrs. Raylton, Dixon, and Co., for Mr. 
Robert H. Penney, Brighton, proceeded from the Tees for 
her trial trip. This vessel is of the following dimensions : 
Length, 304ft. 3in.; breadth, 38ft.; depth moulded, 
22 ft. 10in.: with a deadweight carrying capacity of over 
3600 tons. Her engines, which have been fitted by Messrs. 
T. Richardson and Sons, of Hartlepool, are on their 
triple-expansion system, having cylinders 22in., 35in., 
59in., by 39 in. stroke. 





A Norse Streamer. —The Oker Engineering Com- 
pany, Norway, has just contracted for the building of a 
new steamer for a syndicate in Christianssand. She is 
to be a cargo steamer, built of steel to highest class 
Norwegian Veritas. The length to be 172 ft., breadth 
26 ft., depth 13 ft., and she is to carry 650 tons. The 
engine is to be triple-expansion of sufficient power to 
give a speed of 9 knots, loaded. The price is close 
upon 10,000/., and she is to be ready by the middle of 
November. 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—The sensitiveness that was 
experienced in the warrant market in the early part of 
last week was continued on Thursday, and a number of 
up and-down movements were registered. Sometimes the 
price was 14d. per ton above, and at other times 2d. per 
ton below Wednesday’s final quotation, but the closing 
price was only $d. per ton down, though it was still 2d. 
higher than last week’s close. Cleveland and hematite 
iron declined in price 5d. and 54d. per ton respectively. 
Certain other business circumstances were favourable to 
the ‘‘ bears,” but the activity of the iron trade proved to be 
the strength of the ‘‘ bulls.” At the close the settlement 
prices were—Scotch iron, 43s. 7$d. per ton ; Cleveland, 
36s. 74d. ; hematite iron, 46s. 9d. perton. Glengarnock 
Nos. 1 and 3 special brands were advanced in price 6d. per 
ton. The tone was somewhat dull in the speculative de 
partment on Friday, over the position of the copper syndi- 
cate; otherwise appearances were all favourable to an 
improved tone, there being reported the heaviest with 
drawal of Scotch iron from the public warrant stores 
in one day for a very considerable period, and makers 
still continued to raise the prices of their special 
brands. After the opening of the market Scotch iron 
advanced 14d. per ton, but a weakening set in, and 
business closed in the forenoon with the price 24d. 
per ton down. In the afternoon, however, 2d. of the 
early decline was recovered. Cleveland iron met with a 
steadier demand, and the price declined 4d. per ton, but 
no change took place in the price of hematite iron. The 
settlement prices at the close were—Scotch iron, 43s. 74d. 
per ton ; Cleveland, 36s. 9d. ; hematite iron, 46s. 9d. per 
ton. A considerable amount of buoyancy showed itself 
in the market on Monday, notwithstanding the depressing 
appearances of copper and copper mining shares. Trade 
reports were satisfactory, and some fairly good orders for 
Scotch iron for spring shipment were reported. It was 
reported that home merchants were covering their re- 
quirements with more than ordinary briskness. Scotch 
warrants, although opening 1d. down, soon recovered, 
and advanced 54d., to 43s. 114d. per ton cash—the 
highest price touched last week. Sellers closed at that 
price, being 4d. over last week’s final quotations, 
Cleveland iron improved 4d. per ton, and hematite 
iron 44d. per ton, and the closing settlement prices 
were—Scotch, 43s. 104d. per ton; Cleveland, 37s. ; 
hematite iron, 47s. 14d. perton. The market was again 
strong at the opening yesterday, the firmer appearance 
of stocks, and especially of copper mining shares early in 
the day, led to an impression that the worst of the 
‘copper crisis” was over. The relapse of these, however, 
in the afternoon caused a depression, and the early im- 
provement in iron was lost. At one time Scotch iron 
touched 44s, 1d. per ton cash, being the highest quotation 
since December, 1887, and 1d. above Monday’s best. At 
the close in the afternoon the settlement prices were— 
Scotch iron, 43s. 104d. ; Cleveland, 37s. ; hematite iron, 
47s, 14d. per ton. The market was somewhat easier 
to-day, and a slight reaction took place in the forenoon 
in the price of warrants. Speculators who purchased 
when prices were lower have evidently made up their 
minds to realise; and as there is no new feature in the 
situation to induce buying, prices may be expected to 
fluctuate a little, though there is no probability of any 
great relapse in the face of the large consumptive demands 
for manufactured iron and steel. The forenoon market 
closed with sellers asking 43s. 104d. per ton for Scotch 
iron, and the close in the afternoon was 44s, per ton 
cash sellers—the quotations for Cleveland and hema- 
tite being, respectively, 37s. 2d. and 47s. 14d. per 
ton cash, There are still 81 blast furnaces in actual 
operation, as compared with 85 at this time last 
year. Last week’s shipments of pig iron from all Scotch 
ports amounted to 6138 tons, against 6769 tons in the 
corresponding week of last year. They included 400 tons 
for the United States, 429 tons for Canada, 440 tons for 
South America, 610 tons for Australia, 570 tons for Italy, 
150 tons for China and Japan, smaller quantities for other 
countries, and 3030 tons coastwise. The stock in Messrs. 
Connal and Co.’s public warrant stores yesterday after- 
noon stood at 1,032,922 tons, against 1,033,677 tons yes- 
terday week, thus showing for the week a decrease of 
755 tons. 


Shipments of Machinery, &c., from the Clyde.—Last week 
the following shipments of machinery, &c., for foreign 
and colonial ports were recorded: Mining, tea-making, 
and other machinery, of the value of 12,8501. ; sewing 
machine parts, valued at 6600/.; billets, sheets, plates, 
and other steel manufactures, of the value of 4500/. ; pipes 
and other castings, bridgework, plates, bars, sheets, 
tubes, and miscellaneous iron manufactures valued at 
31,0007. 


Shipbuilding Contracts.—Several fresh shipbuilding con- 
tracts have lately been closed. Messrs. Alexander 
Stephen and Sons, Linthouse, Govan, have taken an order 
to build a first-class steel screw steamer of about 4300 tons 
deadweight capacity, in which there are to be embodied 
all the latestimprovements. This vessel is to be built for 
Mr. J. B. Murray, of Glasgow. Messrs. David J. Dun- 
lop and Co., Port-Glasgow, have contracted for two iron 
cargo lighters of 500 tons each, and a steel paddle steamer 
of 450 tons for a foreign firm, A contract for another new 
steamer, intended for the fruit trade, has been secured by 
Messrs. John Scott and Co., Kinghorn, Fifeshire. The 
vessel, which is to be over 200 ft. in length, is intended for 
trading between this country and the Mediterranean ports. 
She will be built of steel throughout, and will havea 
carrying capacity of 1400 tons gross. There are now no 
fewer than eer vessels in course of construction in King- 
horn Shipbuilding Yard. Messrs. A. Hall and Co., ship- 
builders, Aberdeen, have received an order to build another 
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steam trawler for Mr. Thomas Walker and other owners 
of the same town. It is announced to-day that Messrs. 
Barclay, Curle, and Co., Whiteinch, have secured an order 
to build, for the China Shippers’ Mutual Steam Naviga- 
tion Company, a steel screw steamer of about 3300 tons. 
Intended for the China trade, she is to be similar to, but 
30ft. longer than, the Oanfa, which was built for the 
same owners last year by Messrs. Aitken and Mansel, 
also of Whiteinch. Acting on behalf of Norwegian 
owners, Messrs. Macbeth and Gray, of Glasgow, have 
ordered a steel sailing ship of about 1100 tons from the 
Grangemouth Dockyard Company. 


Some New Contracts.—The Anderston Foundry Com- 
pany, Glasgow, have secured a contract to supply some 
10.000 or 12,000 tons of cast-iron sleepers for the Delhi, 
Umballa, and Kalka Railway Company. Messrs. A. 
Gray and Co., Saltcoats, have successfully tendered for 
laying the water pipes which are to be laid in the new 
streets now in course of formation in Ardrossan. Messrs, 
D. M. Stevenson and Co., Glasgow, have received the 
contract to supply for the Norwegian State Railways 
10,000 to 12,000 tons of coal, and for the Riga Railways, 
7500 tons. 


The Scotch Steel Trade.—Scotch steelmakers have again 
advanced their prices, the lead being taken by the Steel 
Company of Scotland. Boiler plates are now quoted 
8l. 7s. 6d., a rise cf 102, in a week or so; ship plates, 
7/. 12s. 6d., a rise of 23, 6d.; and ship angles, 67. 12s. 6d., 
arise of 23. 6d. aton. The Admiralty programme has, 
no doubt, gone a long way to strengthen the position ; but 
beyond that makers find that consumers all round are 
exceedingly anxious to get orders placed. Besides, several 
merchants are heavily committed at lower prices, and ex- 
perience great difficulty in getting even partially covered. 
Both here and in the South the position is oversold, and 
some smart fines may be exacted before matters are ar- 
ranged. It is reported that endeavours are being made 
on the part of the Government to place several orders for 
steel here quietly, and in view of some of the orders for 
warships coming to the Clyde, local shipbuilders are en- 
enavouring to arrange for deliveries. 


Physical Society at Glasgow University.—At an ordinary 
meeting of this Society held last Friday evening, a paper 
was read by Mr. Malcolm Sutherland, ‘‘On Electrical 
Annunciators,” in which, after treating the subject his- 
torically, the author proceeded to describe in detail the 
construction and uses of some of the more important 
arrangements now in use. 


Royal Scottish Society of Arts. —A meeting of the Royal 
Scottish Society of Arts took place on Monday evening 
Mr. F. Brodie Imlach, President, in the chair. Mr. H. 
Adolphe Salvesen read a paper, in which he sketched 
the early history of steam navigation. The object of 
the paper was to prove the claims of James Symington 
to be considered the originator of steam navigation, and 
Mr. Salvesen showed that although the idea of propelling 
vessels by steam was much older than Symington’s time, 
and although Symington himself had assisted Miller in 
the construction of his experimental steamboat on Dals- 
winton Loch, yet the Charlotte Dundas, built by Syming- 
ton in 1801 for plying on the Forth and Clyde Canal, 
was the first practical steamer ever built. The first 
practical steamer} was thus built at Grangemouth, and 
the first steamer which crossed the Atlantic was, he said, 
built at Leith. Mr. Carter, speaking on the same subject, 
remarked how the idea of the mechanical propulsion of 
vessels had occurred to men’s minds as far back as the 
time of Roger Bacon. 





NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

Cammell and Co., Limited.—The twenty-fifth annual 
general meeting of the shareholders of this company will 
be held ex the 27th inst., when the directors will recom- 
mend ths payment of a further dividend for the year 
ending December 31 last on the ordinary shares of 74 per 
cent. ; 74 per cent. on the ‘‘B” shares, and the full divi- 
den: of 5 per cent. on the ‘‘A” preference shares of the 
company. 


The Corporation of Sheffield and the Sea Canal Scheme.— 
Ths Sewerage and Rivers Committee of the Sheffield 
Corporation recommend the Council to present a petition 
praying for counsel to be heard before the Committee of 
the House of Lords, against the Sheffield and South York- 
shire Navigation Bill, in order to secure proper provisions 
for the protection of the property, rights, and interests of 
the Corporation. The municipal authorities have the 
management of the borough, and are the sanitary autho- 
rity and owners of the water works, 


Associated Iron and Steel Workers.—A movement is on 
foot in South Yorkshire to establish an association of iron 
and steel workers. On Monday last there was held a 
meeting of the men employed at the Parkgate Iron and 
Steel Works. The meeting was convened for the pur- 
pose of considering the desirability of joining the Associa- 
tion. Several delegates from Sheffield were present, and 
addressed the men on the necessity of organisation and 
union for the maintenance and defence of their interests, 
also adducing important reasons why they should become 
members of the Association. It was represented that 
they had no intention of interfering with the operation of 
the sliding scale by which their wages were at present 
regulated without any friction or dispute between masters 
and men, “‘ but it was wise to be prepared for any emer- 
gency or unforeseen events.” The men unanimously 
decided to become members of the Association. 


South Yorkshire Collieries and the Hull Coal Trade.— 
The tonnage of coal sent to Hull during February was 
135,368 tons, as compared with 124,016 tons forwarded in 





the corresponding month of 1888, thus showing an increase 
of 11,352 tons for the month just ended. Denaby main, as 
usual, heads the list with 9576 tons. The total quantity 
conveyed by river during the month was 42,432 tons 
against 92,936 taken to Hull by rail. The exports were 
41,779 against 38,090 in February, 1888. During the 
present year the exports have amounted to 123,385 tons 
against 85,836 in the first two months of 1888, an increase 
so far this year of 37,549 tons. 


Another Agitation amongst the Miners.—The miners in 
South Yorkshire are agitating for another rise of 10 per 
cent. in wages. A conference on the subject will he held 
in Manchester shortly. 


William Jessop and Sons, Limited.—The directors of 
this company have decided to recommend to the share- 
holders at the forthcoming annual meeting the payment 
of a dividend of 40s. per share, being at the rate of 
6l. 133. 4d. per cent. on the paid-up capital for the year 
ending December 31 last. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Y esterday there was a very 
numerous attendance on ’Change and considerable busi- 
ness was transacted. Although the market was animated 
the excitement was not quite so great as it was a week ago. 
The position of sellers is firmer than ever, and the quota- 
tions of most articles are higher than they were a week 
ago. The general figure asked by merchants for prompt 
f.o.b. deliveries of No. 3 Cleveland pig iron g.m.b. is, 37s. 
per ton. For next quarter 37s. 6d. is the quotation, and 
business is being done at these prices. Makers as a rule 
are not anxious to accept the present quotations, stating 
that they are not remunerative, as the cost of production 
has materially advanced during the past few months. 
The proposed Government shipbuilding orders have 
tended to strengthen the market. East coast hematite 
iron is now fully 493.per ton. The price of Gellivara iron 
has improved, the prices now being 46s. for foundry, and 
45s. 6d. for forge. Messrs. Connal and Co., the warrant 
storekeepers at Middlesbrough, have an increase of 500 
tons of iron in stock now, as compared with last week, 
but it is believed that the general stock in the district 
is being considerably reduced. Shipments of iron from 
the Tees this month are excellent, and show a consider- 
able increase over the corresponding period in February. 
The prices of finished iron are improving. All classes of 
steel are in good demand. Heavy rails are 4/. 10s. ; plates 
7l.; and angles 6/. 10s. per ton. 


Shipbuilding and Enginéering.—Shipbuilders continue 
very active. All the firms in the North are well bvoked 
ahead and many of them are not seeking fresh orders at 
present. The engineering trade is not working quite so 
smoothly as might be desired, but all the establishments 
are well supplied with contracts. A settlement has not 
et been arrived at betwen the Amalgamated Society of 

ingineers and the Associated Employers of Sunderland, 
Newcastle, Shields, West Hartlepool, and other places in 
the district with reference to a further advance of 1s, per 
week in wages. The men are not willing to wait longer 
than the 4th of May for the advance, while the employers 
decline to grant it until the 28thof May. A ballot of the 
men has been taken and the result will be made known 
to-night (Wednesday) at Sunderland and a decision with 
reference to a strike will be come to. It is stated that 
the non-associated employers at Hartlepool and Sunder- 
land have promised to give the advance on the 4th of 
May. All the large works, however, are in the Associa- 
tion. 


The Coal and Coke Trades.—There is a good demand for 
all kinds of fuel and quotations are steadily advancing. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—A fair amount of business has been passing in 
steam coal. The best qualities have made 14s.; second 
class coal, 133. to 18s. 3d., and best Monmouthshire 
12s. 3d. per ton. House coal has maintained previous 
rates with a good demand. Shipments of patent fuel have 
continued large. 

Death of Mr. G. Wilkinson.—The death is announced of 
Mr. George Wilkinson, of Newport, one of the oldest 
mining engineers in South Wales and Monmouthshire. 


The ** Magicienne.”—The Magicienne cruiser started at 
three o’clock on Friday morning from Spithead for a 
twelve hours’ consecutive steam trial under the charge of 
Commander Hay, of the Asia. After five hours’ steam- 
ing it was found impossible to get up a full head of 
steam, 129 lb. being the highest pressure reached, 
although the vessel did 17 knots easily. The trial had 
consequently to be abandoned after a second attempt to 
work up the horse-power, which fell 700 short of the 
minimum contracted for. The failure is supposed to be 
due to the construction of the stokeholes, the boilers being 
double ended and the draught through blowing the flames 
out at one extremity when the door is opened at the other. 
A delay of ten days has been requested by the contractors 
to build up bridges across the stokeholes, and at the ex- 
piration of that period another trial of the engines will 
take place. The officials present at the trial reported 
that the machinery worked smoothly and well, although 
the proper horse-power was not developed. 


The Railway Rates Question.—The Bristol Chamber of 
Commerce has been in communication with the Board of 
Trade with reference to many points raised oy the pro- 
posed revised railway rates, and it has obtained informa- 
tion upon several rules and orders. It appears that the 
Board of Trade has not yet definitely settled in what 
manner objections will be dealt with; but it is not con- 








templated to require objectors to be represented by 
counsel. By rules issued by the Board of Trade it seems 
that in addition to the fixed fee of 50/., each railway com- 
pany may be called upon to meet any additional ex- 
penses to which the Board of Trade may be put ; but 
Chambers of Commerce appearing in opposition to the 
classifications or schedules will have to bear their own 
particular expenses. The last of some trade meetings, 
called under the auspices of the Bristol Chamber, will be 
held this week, and a special meeting of the Council will 
be shortly convened to consider reports from various 
trades, and to resolve upon a definite course of action. 


Gas at Ilfracomte.—The Ilfracombe Gas Company held 
its annual meeting on Wednesday, Mr. J. Wivell pre- 
siding. The report showed a profit of 11111. The price 
of gas, it was added, had been reduced from January last 
to 33. 9d. per 1000 cubic feet. 


South Welsh Coal and Iron.—The shipments of coal from 
the four principal Welsh ports in February were as fol- 
lows: Cardiff—foreign, 676,012 tons; coastwise, 88,069 
tons. Newport—foreign, 165,281 tons ; coastwise, 69,356 
tons. Swansea—foreign, 63,241 tons ; coastwise, 50,585 
tons. Llanelly—foreign, 9432 tons; coastwise, 6243 tone. 
The total shipments fore‘gn were for the month accord- 
ingly 913,966 tons ; coastwise, 214,663 tons. The ship- 
ments of iron and steel from the four ports in February 
were: Cardiff, 6639 tons ; Newport, 7405 tons; Llanelly, 
1200 tons; total, 15,244 tons. The shipments of coke 
were: Cardiff, 4924tons ; Newport, 132 tons ; Swansea, 
211 tons; total, 5267 tons. And those of patent fuel: 
Cardiff, 27,286 tons; Newport, 6906 tons; Swansea, 
26,898 tons ; total, 61,089 tons. The combined shipments 
of cual from the four ports in the first two months of this 
year were: Cardiff, 2,451,836 tons; Newport, 492,716 
tons ; Swansea, 250,433 tons; and Llanelly, 36,592 tons; 
making an aggregate of 3,231,577 tons. The ship- 
ments of iron and steel in the same period were: 
Cardiff, 11,129 tons; Newport, 20,195 tons; Llanelly, 
2500 tons, making an aggregate of 33,824 tons. The ship- 
ments of coke in the same pericd were: Cardiff, 9941 
tons ; Newport, 636 tons ; Swansea, 417 tons, making an 
aggregate of 10,994 tons. The shipments of patent fuel in 
the same period were: Cardiff, 46,466 tons ; Newport, 
11,987 tons ; Swansea, 59,451 tons, making an aggregate of 
117,904 tons, 


Quick Despatch at Newport.—The loading of 4075 tons 
of cargo, and 789 tons of bunkers in the Methley Hall (s.) 
was completed between the hours of 11 a.m. on Wednes- 
day and 1.40 a.m. on Friday, or in 38 hours 40 minutes. 
The coal shipped was Lancaster’s ‘‘ Griffin Nantyglo.” 
The steamer sailed on Friday for Bombay. 


Great Western Colliery Company (Limited). — The 
eleventh annual meeting of this company was held on 
Thursday at Bristol, under the presidency of Mr. J. 
Wethered. The directors’ report stated that the output 
of coal for the past year was 387,230 tons, a decrease 
from the previous year of 14,339 tons. The deepening of 
two Rhondda Valley pits referred to last year had been 
completed, and preparations were being made to materially 
increase the output. The remaining old coke ovens had 
been replaced by fifty new Coppée ovens, and a new 
machine for washing and grinding small coal sent to the 
coke ovens was being erected. The report was adopted. 


New Blast Furnace Company.—A new undertaken has 
been organised under the title of the Swansea Hematite 
Iron Company (Limited). The company proposes to 
carry on the Swansea blast furnaces. Messrs. Wright, 
Butler, and Beck are understood to be associated with 
the new company. 


Penarth Extension Railway Company.—A special meet- 
ing of this company was held at Cardiff, on Tuesday, 
when a Bill for ‘‘ amalgamating with the undertaking of 
the Taff Vale Railway Company and other undertakings 
leased to or worked by them, and for consolidating and 
rearranging the capital of the company, and for other pur- 
poses,” which had been submitted to Parliament was 
considered. It was resolved not to assent to the Bill, the 
terms proposed for the purchase of the undertaking being 
deemed inadequate. 


Wages in Wales.—A meeting of the Monmouthshire and 
South Wales Collieries’ Association was held at Cardiff 
on Saturday, Mr. J. Forster Brown in the chair. The 
present position of the coal trade, caused by the action of 
the miners in‘'demanding an increase of 124 per cent. upon 
their wages, and in the event of this not being agreed to, 
their intention to give a month’s notice to terminate 
present engagements with employers, was discussed at 
considerable length. It was felt that any difference 
which might eventually lead to a strike would be highly 
prejudicial to the coal trade at the present time, and it 
was accordingly agreed to refer the matter to the Sliding 
Scale Committee, with instruction to the committee to 
publish a statement showing the operation of the slidin 
scale since its formation in 1882, and the advantages which 
it had given the men when the price of coal was decreasing. 
The Sliding Scale Committee was also empowered to meet 
the delegates of the workmen, to confer with them with re- 
ference to their demands, and if possible to enter into some 
arrangement with them, by means of which the wishes of 
the men might be acceded to, while the sliding scale agree- 
ment was maintained. As the owners of the Ferndale 
Collieries have consented to give the men a conditional 
advance of 74 per cent., somet ing similar may be offered 
by the associated masters, and neither masters nor work- 
men seem to regard a strike as imminent. 


Lianelly.—Gold quartz crushing works have been started 
at Llanelly by some foreign gentlemen. The works are 
situated at the docks; the quartz proposed to be crushed 
is being obtained from the Delgelly and Delancoth mines, 
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THE S’GRAVENHAAG WATER WORKS. 
MR. WALDORP, ENGINEER. 
(For Description, see Page 249.) 
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THE PARIS COPPER SYNDIOATE. 

OnE of the most stupendous speculations ever 
entered into by financial and conimercial men has 
recently met in Paris with death, in the shape of a 
collapse equal in greatness and extent to the 
magnitude of its dealings. The press both in our 
country and in France have furnished the public 
with general data concerning the nature of the Paris 
copper syndicate, its relation with the famous 
Société des Metaux, and the guarantee afforded it 
by the unfortunate, or rather unpardonably impru- 
dent bank known as the Comptoir d’Escompte. 
We must refer our readers to the many leading and 
financial articles for details regarding the struggles 
for life of past weeks and limit ourselves to facts 
and figures that will assist, we hope, to clear away 
some clouds, prevent hasty conclusions, and bring 
the questions arising from the failure of so vast an 
enterprise within the limits of precise discussion. 

The position of the copper market about a year 
anda half ago was indeed of a nature to command 
the attention of those interested in the production 
as well as in commercial dealings with this metal. 

From January, 1887, to September of the same 
year the price of Chili bars had kept within the 
very low limits of 38/. 19s. and 391. 17s. At the 
same time the average stocks had fallen from 
61,500 tons as to 1886 to 54,000 tons as to 1887. 

A group formed in Paris by Mr. Secretan came 
to the conclusion that the time had arrived when it 
became possible to form a ring, by which means the 
prices of copper could be permanently raised to 
what they had been in days of old. Here it may 
be said that a consideration of vital importance was 
either overlooked or purposely kept behind a screen. 
Mineowners are well aware that within some years 
the cost price of copper has been considerably re- 
duced. To attempt to sell in a permanent way at 
80 what costs from 20 to 30 is a very dangerous 
defiance of economic laws, and is likely to lead to 
no good result. Thisis, however, the problem that 
the syndicate was brave enough to look in the face, 
and in so doing doomed itself to an untimely end, 
such as invariably attends foolhardiness or inju- 
dicious courage. Had the syndicate contracted for 
copper at 50/. and been contented to sell it to the 
public at 551. or 601., it may safely be asserted that 
it would have stood on its legs and commanded 
general support. As it is the Société des Metaux 
and their guarantors owe their ruin to excessive 
cupidity. 

In 1887 copper mines had to make every effort to 
reduce expenses, and only those enjoying sufficient 
vitality could withstand the low prices. The follow- 
ing figures speak for themselves : 

Average Monthly Market fy of Copper in 1887 and 

m 


1887, 1888. 
£ £ 

January .. ee ee ee ee 38.19 80.12 

February a ay s ae 38.19 77.12 

March .. 4 oe ee oe 39.13 80. 

TN Sa nc: a folate | ¢ bien te 80.4 
ee ae an ee 81.9 
June ee ee se aa se 39.14 82.1 
July a wa re Pr “ 39.16 80.3 
August .. oe “a se oo 39.19 82.1 
September oe ee “a ee 39.17 97 4 
October .. oe oe ee ee 41.11 84.9 
November a a6 “ - 47.7 78.1 

December “ +s <a aa 75.16 77.10 

Average for the year .. ie 43.7 81.10 





In the contracts signed by the Société des Métaux 
with the different mineowners, the purchase price 
averages about 65/. per ton of copper. The profit 
attained was thus 16/. This average purchase price 
relates to a series of agreements which nearly all 
extend over a period of three years. It should be 
remarked that in none of these contracts did any 
provision exist as to the possibility of having to re- 
duce the production to avoid increase of stock. 

The following figures will give our readers an 
idea as to the importance of the copper market and 
lead towards what may be generally concluded from 
the investigation of the case put before us : 

Total Production of Copper in the World. 





United (Spain and +; | Other | 
States. | Portugal. Chill. Countries. Total. | Stocks. 





1882 35,400 | 39,500 | 42,900 64,200 | 182,000| 50,000 
1883 | 51,600 | 44,600 | 41,100 62,700 | 200,000| 49,500 
1884 | 64,700 | 46,400 | 41,650 | 67,250 | 220,000| 45,000 
1885 | 74,000 | 47,900 | 38,500 | 66,600 | 227,000 | 56,000 
49,60C 35,000! 62,600 | 217,000 | 63,000 
1887 | 79,100 | 54,000 | 29,100| 52,800 | 225,000| 45,000 
1888 | 103,000 64,000 , 31,000 64,000 | 255,000 97,000 





tons. 
In January, 1888, the stocks of copper 
amounted to .. da pe an ‘a 45,000 
In January, 1889, the stocks were .. -- 105,000 
The increase was therefore .. ae “a 60,000 
The production of 1888 was .. « +. 255,000 
From — dedu>ting this increase of the 
stocks .. ee « ee - a 


60,000 


We arrive at the actual consumption of 
1888, or, say .. és es oe -» 195,000 

In 1887, when copper was at 40/., the copper con- 
sumed amounted to 230,000 tons. We may there- 
fore state that in consequence of the high price, 
the purchasers restricted their wants by 35,000 
tons—and if we take into consideration the natural 
increase of business, we may admit that this figure 
may be calculated at over 40,000 tons. The con- 
sumption of copper at prices varying from 501. to 
60/. may be safely taken at from 230,000 to 240,000 
tons. 

This shows that at the end of 1887, when the 
syndicate went to work, the stocks were lower than 
they have ever been, whereas there was an increase 
in the total production. This increase was entirely 
owing to the development of copper mining in 
America, for the production of Spain and Portugal 
was stationary, and that of Chili, as well as other 
countries, was less than it had been for many years. 

The production of the United States may be sub- 
divided according to the districts as follows : 














S Lake | P | Other 

Years. Superior. Montana. | Arizona. Districts. Total. 
1882 25,400 | 4,000 8,000 | 3000 | 35,400 
1883 26,650 | 11,000 | 10,700 3250 51,600 
1884 | 30,900 | 19,200 | 12,000 2600 64,700 
1885 | 32,200 | 30,800 | 10,100 | 1400 | 74,000 
1886 | 35,600 | 25,700 | 7,000 | 1500 69,800 
1887 | 33,300 35,200 | 8,000 2500 79,000 
1888 | 39,600 | 44,700 | 14,400 4300 | 103,000 





It may be further seen here that this increase of 
production of United States copper is owing prin- 
cipally (for two-thirds) to the development of mining 
in the Montana districts. 

We may conclude from this, as far as the syndi- 
cate is concerned, that the United States ruled the 
conditions of the market, and that without the 
absolute assent and protection of American mine- 
owners, and especially of those connected with the 
Montana region, chances of success were small. 

To sum up what may be said regarding the great 
copper venture in a very few words, it may be 
asserted that: Had the agreements made between 
the syndicate and the miners foreseen the possi- 
bility of an increase of the stocks of metal beyond 
a certain figure; had the United States been 
financially brought into the syndicate, and had the 
Montana mineowners been particularly interested 
in the maintenance of the copper ring ; and, above 
all, had the parties connected with the venture, 
both miners and speculators, been satisfied with 
profits not exceeding the limits of reason and of all 
economic principles, the French syndicate might 
have lived. The organisation might have rendered 
great services to the copper-mining world (who, at 
the price of 40/., were reduced in many cases to in- 
significant profits) without hampering the copper 
manufacturers and purchasers. The syndicate and 
the Société des Métaux might thus have existed 
without giving rise to constant and formidable 
attacks from Stock Exchange bears, who very 
rightly could not be brought to believe in the 
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solidity of a structure so fragile in its foundations, 
and designed with such contempt for sound prin- 
ciples, 





THE INCREASE IN THE NAVY. 


Tuart huge, unwieldy mountain, Public Opinion, 
having been in labour upon ‘“‘the State of the 
Navy ” for some months past, was relieved of its 
burden in the House of Commons on Thursday last, 
when Lord George Hamilton produced his ‘‘ ridicu- 
lus mus” in the shape of a trifling addition of about 
72,0001. on the annual expenditure in new con- 
struction, taking the average of the last two years 
for comparison. 

That is really what we have got in return for our 
newspaper articles, meetings at the Mansion House, 
letters to editors, and other machinery by which 
the mountain in question is usually quickened. Last 
year we docked the Navy of 905,5811. with- 
out any fuss at all, which shows how very much 
easier it is for ministers to take away than to give. 
There is, however, a notable feature about this 
year’s statement, the increase being promised for 
several years in succession ; whereat Lord Randolph 
Churchill—who may be said to have played the part 
of the Wicked Fairy—showed much virtuous in- 
dignation. 

This unusual, and, we may add, common-sense 
procedure on the part of the Government, necessi- 
tated a new departure in Parliamentary practice. 
Consequently the First Lord of the Admiralty, after 
making a general statement much on the usual 
lines, concluded by moving the following resolu- 
tion: “It is expedient that a sum not exceeding 
21,500,000l. be granted for the purpose of building, 
arming, equipping, and completing for sea vessels 
for Her Majesty’s Navy ; and that it is expedient 
that, a sum not exceeding 10,000,000/. be issued out 
of the Consolidated Fund in seven years ending 
March 31, 1896, and that a sum not exceeding 
11,500,000/. be issued out of the moneys provided 
by Parliament for the naval service during the five 
financial years ending March 31, 1894.” 

It is probably from inherent defects in our mother 
tongue that the most exact language is that which it 
is most difficult for the ordinary lay mind to grasp. 
Legal documents for the most part are quite beyond 
the understanding of the general run of mankind, 
and Parliamentary diction—which is quasi legal in 
its character—is, too often, equally obscure. This 
was very apparent in the House of Commons on 
Thursday last, many of the members being quite at 
sea as to the precise meaning of the resolution, 
some of them very honestly saying so. The same un- 
certainty seems to exist in the minds of many of our 
contemporaries, and others who have expressed 
themselves publicly on this question. The actual 
state of the case expressed by the First Lord’s 
resolution appears to be as follows: Ten millions 
from the Consolidated Fund are to be spent during 
a period of seven years. This equals a sum of 
1,428,5711. 8s. 7d. per annum. Added to this we 
are to spend 11,500,000/, which is to be ob- 
tained from the usual source of taxation, and is 
te be spent in five years. This latter sum equals 
an annual expenditure for the five years of 
2,300,000/. Adding these two annual expenditures 
together, we get 3,728,571. 8s. 7d. as our fixed 
yearly expenditure on ‘‘ building, arming, equip- 

ing, and completing for sea vessels for Her 

ajesty’s Navy.” For the following two years we 
shall have, at any rate, the 1,428,571/. 8s. 7d. from 
the Consolidated Fund, and whatever else Parlia- 
ment in its wisdom may afford. 

The number of ships proposed to be added to 
Her Majesty’s Navy for this sum isseventy. There 
are to be, Lord George Hamilton tells us, eight 
first-class battle ships with a displacement of 
14,000 tons each; two second-c'ass battle-ships, 
with a displacement of 9000 tons each ; nine first- 
class cruisers, with a displacement of 7300 tons 
each ; twenty-nine smaller cruisers of the Medea 
class, with a displacement of 3400 tons each ; four 
smaller cruisers of the Pandora class, with a dis- 
placement of 2600 tons each ; and eighteen torpedo 
gunboats of the Sharpshooter type, with a displace- 
ment of 735 tons each. The total tonnage com- 
prised in this list is 318,000 tons. 

The First Lord then went on to inform the 
House the time estimated to be employed in build- 
ing these vessels. The first-class battle-ships will 
be finished in from three and a half to four years ; 
the second-class battle-ships in three years; the 
first class cruisers in two and a half years; the 





smaller cruisers in two years or somewhat less ; 
and the gun vessels in one and a half years. 

Of the aggregate cost of 21,500,000/. for these 
seventy vessels, the sum of 16,150,000/. will be for 
engines and hulls, and 5,350,000I. for the armament. 
Dividing the sum of 21,500,0001. into two portions, 
one of 11,500,000/. and another of 10,000,000/., the 
latter sum is to be expended in contract work, 
whilst the former will be assigned to the dockyards. 
The contract ships will be as follows: Four battle- 
ships, five first-class cruisers, seventeen second- 
class cruisers, and six torpedo gunboats, making a 
total of thirty-two vessels. The whole of these 
thirty-two contracts are to be put out in the course 
of the present financial year. Of the 114 millions 
which are to come out of the ordinary estimates 
and to be spent on dockyard-built ships, 8,650, 0001. 
being for the construction of engines and hulls, 
and 2,850,0001. for armament. There are to be laid 
down in the Royal Dockyards this year the follow- 
ing vessels: Four battle-ships of the first class, one 
of the second class, three first-class cruisers, six 
second-class cruisers, and six torpedo gunboats. A 
second-class battle-ship will be laid down early in 
the financial year 1891, and other vessels will take 
their places in the dockyards as soon as the slips 
become vacant, until the whole thirty-eight dock- 
yard-built ships are complete. The whole of the 
seventy dockyard and contract ships are to be com- 
pleted within four and a half years from the date 
of commencement of the first vessel. 

If we turn to last year’s estimates (that is the 
estimates introduced last year, but which provide 
for the financial year ending with the last day 
of this month) we find that the net sum of 
4,043,900/. (this is exclusive of appropriations 
in aid) was spent in the three sections of 
Vote 8. This it will be seen is in excess of 
the sum we have deduced from the First Lord’s 
resolution as set apart for building and equipping 
vessels. But Vote 8 contains a good many things 
besides new construction ; notably the repair and 
maintenance of the fleet. It was this fact which 
Lord Randolph Churchill was running his head 
against when he criticised the Government pro- 
gramme, and upon which the Chancellor of the 
Exchequer in vain tried to put him right. 

By an examination of last year’s estimates we 
find that the sum of 2,971,691/. was set down in 
the column headed ‘‘ New Construction.” This 
does not include armament, which comes under 
Vote 9. The sum set down for naval armaments in 
the last estimates was 1,863,5001. It will be as 
well to give the items, they are as follows : Guns, 
460,244l.; projectiles and ammunition, 948,7121.; 
torpedoes and gun-cotton, 143,618/.; small arms 
and miscellaneous, 215,667/.; inspection, storage, 
and freight, 95,2591. 

Putting the totals for new construction and 
armament together, we find that the estimates put 
forward in 1888 amounted to 4,835,191/. The in- 
clusion of armament, however, renders a com- 
parison between the present estimates and those 
of former years very difficult or rather impossible 
to make, as it is only recently that the Navy has 
taken to supplying itself with guns, having been 
dependent previously upon Army votes, the details 
of which, the Government publications tell us, the 
departments are not capable of furnishing. We 
are, however, according to Lord George Hamilton, 
to spend 16,150,000. on hulls and machinery, 
and we may perhaps conclude that this sum re- 
presents the expenditure for five financial years, 
as this is approximately the period in which 
the ships are all to be completed. There is, 
however, a good deal of uncertainty on this 
point, for the ten millions is to be ‘‘issued”—we 
take the word from Lord George Hamilton’s reso- 
lution—in seven years. Unless, therefore, the 
Navy is going to take two years’ credit from con- 
tractors or its workmen it is difficult to reconcile 
the two statements. One of the most amusing 
features of the debate was the late and the present 
Chancellor of the Exchequer endeavouring to ex- 
plain to each other their own interpretation of the 
figures, and both being apparently equally at sea as 
to the other’s meaning. If, however, we accept 
thatthe 16,150,0001., above referred to are to be spent 
in five years upon ships, without armament, we get an 
average of 3,230,000/. per annum, which is only a 
very little in excess of the average annual sum spent 
for the same purpose during the two years 1886-88, 
the figures for the latter period showing a mean of 
3,157,3811. The difference, 72,6191. per annum, is 
the ‘‘ ridiculus mus” to which we have referred. 





The debate was adjourned from last week until 
yesterday evening, but came on at too late a period 
to allow us to deal with it here. We therefore 
postpone further comment hoping to get some 
plainer and more definite statement as to what the 
proposals really mean. 








JOHN ERICSSON. 

Joun Ericsson died last Friday in his home at 
New York. Sixty years ago he was engaged in 
building the Novelty, which was designed to com- 
pete with the Rocket and other locomotives on the 
Manchester and Liverpool Railway. What an 
immense span of life, all spent in the pursuit of 
new inventions! The grand old Swede did not 
seem to know the meaning of the word “rest.” 
He ranged the whole field of mechanical engineer- 
ing, and left his mark on all he touched. Locomo- 
tives, caloric engines, marine engines, ironclads, 
and torpedoes, besides scores of smaller things, 
received at one time or another the imprint of his 
genius. His ‘‘ Monitor,” designed and built in a 
hundred days, saved the United States fleet from 
destruction at the hands of the Confederate cruiser 
Merrimac, and rendered the navies of Europe anti- 
quated the first time it went into action. The screw- 
propeller was original with him, even if he were not 
the actual inventor. The earliest commercial screw 
steamer was built to his designs, and he was the 
first to adapt the steam engine to war vessels by 
placing it entirely beneath the water line. Of late 
years he devoted much time and thought to the 
perfection of torpedoes and torpedo vessels, and 
although he did not succeed in bringing his labours 
to a successful conclusion, he led the way in many 
instances. If it had happened that the United 
States had gone to war with a maritime power, 
the public would have appreciated John Ericsson’s 
inventions, and their completion would rapidly 
have followed the voting of the necessary funds. 

As every one knows, Ericsson was a native of 
Sweden. His father was a foreman in the Lang- 
banshytte Iron Mine in Wermland, and had two 
boys, Nils and John. While they were young he 
was employed on the Gotha Canal, then being built 
by Count Boltzar von Platen, with Thomas Telford, 
as consulting engineer. Here the two boys had 
their early education, and it was soon found that 
both of them were gifted with more than usual 
engineering talent—Nils as an administrator, and 
John as aninventor. The former became a canal 
constructor and built the new canal at Trollhitta, 
and several others. When railways were introduced 
into Sweden, Nils was chosen by the King as the 
chief constructor for the extensive system of State 
railways. He became a baronet, and to him is due 
the merit of educating the numerous staff of engi- 
neers which Sweden now possesses. He died in 
1870. So proud was the country of the two 
brothers Ericsson, that a monument was erected at 
the cottage where they were born, with a suitable 
inscription stating how greatly they had honoured 
their country. The younger brother, John, soon 
finding that Sweden was not the proper field for 
the exercise of his inventive genius, came over to 
England. After afew years he left England and 
made New York his centre. But he never lost his 
patriotic love for Sweden, and on many occasions 
gave liberal proof thereof. He wrote and spoke 
the language, after some sixty years absence, better 
than many a Swede. Of late years he often spoke 
of visiting Sweden, and expressed the wish that it 
should be his last place of rest. 

To write the life of John Ericsson is to give the 
history of his inventions. They occupied his time 
and thoughts and left but little space for other 
things. Many years ago his wife died and left him 
childless, and since then the creations of his brain 
have been wife and family to him. He was suc- 
cessful both socially and commercially. He wasan 
honorary doctor of philosophy of the Royal Uni- 
versity of Stockholm; member of the Royal 
Academy of Sciences of Stockholm ; member of the 
Royal Academy of Military Science of Sweden ; 
Knight Commander, Grand Cross, of the Order of 
Nordstjernan; and Knight Commander of the 
Orders of Dannebrog, Isabel la Catolica and Sanct 
Olaf. By his talents and industry he was able to 
surround himself with comforts, and to support his 
honours by the evidences of affluence. 

Before he left his native country, Ericsson was 
an ensign in the Navy, and was employed in surveys 
in Northern Sweden, in which service he rose to 
the rank of captain. Probably his rank was 
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honorary, for he was only twenty-three years of 
age when he came to England, in 1826, to intro- 
duce his ‘‘ flame engine.” This was unsuccessful, 
and he appears to have returned to Sweden, for we 
find him resigning his commission soon after, and 
settling in England. In 1828 he designed a steam 
fire engine with a cylinder 12 in. in diameter, and 
a boiler provided with forced draught. This engine 
was built by Mr. J. Braithwaite, and was tried 
at the fire at the Argyll Rooms.* The following 
year he heard that there was to be a railway race at 
Manchester, and in six weeks (so it is said) he built 
the ‘*‘ Novelty” to compete in it. An accident 
prevented this engine from entering the contest, 
but it was the most formidable competitor which 
Stephenson had to meet. Had not the fan broke 
down at the last moment Ericsson’s name might 
have been inscribed on the roll of the railway 
pioneers in this country.t The following year, 
1830, Ericsson applied a fan, driven by an inde- 
pendent engine, to the boiler of the Corsair. His 
patent for the screw propeller was dated July 13, 
1836. In 1837 he built a boat called the Francis 
B. Ogden, measuring 45 ft. by 8ft. by 3ft., and 
drove it on the Thames by a screw. It made 
10 miles an hour, and towed a 140-ton schooner at 
seven miles an hour. The Lords of the Admiralty 
went to see it in their barge, but took no further 
interest in it, as they were told by their surveyor 
that a vessel propelled by the stern would not steer. 
The same year the screw canal boat Novelty ran 
between Manchester and London. It hada propeller 
2ft. Gin. in diameter, and made eight miles an hour 
with ten horse-power. These successes led an 
American to order a screw steamer named after 
himself, the Robert F. Stockton. This was launched 
at Liverpool in July, 1838; it measured 70 ft. by 
10 ft., and had engines of 50 horse-power. This 
circumstance seems to have led Ericsson to believe 
that he would find a better field for his talents in 
America, and accordingly he went to the States in 
1839. 

The year after his arrival in New York, Ericsson 
constructed a steam fire engine, and two years later 
(1842) he designed the engines of the Princeton, the 
first steamer which had her engines and boilers 
entirely below the water line. The pistons were 
radial paddles which worked to and fro in seg- 
mental cylinders. They were mounted on rocking 
shafts, on which were cranks connected by rods to 
the main crankshaft. The funnel was telescopic, 
and could be lowered to the deck, the draught 
being maintained meanwhile by a fan. In 1852 
the Ericsson, a ship of 2000 tons, was fitted 
with caloric engines. These worked well, but did 
not give sufficient power. After that immense 
numbers of these engines were made for domestic 
purposes, and were extremely popular all over 
the States, particularly in the west, where they 
were largely used for pumping. In 1854 the sub- 
ject of our sketch had designed an ironclad turret 
war vessel, but the time was not ripe for its con- 
struction. But when the American disruption 
came the Federals needed every possible aid against 
their brave antagonists, and a free hand was allowed 
to inventors. In one hundred days the famous 
Monitor was built, and in March, 1862, she reached 
Hampton Roads, Chesapeake Bay, just in time to 
save the United States fleet from destruction by the 
Confederate ironclad Virginia, which had been con- 
structed out of the Merrimac. 

The Monitor gave its name to a class with the 
design of which Ericsson had much to do, and from 
that time he appears to have always been working 
upon the problem of naval warfare. Indeed, it 
would be more correct to say that he had always 
been doing so, and that his great success brought 
his plans more prominently before the public. As 
far back as 1854 he sent to Napoleon III. the plans 
of an ironclad steam floating battery, armed with 
tubes for expelling submarine projectiles charged 
with explosives. In 1861 he designed a turret con- 
taining heavy guns, and rotated by a steam engine. 
In the same year he invented a torpedo operated 
by compressed air, which was delivered to it by a 
tubular cable. But of late years Ericsson’s name 
has been most heard of in connection with the 
Destroyer, a vessel with underwater guns fixed in 
its bows and broadsides, from which torpedoes of a 
particularly destructive character were to be fired 
into the enemy below her armour plating. How 
many inventors have lost time and reputation over 
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warlike devices! The magnitude of the experi- 
ments, the conservatism of departments, and the 
apathy of governments, all combine to defeat the 
private inventor. It is years before he can obtain 
a hearing, and by the time he does so his 
apparatus is antiquated, unless he has almost 
unlimited resources. The public hear of his achieve- 
ments time after time, but seeing that they are 
never adopted, they come to the conclusion that 
they are not what he professes them tobe. Toa 
certain limited extent Ericsson has suffered in this 
way with the British public. The American papers 
professed that the Destroyer could blow the entire 
navies of the world out of the water. But when it 
was tried in 1881 by a Navy Board it failed to 
satisfy their requirements. Since then designs have 
been got out for a large vessel, but the fact remains 
that, in spite of all we have heard, the Destroyer 
is non-existent as a factor in marine warfare, while 
the Whitehead torpedo has rendered its construc- 
tion unnecessary. We do not say this to disparage 
Ericsson in the slightest degree, but only to show 
that he, with all his energy, skill, and also with his 
claims on the United States Government, shared 
the usual fate of the inventor who knocks at the 
door of a Board of Admiralty. 

Space does not permit us to enter into the solar 
investigations carried out by the subject of our 
sketch. A full account of these is to be found in 
a magnificent volume which he issued after the 
Centennial Exhibition, and presented to the prin- 
cipal libraries of the world. By some inadvertence 
he had not been asked to exhibit, and he therefore 
took this method of showing the world the extent 
of the slight which had been put upon him. The 
question of developing power from the heat of the 
sun in tropical countries interested him greatly, 
and it is curious to note that an English engineer 
and inventor, who is also of mature age, is making 
investigations in the same direction. A man of 
such abundant activity as Ericsson must leave many 
unfinished schemes behind him for others to com- 
plete. It was his misfortune that his mind often 
travelled in advance of the requirements of the 
day, and that he busied himself with subjects which 
were not ripe. In this complex world the most 
colossal intellect can achieve but little alone. As 
soon as it shoots beyond the range of its fellows 
its usefulness becomes crippled. There is sure to 
be some imperfection of detail in its best designs; 
and that trifle is so irritating that it prevents the 
adoption of the leading idea. Later, when the 
small defect has been remedied, men wonder why 
the original discovery fell so flat upon the world. 
So it has been with many of Ericsson’s inventions ; 
they had to wait till the need of them was felt 
and then others brought them to completion and 
took the credit of them. 





THE SERIES ELECTRICAL TRAMWAY 
SYSTEM. 

Durine three days of the present week the 
Series Electrical Traction Syndicate, Limited, of 
11, Queen Victoria-street, E.C., have been showing 
their new tramway at Northfleet, Kent, to gentle- 
men interested in such questions. The tramway 
is three-quarters of a mile in length, and forms 
part of an extended system connecting Northfleet 
and Gravesend. The whole can be traversed by 
horse cars, but the part mentioned can also be 
worked by electricity, and two cars will begin to 
run upon it regularly next Monday. Although 
this piece of line has been laid down for purposes 
of demonstration, yet it is not in any sense tenta- 
tive. All the arrangements are as permanent as 
those of the best horse lines of the kingdom, and 
the cars have been specially built for the occasion. 
We have so recently described the mechanical and 
electrical features of the series system of traction 
(see page 139 ante), that it is not necessary to 
repeat them, further than to explain that the 
motors of all the cars on the line are in series, the 
current going through each of them in succession. 
The current is conveyed to the cars through an 
insulated cable carried underground in a closed 
tube, and having contact pieces or ‘‘ spring jacks ” 
placed 21 ft. apart in a conduit to which access 
is obtained by a slot in one of the rails. As 
far as the road bed is concerned, no new 
features are introduced beyond those with 
which the public are familiar. In the cable 
tramways of Highgate, Birmingham, and Edin- 
burgh, we have become accustomed to the slot 








in the roadway, while in America this feature 





is very common. In the case before us the slot is 
not in the centre of the track, but replaces the 
groove in one of the rails, and therefore is less 
objectionable than in the cable system. The elec- 
trical advantages claimed for the series system, as 
compared with the parallel system of working tram- 
ways, is that a far smaller conductor is required to 
transmit the current with a given loss per mile. 
At Northfleet the current is kept constant at 
50 ampéres, and if there were a dozen cars on the 
line the current would not be increased. As each 
car was started the electromotive force at the 
terminals of the dynamo would be augmented 
by such a number of volts as multiplied by 
50 ampéres would represent the required power 
to drive that car on the particular part of the 
line on which it was travelling. A given size of 
conductor will suffice for any tratlic that the line 
can carry. In determining its dimensions the 
questions to be considered are the highest electro- 
motive force which it is advisable to employ, 
and the amount of power per mile which can 
be economically expended upon driving the cur- 
rent through the mains. There is a point for each 
special installation at which the interest on the cost 
of the conductor and the cost of power to force 
the current through the dead resistance of the 
main, are equal, and generally speaking this will 
mark the best section to adopt. The advantages of 
the series system are the greatest in long lines 
with heavy traftic. Under such circumstances the 
cost of copper mains on the parallel system becomes 
very heavy indeed, while if the traftic should in- 
crease beyond the original estimate of the designers 
the loss in the mains becomesruinous. In America 
there are series tramways running very success- 
fully in spite of their being erected with less 
care than is usual here. The spring contacts 
are said to give no trouble, and to last without 
renewal. Series working bears the same rela- 
tion to parallel working in electric traction that 
the transformer system does tothe direct supply 
system in electric lighting. All the electric lighting 
schemes now before the public provide for the use 
of transformers, either of the battery or of the 
converter type, and it is not surprising that the 
same principle should be coming to the front in 
tramways. The syndicate have done their work at 
Northfleet in first-rate style ; everything is of the 
best and most substantial construction. We think 
that in their anxiety to show how small a conductor 
will do they have passed the economical limit, but 
possibly that was done designedly. The tramway 
managers who are to go to Northfleet to-day will 
certainly find much to interest them. 





A REMARKABLE PHONOGRAPHIC 
EXPERIMENT. 

WHEN the phonograph was first shown in 1877 
the comic papers seized upon it as a capital object 
for the exercise of their imaginative faculties. They 
represented our descendants sitting at their fire- 
sides and listening to the sweet tones of Patti, the 
eloquence of Bright, or the calm judicial utter- 
ances of Cockburn, just as their tastes directed 
them. The voices of the past were to be to 
them as real as those of the present, and they 
were to be able to institute a direct com- 
parison between their own singers, orators, and 
judges and those who were accounted the greatest 
by their grandfathers. Such pictures served to 
raise a passing smile, but most people who had seen 
and heard the phonograph regarded them as absur- 
dities. The sweetness of the greatest prima donna 
of the age could not soften the stridulous articula- 
tion of the mannikin instrument which travestied 
the human voice so ludicrously. It were better to 
be forgotten entirely than that our words should be 
served up for the amusement of future ages in such 
cacophonous accents. The apparatus was a nine 
days’ wonder and was then dismissed as a mecha- 
nical curiosity—something to tickle the ears of the 
groundlings, but incapable of useful application. 

It seems now, however, as if the wearers of the 
cap and bells had been nearer the truth than the 
leaders of the scientific world. The master mind 
which threw off the phonograph, just as a grave 
philosopher will idly blow rings of tobacco smoke 
to amuse the little grandchild on his knee, has again 
taken up the matter, and this time in real earnest. 
For years it has lain by the roadside free to be 
appropriated by any one capable of discerning its 
merits and of rendering them available for use. 
But no one in this country has essayed the task, 
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although it is now quite evident that it was not 
insuperable, and that it would have repaid the 
expenditure of a good deal of time and thought. 
We do not suggest that it is yet worked out. The 

honograph’s imitation of the human voice is per- 
fectly marvellous in its fidelity, but it is only an 
imitation. Listening to its accents is, to compare 
one sense with another, like regarding a crowd 
in a camera obscura. Every colour, every move- 
ment, and every detail is reproduced in the mirror, 
but the whole scene bears an air of unreality, and if 
the occasion is one that interests us, we hurry away 
from the mimic representation to view the reality. 
We have, however, only to imagine another im- 
provement in the phonograph of equal magnitude 
to that which has lately been introduced, to see it 
become a very important factor in modern civilised 
life, equal to and perhaps superior to the tele- 
phone. Not the telephone as it exists in Lon- 
don, but such as it would be if it could be laid 
down by a wise foresight in a new city, where 
every one could be put in communication with his 
friend or his client in a few seconds, and could 
speak to him as if he were face to face. The phono- 
graph and the telephone are twin instruments, and 
in the near future we may see the usefulness of 
each doubled by the agency of the other. The in- 
timacy of the union which already exists between 
them has lately been shown by a very remarkable ex- 
periment madein America. Asolo sung in New York 
was heard by a large audience in the Franklin In- 
stitute, Philadelphia, 103 miles distant, The means 
by which this wonderful effect was attained are 
shown in the accompanying diagram, in which the 
speaker in New York is represented at the left, and 
the Philadelphia audience at the right. The words 
were sung into a phonograph, and were recorded by 
its stylus on the wax cylinder; the reproducing 
stylus traversed the engraved line, and transmitted 
a varying pressure to the diaphragm of a carbon 
transmitter. This transmitter formed part of an 
electric circuit, which included a battery and 
the primary circuit of an induction coil. As the 
pressure of the diaphragm on the carbon button 
varied, the current in the circuit increased and 
decreased, giving rise to secondary currents in the 
outer wrapping of the induction coil, as is well 
understood. These high-tension secondary currents 
passed over a line of 103 miles in length, of which 
six miles were underground, to an Edison moto- 
graph receiver. By this instrument the electric 
impulses were retranslated into spoken words, 
which were received and engraved on the wax 
cylinder of a phonograph. The reproducing stylus 
of the phonograph was connected to the diaphragm 
of a second carbon transmitter connected up to a bat- 
tery and induction coil, the high-tension currents of 
which were received in a second motograph, which 
ng them so loudly that the audience could hear 
them. 

Speech was once a stock argument of the theo- 
logian in proof of divine design in the structure of 
man, while the materialistic philosopher found in it 
one of the readiest means of differentiating between 
the human and the brute. Yet it would seem that, 
instead of words being the distinguishing characteris- 
tic of man, they can be produced by the simplest 
means. Under Edison’s hands, discs of tin, glass, and 
mica can give adequate expression to every emotion 
of the mind, can entreat, command, and condemn. 
Cylinders of wax can store up expressions of love and 
hate, truth and falsehood, and can reproduce them for 
good or ill, time after time. Even a common chalk 
roller, a thing so simple that no one would stoop 
to pick it out of the gutter, can be made the instru- 
ment to translate complex electrical impulses into 
air waves, which will wing their way through the 
avenues of the human mind, a portal which the 
physiologist with all his skill can never enter. Let 
us trace the passage of a sound from New York to 
Philadelphia. The air waves from the singer's 
voice impinged on the diaphragm of the phono- 
graph, putting it and its stylus into vibration. 
Under the stylus there ran the wax cylinder, on 
which the sharp point cut an engraved line—a tiny 
groove with a serrated bottom. Thus the words and 
tones, with all their inflexions and modulations, 
became a series of microscopic unevennesses in a 
scratch on a piece of wax. In this scratch there lay 
the point of the transmitting stylus, which jumped 
and bumped over the unevennesses, putting its 
diaphragm into similar vibrations to those of the 
recording stylus. This transmitting stylus was 
connected to the diaphragm of a carbon transmitter, 
and as this diaphragm moved it brought more or 





less pressure to bear on the carbon button. A cur- 
rent of electricity flowed through this button. When 
the pressure increased it flowed freely, for the 
resistance of the button was lessened, and when 
the pressure was decreased it flowed in smaller 
quantity. Thus the sound was converted into a 
pulsating electric-current, constantly flowing in one 
direction, but varying in volume. The current 
traversed a coil around an iron core, which it 
endowed with temporary magnetism, sometimes 
more and sometimes less according to the strength 
of the current. Here was another change; the 
sound was now represented by the varying magnetic 
condition of a bundle of iron wires. The magnetic 
changes gave rise to induction currents in the secon- 
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dary winding of the coil, these currents, unlike those 
in the carbon button, being alternating in character. 
Thus another stage in the many transformations 
was reached, and the words sped over the long line 
of 103 miles in the guise of positive and negative cur- 
rents, following each other with unimaginable 
celerity. At Philadelphia they entered the rotating 
chalk cylinder of the motograph receiver, and 
flowed over or through it to the spring pressing on 
its surface. Here occurred the most wonderful 
change of all the marvellous series. The words 
of the singer became represented by the varying 
adhesion between the spring and the chalk. As 
the current ebbed and flowed the spring clung more 
or less tightly to the cylinder, and the diaphragm 
to which it was connected was thrown into rapid 
vibration by the rising and falling strains to which 
it was subjected, and reuttered the words which 
were being pronounced in New York. But the 
articulation was too feeble to be heard by a large 
audience, and so a new series of transformations 
had to be gone through. A phonograph took down 
the words again on its wax surface, and then passed 
them on again to a carbon transmitter. This sent 
them through an induction coil to a second moto- 
graph, by which they were delivered with full 
voice to the audience. 

The mind almost reels in following the long list 
of transformations, which are: (1) Air waves, (2) 
vibrations of a diaphragm, (3) undulations in wax, 
(4) vibrations of a diaphragm, (5) varying pressures 
in a carbon button, (6) a pulsating electric current, 
(7) an undulating magnetic force, (8) alternating 
electric currents, (9) a varying force of adhesion, 
(10) vibrations of a diaphragm, (11) sound waves, 
(12) the vibration of a diaphragm, (13) undulations 
in wax, (14) vibrations of a diaphragm, (15) 
varying pressures in a carbon button, (16) a 
pulsating electric current, (17) an undulating mag- 
netic force, (18) alternating electric currents, (19) a 
varying force of adhesion, (20) vibrations of a dia- 
phragm, (21) sound waves, translated into words 
by the auditory nerves of the hearers. It would 
almost seem as if Edison could make use of any 
vehicle for the transmission of articulate sounds. 

The experiments included other musical sounds 
besides songs. A cornet solo was delivered so 
distinctly that it was possible to believe that the 
instrument was actually in theroom. It was equally 
effective when the performer ceased and the 
cylinder of the phonograph was again passed under 
the stylus. An additional phonograph was then 
placed on the table before the motograph receiver, 
and the sounds were recorded as they were received 
in Philadelphia. This last instrument was then 
reversed and the music was again given forth to 
the audience, although diminished in volume. The 
experiments were illustrative of a lecture by Mr. 
W. J. Hammer, of East Orange, N.J., who was 
assisted by Messrs. Wangeman, Crosby, Foree, 
Miller, Outcault, and Hicks. 

As we have already said, we do not consider that 
the phonograph has reached the last stage of its 
development. Indeed, we believe that very much 
remains to be done before it will take a really im- 
portant position in the world. The smallness of 
the sheets (for we hear that Edison is producing 
flat phonograms), and the trouble of changing 
them, the delicacy of the adjustment, and the 








Punchinello character of the tones, are all defects 
which have yet to be remedied. But they are 
mere trifles when compared to the stupendous fact 
that the human voice can be made to engrave its 
own record, and that this record can be reconverted 
time after time into clear and intelligible words. 
What other machine ever progressed so far from its 
starting point in the same time? We find in the 
sewing machine an example of an attempt to effect 
by mechanical means one of the apparently most 
difficult tasks. To watch a needle wielded by the 
deft fingers of an expert seamstress one would 
think that nothing could equal the rapidity and 
intricacy of its movements, except her tongue. 
Certainly the early machines were very far from 
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rivalling hand sewing, and there were plenty to 
prophesy that they would never be any use except 
for the coarsest slop work. Year by year, however, 
they steadily improved until they have now at- 
tained such a position that if they were withdrawn 
our social life would receive quite a shock. It has 
taken nearly forty years to reach the present stage 
of perfection in making stitches, and who can say 
what the same time will do for us in the art of 
mechanical hearing and speaking. If Edison only 
maintains the rate of progress of the last two years, 
the arts of reporting and telegraphing will be revo- 
lutionised before the end of the century. 








NOTES. 
Continuous Brakes In InpIa. 

Unpver the title of ‘‘ The Battle of the Brakes” 
there appears in The Indian Engineer of the 20th 
ult. an article (which we reprint on page 250 of our 
present issue) on the brake trials lately carried out on 
the North-Western State Railway. We are as yet 
without any detailed official information as to the 
mode of carrying out these trials and their results, but 
if the statements made by our contemporary are cor- 
rect—and we have no reason to doubt their accuracy 
—a strong case has most certainly been made out 
for postponing any action on the decision at which it 
is stated that the Government have arrived. Indian 
railway traffic is of such a nature that it is most 
essential that any continuous brake which may be 
adopted should be a thoroughly efficient one on the 
longest trains which are to be worked. Apart from 
the commercial aspect of the question, the military 
advantages of being able to run, at high speeds, ex- 
ceptionally long trains conveying troops are of vast 
importance, and up to‘the present they do not 
appear to have received the attention they merit. 
We hope, however, that the Indian railway autho- 
rities at home will give the matter careful attention 
and take all steps necessary to secure the equip- 
ment of our Indian lines with a brake thoroughly 
fulfilling all requirements. In saying this we ex- 
press no opinion on the relative merits of the brakes 
which lately competed, as we have no data for 
making a thorough comparison of their perform- 
ances, but judging from the statement in The 
Indian Engineer there certainly appear to be strong 
grounds for considering that the question at issue 
has not yet been dealt with with that thoroughness 
which is demanded by so important a matter. 


AccipENT To A FrEencH TorPepo Boat. 

On Wednesday the 6th inst., whilst a number 
of torpedo boats belonging to the French Govern- 
ment were manceuvring off the coast at Toulon, 
one of them turned turtle, and three of her crew 
were drowned. The weather at the time of the 
accident was fair, with a north-east wind blowing, 
anda swell from the south-east. During the day 
everything had gone perfectly successfully till at 
about 4.30 in the afternoon the boats proceeded to 
pass out of the bay of St. Nazaire between the 
Embiez Island and the Grand Rouveau on their 
way back to Toulon. Three of the boats effected 
the ein safety, but the third, No. 102, was, 
when partly through, struck by a heavy roller and 
completely capsized. Her commander saved himself 
by clinging to the rudder, and others of the crew also 
su ed in escaping, but three of the engineers 
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and mechanics, being in the engine-room or the 
stokehold, were unable to get out, and were 
drowned. The boat floated for forty-five minutes, 
and finally sank by the stern. The screw, it is 
stated, continued to revolve for some time after 
the boat had turned upside down. The No. 102 
was a 53-ton boat, 114 ft. 9 in. long, and belonged 
to atype which has been much criticised, and of 
which the French Government own or have ordered 
fifty-one specimens, most of which, it is said, have 
not yet been delivered, which is fortunate for the 
authorities. The officers of the Navy have made 
many complaints as to the unseaworthiness of these 
boats, as though this has been the first one that has 
actually capsized, such a catastrophe has hitherto 
only been avoided by the exercise of the greatest 
care on the part of their crews. We do not know 
who was the builder of the boat. 


Coat Imports into Russtra. 

According to a report just published by the 
Russian Minister of Finance, nearly 800,000 tons 
of foreign coal were conveyed to St. Petersburg 
last year, the amount being about the same as the 
total delivered the previous three years. At Odessa 
the imports reached about 180,000 tons, which was 
nearly as much as the foreign coal landed at Riga. 
Owing to the severe winter of 1887-88 putting a 
stop to the coal mining in South Russia, there was 
a great increase on the importation of the previous 
year, when, in consequence of the imposition of the 
new duty, the imports of foreign coal into Odessa 
fell to 45,000 tons. Next to St. Petersburg, Odessa, 
and Riga, the principal coal importing ports last 
year were : Libau, 58,000 tons; Revel, 55,000 tons; 
and Sebastopol, 34,000 tons. Last year was a bad 
one for the Russian coal trade, many of the pits 
filling with water in the spring, and traffic on the 
railways being disorganised. To amend matters 
the Russian Government sent Professor Mendelaieff 
and other commissioners to the coal regions, and 
the suggestions they made with a view to construct- 
ing branch lines to the colliery districts and lower- 
ing the railway tariff, are now receiving the adop- 
tion of the authorities. The outcry raised by the 
colliery proprietors during the crisis last summer 
led to some statements in the foreign press that the 
Russian coal industry was collapsing. As a matter 
of fact the tendency is quite the reverse, and the 
measures of amelioration adopted will have the 
effect of very considerably developing the output 
next summer. There is no basis for the hope, 
therefore, that English coal may recover its lost 
predominant position in Russia. On the Baltic 
only can it rely on a continuance of custom, but in 
the Black Sea the total expulsion of English coal is 
simply a matter of a few years. 


Paris EXHIBITION AWARDS. 

The Paris Exhibition authorities have not yet de- 
cided upon the plan to be adopted as to jury exami- 
nations of exhibits, or as to reports and awards, nor 
indeed is it by any means settled whether there will 
be any juries, reports, or awards at all. One thing 
indeed seems quite certain, that there will be no 
distribution of medals, the utmost that would be 
done being the possible giving of diplomas of dif- 
ferent shades of merit. Upon the whole, the chances 
appear in favour of a total abandonment of the jury 
and award system, and in its place the substitution 
of an official document given to every exhibitor 
certifying his presence at the Exhibition; the 
object of such a certificate does not appear very 
clear. So far as this country is concerned, we 
believe that the general feeling of exhibitors 
will be against the granting of awards; and this 
for several reasons. At Manchester and Glasgow, 
the abandonment of the system, which has been 
gradually falling into disrepute, was favourably 
received by the exhibitors, who are always—ex- 
cepting of course the recipients of medals and 
diplomas—opposed to juries’ reports, which they 
regard as more or less superficial and prejudiced. 
Moreespecially will this objection hold goodin Paris, 
where the very small proportion of British jurymen 
will render it almost impossible for English exhibi- 
tors to obtain a fair proportion of recognition in the 
general struggle of each country’s representatives. 
But if the decision be taken, and we think it will 
be a wise decision, to follow the example that has 
been set in England and abandon all attempts to 
pronounce on the respective merits of exhibitors, 
the present Exhibition offers a splendid opportunity 
for a new departure in official recompense. The 
idea has been, we believe, submitted to M. 
Berger by a member of the British Committee, 








and is receiving due attention. It is that awards, 
in the form of medals or diplomas, should be given 
to those men whose names are famous in industry 
and science, and whose works have been so distin- 
guished that the fruits they have borne appear in all 
parts of the Exhibition, though the distinguished 
workers themselves take no part in it. The number 
is limited, and the list would not be difficult to pre- 
pare, for the names of such men are familiar to all 
the world. Pasteur, Chevreuil, Dumas, Gramme, 
Eiffel, De Lesseps, Bessemer, Wylde, Swan, Arm- 
strong, Edison, Bell, Alvan Clarke, are conspicuous 
examples of those whose labours have advanced 
civilisation in all its branches. So, too, those 
societies all over the world, whose mission it has 
been successfully to promote industry and science, 
could be appropriately recognised, for without their 
help and co-operation in the general cause of ad- 
vancement, the Paris Exhibition of 1889 would 
have fallen miserably short of its present measure 
of success. 


THE Late Mr, E. FE. Grpert. 

Mr. E. E. Gilbert, the oldest and best known 
mechanical engineer in Canada, died on the 12th 
ult., at Montreal. He was born in Montreal in 
1823, and was thus at the time of his death sixty- 
six years of age. Like George H. Corliss in the 
United States, Lord Armstrong in this country, 
and many other eminent engineers, Mr. Gilbert 
did not receive the usual early professional training. 
He commenced his career in a shipping business at 
Montreal, and was one of the early pioneers trading 
by steamers on the River St. Lawrence to Chicago, 
and other then far-off parts on the upper lakes of 
Canada. Having great mechanical ability, he in- 
vented machinery for loading and discharging cargo 
on the vessels with which he was connected, and 
had more than once to encounter the dock 
labourers who had combined to prevent him by 
force from using his new machinery. About forty 
years ago he entered into partnership at Montreal 
with Mr. Bartley, and the firm for several years 
carried on the St. Lawrence Engine Works there, 
building a large number of engines and machinery 
for river and lake steamers and other uses. He 
afterwards removed to new works which he carried 
on at Montreal for many years on his own account, 
and where he constructed some of the largest lake 
and river steamer engines in Canada, introducing 
many important improvements, particularly in the 
valve gear of beam engines. He was perhaps the 
first engineer outside the United States to under- 
stand and recognise the advantage of the Corliss 
system of valves and gear, and as long ago as 1859 
he had built and fitted a paddle steamer with a 
Corliss engine having a 30-in. cylinder and 8 ft. 
stroke, and he adopted the same system afterwards 
for much larger engines. In 1860 he introduced 
the forced blast for boilers on the closed stokehold 
system for steamers, and made many other improve- 
ments in boilers and engines. Later on he invented 
a new system of machinery for rock drilling under 
water and undertook extensive government con- 
tracts for deepening the rapids in the River St, 
Lawrence, all of which were successfully carried out 
under difficulties which hitherto had made such 
work impracticable. He devoted considerable at- 
tention to pumping engines for water works, and 
made engines for the Toronto, Montreal, and other 
water works in Canada. One of his last contracts 
for engines was for a set of triple-expansion pump- 
ing engines of his own design for the Montreal 
Water Works, in competition with Worthington 
high-duty engines, and he not only succeeded in 
surpassing these engines in efficiency, but exceeded 
his own guaranteed economy. Associated in busi- 
ness with his sons he contracted only a few months 
ago with the Canadian Government to execute en- 
largements of the St. Lawrence Canals, and had 
visited Ottawa, the seat of Government, on this 
business, and was returning to his home in Mon- 
treal where he died suddenly from heart disease 
just after his arrival. 


IMPERIAL DEFENCE. 

The recent discussion at the Royal United Ser- 
vice Institution, the leading article in the Times of 
the 5th inst., and the letters published in that 
journal from officers in the Royal Navy, indicate 
that having taken John Bull by the horns, these 
gentlemen intend to make the most of it. We 
wish them well, and hope that the Government’s 
shipbuilding programme will be launched without 
undue friction and its concomitant heat, and that 
due care will be taken to provide guns, ammunition, 





and personnel, for the ships it is proposed to build. 
At the same time it appears to us that several 
naval experts have greatly overstated their case in 
the somewhat senseless attack which they have 
made on the utility of fortifications. Admiral 
Colomb, M.P., is thought to have made an im- 
portant point when he compared naval strategy to 
that connected with operations on land, but he 
failed to grasp the fact that every good general 
requires a base; and consequently that every 
admiral worthy of the name requires one too. 
Now a base is a position of security—required for 
many purpose. To assert that an overwhelmingly 
powerful navy would make the world its base is to 
beg the question. Of course an overwhelmingly 
powerful navy puts fighting on the open seas out of 
the question. Is that what our naval experts 
desire? Not a bit of it. They are the most 
dreadful fire eaters; so much so that one feels 
anxiety whether they may not throw away the 
game some day by a piece of foolhardy daring. 
Even in the event of all going well with us, our 
diplomacy may require that the fleet shall be sent 
on distant enterprises, and not so very long since it 
was generally understand that a strong fleet would 
proceed to the Baltic and another to the Black Sea. 
How could this have been possible in the absence of 
our strongly fortified dockyards and naval arsenals? 
The idea was risky enough as it was, but without 
the fortresses of Plymouth, Portsmouth, Pembroke, 
Cork, and Chatham, it would have been nothing 
less than madness. The defence of the coasting 
stations should be purely naval—i.e., any land 
defences should be worked by soldiers under naval 
command—and the defence of strategic commercial 
ports like Hong Kong and Singapore should be 
worked by local levies under similar command. We 
all know that the Navy is our first defence, and that 
its supremacy, combined with our insular position, 
has enabled us to throw more energy into matters 
colonial than any other power the world has ever 
seen. But it spoils a case to overstate it, and the 
contention of some modern naval strategists that 
the command of the sea renders elaborate fortifi- 
cations superfluous, appears to place all the national 
eggs in the naval basket. Our supremacy on the 
sea has been neglected by recent governments, but 
Palmerston’s forts will long remain monuments to 
that great statesman’s clear perceptions of the 
needful. Every navy, however powerful, should 
have a home, and a bar on the front door, if only 
to give time for the process of fitting out. 


GREENOCK AND JaMES Watt: DUMBARTON AND 
Witiiam Denny. 

It has ever been a characteristic of the Scotch 
people that they admire genius and reverence the 
memory of such as add to the world’s wealth or 
science by their ability or perseverance. There is 
consequently a desire to perpetuate the names of 
such men by lasting memorials. But the measure 
of success which attends such desires or schemes is 
reckoned often by the tact of those who promote 
them. The names of Watt and of Denny deserve 
to be perpetuated, and the people of the respective 
towns to which they belong are working towards 
that end, but by different methods and conse- 
quently with dissimilar results. It is many years 
since the people of Greenock decided to have a 
monument erected to the memory of James Watt ; 
but this has not yet been carried out. There is the 
Watt Institute ; but it owes its foundation to the 
great engineer himself. In the building there isa 
marble statue and a bust of Watt, the gift of his 
son, Mr. James Watt, and the new dock at Gree- 
nock was named from the engineer; but there is 
no public memorial of Watt—a fact which does not 
reflect credit on the people of the town which so 
greatly benefitted by the great mechanic. Now 
they are bestirring themselves ; but they seem to 
be adopting a method not very commendable. Be- 
fore securing the subscriptions, or even deciding 
whether or not there should be a fixed maximum 
amount, the promoters have been discussing the 
site of the proposed statue, and something like half 
a dozen positions have been proposed, including 
the square, adjoining the building in which Watt 
was born. A design has been prepared by Messrs. 
H. and D. Barclay, architects, and Messrs. J. and 
W. B. Rhind, sculptors, Edinburgh. It is very 
pretty and shows Watt standing erect with his left 
hand resting on a model of a steam engine. This 
design, it is estimated, would cost 1200/.—a very 
modest sum to raise for such an illustrious engineer. 
The promoters ought to proceed at once to get the 
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sum, taking whatever subscriptions are offered— 
including the modest sums of the artisans in the 
many works—and then decide on a site where the 
statue will be seen from the steamers passing on 
the river. The success of this way of conducting 
such a scheme is well exemplified by the results ob- 
tained in connection with the Denny memorial at 
Dumbarton. Here the subscriptions were from 
4001. down to a copper, and the total sum now 
received is about 5500/. It is not intended here to 
erect a memorial or statue, as it is thought to be 
more in accordance with the spirit of the man to 
provide that which would be useful. 
by his own munificence he provided a school of art 
and established science and art classes in connection 
with the South Kensington Department, so that 
neither of these need be considered, and in other 
educational institutes the town is well provided. 
Although it has not yet been decided, the sub- 
scribers will probably be recommended by the 
committee, to agree to the erection of public 
swimming baths or some such institution which 
will be a benefit to the whole people. The decision 
rests with the subscribers. 





Tue Suez Cana -—The transit revenue of the Suez 
Canal Company, in January amounted to 238,000/. The 
corresponding collection in January, 1888, was 212,1561. ; 
and in January, 1887, 183,068/. 


Sreamsuip Crrcutar.—We have received from Messrs. 
H. E. Moss and Co. a copy of their Steamship Circular, 
which contains particulars of no less than 214 iron screw 
steamships, 24 cargo and passenger paddle-wheel boats, 
13 paddle tugboats, and a large number of smaller craft, 
now being offered for sale, as well as a number of sailing 
vessels, In the preface to their list Messrs. Moss state 
that they consider the prospects for shipbuilders for the 
next twelve months exceptionally good, but point out that 
the shipowners of this country are seriously handicapped 
by the Board of Trade, of which they give the following 
instance. A well-decked screw steamer, 100* Al 730/400 
register, built in 1885, had frequently carried deadweight 
cargoes of the most valuable dercription of 650/700 tons, 
always delivering the same in perfect order, and never 
claiming from underwriters since she was built, was last 
August stopped by the Board of Trade, who required the 
vessel to have aclear side of 174 in., the depth of hold 
being 13.2; this gave the vessel a deadweight capacity 
of 594 tons. The owners immediately decided it would 
not pay them to work her, and negotiated her sale to 
a foreign firm at a greatly reduced price, and the new 
owners are now able to send her to English ports carrying 
700/720 tons, the additional freight earned paying them 
a handsome profit on their purchases. A marked feature 
of the new tonnage is the increase in size and the 
decided preference of the owners for ‘steel. During the 
month of December last there were 364 steamers under 
construction, aggregating 730,000 tons and 81 sailers with 
a tonnage of 82,000. In December, 1887, the figures were 
209 steamers totalling 397,525 tuns, and 70 sailera total- 
ling 41,800 tons, 


Cross River CoMMUNICATION AT GLASGOW.—The ques- 
tion of cross river communication at Glasgow, west of the 
bridges, which has for a long time agitated the engineer- 
ing profession in the west of Scotland, has, for the 
present, been settled by the decision of the Clyde Naviga- 
tion Trustees to have a ferry for vehicles constructed, and 
to work it between the two side quays at a point one mile 
from Glasgow bridge, and practically half way down the 
harbour. Great difficulty has been experienced in coming 
to a decision on the question in view of the interests 
involved, Many types of bridges have been proposed to 
carry the traffic, which at present requires to go vid the 
Glasgow bridge, necessitating a detour of two miles. Mr. 
Arrol, of Forth Bridge fame, designed a high-level bridge, 
which we described on page 42 ante ; but the great objec- 
tion to this scheme was the great length of the approaches. 
This objection also applied with equal force to another 
type of bridge with large cantilevers and spiral carriage 
approaches, designed by Mr. Arrol, of Petershill Works, 
Glasgow. Several swing bridges were proposed, with 
fixed approaches on either side, and a span swinging on a 
pier in the centre of the river; while another design had 
that they could 
uay; but these 


the centre span in two parts so —— 
be drawn by hydraulic power on to the 
only provided intermittent communization, and would 
have, in a certain degree, interfered with the harbour 


traffic, which is very extensive at this point. Mr, R. T 
Moore, Glasgow, proposed that an overhead railroad, for 
passenger traffic, similar to that in New York, should be 
constructed along each quay and cennected by a bridge 
above the harbour. Several types of ferries were sug- 

ested, including one by Messrs. Simons and another by 
Messrs. Ball and Stoney (see ENGINEERING, pp. 447 and 449, 
vol. xlvi). The Trustees have decided to construct a 
vessel, designed by Messrs. Simons, Renfrew, the special 
feature of which is an elevating deck, which is raised by 
means of vertical screws of steel, driven by worm gearing, 
and fixed to uprights at intervals along the sides of the 
ship. The deck will extend the whole length of the 
vessel and about two-thirds its breadth. The uprights 
will be strengthened by girder bars from the gunwale and 
over the top and by stays. The details have not yet been 
decided upon, and it is yet to be determined whether the 
vessel will have screw propellers or be moved by chain 
haulage. 


Principally | b 





RAILWAYS IN INDIA. 

AT the sixteenth ordinary meeting of the session 1888-89 
of the Institution of Civil Engineers, held on Tuesday, 
March 12, Sir George B. Bruce, the President, being in 
the chair, the paper read was on ‘‘ Indian Railways ; the 
Broad and the Narrow-Gauge Systems Contrasted,” by 
Mr. Francis John Waring, M. Inst. C.E. 

The subject of the relative advantages of the broad and 
the narrow gauge for the State Railways of India had 
been discussed at the Institution sixteen years ago; and 
the object of the author in the present paper was to 
compare the cost of constructing and of working rail- 
ways on the gauges of 5 ft. 6 in. and 1 metre. It 
was pointed out that the reasons formerly advanced 
y the advocates for maintaining uniformity of gauge, 
which were then ignored by those in favour of the 
narrow gauge, were shortly afterwards found to be so 
cogent in the cases of the Indus Valley and of the Pun- 
jaub Northern Railways as to out-balance any anticipated 
economy to be effected by adopting the metre gauge for 
those lines. The author based his comparison on the 
statistics of the construction and working of Indian rail- 
ways, as contained in the Administration Reports of the 
Director-General of Indian Railways, with the object of 
testing, by the results of experience, the soundness of the 
views then expreseed on both sides of the question. Com- 
mencing with a length of 20} miles of the Great Indian 
Peninsula Railway, opened on April 18, 1853, the railwa 
system of India had expanded to 13,390} miles on Marc 
31, 1887, when an additional length of 3205? miles was in 
progress or had been sanctioned for construction. The 
gauge of all the earlier lines, constructed by guaranteed 
companies, was 5ft. 6in., the first departure being in the 
case of the Nalhdti Railway, opened in 1863. ‘This re- 
mained the sole exception from the standard till the 
Rajputana - Malwa Metre-Gauge State Railway was 
opened in 1873, at which time 5576} miles of railway of 
the 5 ft. 6 in. gauge were in existence, Since then 24114 
miles of line of that gauge had been opened for traffic, 
and 1741} miles, or 54 per cent. of the whole mileage now 
sanctioned or being constructed, were to be of the same 
gauge. The length of metre-gauge lines open on March 31, 
1887, was 5117 miles. The total capital outlay, includ- 
ing expenditure on the connected steamboat services, 
amounted on December 31, 1886, to 170,498,911/., at the 
conventional rate of 2s. per rupee. The gross receipts in 
1886 were 18,704,536/., an the net revenue was 
9,773,5531., being at the rate of 5/. 14s. 8d. per cent. The 
total number of pagsengers was 88,436,318, the receipts 
from coaching traffic were 5,793,152/., the aggregate 
weight of goods was 19,576,365 tons, the receipts being 
12,385,914/. The capital outlay upon construction per 
mile of railway open had varied in the case of lines of 
5 ft. 6 in. gauge from 210,686 rupees on the East Indian to 
35,929 rupees on the Patri Railway. Upon the metre-gauge 
lines the highest expenditure had been 87,230 rupees on the 
Northern Bengal Railway, the lowest (17,271 rupees) on 
the Jodhpore Railway. For railways having the same 
gauge these large variations could only be accounted for 
by differences of the class of railway, and the presence or 
the absence of difficulties and costly works in their con- 
struction. Comparing the mileage cost of lines of the 
5 ft. 6in. gauge with that of lines of the metre-gauge, the 
author attributed much of the economy effected in the con- 
struction of the narrow-gauge lines to some inferiority in 
the class of railway made, possibly conjoined to the com- 
parative absence of engineering difficulties in making 
them. In support of this view, the author pointed out 
that the broad-gauge lines, which might be described as 
the main arterial communications throughout India, were 
to a large extent laid out for a double line of way, so 
far as regarded earthworks, and, in many cases, culverts 
and bridges, excepting the girders; in fact, 11.3 per 
cent. of the open lines had been doubled. But of the 
metre-gauge lines only 1} miles of double way had been 
laid, and, so far as he knew, no preparation had been 
made for doubling any portion of the remainder. The 
former lines were laid with rails of from 60 lb, to 84 lb. 
per yard, in many cases of steel, they were well ballasted 
and fenced, ample station accommodaticn was provided, 
and in many respects their finish was equal to that of 
English railways; but the latter, which were mostly 
feeders to the broad-gauge lines, were laid with rails of 
not more than 41} lb. per yard, less station accommoda- 
tion was provided, and on some of the less important 
lines ballasting and fencing had been omitted. Some of 
the leading dimensions affecting the railways, as pre- 
scribed in the Government Regulations for Railways of 
both gauges, were steted. 

The principal difficulties upon Indian railways had 
been the crossings of the great rivers. Upon the broad- 
gauge lines, forming the main trunk communications of 
the country, the heavy expenditure entailed by bridging 
these rivers had to be faced ; whereas upon the subsidiary 
narrow-gauge railways any exceptional quantity of 
bridging upon a proposed line would, it was thought, lead 
to the undertaking being abandoned. Tosuch an extent 
had this apparently been the case, that out of forty of the 
largest railway bridges, no less than thirty-five occurred 
on the broad gauge lines, increasing their average mileage 
cost, from this item alone, by nearly 11,000 rupees, while 
the corresponding increased cost on the metre-gauge 
railways was only 1416 rupees per mile, The actual cost 
of a large bridge did not, in many cases, represent the 
total expenditure involved; for, where the rivers over- 
flowed their banks annually during the rainy season, 
heavy approach embankments, and numerous smaller 
bridges to provide a passsage for the inundation waters, 
were necessary. On these grounds the author was of 
opinion that the broad-gauge lines generally were of a 
superior type to those of the metre gauge, and that 
the difficulties encountered in constructing them con- 
tributed to swell their cost toa degree which did not 





occur in the case of the latter. The Administration 
Reports for 1886-87 contained detailed information con- 
nected with the working statistics during 1886 of eight 
broad-gauge railways aggregating in length 7648 miles, 
and of twelve metre-gauge railways aggregating 4421 
miles. From this information a table had been ccm- 
piled, showing the mean, maximum, and minimum values 
of the most important items for both systems of railway, 
together with the differences between these mean values 
and the gauge of the lines on which the higher mean 
value occurred. The remainder of the paper referred con- 
cisely to the results shown by this table. It appeared that 
notwithstanding the higher outlay of capital per mile on 
the broad gauge than on the metre-gauge lines, the 
average net returns were higher upon the broad-gauge 
railways. This was due not only to the total earnings 
per mile being higher, but also to the fact that the work- 
ing expenses did not increase in the same proportion per 
mile per week and per train-mile. The cost per 1000gross 
ton-miles moved was more than 50 per cent. higher 
upon railways of the metre gauge, upon which the per- 
centage of working expenses was 12} percent. higher than 
upon the broad gauge. The coaching receipts per train- 
mile were in favour of lines of the broad gauge to 
the extent of nearly 10 per cent. ; but the percentage 
of freight to dead weight was 2.143 per cent. in favour 
of the metre gauge railways. <A similar examination 
into the statistics of the goods traffic showed greatly 
increased economy in the working of the broad-gauge 
lines. The proportion of paying freight upon the capacity 
hauled was in their favour, while the proportion of freight 
weight to dead weight was practically the same upon 
railways of both gauges, With respect to the percentages 
of earnings from various sources to the total earnings, 
the railways of 5ft. 6in. gauge had secured a larger 
proportion of goods traffic, on which the profits seemed to 
be higher than on passenger traffic. The cost of mainte- 
tenance per mile of line, per mile of track, and per train- 
mile, was higher upon the 5 ft. 6 in. gauge, yet the excess 
was not even approximately in proportion tothe excess in 
weight of the traffic passing over each mile and to the in- 
creased weight of the trains, and the balance of economy 
was largely on the side of the broad-gaugerailways. The 
author arguedthat the type of permanent way adopted for 
the metre-gauge lines was not so suitable as that adopted 
for the heavier traffic on the lines of 5 ft. 6 in. gauge ; and 
that an increase in the weight of the rails, in the scantlings 
of the sleepers, and in the amount of ballast used on lines 
of the narrow gauge, would be attended with beneficial 
results, The author then discussed the cost and par- 
ticulars of locomotive expenses, and showed that the 
average expenses per 1000 gross ton-miles were nearly 
28 per cent. in favour of the broad gauge lines, On the 
other hand, carriage and wagon expenses were less on 
metre-gauge lines, as were also, to some extent, traffic 
expenses per train-mile. Finally, the average amount of 
general charges per train-mile was much higher upon 
railways of the metre gauge than upon those of the 5 ft. 
6 in, gauge. 7 





THE LOCOMOTIVE QUESTION IN NEW 
SOUTH WALES. 
To THE EpiToR OF ENGINEERING. 


Srr,—Like the 205 class for which ‘‘ Justicia” enter- 
tains an unaccountable weakness, we still find him 
sluggishly toiling at his self-imposed task as the “ historian 
of the troubles,” stopping awhile to get up steam and 
sanding the road with his many choice extracts and inter- 
pellations, which have really little or nothing to do with 
the true bearings of the case, 

His accusation that I have left out nine-tenths of the 
minutes and reports I accept with the best of grace, as I 
leave the infliction of matter which is not immediately 
relevant to those who shirk the real issue by tacking about 
with side winds, 

His allusions to the 26 per cent. extra fuel consumed 
by Mr. Midelton’s engine on the trial is, at the least, an 
exposition of the weakness of his case, as the figures given 
are incorrect, the percentage of difference being 20 rer 
cent, and not 26 percent. Surely it requires little know- 
ledge of engineering to know that, if Mr. Midelton’s 
engine did the work on the grades in 27 per cent. less 
time, it should at least consume a greater percentage 
more fuel. I had already explained this in my letter of 
December 3, 1888, 

** Justicia” will, perhaps, favour us with his ‘* practical 
opinions” on the subject. Amongst the many other illu- 
sions of the ‘‘ historian,” he will have it that I sought 
seclusion after his castigatory essay, and is honestly glad 
that I have again summoned up courage to make another 
effort. Now will “Justicia” kindly say what his real 
arguments are, for under the mass of irrelevant matter I 
fail to find anything lucid and tothe point ? He begs that 
I shall have patience with his ‘‘ history.” But history is 
the relation of events, but so far, his ‘‘histcry” has been 
written with the events left out. The question at issue 
is which of the engines were the most suitable for the 
working of the heavy grades which dominate the Sydney 
and Bathurst section, and I would ask ‘‘ Justicia” to 
answer directly, and not by dodging, at which I must can- 
didly admit I am at a great disadvantage. Will ‘‘ Jus- 
ticia” after studying the report of the two experts (wko 
were in no ways leteadiy to Mr. Midelton) come to 
the point, and honestly say at once whether the trial 
was or was not conclusively in favour of the Mideltcn 
engine ? : 

Under the guise of strict impartiality, and whilst pro- 
fessing to hold the scales with an unprejudiced hand, the 
blindfolded ‘‘ Justicia” revels in calling the present loco- 
motive and tramway engineer “‘ the tramway superinten- 
dent.” However puerile that may be, it is known to 
none better than “Justicia” and “‘One who Knows 
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what Mr. Midelton’s antecedents and abilities are, yet 
they, with other ‘‘authorities,” have sedulously endea- 
voured to make it appear that Mr, Midelton was guilty 
of disloyalty to his chief whilst the latter was in Eng- 
land. owever much capital might have been made in 
the past, by thus ungenerously aspersing an absent man, 
the broad facts of the case have already shown to the 
contrary. Both Mr. Scott and ‘‘ Another” have reaped 
the benefit of the services of the man who designed the 
splendid workshops at Eveleigh, and the running sheds at 
Goulbourn, saving on the latter scheme 10,000/., as the 
replies to the ‘‘charges” show. The “ Eveleigh work- 
shops” in comparison with all he had seen, whilst in 
Europe, were in the opinion of Mr. Scott the very best, 
and although ‘‘One who (does not) Knows” has ques- 
tioned the accuracy of the assertion, the plans of the then 
acting locomotive engineer, can still be seen at Sir John 
Fowler’s office in proof of the truth of that assertion. It 
is strange that charges of disloyalty should have been 
made by the party of the late locomotive superintendent, 
when he himself was suspended for insubordination by his 
former chief, Mr. Burnett. 

The lengthy extracts, given by ‘‘ Justicia,” as to the 
improved Baldwin engine, do not in one iota alter the 
facts, as stated, and if quoted with the object of showing 
that Mr. Midelton’s judgment was wrong, he has evidently 
laboured in vain, for the original ‘‘ Consolidation class” 
without such improvements still bear the repute of being 
the best engines on the line. ‘‘ Justicia” must cer- 
tainly have had but little experience with engineering 
firms, or he would have known that, for their own in- 
terests, they always show their desire to more than meet 
the wants of their clients by suggesting alterations which 
may or may not be improvements nevertheless, 

The promised revelation as to the cost of repairs of the 
**Consolidations,” ‘*to be continued in our next,” is 
really too good, and he will pardon me if I anticipate him 
somewhat in that direction by giving the following parti- 
culars, but before doing so I wish to point out that Mr, 
Scott was the man who first recommended that orders 
should be given to American firms for locomotives, and 
not Mr. Midelton. The ten engines made in America to 
Mr. Midelton’s specifications and designs, are running 
well, whilst the twelve made in England to Mr. Scott’s 
design are not running successfully, They have all had 
gusset plates put between the main frames and back of 
smokebox to keep the cylinders from shifting, besides 
having had new cylinder bolts. The spring gearing has 
had to be altered, and new slide blocks supplied. The 
valve spindles were a source of continual trouble and 
failure, as the valves were only controlled and held by a 
couple of nuts on each side of valve, which often slacked 
back and caused a loss of travel. Proper spindle frames 
have now been put in. The bogie wheels were too re- 
stricted in their action, and cut into the main frames, and 
asa further consequence, the flanges of the wheels were 
sharp in a short time. The front cylinder covers cannot 
be taken off without first lifting the engines to take the 
bogies out, and worst of all, they cannot haul the load, 
because they slip so much, and sand seems to be of but 
very little use. Only lately the connecting-rod big end 
bolts broke in two, and away went both covers and half 
of the cylinders. 

Now as regards the thirteen original American locomo- 
tives (eleven goods and two passengers) imported nearly 
two years before Mr. Midelton’s advent. They are still 
running, and are, according to the best authority, the 
best locomotives on the line. They all have steel fireboxes 
(except two which were fitted with copper ones to Mr. 
Scctt’s orders), and had the steel plates not been corru- 
gated, for about 2 ft. above the firebars, they would have 
given no trouble whatever. Several of them have done 
40,000 miles per annum. They have eight wheels coupled, 
4 ft. in diameter, 20 in. by 24 in, cylinders, and run over 
eight-chain curves marvellously easy. One more reference 
to the trial. Much has been said of the restricted run to 
Esk Bank. Mr. Midelton offered to run to Bourke and back, 
1008 miles, but not one word about this ismentioned. Mr, 
Midelton’s engine run 386 miles at a stretch (Sydney to 
Albany) with two men in express time (see printed 
papers). He furthermore offered to run any train in the 
time-table : what more can any reasonable man expect? 
The childish, yet gratuitously insulting, manner in which 
they refer to him as the late superintendent of tramway 
rolling stock, will break no bones, and is viewed in the 
colony in its proper light. Mr. Midelton is known there 
as both locomotive engineer of railways and tramways, 
and that for the second time, having held both positions 
in 1883. As for the minister’s action in consulting Mr. 
Midelton, and about which ENGINEERING spoke so con- 
demnatory, all I can say is that he must have had good 
reasons and full justification in consulting him from the 
manner in which the trams were engined, &c. 

Tn conclusion, the assertion, December 14, 1888, page 
585, ‘‘that the attack made upon the late locomotive 
engineer was for no better purpose than to give a plausible 
excuse for shelving tenders of locomotive makers in this 
country in favour of colonial or American interests, is 
utterly untrue ; it was done so that the best engine for 
the lines could be obtained, and for no other reason. The 
wear of the tyres, too, is less with the 15 ft. wheel base 
than the 8 ft. of Mr. Scott, as the profilesof wear of both 
tyres can prove. Scott’s bogies have been reversed, whilst 
the Midelton tyres have not been touched in the same 
time over the same road. The Midelton engines have 
kept out of the repairing shops twice as long as the others, 
and for “‘ One who (does not) Know” and “‘ Justicia,” I 
would remark thatif the Scott engines had not used sand 
on a dry rail, when the engine stuck, it would never have 
started the train again. 

I must apologise for the length to which my letter has 


grown. 
March 12, 1889, COLONIAL. 





GOVERNORS FOR MARINE ENGINES. 
To THE Eprror or ENGINEERING, 

Srr,—I have read with considerable interest the various 
letters in your valuable paper upon this subject from 30th 
November, 1888, up to date, and in the main am inclined 
to agree with ‘‘ Verax.” 

I, too, have had many years of practical experience as 
@ seagoing engineer and marine superintendent, and 
in my early experience, which was prior to the intro- 
duction of governors, I encountered many a tough job 
of standing by the throttle valve on six-hour watches, 
during heavy weather—in fact hurricanes and typhoons. 
The latter in the China seas on board a man-of-war. 

Since the introduction of automatic or steam governors 
I have received from the chief engineers of the several 
vessels that I have under my superintendence, most un- 
qualified praise of the satisfactory working and valuable 
services rendered by the said governors; in fact, in many 
cases they stated they were equal in value to having an 
additional engineer on board. This applies not only to 
compound but to triple-expansion engines, of which I 
have five that have been under way from four years 
downwards. Iam therefore entirely at a loss to understand 
how any really practical engineer can labour under the 
delusion that governors arenot necessary for triple-expan- 
sion engines, as the question of the engines being better 
balanced is no argument at all. For, in my opinion, on the 
contrary, the tendency to a higher velocity is more likely 
to lead to serious breakdowns if not held under control 
either by a governor or throttled by hand. Ifthe latter, it 
simply means going back to the only resource of thirty years 
ago, viz., standing by for an unlimited period during bad 
weather, to the neglect of other important duties that 
the engineer might be called upon to perform. I can quite 
understand that many shipowners may know very little 
of these requirements, and may easily be persuaded, and 
in fact frequently are, by the manufacturing engineers, to 
forego governors and their fittings although specified, as 
governors doubtless entail extra expense and trouble upon 
the builders, who will gladly substitute an additional oil 
or tallow tank in lieu of same. 

It may also be taken for granted that the seagoing 
experience of the majority of engine builders is limited 
to trial trips, consequently they are not competent 
to give an opinion as to the value or necessity of a 
governor. TI am, Sir, &c. 

TYPHOON. 

63, Quayside, Newcastle-upon-Tyne, March 11, 1889, 





POISONOUS BOMBS. 
To THE EDITOR OF ENGINEERING. 

S1ra,—“ J. T. B.’s” assumption, in your issue of 8th 
inst., that mankind is eternally stupid, and war, there- 
fore, eternally necessary, is, if true, an argument in favour 
of his claim that we should rather limit our atrocities 
than let them run their logical course in hope that they 
may die of their own excesses; but it leaves unanswered 
my original question, viz., how can he consistently be 
horrified ut poisonous bombs, while he seems to regard a 
proposed increase in the murderous powers of machine 
guns with entire complacency, if not with approval. 

Whatever difference, in point of atrocity, may be dis- 
covered between poisonous and re org bombs, exists 
between explosive bombs and solid shot. Even ‘‘J. T. B.” 
recognises this as applied to the retail duellist, to whom he 
denies the explosive bullet which he allows to his com- 
petitor in the wholesale line. But ‘‘J. T. B.” states 
that the former’s explosive bullet is similar to the inadmis- 
sible poisonous bomb. This is a well-timed bit of infor- 
mation, for ‘‘ some civilian,” all unlettered in the etiquette 
of manslaughter, might have jumped at the conclusion 
that it resembled rather the admissible explosive bomb. 

If two duellists agreed to experiment upon each other 
with poisoned tips or explosive bullets, their “‘ affair” 
would be as much one of ** honour” as now, and their silli- 
ness scarcely more apparent. 

But I donot think it necessary to adopt the melancholy 
conclusions of ‘* J. T. B.” and his “‘ practical man.” Ten 
centuries ago this practical man would have said that 
warfare between little lords of ten-acre principalities 
must go on for ever. One century ago he would have 
said that the terms ‘‘ gentleman” and ‘‘ duellist” would 
always be synonymous. Surely he is a most impractical 
man, who, studying the records of the past, yet fails to 
recognise that py rather than stagnation, is charac- 
teristic of the race; and he must indeed have a poor 
opinion of that race who thinks it will never acquire the 
very moderate amount of “practical” selfish common 
sense required to show it that warfare is folly, and induce 
it to substitute a more profitable and comfortable method 
of argument. .C. T., Jun. 





SLIDE VALVE DIAGRAMS. 
To THE Epitor OF ENGINEERING. 

S1r,—As there was no opportunity to insert in my pre- 
ceding letters afew problems, which deserve to be noticed, 
with your permission, I will now make up for this defi- 
ciency. 

PrRoBieM I, 

The lead (/) of an ordinary slide valve has to be enlarged 
a certain amount (A), cut-off being required to remain un- 
altered. 

To find amount the eccentric sheave has to be shifted 
further round upon the crankshaft in the direction the 
crank is revolving, or amount the angular advance (5) has to 
be augmented, as well as amount, steam-side lap (L) has 
to be diminished. 

Solution ; Both amounts in question may be found most 


simply by using our diagram. Upon that, draw (Fig. 1) 
dead-centre position O A of crank, then are A m, repre- 
senting part of travel circle. Now draw parallels U and 
L+l, being distant the amounts / and L+/ fron 0 A. 
rom O!, at which point the parallel L + intersects 
with A m, draw lap circle L, and OB tangential to it. 
At a distance = /+A from OA, draw parallel 7+, and 
describe a circle, having its centre Oy on are Am, and 
touching /4- A, as well as O B. The radius of this circle 
will be the lap (L,), now required, angle 0,001 the 
amount the eccentric sheave has to be shifted further 
round upon the crankshaft in the direction the crank 
revolves, difference L—I, the amount the exhaust side 
lap has to be diminished. 
ProstemM II. 

The /ead (/) of an ordinary slide valve has to be lessened 
a certain amount (A), cut-off being required to remain un- 
altered. 

To find the amount the eccentric sheave has to be shifted 
further round upon the crankshaft in a direction opposite 
to that in which the crank revolves, or amount the angular 
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advance (5) has to be diminished as well as the amount 
steam lap has to be enlarged. 

Solution.—Draw (Fig. 2) O A. are A m, parallels 7, L+/, 
lap circle L, O B as before. At a distance=/— A from 
OA draw parallel J— A and descrite a circle “having its 
centre O;; on arc A m and touching /- A as well as OB, 
The radius of this circle will be the lap (L,) now required ; 
angle O, O O,, the amount the excentric sheave has to be 
shifted further round upon the crankshaft in a direction 
opposite to that the crank revolves in, difference L,- L 
the amount the exhaust lap has to be increared. 


ProsixM IIT. 

A leadless valve (/=0) has to be provided with a certain 
amount (4) of lead, cut off being required to remain un- 
altered. 

To find the amount the angular advance (5) has to be 
augmented, as well as amount the steam lap has to be 
diminished. 

Solution.—Draw (Fig. 3) OA, arc A m, parallel L, 
lap circle L, O Bas before. At a distance = A from 
O A draw parallel A, then lap circle L; as before. Angle 
O, O 0,; will be the amount the angular advance (4) has 
to be augmented, difference L - L, the amount steam 
lap has to be diminished. : ; 

ifference L—L, in all three cases practically being 
=$=01 O,, and angle ©, O O,, = half of the difference 


between angles of pre-admission before and after altera- 
tion of lead. 
Believe me, Sir, yours respectfully, 
Victor THALLMAYER. 
Ungarisch- Altenburg. 








ANTIPODEAN TELEGRAPHY—A new cable between Java 
and Western Australia is expected to ke brought ixto 





working order this month. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 28, 1889. 

Sates of steel rails in American markets for the 
past six days count up about 30,000 tons. Prices 
range from 26 dols. to 28 dols. in the eastern mills. 
Within the past few days a good many railroad 
managers have made inquiries for supplies for the 
spring and summer, It is quite probable that some very 
large orders will be slned during the month of March. 
Some parties think that the business will foot up about 
200,000 tons. Reports concerning railroad earnings 
from 127 roads carrying about 55 per cent. of the rail- 
road earning capacity of the country: Last year the 
gross earnings were 751,697,952 dols., operating ex- 
penses 516,552,286 dols., net earnings 235,145,663 
dols., showing a decline over the net earnings of 1887 
of 23,826,960 dols. This decrease in net earnings in 
view of the large increase of mileage last year, amount- 
ing to between 7000 and 8000 miles, shows the condi- 
tion of railroad properties in America more clearly 
than any other statement could show it. The above 
figures were the largest ever known. The gross earn- 
ings of the north-western lines were 105,848,442 dols. ; 
net earnings, 30,912,616 dols. Gross earnings on 
south-western roads, 34,038,754 dols. ; net earnings, 
10,653,325 dols. The north-western lines show a loss 
compared to 1887 in net earnings of 13,547,305 dols. 
South-western roads show a loss of 4,504,664 dols. 
The southern roads a loss of 178,650 dols. The share 
and bond issues of the Pennsylvania road amount to 
151,700,000 dols. The amount now outstanding is as 
follows: 106,540,850 dols. in stock and 67,000,000 dols. 
in bonds. The stockholders have determined to issue 
7,000,000 dols. in bonds. The latest report for Decem- 
ber is from 75 roads, which show net earnings for that 
month to be 12,393,561 dols. against 13,534,141 dols. 
for same month 1887. January returns are favourable. 
Moneyis easy in New York, and the demand for it is by 
no means urgent. LKighteen out of twenty-two presi- 
dents on north-western railroads have signed the agree- 
ment to regulate traffic rates, but it will not be binding 
till all the presidents sign. In spite of the apparent 
earnest efforts to prevent a cutting of rates, continued 
cutting has been going on. The situation has been 
complicated by the action of State Railway Commis- 
sioners, who have been reducing rates and are still at 
it. The generic trouble in the north-west is that 
there is too much railroad construction, and no pos- 
sible agreement will prevent the struggle to obtain the 
greatest possible share of traffic, 





TRIPLE-EXPANSION ENGINE. 

On our two-page plate this week we illustrate a 
novel construction of a triple-expansion engine con- 
structed by Messrs, Cole, Marchant, and Co., of Brad- 
ford, to the designs of Messrs. Rhodes and Critchley, 
of Bradford. The engine has been erected at the 
mills of Messrs. R. and H. Hinchcliffe, Cragg Valley, 
Mytholmroyd. It will be seen that the three cy- 
linders are placed one above the other, and that all 
the piston rods are connected to one and the same 
crosshead, This arrangement was adopted on ac- 
count of the limited space at the disposal of the 
designers, the engine-house being only 30 ft. in length 
by 8 ft. 9 in. in width. The cylinders are 8} in., 
i3}in., and 2lin. in diameter respectively, with a 
stroke of 4ft. The crosshead has been made very 
strong of cast steel, and has slide blocks 2} in. in 
thickness, and of a length equal to the distance from 
the centre of the high-pressure piston to the centre of 
the low-pressure piston. 

The valves of the high-pressure cylinder are of the 
Corliss type, the steam boxes being 10in. long by 44 in. 
in diameter, and the exhaust boxes 5 in. in diameter. 
The valves are made to draw out through the back 
bonnets. On the present page we give in Figs. 3 and 
4 detail views of the trip gear. ‘The discs on which 
are mounted the tripping arrangements, are made of 
wrought iron forged plates. The pawl is of steel, and 
is fitted with a steel pin 1 in. in diameter; on the 
same axis is also fitted the cam and lever for tripping 
the pawl, which is of steel, case hardened. The wrist 

lates are of cast iron bushed with steel liners and 
fitted with 1 in. steel case-hardened pins. The de- 
tails of construction of this trip gear, which is the 
designers’ special pattern, are clearly shown by the 
engravings in the adjoining column. 

The intermediate cylinder is fitted with two slides 
and cut-off plates, worked directly by eccentrics 2) in. 
wide on the drag shaft. These valves can Le regu- 
lated to cut off earlier or later as required to 
equalise the amount of work done by the respective 
cylinders. In order to facilitate the adjustment 
of the valves the cut-off spindle has a screw index 
and wheel. 

The low-pressure cylinder is fitted with an ordinary 
slide valve worked also by an eccentric on the drag 
shaft. The pistons are all on Buckley’s principle. 


The steel piston-rods are 3in. in diameter for the 
high-pressure cylinder, 3} in. for the intermediate 
pressure cylinder, and 34 in. for the low-pressure 


long, for the air pump links. 
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The crosshead is fitted with a steel gudgeon, 5}in. | from 20 to 70 horse-power according to the height 
in diameter in the body and 4in. in diameter in the| the water in the dam. 
necks, with outer necks 2hin. in diameter by 24 in. 
The connecting-rod is 


The average load on the 
engine will be 150 to 160 horse-power. 
There is a blow-through valve from the high pressure 
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10 ft. long, 44 in. in diameter at the crosshead end, 
4} in, in diameter at butt end, and 5} in. in diameter 
in the centre, forked at the crosshead end and solid at 
the butt end. The fork end is fitted with a wrought- 
iron cap and four l}in. bolts and lock nuts. The butt 
end is fitted with a steel block, die, and brasses, with 
1} in. steel adjustment screw. 

The crank is 6in. broad, turned and polished all 
over, and fitted with a steel an 4?in. in diameter by 
6 in. long, with an outer neck for the dragcrank. The 
crankshaft is 9in. in diameter in the body and 8}in. 
in diameter by 14 in. long in the bearing for the crank 
pedestal, and 10 in. in diameter for flywheel. 

The eccentric rod which drives the low-pressure 
valve is coupled to a lever mounted on a rocking shaft 
fixed in adjustable phosphor-bronze bearings. The 
eccentric-rods for driving the Corliss wrist-plates are 
hung on two two-armed rocking levers mounted on a 
—_ cast-iron stud-pin, which is bolted to the bed- 
plate. 

The air pump already in the engine-house was used 
again. A cast-iron liner was put in, 15}in. in dia- 
meter. This pump is not shown in the engravings, 
but is of the vertical type, and is worked from links 
connected to the crosshead. Thestroke is 18 in. 

A set of diagrams, taken before the cylinders were 
lagged, is — on the present page in Fig. 5. The 
small fall of pressure between the steam pipe and the 
high-pressure piston is worthy of notice, as well as 
the straightness of the steam admission line in the 
case of the high-pressure cylinder. The diagrams were 
taken with the full load of 187 horse-power on the 
engine, but under ordinary circumstances the engine 





cylinder 





works in conjunction with a turbine, the latter driving 


Intermediate Cylinder, 13%" dia 


1H.P 68-2 


ae ee 


low Pressure Cylinder, 21% dia Scqgle “0 










A 
63 revoluti 
Front = revolutions per min PA Back 
ce a, 
Pete ee ew La 0 a eer a, _ ae = J 
, LE ee 
i 
High Pressure Cylinder, 8%' dia Scale Yio 
el. ae ¥ 
a 
ew ae 
yar: Front ie 
le 
aera Se 
a 2% H.P. 60-05 Sas) 





Scale Aa 
Back 


to the intermediate cylinder to get the strain fairly 
applied to the middle of the crosshead in starting. 
The steam for the engines we have described is 
obtained from a set of Babcock and Wilcox boilers, 
— to blow off at 150 lb. pressure per square 
inch. 














Tron MINERALS IN FRANCE.—It appears that the imports 
of iron minerals into France last year amounted to 
1,310,688 tons, as compared with 1,155,005 tons in 1887, 
and 1,158,639 tons in 1886. In these totals German iron 
minerals figured for 834,889 tons, 609,703 tons, and 615,901 
tons respectively, 

ENGINEERING Society, Kine’s CoLtecr.—At a general 
meeting of this Society, held on March 5, the vice-presi- 
dent in the chair, Mr. Lauder read a paper on “ Light- 
houses.” The author began by giving a short history of 
the lighthouse, mentioning the methods used for warning 
mariners in the middle ages; but as the commerce of this 
country increased, new modes became necessary, and 
led to the erection of lighthouses, Mr. Emerson’s buoy- 
finder was then described. The author then discussed 
the use of the electric light, quoting from ‘‘ The Story of 
Lighthouses,” by Professor Tyndall, which appeared in the 
Nineteenth Century. An account was then given of the 
building of the four Eddystone lighthouses, and how each 
successive builder profitted by the experience of his 

redecessor, until Smeaton, rising above the prejudice of 

is age, hit upon the right principles for the construction 
of his lighthouse, these being the principles upon which all 
rock lighthouses have since been built. The author then 
described St. Catherine’s Lighthouse in detail, the beam 
given being of 3,000,000 candle-power. After a vote of 
thanks to Mr, Lauder for his paper, the meeting was 
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TRIALS OF MOTORS FOR ELECTRIC 
LIGHTING.* 
(Concluded from page 230.) 
Sprep TRIALS. 


ATTEMPTS were made to obtain accurate records of 
the speed 


| round, any tendency of the style to bite upon the paper 
was exaggerated, as the style was drawn down, hence the 
style was thrown in vibration in a plane perpendicular 
| to the axis of rotation of the drum, which gives rise 
|to an appearance of variation of speed where none 
| existed. Again, it was necessary to extemporise some 


of the engines at every part of their stroke. | form of coupling between the axis of the drum and | 


Atkinson,—A very slight variation in the brightness of 
the lamp could be detected when the engine was run 
with a steady load. So small, however, was it that it 
could only be detected by close attention, and it could not 
cause any annoyance ; when the load was thrown off there 
was no sign of hunting. 

The speeds taken by the counter for one minute in each 


Although these attempts were not so far successful as to | the shaft whose speed was to be measured. On plot-| case were as follows : 


justify a record of the results here, it may be well to de- 


scribe the instrument used, as it has given perfectly con- | coupling had not been effective, and that the driving was | 


sistent and satisfactory results elsewhere. This instru- 
ment was designed by Mr. H. B. Ransom in the engineer- 
ing laboratory at University College. It consists of a 
drum covered by a prepared and blackened (smoked) paper, 


which drum revolves with the shaft whose velocity is to| ments had their full effect been discovered before the ex- | 


4 








ting some of the curves, it became apparent that this 


in fact by a series of blows, the drum running ahead of 
the shaft between the successive blows. Both these 
defects can be remedied whenever the instrument is used 
again ; they would have been remedied in these experi- 


PAXMAN. N° S. 


H.P Crank 
on Forward 
centre at line, 


Revs. 141 
Steam 190 


Fie. 30. 


OIAGRAM SHOWING CYCLICAL VARIATIONS 
4N OTTO ENGINE AT U.C.L. 


| Revolutions per Minute. Load. 
MUM aby > ying Full. 
128.5 a 
| 130 One-third. 
130 » 
130 5 Light. 
139.75 ms 
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be measured. Near to the drum a tuning-fork is kept in 
vibration by means of an electric current. This tuning- 
fork is carried on a slide rest, and actuated by a screw in 
such wise as to travel parallel to the axis of drum. One 
limb of the tuning-fork carries alight style of sheet brass, 
which rests in light contact with the drum. As the drum 
revolves and the tuning-fork vibrates, a wavy line is 
traced upon the paper. The number of waves in any length 
13a measure of the time taken by the drum in turning 
through a corresponding angle. The instrument is shown 
in Fig. 29. Several diagrams were taken by this instru- 
ment from each engine, but when they were plotted out 
it was discovered that each was more or less affected by 
one or other of two causes of error. Owing to the direc- 
tion in which the engines ran, and the position occupied by 
the slide rest, the drum had run towards the tuning-fork, 
and thus, although the style of the tuning-fork was bent 





* Reprinted from the Journal of the Society of Arts. 








- Revs. per Minute. 





Mean 
Fic. 31. 


| periments terminated. The instrument has been used with | 


| perfect success both upon steam and gas engines in the 
|laboratory. Fig. 30 is « fac-simile of its indications and 
Fig. 31 shows the working out of a diagram taken from 
an Otto engine at University College. 

The effective observations made on the engines to de- 
termine the efficiency of the governing were as follows: 
A lamp supplied from a dynamo machine driven by the 
jengine was observed; the machine also supplied a re- 
sistance which could be suddenly varied from that which 
would take up the full power of the engine to about half- 
power, and to open circuit. These observations were 
made, firstly, with a steady load to determine the effect 
for cyclical variation of speed, and, secondly, when the 
| load was suddenly thrown off, to determine whether the 
|governor hunted. Ob:ervatious were also made of the 
| speeds at which the engine ran continuously with various 
|loads, to determine the sensibility of the governor, the 
governor remaining untouched between the experiments. 











counts while diagram was taken adout 160 Revs. per-min® 


The differance between maximum and minimum speeds 
is thus only 1.75 per cent. of the latter. 

One feature about the working of this engine is particu- 
larly worthy of commendation, namely, its comparatively 
very quiet exhaust, which is due to the low pressure 
reached at the end of the expansion. 

Crossley.—The dynamo was in all cases driven from the 
countershaft. No variation could be detected in tke 








— | Revolutions Explosions 

per Minute. | per Minute. 
Light without countershaft .. 164.9 105 
» butdriving countershaft 162.3 19.0 
With dynamo fully loaded .. 152.3 70.5 
Dynamo, part loaded .. 153.2 53.6 
Po magnets only 160.6 | 34.0 


brightness of the lamps when the engine was run with a 
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steady load. When the load was thrown off there was no 
sign of hunting. 

Observations of speed were made for successive periods 
of five minutes, and the means taken, with the results 
given in the Table on previous page. 

The difference between the maximum and minimum 
speeds is here 8.27 per cent. of the latter, or 6.57 per cent. 
if the running without the countershaft be neglected. 

As the smooth running of the dynamo is secured by 
means of a countershaft with a heavy flywheel upon it, it 
was desirable to ascertain the amount of slip of the belt, 
and the power actually lost in driving the countershaft. 
With the dynamo fully loaded, the countershaft and 
crankshaft were simultaneously timed ; the countershaft 
had a speed of 1090 revolutions per minute, whilst its 
speed, calculated from the speed of the crankshaft, was 
1159, the slip being thus 5 96 per cent. he engine was 
carefully indicated, running perfectly light, and driving 
the countershaft, but no further load, with the followin 
results, which have been already referred to under trial 
of this engine: 


Mean R-sults. | 


Explo- 
sions 


Indicated 
Horse-Power. 


Minute. 


per 
Minute. 


| Explosions per 
| Mean Pressure. 
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74.1 (2.50 /Running light. 
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72.3 - | countershaft. 
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The countershaft thus causes a loss of 1.9 horse power, 
which would probably be slightly increased when the 
engine was fully loaded. This loss is considerably in 
excess of that to be inferred from the difference of actual 
and calculated speeds, which is what we should expect, 
for the slip occurs precisely at the time at which the ten- 
sion on the belt is greatest. 

As the efficiency tests were made without the counter- 
shaft, about 2 horse-power has to be deducted from the 
brake horse-power there shown, to give the effective power 
when the engine is used with a countershaft as a motor to 
give perfectly smooth running. 

Grifin.—No variation could be detected in the bright- 
ness of the lamp when the engine was run with a steady 


oad. 

When the load was thrown off there was no sign of 
hunting 

Observations were made with full load and no load, 
with the following mean results : 


Load. Revolutions 


per Minute, 
No load i 204 14.3 
Full load 199.6 1180 


The difference between the maximum and minimum 
speeds is here 2.2 per cent. of the latter. It has been 
already mentioned that in this case we were able to ascer- 
tain that the engine was practically free from all cyclic 
variations of speed. 

Paxman.—No variation in the brightness cf the lamp 
could be detected when the engine was run with a steady 
load. 

When the load was thrown off, the engine at once in- 
creased its speed, and the lamp its brightness; the 
governor then acted and over corrected the error so that 
the lamp became for a short time dim. The engine again 
increased its speed andthe ampabnormally bright. After 
several oscillations the engine settled down to a steady 
speed. The governor thus hunted considerably. 

The following are the results of observations made with 
varied loads : 


Loads, 
No load ch _ 
Driving dynamo light 
Fullload~... oe 


Explosions. 


Revolutions 
per Minute. 
148.5 


1408 
140.2 


ApprENDIx I.—Mr. WItson’s Report on Gas AND COAL 
ANALYSES, 

Coal Gas.—During each trial three samples of the gas 
supply were taken, at the beginning, middle, and end of 
the trial. 

In each case the three samples were mixed together, 
and duplicate analyses made. 


| Volumes of Dry Gas. 


| Crossley En- | Atkinson En- Griffin Engine 


gine Trial, | gine Trial, Trial, 
Sept. 19, 1888,'Sept. 21, 1888. Sept. 27, 1888. 





Oxygen es ; 
Carbonic acid 

ne ox de 
Olefines 
Marsh gas 
Hydrogen 
Nitrogen 


0.51 0.52 


3.96 
8.77 
37.34 
50 44 
3.98 


0.36 





100.00 


Average composition of olefines: 1 vol. =1.81 vols. C, Hy. 


In each trial six 
even intervals 


Flue Gases.—Paxman steam engine, 





samples of flue gas were taken at —_ 


throughout the trial, end analyses of each sample made. 


September 26, 1888 ( T'rial A,). 





Volumes of Dry Gas. 


1 | a | " } ‘. | .< a 

No. 1.|No. 2, No, 3.'No, 4./No. 5.| No. 6.* 
8.42 10.07, 9.29 9.73! 1241) 7.01 
0.00, 0.00 0.00) 000 000) 0.00 


-. 10.96 9.65 10.64; 9.91) 7.83) 12.98 
ool 80.62, 80.28} 80.07) 80.36, 80.26) 80.01 


100,00, 100.00 100.00 100.00 100.00; 100.00 
' | | | 


* This eample of gas was collected within one minute of the end 
of the trial, when the grate was very far from being in its normal 
condition. It has, therefore, not been reckoned in with the 
others in finding the average composition. 


September 28, 1888 (Trial Ag). 


Carbonic acid .. 
» oxide 

Oxygen .. 

Nitrogen 








Volumes Dry Gas. 





as ae ee : 
No. 1.\No. 2.\No, 3./No, 4.|No. 5. No. 6. 

Carbonic acid .. _..| 11.64 11.40! 11.28) 18.82 9.84) 18.66 
» oxide 0.00, 0.00] 0.00) 1.90] 0.00) 1.46 
Oxygen .. 8.26 8.24) 8,67) 3.99] 10.19) 4.26 
Nitrogen 80.10 80.36) 80,05) 80.29 80.47) 80.62 





100,00 100.03] 100,00] 100.00 100,00, 100.00 


Coal.—The coal employed for the “Paxman” steam 
engine trials was carefully sampled, and gave on analysis ; 


Parts by Weight. 
ene oe 1.21 


84.54 
3.65 
0.84 
0.81 
4.48 
4.47 


100.60 
CHARLES J. WILSON. 





Moisture 

Carbon... 

Hydrogen 

Nitrogen 

Sulphur e 
Ash sa io sot _ 
Oxygen, &c. (by difference) 


University College, W.C. 

DkscrIPTION OF Fic. 32 (see page 265). 

A, Apparatus employed for the gas analyses. The 
whole apparatus being filled with mercury, the gas is in- 
troduced into the eudiometer a and its volume measured. 
The stopcock b and the three-way cock c are then opened, 
and the gas passes over into the laboratory vessel d, fol- 
lowed by some mercury to drive all the gas out of the 
capillary tube. The reagent is then poured into the cupe, 
and admitted to the laboratory vessel by the three-way 
cock. When the absorption is complete, the mercury 
bottle is placed on the upper shelf and the cocks being 
opened the gas passes back into the eudiometer. When 
the reagent rises to c the three-way cock is turned to 
communicate with the cup so that the reagent passes into 
it. Some mercury is then driven over into the eudiometer 
to clear the gas from the capillary tube, and the volume is 
again read. 

The two ends of the capillary tubes at f are made 
funnel shaped, and connected by a thick -india-rubber 
tube. By lowering the eudiometer a little when the gasis 
passed from a to d, and raising it for the passage in the 
opposite direction, the whole of the gas is driven out of 
the tube by the current of mercury ; while the laboratory 
vessel can be readily disconnected for the purpose of 
cleaning it. 

B. One of the tubes used for taking samples of gas. The 
sampler, completely filled with mercury, is connected 
with the gas to be taken by means of an india-rubber tube 
(previously aspirated if necessary). The vessel is then in- 
clined £0 as to allow mercury to flow out of the opposite 
tube until only enough remains to seal up the sample. 
The rate of flow of the mercury can be regulated as 
required. The two side tubes are then filled up with 
mercury and caps put on. 


AppenpDIx II.—ConpitTions oF TRIAL. 

Four gold medals and four silver medals are offered by 
the Council of the Society of Arts for prime motors suit- 
able for electric light installations. 

The medals will be awarded on the results of practical 
tests, the conditions for which are as follows: 

1, The motors will be divided into two classes A and B. 
— gold and two silver medals will be allotted to each 
class. 

A. Motors in which the Working Agent is also Produced. 
Steam.—Ordinary portable or semi-portable non-condens- 
ing engines. 

Ordinary portable or semi-portable condensing engines, 
Gas.— gas or water gas with producer. 

Hydro-carbon vapour. 

Liquid hydro-carbon. 

B. Motors to which the Working Agent must be Supplied, 
Steam. — Detached engines, non - condensing, without 
boilers. 

Detached engines, condensing, without boilers. 
Gas.—Engines worked by illuminating or other gas. 
Hydraulic.—Water motors. 

Air.—Compressed air motors. 

Exhaustion motors, ~ 

2. Each class will be sub divided into two groups—those 
declared to develop not more than 10 horse-power, and 
those which will develop more than 10 horse-power and 
less than 20 horse-power. Each motor will be worked at 
or about the power at which it is entered. 4 

[The horse-power herein mentioned is equivalent to 
33,000/. raised 1ft. high in one minute, as measured on 
the brake.] 





3. For 4 horse-power and under, the entrance fee will 
be 10/.; above 4 horse-power, the entrance fee will be 
21. 10s. per horse-power. The fees to be paid on entry, 

4. No competition will be held unless ten motors at 
least are entered. 

5. In case of no competition being held, the entrance 
fee will be returned. 

6. The Council reserve the right of refusing any entry. 

7. All engines and boilers must be fitted up in accord- 
ance with the regulations of the Royal Agricultural 
Society. ; 

a. All motors or producers subjected to more than a 
nominal pressure must be fitted with a pressure 
gauge. Before any motor can be worked, the pres- 
sure gauge must be verified by the judges. 

b. There is no restriction as to the construction of 
motors, boilers, or producers, but the judges must 
be satisfied that the bursting strength of them is at 
least four times the working pressure, and that a 
hydraulic test of one and a half times the workin 
pressure has been satisfactorily applied, if considere 
desirable. 

c. Each exhibitor must declare the greatest pressure at 
which he proposes to work his motor. 

d. No old boilers, that iz boilers that have manifest] 
been at work for a considerable time, will be ad- 
mitted without special thorough examination, and a 
certificate of safety from the judges. 

e. Each boiler, of whatever form or size, must be pro- 
vided with the following mountings: 

Two safety valves, each of sufficient size to let off all 
the steam the boiler can generate, without allowing 
the pressure to rise 10 per cent. above the pressure 
to which the valve is set. 

Two sets of gauges for ascertaining the water level. 

One steam pressure gauge, which must be tested and 
verified by the judges before the boiler can be used. 

A half-inch cock, terminating in a 3-in. male gas 
thread, for the purpose receiving a testing pump. 

One check feed valve, immediately attached to the 
boiler, in addition to the ordinary pump valves, 
whenever the feed is introduced below the lowest 
safe water level, or where there is a length of feed 
pipe between the engine and boiler. 

f. The judges reserve to themselves the power of affixing 
any gauges that the apr ee nature of the machinery 
may call for, with the object of insuring safety, and 
of obtaining information. 

g. Exhibitors must be provided with all the appliances 
necessary for taking the working parts of the ma- 
chinery to pieces, for examination, should the judges 
require it. 

h. Shafting, belts, gearing, high speed machinery, and 
any other exhibits likely to prove dangerous, shall 
be securely fenced and protected to the satisfaction 
of the judges, but such approval shall not relieve the 
exhibitor from his own liability. 

8. The points of merit considered of the greatest import- 

ance are: 

a, Regularity of speed under varying loads. 

b. Regularity of speed during the various parts of one 
revolution, or one cycle of revolutions, 

¢. — of automatically varying speed to suit arc 

ights. 

d. Noiselessness. 

e. First cost. 

f. Cost of running. 

g. Cost of maintenance. 

[In estimating the comparative value to be allotted to 
each of these points of merit, the judges will give due 
consideration to the characteristics of each kind of motor, 
steam, gas, water, &c. ] 

9. The tests will be carried out under the direction of 
three judges appointed ‘by the Council of the Society of 
Arts, who will report to ~ Council, and will confer with 
them on the awards. 

10. The Council will publish the awards in the Journal 
of the Society of Arts. ‘They reserve the right of publish- 
ing descriptions of any of the motors, and the competitors 
must afford every facility for this purpose. ‘ 

11. The competitors must take upon themselves, in 
exoneration of the Society, all claims in respect of damage 
(if any) resulting from the testings, and must renounce all 
claims for compensation for any in juries, real or imaginary, 
that they may incur from alleged or actual imperfection in 
the arrangements, or in the testings, or from any state- 
ment in the report or description published. 

12. The competition will take place in London about 
May or June, 1888, Entries must be sent in by De- 
cember 21, 1887. 

13, All costs of fitting up and working the motors must 
be borne by the exhibitor. The Society will provide the 
brakes, indicators, and apparatus, electrical and other, 
necessary for making the tests. 3 ; 

14. The Council reserve the right of withholding any or 
all the medals, 





BELGIAN SHIPBUILDING.—The French General Transat- 
lantic Company has just let a contract for three vessels to 
the John Cockerill Company (Belgium), The cost of the 
three vessels will be about 100,000/. 


New York Harsour.—Plans for the improvement of 
New York Harbour, prepared by Lieutenant-Cclonel 
Gillespie, of the United States Engineer Corps, have been 
submitted to Congress. The plans ag 20504 a ship 
channel between Jersey City and Ellis Island, where 
there is now only 4 ft. of water at certain states of the 
tide, except near Port Liberty. The plans further pro- 
pose a ship channel or basin between the deep water of 
the Hudson and Ellis Island, to comprise about 70 acres 
and to be of sufficient capacity to accomm odate conve- 
niently 250 vessels at anchor, 
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MACHINE TOOLS. 


638. C. W. Pinkney, Smethwick, Stafford. Im- 
provements in Gas Hammering, Punching, Rivet- 
ting, an Machines, [lld. 8 Figs.| January 
14, 1888.—The drawing shows a gas hammering machine operated 
as follows: On pushing inwards the lever m the axial rod / is 
depressed through the action of lever k, arm i, and guide-block 
h, depressing the piston b, and drawing into the cylinder a a 
charge of mixed inflammable gas and air. By the further 
movement of lever m the ignition valve 7 is opened, by the in- 











cline on lever k bearing upon an adjustable incline s3 on lever 8 
which raises a rod ¢t. The ignition of the charge depresses the 
piston causing the hammer c to strike a blow and compressing the 
volute springs e, e, when upon the blow being struck the springs 
raise the piston, the weight k* raising end of lever k and arm 3%, 
and causing the roller i? to open exhaust valve py. The charging 
stroke of piston is limited by changing position of incline 33 on 
lever s, which is effected by the lever u forked at u* which engages 


Gloucester. Improvements in Hydraulic Presses. 
(8d. 3 Figs.) February 24, 1888.—This invention relates to an 
hydraulic press in which an equable movement of the follower 
can be obtained, and uniform pressure delivered throughout its 


on the chamber E. There are three filling boxes fitted with 
movable bottoms which can be pressed upwards by a hydraulic 
ram, the bale chamber being secured to one or other of them by 





extent. A is the cylinder with its axis at right angles to the 
direction of motion of the follower H. C is a crosshead carrying 
rollers, which is connected by links D to a crosshead E also having 
rollers on both sides. The rollerson one side of these crossheads 
run along inclined fixed guides F, the ones on the other side 





running along vertical guides G on the follower, which is guided 
at the top and has rollers I atthe bottom, The plate to be bent is 
introduced between H and the fixed frame, the faces of which 
are curved. L are rests for the lower edge of plate. As the pres- 
sure in the cylinderis relieved the crossheads C and E descend, and 
pressure acting in a drawback cylinder M, the plunger crosshead 
of which is connected by side rods to the follower H, draws back 
the follower. (Accepted January 2, 1889). 


2834. F. Jackson and E. R. Austin, Manchester. 
~ in Portable Drilling Machines. (8d. 
3 .] February 25, 1888.—The frame A carries a shaft a a' 
driven from a Brotherhood engine b by d air supplied 
flexible tube c. The worm d gears with a wormwheel connected 
with the drill spindleg. & is the holding lever fulcrumed at k' to 
the end of screwed rod k2, passing through a nut in a recess in 
the frame, whereby rod k? is ——-* One end of the lever k is 
forked at k4 each side of the drill 2; the other end is also forked 
and jointed with pivots on a collar k5 on the lower end of a screw 





’ 














with a pin on the incline s* whereby the incline on lever kop 
earlier upon the incline s3, (Sealed January 11, 1889). 


639. C. W. Pinkney, Smethwick, Stafford. Im- 
provements in Gas Punching, Rivetting, and Shear- 
ing Machines, (8d. 7 Figs.) January 14, 1888.—The drawings 
show a punching machine, the action of the being as follows: 
The long arm h of the lever h, h?, is pushed over in the direction 
of the arrow, thereby moving slide blocks ¢ along the guides k, 
turning shaft 45 and lever h2 and depressing the charging piston 

tothe bottom of cylinder c, whereby the gaseous mixture is 
drawn in from box m below the motive piston a at the opening J, 





tas 




















and raises the piston @ so as to cause the punch f, by means of 
the pivotted lever g, to descend and rest oon the pr The 
— is supported in its highest tion by the lever h2, and 
he detonation of the charge is effected by causing lever h to 
operate alever s? and withdraw a valve from the end of a heated 
tube contained in a guard q, thus bringing the gaseous mixture in 
contact with the tube an causing its detonation, whereby the 
by c is raised and the punching effected. (Sealed 


2783, R. H. Tweddell, J. Platt, and J. Fielding, 


January 











k6, the screw screwing through the frame and being rotated by a 
handwheel k7, The lever & presses upon the object being drilled, 
and where there are two or more thicknesses, holds them firmly 
together by means of the screw A6, It also keeps the machine 
steady at its work and gives the necessary resistance for withdraw- 
ing the drill. The hine is suspended from a bracket 7 by a 
bridle ay at 13, the bridle being suspended by a bow. The 
pivot /2 is the centre of gravity, and the sides of the bridle are 
made long enough for the machine to make a complete revolution 
on the pivots 2, (Accepted January 2, 1889). 


3805. A. E. Cummins, Middlesex. Improvements 
in Apparatus for Compressing Cotton or other 
Materials into Bales. {1lld. 7 Figs.) March 12, 1888.—This 
invention consists in constructing the press so that the bale 
chamber after having the contents of two or more feeding boxes 
delivered into it, can be brought over the top of a ram of a 
hydraulic cylinder and the material finally compressed. E, E are 


























two bale chambers carried by arms from rings F, which can swivel 
around the post G, the rings running on ball bearings H, H. Upon 
a chamber E being brought over the hydraulic press D, it is 
fastened thereto by raising a ring K, through lever L and weight 
L', the ring K having on its inside segments of parallel thread, 
similar seyments being formed at the bottom of chamber E, so 
that on giving a partial turn to K its segments engage with those 





tches H*, jointed to the top of the box. = the catches being 
turned upwards their heads take hold on the shelves of pockets 
cast in the spaces between the segments. The catches H* are 
operated by bevel pinion axes I, J, and lever axis K. Each bale 
amber is formed with parallel slots through two of its opposite 
sides, for fingers to pass through which retain the material 

therein. (Accepted January 9, 1889). 
w, Lancs, Improve- 


12,761. 8. Mineo, oO 

ments in Presses for Forging, Cutting, Punching, 
Bending, and otherwise Operating upon Iron, Steel, 
Metals or Alloys, or other Materials. [lld. 8 
Figs.) September 20, 1887.—In order to obtain ter pressure 
upon the object being operated upon, each press is provided with 
two or more cylinders with pistons or rams so arranged that when 
the maximum pressure is to be exerted, they operate in conjunc- 
tion with each other, but when less pressure is required, one or 
more such pistons or rams may be brought into action. The 
cylinders may be placed behind one another, side by side, or in a 











group, and when the force of two or more cylinders is required 
their rams are connected to one table, but when it is desired to 
employ these cylinders separately, each of the rams is provided 
with a table which can be used when the table previously men- 
tioned is removed. v is a rod connecting the valves s, ¢ together 
by levers, one of which is connected to a handle s? by a pin w when 
the two rams are required to work together, but when less than 
the maximum pressure is required, the valves 8, ¢ are disconnected 
and only one ram employed. d! are collars formed on the pillars 
d for preventing the ram m being forced out of cylinder j. (Sealed 
September 28, 1888). 


SMALL TOOLS. 


403. W. Sanday, Radcliffe-on-Trent, Notts. Im- 
rovements in Apparatus for Cutting and Shaping 
ood and the like. (Sd. 11 Figs.) January 10, 1888.—This 
invention relates to apparatus whereby two different angles can 
be cut on a single piece of wood at one operation. On a sliding 
table is mounted a revolving top turning on a pin in the centre of 
the table. This top is placed at any angle it may be desired to cut 
the material, which is kept in position against the top. At the 
same end of the saw-head is fixed a framework serving as a support 
to an arm carrying a circular saw. This arm fits in a socket in 
the support, so that it can turnin any direction for placing the 
saw at the requisite angle in relation to the piece of wood to be 
cut, so as to cut angles of different slope, the saw frame being 
fixed by a thumbscrew in the socket of the support in the re- 
quired position. (Sealed February 15, 1889). 


14,525. J. Hooper, Louisville, Ky., and T. Clark, 
New Albany, Ind., U.S.A. Improvements in the 
Manufacture of Implements and Tools having 
Cutting Edges. [4d.] October 9, 1888.—This invention con- 
sists in first casting a blank or hard casting of a form approxi- 
mately that of the finished article, but of greater and uniform 
thickness at that portion intended for the cutting edges; then 
partially decarbonising this blank, and working it at its cutting 
edges until it assumes the shape of the finished article, at the 
same time condensing the grain at the cutting edges, and finally 
tempering the edges, (Sealed February 8, 1889). 


15,453. G. Mole and J. Pearson, Hasweli, Durham, 
An Improved Percussive Hand-Drilling Machine. 
(8d. 8 Figs.) October 27, 1888.—This invention consists of a 
triangular iron frame provided with adjustable levelling pins, 
inside of which is rivetted a subsidiary frame, to which are 
pivotted two vertical bars, connected together by distance 

ieces through which the jumper bar passes. Resting on the 
ower distance- piece is a power spring which encircles the 
jumper, its upper part bearing against a hinged clamp secured 
tothe jumper. Having arranged the jumper and frame over the 
site of the required hole, the operator slightly lifts the jumper 
bar and then forces it down, when upon the spring becoming 
further Pp d it instantly forces the jumper up again, and 
the operation is repeated. In a modification two, three, or more 
a may be arranged outside the jumper, either as compres- 
sion or tension springs during the downstroke. (Sealed Feb- 
ruary 8, 1889). 

16,685. O. Banks, Wednesbury, Stafford. An Im- 
pees Adjustable or “Moving” Spanner. (8d. 6 Figs} 

ecember 5, 1887.—The sp sts of a stati y jaw A, 
shank B, and moving jaw C, which may be slid along a part D of 
the shank, preferably of rectangular section. A block of steel a 
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having a Y edge, turned in a backwardly and downward direction, 
is fixed within the upper side of jaw C near the forward end, so as 
to bear against the +hank when that part of the jaw is pressed to- 
wards the shank. The hole in the jaw C is deeper than the part 
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D to allow clearance for tilting, and within it is a spring c fixed 
to the jaw so as to keep it in position. The jaw C may readily 
be moved backwards or forwards along part D by tilting it so 
that the block a may be raised out of contact with ratchet teeth 
J, which may be formed on the top of part D. In Fig. 2 there are 
two blocks a, which take into teeth formed on the upper and 
lower surfaces of part D, the jaw C being kept in position when 
the spanner is in use by the blocks a, and when being shifted, &c., 
by a set screw i or a wedge. (Sealed February 1, 1889). 


MISCELLANEOUS. 


252. W.R. Green, London. Improvements in Hy- 
draulic Lifts. (8d. 3 Figs.) January 6, 1888.—In this in- 
vention the ordinary balance cylinder is retained but is ted 
to two rams of different areas, instead of one, the large one work- 
ing at a low pressure, and the small ata much higher. To lift the 
load, pressure water is admitted to either high-pressure cylinder G 
or low-pressure cylinder C, and forces the water out of balancing 
cylinder B into the lifting cylinder, connected by a pipe to the 
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bottom of ram b; and to lower the load the water is allowed to flow 
out of high and low-pressure cylinders, the weight forcing the water 
back into B, and by lifting balance-weights forcing the water out 
of cylinders G and C. The low-pressure ram communicates by 
pipe c! with the controlling apparatus consisting of a valve H 
operated by hand ropes h, and change valve I operated by handle 
tito admit water to either the high or low-pressure cylinder. 
(Sealed January 18, 1889). 


281. J.E. Rogers, Smethwick, Stafford. Improve- 
ments in Motors Driven by Compressed Air. (8d. 
4 Figs.) January 7, 1888.—Compressed air for driving the motor 
enters valve chest D by pipe S, ports I being cut through valve 
E to admit the air, which passes through ports to cylinder A, where 
it forces down left-hand piston B until valve F is closed, when this 
piston uncovers exhaust port G, and the air passes out, at the same 
time the other piston will have moved upwards and will be operated 
in the same manner as left-hand piston B. Upon the pistons com- 
pleting their upward strokes, a large space is left between them and 














their cylinder covers, into which the remaining air in the cylinders 
iscompressed. The area of this space is sufficient for a cushion of 
air equal to the pressure of the compressed air that drives the 
motor, The advantage of this constant recompression is, that 
it would create heat and warm the parts of the motor, thus pre- 
venting the formation of snow or ice. The valve spindle K is 
driven through bevel gear L, L' from shaft O, sothat the valve E only 
makes one revolution to three of the crankshaft. The valve E 
has also an endwise motion produced by means of wheels H, H', 
cam path, and lever J. (Sealed January 18, 1889), 


1788. W. 8S. Sutherland, Birmingham. Improve- 
ments in Heating, Principally for Welding or 

















Uniting Pilates, Tubes, or other Forms of Iron or 


therein. (8d. 2 Figs.) February 7, 1888.—Fig. 1 shows an 
apparatus for heating in which ¢ is the tube the edges of which 
are to be welded together ; fis an anvil secured to a beak a, and 
g & hearth of refractory material, i isa water cooled tuyere, and l 
are guides. Gaseous fuel and air are admitted to space j, and the 
wheel m set in motion so that chamberj is moved back and forth 
along the edges of the metal to be welded. The tube e is then 
moved forward until the heated edges are over the anvil /, when 
they are welded together, Fig. 2 shows an apparatus in which 
electricity is employed instead of gaseous or liquid fuel; o are 
electrodes, and p conductors to dynamo or electric generator. 
(Accepted January 2, 1889). 


2432, F.G. M. Stoney, Ipswich, Suffolk. Improve- 
ments in and Connected with Grabs for Excavating 
or Dredging. (8d. 6 Figs.) February 18, 1888.—Fig.1is the 
grab in its closed condition, Fig. 2 shows it open. The bucket con- 
sists of two shells 7, forming when closed nearly half a cylinder, 
which are jointed at 8 and fixed to two pairs of arms 9, jointed 
to the ends of two pairs of levers 10 having their other ends jointed 
toaframe1l. Between each pair of these levers is a crossbar 12 
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having a screw-tapped hole to receive a right and left-handed 
screw-threaded shaft 18, to the middle of which is secured a chain 
pulley 14. The grab is suspended by this pulley in the loop of a 
chain 15, which passes between guide age 16 and over two 
pulleys 17 on the end of the crane it , the chain ends being 
attached to separate winding barrels which can be turned together 
in either direction or separately in opposite directions, so as to 
operate the screwshaft 13 to open or close the grab shells 7 by the 
movement of the levers10. (Accepted Janwary 2, 1889). 


4254. E. W. Gillon, Brooklyn, N.Y., F. P. Smith, 
Winchenden, Mass., and G. W. Walls, Boston, Mass., 
U.S. Improvements in the Method of Treating 
and Tempering Open-Hearth or Bessemer Steel Wire. 
. 1 Fig.) March 20, 1888.—This invention relates to a method 
of treating and tempering Bessemer or open-hearth steel wire, 
and consists in first hard-drawing the wire and immersing it in 
oil, then immersing the —s in a bath of molten metal, and 
finally cooling the — yy suddenly plunging it in a common 
tempering bath. (Sealed February 2, 1889). 


8602. R. L. Hattersley and R. Hall, Keighley, 
Yorks. Improvements in Friction Clutch and srake 
Mechanisms, Applicable for Derrick or other Cranes 
and for other Purposes, [lld. 8 Figs.) June1?2, 
1888.—A rim is attached to the bevel wheel or driving pulley, 
which runs loosely on a shaft, and upon the shaft and within the 
rim is keyed a drum, around one end of which are formed projec- 
tions which enter corresponding recesses formed in two segmental 
pieces arranged to fit the outer periphery of the drum, against 
which they are held by springs. In the rim of the drum are 
formed two slots, into each of which is inserted why orb ag 
piece, one inclined surface of each of which projects within the 
inner periphery of the drum, the two other surfaces aac nee 
from the outer periphery, so as to be in contact with the ends of 
the two segmental pieces before described. Upon pressing inwards 
a conical bush mounted on the shaft its inclined surface will come 
in contact with the inclined edges of the triple wedges and force 
them outwards, by which the segmental pieces are pressed into 
contact with the periphery of the revolving rim, coupling it with 
the shaft, (Provisional Accepted July 21, 1888). 


10,779. D. Davy, Sheffield. Improved Apparatus 
for Moving Ingots or Blooms into Position for 
Passing through the Rolls of Rolling Mills. [8d. 
8 Figs.) July 25, 1888.—The object of this invention is to enable 
flat blooms to be turned on edge or laid down flat at any part of 
the rolls, and for turning square ingots, blooms, or billets into 
position to suit the different grooves in the rolls. A is a set of 
feed rollers which receive the ingot, and Bisa pair of mill rolls. 

















C is one of a set of forked levers working across the feed rollers, 
the levers, which move together, being a suitable distance apart 
toact on the bloom. Each lever is pivotted at d to a slide block 
D working along guides E between and parallel to two of the feed 
rollers. The blocks D are operated through links f and cross- 
head F by steam or other power. The lower arms of levers C are 
connected by links g to crosshead G worked by another cylinder 
parallel to the first. (Accepted January 9, 1889). 


12,895. W. H. Coward, Bath. Improvements in 
Apparatus for Crushing or Pulverising Ores, 
Cements, and other Substances. (8d. 3 Figs.) Sep- 
tember 6, 1888.—This invention relates to Sey for lifting the 
partially ground material and letting it fall back in the drum ofa 
revolving pulveriser. The drum A contains a heavy edge-runner 
B, and has fixed to its ends, inside, wedge-shape cups, their 





Steel or other Metals, and in Apparatus Employed 


they will carry up the partially ground material and let it fall back 
through a current of air, continuously maintained by a fan E 
communicating with the hollow trunnion A%. To the other 
trunnion A' is applied a screw conveyor D in connection with a 
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hopper F which feeds the material into casing A. G isa wire 
gauze diaphragm stretched across the outlet to arrest the reduced 


material and prevent it being carried into the fan. (Accepted 
January 9, 1889). 

13,942. R. Dixon, Gateshead-on-Tyne, Durham. 
Improvements in the Manufacture of Wire Ropes. 


(8d. 6 Figs.) September 27, 1888.—In the manufacture of wire 
ropes, according to this invention, the strand is constructed at 
one operation by forming four or other suitable number of wires 
over a core, such shell being covered with other gauges of wire 
so proportioned thai half the wires will follow the interstices of 
the spirals, while the other half of a smaller gauge will follow the 
crowns of the wires forming the inner shell, the whole being 
— laid pee to each other so as to give acylindrical strand. 

hese strands are laid into a rope in the same direction of twist 
as the strands have been spun, or they may be laid alternately 
right and left. (Accepted December 8, 1888). 


17,067. H. H. Lake, London. (0, B. Peck, Chicago, 
1u., U.S.A.) Improvements in Apparatus for Sepa- 
rating Metal and other Substances from Molten 
Slag. (8d. 4 Figs.) November 23, 1888.—A is a slag-receiving 
vessel, i at top, and having an iron lining B and a removable 
bottom B'. The vessel A is revolved at a high speed by a shaft 
D mounted in flexible bearing E, and may be heated by a small 
furnace. The molten slag is admitted through a pipe into the 
centre of the vessel, and the particles of metal, &c., will fly to the 
outer edge, the slag flowing upwards and being discharged at 





the top until it strikes the curb K and falls on the slag-removing 
table y, which is rotated by a pinion j. When the vessel A is filled 
with the separated metal, &c., it can be lifted off the shaft D and 
emptied. A curb I surrounds vessel A to catch water sprayed on 
to the vessel from a pipe G for keeping it cool. As the slag is dis- 
charged, jets of water from a pipe G? are directed upon it to cool 
it and the curb K. As the table J revolves, the slag accumulating 
thereon is carried round until it reaches a scraper extending 
obliquely across the table, whereby the slag is directed into an 
exit spout. (Accepted January 9, 1889). 


17,912, E. Prunier, Herne Hill, London. Improve- 
ments in Force Pumps, [6d. 4 Figs.) December 30, 1887.— 
The object of this invention is to produce a ee in which the 
exhaust and delivery are constant, and whereby jerks, vibrations, 
&c., are prevented, and it consists of three steam cylinders 3, the 
piston-rods of which are prolonged through the end covers and 
are terminated with plungers 4 working in casings, the cranks on 











shaft 5 being set at equiangular distances apart, whereby the 
action of each plunger alternately succeeds that of the preceding 
one, so that water exhausted from the suction pipe is steadily 
delivered into delivery 14 in a constant stream. The pump cas- 
ings are coupled together in pairs, the suction and delivery sides 
being connected by a series of apertures 10 in a diaphragm 11, 
provided with check valves. (Accepted January 9, 1889). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 








AMERICAN TELEGRAPHY.—An ocean cable is about to be 
laid between Coatzacoalco, in Mexico, and Galveston. It 


will duplicate the Gulf system and insure ready commu- 
nication with all important places in South America, both 





mouths facing the direction in which the drum rotates, so that 





on the Atlantic and Pacific coasts. 




















Marcu 22, 18809. | 





ENGINEERING. 








269 





THE LIFE HISTORY OF NIAGARA. 


Tue Falls of Niagara have always been objects of 
great interest, not only in America, but also in this 
country. One reason of the attention that they 
attract here is, no doubt, that they are the greatest 
natural wonder which has ever formed part of the 
British Empire. Since the creation of the United 
States we have lost our exclusive right to them, but 
we still retain one-half, and on the principle that 
“nothing is lost that a friend gets” we do not 
realise that we are any the poorer for the partition. 
But apart from all national feeling Niagara offers a 
most interesting problem to the scientific man of all 
countries. In the geological world it occupies the 
position of the oldest inhabitant ; all that happened 
before its birth belongs to one epoch and all that 
occurred after to another. If its age could be only 
determined with accuracy then there would bea 
date fixed in the far distant past, from which the 


foot a year a fair estimation, and 35,000 years as the 
probable age. Other geologists have assumed a far 
slower rate of retreat, and have placed the age at 
hundreds of thousands of years. Recent researches, 
however, have shown that the Falls are travelling 
far faster than was imagined. The first definite in- 
formation that we have of their position is from 
a survey made in 1842 by Professor Hall (Fig. 2). 
The United States Lake Survey went over the same 
ground again in 1875; and during the meeting of 
the American Association for the Advancement of 
Science in Buffalo in 1886, Professor R. S. Wood- 
ward, of Washington, D.C., again surveyed the edge 
of the Horseshoe Fall as an assistance to the then 
coming discussion by the Geological Section of the 
Niagara problem. The results of these surveys 
have shown the unexpected result that the southerly 
or south-easterly point on the edge of the Horse- 
shoe Fall has been receding at the rate of 9 ft. a 
year for the forty-four years preceding the last 
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antiquity of man on the American continent could 
be established, and which would serve asa basis for 
the calculation of many periods of geologic time. 
It is clearly proved that the present Niagara gorge 
is post-glacial, and, therefore, if it could be shown 
how long it has taken to cut its path, it would be 
evident that at least a longer time had elapsed since 
the termination of the glacial age. 

Every one knows that the Niagara River con- 
nects Lake Erie to Lake Ontario, and that the latter 
is some 342 ft. lower than the former. The country 
falls all the way between the two lakes, but there is 
a very sudden drop or escarpment at Lewiston, 
which is situated near Ontario, at about one-third of 
the distance between that lake and Lake Erie. The 
river follows the general level of the country until 
it comes to Niagara, when it suddenly drops about 
160 ft., running in adeep chasm with perpendicular 
sides from the Falls to Lewiston (Fig. 1. It has 
been assumed, with every show of probability, that 
the river originally kept the level of the country all 
the way to Lewiston, and then fell over the e - 
ment there into the plain below, either at a single 
leap or by a very steep rapid. This rapid, it was 
assumed, eroded the rock beneath it, and cut the 
sages channel, the Falls travelling backwards inch 

y inch until they gained their present position 
seven miles from Lewiston. It only needed that the 
rate of movement of the Falls should be ascertained 
to decide their age. Lyell, in 1841, considered a 
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survey. The wear at the sides is not so rapid, and 
Professor Woodward calculated the total area worn 
away as follows : 


Between 1842 and 1875, 185,000 sq. ft., or 4. 
1886, 245,000 


) 1875 5, 1886, 60,000 
Distributing this over the full length of the con- 
tour of the Horseshoe Fall, 2300 ft., we obtain the 
minimum value of the yearly rate of recession as 
follows : 


Between 1842 and 1875 a rate of 2.44 ft. per year. 
- 1886 2.42 a 
“1: lao 1886 2.38 pea 


The figures seriously discount the assumed 
longevity of the Niagara, and threaten to place its 
origin among geologically recent events. But a 
worse attack upon its position as a witness to the 
great antiquity of man in America has recently 
been made by Mr, Julius Pohlman,* of Buffalo, 
N.Y. This gentleman would place the birth of 
Niagara within the limits of contemporary history, 
reducing its tale of years to a paltry three thousand, 
He does not arrive at this result by assuming a 
higher rate of wear than that given above, but by 
denying that the Fails took their origin at Lewiston. 


* ©The Life History of Ni »” @ paper read before 
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His arguments are both novel and ingenious, and 
we will give a rapid summary of them. 

It is admitted that the present Niagara gorge is 
post-glacial, and to form a theory of its origin we 
must carry ourselves back to the pre-glacial age. 
At that time the Lakes Erie and Ontario did not 
exist ; Erie was a valley traversed by numerous 
rivers (Fig. 3) which now deliver into the basin 
which was formed in the glacial age. One of the 
rivers which then existed has since disappeared, its 
bed having been completely filled. Its channel 
has recently been discovered just south of Buffalo 
Creek ; its northern edge appears in the bed of 
Buffalo Creek, while the southern edge is found on 
the lake shore, near Bay View, giving a width of 
the gorge in its upper portion of about three miles. 
The depth of this gorge is 86 ft. or 83 ft. below the 
level of the water, and 60 ft. below the limestone 
channel by which the waters of Lake Erie flow into 
|the Niagara River. It is, therefore, evident that 
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the drainage of this lost river, and of the other 
rivers falling into the Erie basin, never ran through 
the Niagara gorge, but met somewhere in what is 
now the bed of the present lake and escaped first 
northward, and then eastward through the valley of 
Ontario, as indicated by dotted lines in Fig. 3. 
There was then no outlet through the corniferous 
limestone which forms the second terrace of 
western New York (Fig. 5) and the north-east 
boundary of Erie. 

The geologic formation between the valleys of 
Erie and Ontario is very simple. Coming from the 
north we have first the Niagara limestone from the 
edge of the Lewiston escarpment (Fig. 4) to about 
a mile south of the Falls; from thence to Black 
Rock the soft shale and gypsum beds of the Onon- 
daga group; and corniferous limestone over the 
rest of the area. The latter is an almost inde- 
structible stone, and has at present an average alti- 
tude in this section of 50 ft. to 60 ft. above the level 
of the lake, whereas the highest ridge of the 
Niagara limestone is about 50 ft. lower. This being 
the case to-day, it seems probable that the relative 
altitude of the crests of these two limestone ridges 
did not vary very materially in the pre-glacial times. 

The pre-glacial arrangement of rivers referred to 
with reference to Fig. 3, leaves a piece of country 
without any satisfactory drainage system. It is 
bounded on the north by the Lewiston escarpment ; 





the American Institute of Mining Engineers, by Mr, 





Julius Pohlman, Buffalo, U.S.A, 


on the south by the corniferous limestone on the 
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edge of Lake Erie (Fig. 5) ; on the east by the west 
watershed of the Genesee River ; and on the west 
by the east watershed of the Dundas valley. In this 
area the Onondaga salt group was the least perma- 
nent formation (Fig. 5), and it is assumed that the 
atmospheric agencies rapidly eroded its soft porous 
rocks, while they left the limestone on its margins 
practically untouched. Hence a shallow depression 
running east and west was formed, having its 
deepest part near the present Niagara River. 
This depression was drained by the Tonawanda 
Creek and Chippewa Oreek, and extended pro- 
bably 65 miles east and west, and 15 miles north 
and south. There is one pre-glacial break in 
the Niagara limestone, at the site of the pre- 
sent Falls, and through this the waters of this de- 
presssion must have passed, cutting their way 
through into the upper thin layers of the lime- 
stone in their passage to the valley of Ontario, and 
falling over the edge of the Lewiston ridge as one 
fall with a height of probably 200 ft. It could only 
have been a small stream, but Mr. Pohlman argues 
that it was sufficiently large to cut its way back- 
wards by the removal of the soft shale rock between 
the dense layers of limestone, and that in doing 
this it would give rise to three falls, in the manner 
illustrated to-day in the Genesee River, the Oak 
Orchard Creek, and in the Fourteen-Mile Creek 
in Canada. Fig. 6 shows an ideal section of Tona- 
wanda Creek'with three falls. The upper and highest 
fall was over the Niagara limestone; the middle 
over the Clinton group; and the lowest over the 
quartzose band of the Medina sandstone. This 
ancient river did not traverse the present gorge of 
Niagara for its entire length. From the Falls it ran 
almost due north along the present course as far 
as the whirlpool, and then instead of turning off 
to the right, it continued a straight path along the 
buried channel of St. David (Fig. 1). At the 
northern margin of the whirlpool, this buried 
channel is found excavated below the water’s edge, 
that is, below the quartzose band of the Medina 
group, which forms the inlet of the river into the 
pool in the so-called Whirlpool Rapids, and the 
outlet of the river as it turns, almost at right 
angles, from the whirlpool to Lewiston (Fig. 1). 
It is evident that this was the lowest fall of the 
pre-glacial creek, where it last tumbled over the 
quartzose band, and excavated the underlying 
Medina shales, after having eroded its gorge trom 
the escarpment to this point (Fig. 6). Nothing re- 
mains to mark the position of the upper and middle 
falls, but from the analogy of the streams referred 
to above, the upper may be located 14 miles south 
of the lowest fall, which brings it about § mile 
north of the new suspension bridge, or about 14 
miles north of the Horseshoe Fall of to-day. The 
portion of the river above the Falls flowed through 
the depression in the Onondaga salt group until it 
reached the channel of the present river (Fig. 4) 
somewhere near the outlet of the existing Tona- 
wanda Creek. It then turned south until it met 
the corniferous limestone terrace at Black Rock. 
This diverted it again towards the north, round the 
opposite side of what is now Grand Island, until it 
met the waters of Chippewa Creek, and then cut 
through the margin of the Niagara limestone. 

We have thus before us an ideal picture of the 
ancient Niagara River. Jt carried the drainage of a 
depression caused by ths wear and erosion of the 
Onondaga salt group (Fig. 5) and delivered it from 
both sides into a tortuous channel which (Fig. 4) 
fairly coincided, as can be shown by the map of the 
United States Lake Survey, with the bed of the 
present river as far as the whirlpool. From that 
point it followed the buried St. David’s valley 
(Fig. 1) to the Ontario valley. It is, however, very 
difficult to understand how the drainage from a 
small area of 1000 square miles could have cut so 
large and deepachannel. Two pieces of the present 
river are left unaccounted for at the commence- 
ment of the glacial age, namely, the break through 
the corniferous limestone between Black Rock and 
Lake Erie and the gorge from the whirlpool to 
Lewiston (Figs. 1 and 4). 

During the glacial epoch the ice sheet advanced 
in the locality from N.N.E. to 8.8.W. Thus the 
Oatario valley was filled first, in the district we 
are considering, and then all northern outlets of 
streams flowing into it had to find another opening. 
Among these was the Tonawanda. It must have 
first filled its valley and then overflowed the lime- 
stone terrace into the pre-glacial valley of Buffalo 
Creek two miles distant and 120 ft. lower. The 
rush of water destroyed or partly destroyed the 


terrace, and opened a way for the creation in due 
time of the present Niagara River. 

At the close of the glacial epoch, when the vast 
accumulations of snow and ice melted, they dropped 
the burdens of sand, clay, and stones which they 
had carried, and in doing so they filled many of the 
old watercourses. Among these were the Dundas 
valley, Buffalo Creek, and St. David’s valley 
(Figs. 3 and 1), while Erie valley received a de- 
posit 60 ft. to 100 ft. thick, and Tonawanda valley 
a stratum of less importance. By slow degrees 
the waters resulting from the melting of the glaciers 
subsided until there came a time when, in the dis- 
trict we are considering, Lake Erie and Ontario 
stood at the same level, some 30 ft. higher than 
the present Erie, and were joined by a wide shallow 
river flowing between Buffalo and Lewiston ridge. 
This ridge was then a mud flat at the borders 
of Ontario, with aclay deposit to the depth of about 
30 ft. The position of the river outlet at Lewiston 
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eroded as rapidly as the waters of Lake Ontario 
subsided, and that in its length of three miles 
there never existed at one time more than one 
small fall, while the rest presented the appearance 
of the present river—a long series of rapids. 

Thus the post-glacial part of the river—the length 
between the whirlpool and Lewiston—is accounted 
for. At the whirlpool it met the ancient bed of the 
Tonawanda, almost at right angles, and into this 
pre-glacial channel the river would certainly settle 
as the level of Ontario fell. But, as we have 
already seen, there was a fall existing in this river 
over the Niagara limestone about 14 miles north 
of the present Horseshoe Fall, and where to-day 
the clay banks on both sides of the gorge 
show that the river was confined within limits 
narrow enough to permit the formation of a 
fall. There were two other falls, it will be 
remembered ; the lowest, over the quartzose band 
of the Medina group, was left in its old place 
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must have been determined ky some chance depres- 
sion ; perhaps a streamlet had cut a shallow valley 
previous to the ice. As the gorge of St. David was 
filled with glacial drift and covered with a deposit 
of clay higher than that found at Lewiston, the 
waters followed the lowest level at the latter 
point ; and after the current had commenced to 
remove the clay on the top of the ridge, the exca- 
vation of a new gorge down into the solid rock was 
a necessary consequence. During all this time 
there could be no falls, for the two lakes were prac- 
tically at the same level. As Ontario receded, with 
many a pause, as the ancient beaches testify, Erie 
poured its waters after it, cutting through the clay 
deposit that covered the Lewiston ridge as soon as 
ever the lake sank beneath the edge of the escarp- 
ment. At the time the present outlet of Lake Erie 
was well defined, as has been already explained, 
and its waters, extending through it, formed a lake- 
like expansion in the Tonawanda and Chippewa 
valley, with what is now Grand Island as a mud 
flat near the water’s level.. Near the present site 
of the Falls, the river contracted again between 
well-defined clay banks, submerging the rapids, all 
the islands, and a part of the site of the present. 
village of Niagara Falls. To about half way down 
to the whirlpool the river was barely twice its present 
width ; but below that it expanded again consider- 
ably, contracting as its outlet at Lewiston deepened 
by the removal of the clay deposit. Well-defined 
terraces on both sides of the river, between the 
Falls and Lewiston, show that the waters subsided 
irregularly. 

When the clay had been removed the erosion of 
the limestone would commence. Possibly the small 
hypotheticalstream mentionedabove had cut through 
the 20 ft. thickness which appears at Lewiston ridge 
(Fig. 6), and thus the river could at once attack the 
Niagara shale below. If not, there might be a 
<a fall here, until Ontario receded sufficiently 
far to expose the shale, when the edge of limestone 
would recede very rapidly. With the continued 
subsidence of the lake a second fall over the Clinton 
limestone (Fig. 6) would be formed as this became 
exposed at the escarpment, and after this had dis- 
appeared, a third fall over the quartzose band of the 
Medina group. But owing to the vast quantity of 
water pouring over these Falls, and the very marked 
preponderance of the soft shales over the hard lime- 
stone and sandstone, the erosion of the gorge be- 
tween Lewiston and the whirlpool must have been 





very rapid, It seems probable that the gorge was 





IDEAL SECTION OF TONAWANDA CREEK WITH ITS THREE FALLS. 








as the Whirlpool Rapids, because its upper edge is 
below the level of the present river (Fig. 6); the 
centre fall over the Clinton group, travelling back- 
wards at a very rapid rate» would soon combine with 
the upper fall, and form one grand cataract, the 
first full-born fall of Niagara, with a height pro- 
bably of nearly 200 ft. This fall would be ata point 
perhaps half a mile to the north of the new sus- 
pension bridge. In the course of time it travelled 
backward until it reached Goat Island. There was 
already a pre-glacial channel at each side of the 
island, the deeper channel being on the Canadian 
side. The greater volume of water came down 
this, causing a more rapid rate of recession there 
than on the American side. As a consequence 
the whole line of the falls swept in a semicircle to 
the south and east, and the apex of the island was 
washed away, until the condition of affairs was 
reached that we see to-day. 

Taking the annual rate of recession of the Falls to 
be 2.4 ft., and the position of the original descent 
to have been 14 miles below the present site, the 
age of the cataract becomes only 3000 years, in 
place of the 35,000 years and more previously cre- 
dited to it. 

We have laid before our readers a rapid summary 
of Mr, Pohlman’s theory. We have shown how 
the gorge of Niagara is post-glacial only below the 
whirlpool, and that there exists a buried channel 
in the valley of St. David, in which the pre-glacial 
Tonawanda flowed from the whirlpool to the escarp- 
ment below. The upper portion of the river is 
pre-glacial, and falls have existed in it from very 
remote times. These falls were the parents of the 
present cataract and have developed into it. The 
long time required for the sinking of Ontario, as 
evidenced by its beaches, would furnish ample 
time for the river to cut its lower gorge, and 
would negative the idea that it had flowed at the 
surface level through all these ages, and had finally 
fallen at one leap over the escarpment. The quan- 
tity which it had to discharge was so great that it 
could not fail to cut its channel through the soft 
strata as fast as the level of Ontario fell, and thus 
to produce a succession of rapids rather than a 
single cataract. This theory is certainly as in- 
genious as it is interesting. It has the weakness 
that it depends upon a chain of evenis, all of which 
are more or less hypothetical, but this is a difficulty 
that must be faced whenever it is attempted to 
rewrite the history of any phenomenon which took 
its rise in the distant past. It is seldom that any 
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cause acts unmodified during geologic ages, and 
theories which rest on such a supposition are to 
be received with great caution. No doubt there is 
a charming simplicity about the conception of 
Niagara cutting its way backwards for thousands of 
years, but we fear this conception has received its 
deathblow from Mr. Pohlman’s paper. It may be 
that his explanation is not entirely correct, but it 
will serve to discredit the one which has hitherto 
held the field. 


LITERATURE, 


Geometry in Space. By R. — T. Nixon, M.A, Clarendon 
ress, 

Durine the past few years a great impetus has 
been given to the study of geometry, and at the 
same time there has been a decided improvement 
in the various text-books on the subject which have 
recently appeared. This may be traced in a great 
measure to the influence of the Association for the 
Improvement of Geometrical Teaching, which com- 
prises many of the mathematical teachers in our 
leading schools, and which has, therefore, had ex- 
ceptional opportunities of putting its precepts into 
practice, and has at the same time, had sufficient 
weight with the various examining bodies through- 
out the kingdom, to induce them to accept its views. 
Its main object has been to establish the principle 
that a rigid adherence to the text of Euclid should 
no longer be insisted upon, subject to the limitation 
that proofs should not violate Euclid’s sequence. 
The immediate result of this has been the production 
of several excellent text-books framed in accordance 
with this principle, amongst which Mr, Nixon’s 
Euclid Revised occupies a prominent place. In that 
work he confined himself to the first six books of 
Euclid, and in his Geometry in Space he has applied 
the same treatment to Books XI. and XII. 

Here of course there was much less restriction, 
the writer being allowed to take almost any liberty 
with Euclid’s text and methods. The latter have 
been very little adhered to, particularly in the pro- 
positions relating to areas and volumes, where 
Newton’s method of limit has been substituted. 

In Geometry in Space, Chapter I. deals with planes 
and solid angles, and contains the first twenty-one 
propositions of Euclid XI. in the order in which 
they are usually read, the only deviation being 
that Propositions 7 and 8 are interchanged, Propo- 
sition 7 being treated as an axiom. Here Euclid’s 
methods have in general been retained, the chief 
departure being in Proposition 4, where we cannot 
say that the change is an improvement, as the con- 
struction is made to depend upon a rider which 
might easily prove an obstacle to students, whilst no 
reference is made to a previous solution. And here 
we would remark upon the almost total absence of 
references throughout the work. The objection 
raised to them is that boys seldom verify them, but 
on the other hand they take up very little space, 
and, as in the present instance, often save a deal of 
time and trouble. They would also enable a student 
to distinguish at a glance the propositions which are 
given by Euclid from those which have been added 
by modern geometers, and we think their omission 
a great mistake. 

Chapter IT. deals with polyhedra, beginning with 
Euler’s Theorem, and Listing’s extension of it. 
The latter, however, is made unintelligible to the 
student, as no explanation is given of the meaning 
of the terms facet, interface, sheet, convex region, 
apothem, &c. On page 47 the important theorem, 
‘* Prisms on equal bases and of equal altitudes 
have equal volumes,” is not a sufficiently obvious 
deduction from the preceding proposition to be 
treated as a corollary. No doubt the omission 
of the demonstration is due to Mr. Nixon’s desire 
to economise space as much as possible. We do 
not object in general to the numerous abbreviations 
which he uses with this view, although sometimes 
he condenses his sentences too much, as on page 56, 
line 7, where the result is a sentence which is not 
only slipshod but meaningless. 

Chapter III. treats of the stereometry of solids 
of revolution, and gives most of the properties 
which can be treated by elementary methods, the 
student’s attention being also directed to the ex- 
tension of the modern geometry of lines and circles 
to planes and solids. We would remark that the 
enunciation of Theorem 10 would be improved by 
changing the word segment into frustum (not 
frustrum as Mr. Nixon so provokingly spells it). 
The book concludes with an appendix by Mr. A. 














Larmor, on the Geometrical Theory of Perspective 

in Space, which is treated as clearly as the diffi- 

culties of the subject will allow. This article had 
already appeared in the ‘‘ Quarterly Journal of 

Mathematics,” and Mr. Nixon has done good ser- 

vice in unearthing it, and introducing it to a wider 

circle of readers. 

It has been found by experience, in using the 
book for teaching purposes, that it is an admir- 
able introduction to the study of solid geometry, 
and that its value would have been still greater if Mr. 
Nixon had devoted an entire chapter, instead of a 
couple of pages, to the graphical representation of 
solid figures, as a student’s difticulties in this subject 
arise, in a great measure, from his inability to con- 
struct diagrams of the solid bodies whose properties 
he is studying. 
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THE LIGNITE DEPOSITS AND 
INDUSTRY IN GERMANY. 

Amonast the number of new industries which are 
making their way in the world, the manufacture of 
briquettes from the brown coal or lignite deposits in 
Germany is one which has of late made considerable 
strides. Up to within the last ten or fifteen years 
these tertiary deposits of lignite, or half-formed coal, 
were not utilised in commerce, and were only worked 
in a small way by the local peasants for consump- 
tion in their cottages. Even this small trade almost 
died out with the introduction of cheap coal due to 
the extension of the railway system, as owing to the 
50 per cent. of moisture which the lignite contained, 
it was impossible for it to stand transport or to 
compete with coal. 

The beds of lignite in Saxony, and on both banks 
of the Rhine near Cologne, are from 10 to 20 yards 
thick, and as they are only covered by from 5 to 
10 yards of gravel, they are easily worked in the 
open as quarries, the gravel being removed and 
used for filling up as the working of the lignite 
advances. The lignite is of a dark chocolate colour, 
and as its consistency is about that of cheese, it can 
be easily and cheaply worked by means of the pick 
and shovel. 

The general section of a lignite bed is shown in 
Fig. 1, which represents a bed near Cologne. 
Near the surface it contains slightly more mois- 
ture, but taking an average of the whole thick- 
ness, it amounts to about 50 per cent. The 
decomposition of the wood is not in all places 
perfect, and stumps, roots, branches, and trunks of 
trees are sometimes met with. When these occur 
too frequently the lignite is not so well adapted for 
making briquettes, as owing to the wood being of a 
still fibrous nature, it cannot be so readily reduced 
to powder, which is absolutely necessary for its 
manufacture into fuel, though of course these re- 
mains of trees can be burnt as ordinary wood, and 
are indeed so utilised. As a rule, however, the 
mass of the bed is friable and can easily be crushed 
in the hand. 

With regard to the formation of these deposits 
there are in Germany two theories. The one is 
that these masses of lignite were formed in pre- 
cisely the same manner as the coal seams, but that 
they have not undergone the pressure to which the 
coalbeds were subjected, although as in the case of 
the coal, the wood of which they were formed grew 
on the spot now occupied by the beds or seams. The 
other theory is that the wood was washed down by 
the rivers from mountainous forest regions and 
deposited in quiet bays of the river, where it finally 
decomposed and formed the lignite of to-day. 
The writer is in favour of the former opinion, viz., 
that the formation of lignite is similar to that of 
coal, and that the wood grew upon the spot where 
the lignite is now found. 

The following are various analyses of lignite in 





its manufactured form, after having been dried and 
pressed by machinery, but without the addition 
of any foreign matter. Indeed such is never added 
nor is it necessary, the lignite containing within 
itself all the properties necessary for making it into 
a cleanly, cheap, and efficient combustible. The 
similarity of these lignite briquettes to wood as 
regards their heating effects, and the ashes left, 
will be noticed in the analyses. 


Analyses of Lignite Briqueties. 
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The analyses were made by a qualified chemist of Cologne. 

Owing to the great thickness of the bed, the 
working expenses are very low, and when worked 
in the open the raw material can be delivered at 
the works for 7d. per ton. No explosives are neces- 
sary, and as a rule the lignite is loaded direct at the 
working faces into the wagons of a wire rope rail- 
way, which convey it to the mill. 

In some cases, as at Honem, near Cologne, the 
workings are all underground, owing to the great 
thickness of the layer of gravel which covers the 
lignite. The method pursued in these cases for 
working the lignite is precisely similar to the ‘‘ pillar 
and stall” system adopted in collieries. reat 
chambers are cut in the lignite and supporting 
pillars are left. The proportion which can be 
extracted by this means, is about two-thirds of the 
mass. The surface of the ground above the work- 
ings sinks and cracks, and has to be made good, 
even at considerable cost, so that, whenever possible, 
the open system should be adopted. 

The lignite rests in some cases upon a bed of pure 
bluish-white clay, as at Kalscheuren, and in others 
upon a bed of white sand. In either case the mate- 
rial is utilised. The clay makes beautiful white 
ornamental bricks and piping, while the sand finds 
a ready sale for a multitude of purposes. At 
Herzengorath the lignite rests upon this bed of 
sand, the sand itself being occasionally hard, and in 
thin beds of friable sandstone. At this mine the 
concession is surrounded by the collieries of the 
Aix-la-Chapelle basin, but as the uses for the two 
kinds of fuel, coal and lignite, are so different, the 
competition is not dreaded, the more especially as 
the coal cannot be burnt in the stoves as at present 
used for burning wood, and it is as a substitute for 
wood, which is largely used as fuel on the Continent, 
that briquettes of lignite find especial favour. 

The great difficulty which stood in the way of 
the utilisation of the raw lignite, consisted in the 
necessity for rapidly and economically driving off 
the excess of water it contained, and in doing this 
in such a manner that the quantity left could be 
easily controlled and regulated. Absolute dryness 
is by no means necessary, nor is it aimed at, and 
for the following reason. The lignite, like the 
wood of which it is composed, contains a certain 
amount of resinous matter, and the secret of 
the compressing of lignite into briquettes and 
of their cohesion in that form, is this very resin 
which is contained in it. The pressure to which 
the lignite is subjected in order to form it into 
briquettes is enormous, and at the moment of com- 
pression it develops very considerable heat, so much 
so that the hand can barely support the temperature 
of a newly-formed briquette, modified as the heat 
is by the method about to be explained. Supposin 
fora moment that absolutely dry lignite were fed 
into the press, as indeed was first done, the result 
would be that the heat developed would be so 
intense as to carbonise the resin, and the briquette 
would have no consistency or solidity, but would 
crumble to pieces. 

In order to obviate this, numerous series of ex- 
periments have proved that the lignite, as it enters 
the press, must contain 18 per cent. of water, and 
that this amount of water is sufficient to so modify 
the heat as to prevent the carbonisation of the 
natural resin, allowing the resin to attain to a 
sticky state only. This, combined with the force of 
the blow, forms a solid briquette with a polished 
surface, which does not soil the hands, and which is 
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is kept in circulation around the press, so as to cool | summary of the process of manufacture : 






the succeeding briquette is utilised to impel those the tower shown on the left of the sketch. 
which have preceded it, straight into the railway' The wagons are immediately tipped, and the 
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not easily broken. A constant stream of cold water factory, as shown in Fig. 2, the following is aj or smooth pair of rollsd. From these the lignite, 
| now ina state of powder, falls into a tram wagon, 
it as much as possible. The briquettesasthey leave, The raw or crude lignite arrives from the mine | 
the machine are steaming, and the blow given to| by means of a wire rope railway to the summit of | 


by means of which it is taken away and tipped into 
the hoppers fff f above the drying ovens. It is 
proposed to substitute a travelling screw for this 
wagon, so as todo away with the manual labour 
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wagons, along channels formed of wood, but having | lignite falls upon an iron grating, which retains all 
at the bottom two iron rails to diminish the fric-| foreign matter which might injure the machines, 
tion. By this means hand labour is avoided for | and passing through it, is fed direct into the first 
the transport, and the lignite is not touched from | pair of crushing rolls 6. This upper pair of crusher 
the time it enters the mill in the raw state until it| rolls are supplied with toothed or rough shells for 
enters the railway wagon and is sent off to the con-| breaking up the lignite, which, passing through 
sumer. them, falls upon the oscillating screen c, which 

Referring to the general section of a briquette | rejects all pieces which are too large for the next 

























which it involves, and experiments are being made 
with a view to accomplish this. The fear is that 
the lignite being in a state of damp powder would 
clog in the shoot instead of being pushed forward 
by the action of the screw. If this is found 
to be so, it would not be difficult to place here a 
wide slow-moving belt, which would convey the 
lignite and distribute it into the various hoppers of 
the drying ovens. 

The crushing having been thus accomplished, the 
second or drying process follows, and this is effected 
by means of the four drying ovens g g g g, through 
which the powder passes in a regular stream, and 
after having its moisture reduced from 50 to 18 per 
cent., it falls into the trough of the travelling screw 
h. The moisture passes away as a cloud of steam 
from the wide open chimney / of Figs. 2, 3, 4. Un- 
fortunately, as at present arranged, it carries away 
with it a certain, though small amount of fine 
lignite in the form of dust, and this dust deposits 
upon the trees and shrubs of the neighbourhood ; 
although it does no actual damage, it gives rise 
to complaints on the part of those who dwell in 
the immediate vicinity. In order to obviate this, 
arrangements are now being made in one of the 
works by which the steam conveying the dust will 
be condensed before it reaches the atmosphere by 
being passed along a horizontal flue, the floor of 
which will be covered with water, while water jets 
will play in the form of spray or fine rain upon the 
steam from above. It is thought that by this 
means the slight inconvenience due to the dust will 
be overcome. 

The dried lignite is conveyed by the action of the 
screw along the trough h into the hoppers of the 
presses kk, Figs. 2 and 3, and from these it is dis- 
tributed in regular and predetermined quantities to 
the presses, and these latter deliver it to the rail- 
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way wagons direct at the rate of 70 briquettes per 


minute per press. 

The difficulty was to dry so large a quantity with 
regularity and certainty. Each press turns out 30 
tons of finished briquettes per day, so that adding 
the weight of the moisture, the amount of raw lig- 
nite to be dried per press per day is 36 tons, or, 
with two ovens to each press, 18 tons per oven. 
After many experiments the form of oven decided 
upon was one built upon the system shown in Figs. 


ten or twelve until it arrives at the lowest, and 
from that falls dry into the trough which conveys 
it to the presses. 

The general arrangement of a briquette press 
reminds one of that of an air compressor, the air 
cylinder being replaced by the press. As will be 
seen from the diagrammatic view Fig. 8, and the 
complete views Figs. 9 and 10, the press consists of 
a powerful steam engine, driving a pair of heavy 
| flywheels upon the shaft of which is an eccentric to 
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3, 5, 6, and 7, in which the lignite is mechanically 
raked over a series of ten or twelve drying tables 
superposed in a convenient case. The tables are 
formed of flat iron tubes, through which the exhaust 
steam of the various engines is made to circulate, 
commencing with the upper tubes, so that the 
greatest heat is used for the tables which carry 
the lignite in its wet state as it comes from the 
mine. 

The lignite enters by the hopper and falls upon 
the rake c, which carries it forward for the length 
of its own stroke, at the end of which the rake 
rises a few inches, sufticient to clear the bed of 
lignite and make its return stroke, at the end of 
which it falls into the layer of lignite and again 
conveys it forward for the length of its stroke. 

The lignite passes thus along the surface of the 
hot table and falls on to the next lower, along which 
it is again raked over the hot surface, falling finally 
on to the third, and so on down the whole series of 








which is coupled the plunger of the press. In order 
to shorten the length the engine cylinder is placed 
in a reverse position. The quantity of lignite which 
enters the press at each blow is regulated by the 
distributor e of Fig. 8, and this empties it into the 
cavity a of the press, where it receives the blow of 
the plunger b and is driven forward into the channel 
g, receiving from it the form of a briquette, the 
channel having the shape of Fig. 11. The end of 
the plunger fits exactly into this and carries a 
stamp mark which it impresses upon the briquette. 
No resistance is offered to the blow beyond that 
of the lignite, and the first forty or fifty briquettes 
are soft, but after that they become as hard as 
ordinary coal. The channel g is slightly taper 
in its form, so that the briquettes which fill it act 
as wads against which the briquette in the act of 
receiving the blow is forced. 

The plunger b is worked by an eccentric d 


steam cylinder is 20 in. and its stroke 25 in., while 
the stroke of the plunger is reduced to 6in., and 
its sectional area—being that of the briquette also 
—is 12} square inches. The steam pressure in the 
boilers is six atmospheres, but owing to the back 
pressure offered to the exhaust steam by the drying 
ovens, and which is regulated to one atmosphere, 
the effective pressure on the piston of the engine is 
five atmospheres. 

The speed of the engine is governed to seventy 
strokes per minute, while the whole machine 
works with great regularity and freedom from 
noise, except from the slight tap which is given by 
the plunger at the formation of each briquette. 
As may be calculated from the above data, the 
pressure upon the briquette is very great, while the 
heat developed, in spite of the water jacket which 
envelopes the press, is excessive. The briquettes 
leave the press steaming hot, and each one as it 
leaves pushes on the whole string of those which 
have preceded it, until a long line of some 50 or 
60 yards is formed covering the distance between 
the press-house and the railway wagon. 

The chief wearing parts in a press are the sides 
of the channel g, and these are made of movable 
pieces of chilled iron, grooved by means of an 
emery wheel to the form of the briquette. Their 
distance apart is regulated by means of the screw 
gearing j, but this has to be done with great care, 
as if too great a pressure is given the body of the 
press will probably be broken under the blow of 
the plunger. 

The mill works day and night, and is provided 
with the electric light. Owing to the great loss of 
heat occasioned by a stoppage and the time neces- 
sary to warm up the ovens again, this continual 
work is almost a necessity of the manufacture, 
and it would probably be found more economi- 
cal to work with one press only, but constantly, 
than to run the two intermittently. The total 
weight of the machinery necessary for a mill of 
two: presses, including two boilers, two steam 
engines, two crushing mills, four drying ovens, 
and two briquette presses, with all the neces- 
sary shafting and fittings complete, is 404 tons, 
while its cost at the makers is estimated at 7856l. 
The time necessary to erect a mill and put up the 
machinery, all in working order, is fifteen months, 
while the annual costs of mining and manufacture, 
and of running such a mill as has been described, 
are 5300/. The produce would be 18,000 tons of 
briquettes per year, of which the minimum value 
would be 9 francs per ton, or a total of 8100/1. per 
year, leaving a clear profit of 28001. 

The steam boilers are heated with the raw lignite 
as it comes from the mine, and for this purpose the 
pieces of wood which are too fibrous for the crushers 
are set aside. The boiler furnaces have to be spe- 
cially arranged for consuming lignite, and are made 
long and sloping at an angle of about 40 deg. ; 
the lignite is fed in from the top and gradually de- 
scends as the lower part burns away. Experiments 
made with the ash amply prove its high fertilising 
power, and the manager of one of the works, 
recently visited by the writer, is continuing a 
series of highly interesting experiments upon this 
point. 

The mills are usually constructed in brick, while 
corrugated iron is employed for roofing. The aérial 
lines which are used to connect the mines to the 
works when these are not situated immediately at 
the mine itself, seem to work with great regularity 
and economy. Exclusive of the land necessary, the 
cost complete in working order is about 30s. per yard, 
while the cost of carriage per ton for a distance of 
three miles does not exceed 14d. 

The briquette industry is increasing from year to 
year, the existing works are putting up additional 
presses to increase their output in accordance with 
their increased orders, while one or two new com- 
panies have recently started and are in a fair way 
to success. 

The writer must in conclusion thank the managers 
of the works at Kalscheuren and Herzengorath for 
the information they so kindly gave him, and which 
has been of great use to him in writing this account 
of the lignite industry. 





Ick-BrREAKING STEAMERS.—The town of Hangé, Fin- 
land, is to have a new ice-breaking steamer, and two 
gentlemen have been commissioned to visit various ports 
for the purpose of making a selection. They have visited 
Konigsberg, Stettin, Hamburg, Copenhagen, Malmé, 
Gothenburg, and Christiania, and at these places, as well 
as Stockholm, engineering firms have been invited to send 
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THE LOCOMOTIVE QUESTION IN NEW 
SOUTH WALES. 
To THE EpITOR OF ENGINEERING. 

Srr,—In my last letter, published in ENGINEERING of 
March 8, I showed that the makers of the American 
* Consolidation” engines themselves condemned the pro- 
posal of the tramway superintendent to repeat them, owing 
to their being, in their opinion, obsolete and requiring 
alterations. These alterations were of infinitely greater 
extent and importance than the solitary change in the 
diameter and stroke of cylinders which the locomotive 
engineer proposed to make in the engines he specified, 
and which the Minister for Works and his then advisers 
condemned as introducing ‘‘ difference in type.” Such 
modification they considered, inadmissible to the extent 
of justifying the rejection of the tenders that had been 
invited by the previous government, notwithstanding 
that the proposed change in the diameter and stroke of 
cylinders could have been at once corrected, as we have 
already seen, by the sending of a short and simple cable- 
gram to the agent-general in London to adhere to the 
original dimensions. 

Let us now see what was the record of these ‘‘obso- 
lete” Consolidation engines in the matter of repairs, in 
comparison with those ‘‘ most sluggish” English engines, 
full of ‘* grave defects” and ‘‘badly balanced” (as de- 
scribed by the minister’s temporary adviser), in lieu of 
which the ‘‘ Consolidations” were recommended, as 
having ‘‘ proved themselves the best engines we have.” 
Whatever the meaning of that phrase might be. 

The following verbatim extract from a report made to 
the Minister for Works, by the late locomotive engineer, 
in his official capacity, under date of November 16, 1887 
(but which, like too many others, has not found its way 
into the printed papers laid on the table of the Legis- 
lative Assembly), speaks for itself. Mr. Scott says :— 
**12,824/. 63, 1d. was expended on the Consolidation class, 
No. 131, for workshop labour alone from the date of 
their commencing torun in April 1879, and 3271. 11s. 10d. 
for material, so that during 5{ years the cost of repairs 
to the eleven Consolidation engines was 16,095/. 17s. 11d. 

he mileage of these engines totals 1,489,009 miles, so 
that the cost fur labour and material equals 2.59d. per 
mile run. The English ‘ Moguls’ (goods) engines for a 
similar period ran 1,685,408 miles, at a cost of 79341. 5s. 2d. 
for labour, and 936/. 18s. 1d. for material, equal to 
1,26d. per mile run.” 

There is certainly not much in the foregoing comparison 
to establish on behalf of the Consolidation engines their 
reputed character of ‘‘ best engines we have” in the matter 
of working expenses at all events; while, as we have seen 
in a former letter, they are so badly balanced and cross 
winding in running, as to lift their leading wheels when 
going round 8-chain curves, and, although 44 tons heavier, 
their hauling power amounts to only ‘one truck, more 
on the ascending gradients” than that of the English 
engines, at the expense of two firemen as against one in 
the case of the English engines. 

So much for the American “* Consolidations,” introduced 
into the colony, not by any responsible head of the loco- 
motive department, but by the ‘‘instrumentality,” as he 
himself claims, of the Minister for Works in 1879, and 
recommended for repetition for the first time since then, 
and when admittedly out of date, on his return to office, 
after an interval of eight years. 

But before leaving the question of the goods engines 
recommended for repetition by Mr. Midelton and Mr. 
Scott, respectively, let us examine a little into the charge 
of ‘most sluggish” engines advanced by the former 
against the English engines, of which the department had 
then no less than seventy at work—affording primd facie 
evidence, surely, of their being well adapted for their 
a. This charge, it will be remembered, was made 
in the paragraph which “‘ Colonial” accused ma of omitting 
from some sinister motive, and which he was in somewhat 
too great a hurry tosupply. Bearing on this question of 
** most sluggish” engines, the following interesting par- 
ticulars are given by the locomotive engineer in the 
report to the Minister for Works, above referred to, as 
having been omitted from the published papers. One of 
the engines therein alluded to (as per following extract) is 
one of the ten American six-wheel coupled engines, with 
a two-wheeled bogie, which the minister specially credited 
the Superintendent of Tramway Rolling Stock with 
having “designed” for the ‘express service over the 
mountains,” and which ‘‘ Colonial” and other writers on 
the same side of the question, have trotted out with such 
a flourish of trumpets, as the embodiment of mechanical 
excellence, and which competed in the so-called ‘‘ trial” of 
the passenger engines, on which I have to make some 
comments later on. The other engine, referred to in the 
following extract, is one of those so-called “‘most slug- 

ish” English engines in question—both makes of engines 
eing known on the New South Wales railways under the 
short term ** M It may be further noted that the 
trial to which the following paragraph refers was made on 
a portion of line “‘over the mountains” selected for the 
purpose by the Minister for Works, on which the ruling 
sventents vary from 1 in 30 tolin 33. The particulars 
reported by the locomotive engineer are as follows : 

‘With regard to the trial of the two makes of ‘ Mogul’ 
engines which the honourable the minister desired to have 
made between Penrith and Glenbrook, I have to report 
that this was done on the 8th and 9th instant (November, 
1887), with the following results : 


First Trial.—Load for both Engines 181 Tons 11 Cuwt. 


(No. 219). (No. 304). 
English American 
Engine, Engine. 
Time ee 27 min. 45 sec, 30 min. 30 sec. 
Water used 594 gals. 747 gals. 
Sand ,, l cub. ft. 13 cub. ft. 


Second Trial.—Load for both Engines 160 Tons 4 Cwt. 


Time a 27 min. 30 sec. 46 min. 50 sec. 
Water used 714 gals. 996 gals. 
Sand ,, 1 cub, ft. 1} cub. ft. 

Third Trial.—Load for both Engines 194 Tons 5 Cut. 
Time 35 min. (stuck up 

through over load) 

Water used 909 gals. (not taken) 
Sand ,, 2 cub. ft. ” 


*‘Tn the second trial,” the locomotive engineer adds, 
‘the American (Midelton) engine (No. 304) stopped about 
half way up the middle road of the zig-zag for want of 
steam, and had to return to the bottom points to make a 
fresh start. In this trial the pressure in the boiler ex- 
ceeded the ordinary working pressure in both cases, 

‘In the third trial the working pressure was main- 
tained with the English engine (No. 219) as near as pos- 
sible, at no time exceeding 145 1b., and averaging 139.4 lb., 
the working ordinary pressure being 140 1b. In this trial 
the same limit was allowed to the American engine 
(No. 304), but the engine stuck up about one-eighth of a 
mile from the foot of the bank, and had to be assisted to 
Glenbrook by the English engine (No. 219) following.” 

It will thus be seen that the engines described by Mr. 
Midelton as ‘*‘ the most sluggish engines we have,” eyed 
beat the ‘‘ Midelton” American engine in respect of bot 
load and speed, as well as in economy of steam (as mea- 
sured by the water consumed), and therefore it is to be pre- 
sumed in economy of fuel also, on the portion of line 
specially selected by the minister for the trial, while the 
** Midelton” engine, in its fruitless endeavour to keep 
pace with its ‘‘most siuggish” rival actually consumed 
from 25 to 50 per cent. more sand, which in the case of 
the ‘‘trial” of the passenger engines was condemned in 
the ‘‘conditions of trial” recommended by Mr. Midel- 
ton (and sanctioned by the Commissioner and Minister) 
as inadmissible. And to crown all, the ‘* Midelton” 
engine had finally to be assisted ignominiously to the goal 
by what Mr. Midelton described in his report to the 
minister (page 14 of the printed papers) as ‘‘ poor copies ” 
of ‘* American consolidated engines !” 

As this is more than enough for one letter, I will post- 
pone further remarks for the present. 

Yours truly, 

March 16, 1889. JUSTICIA, 

P.S.—Since the above was written I have read ‘‘ Colo- 
nial’s” letter in last week’s issue. It calls for no further 
remark than this, that there is not a single statement in it 
that is supported by official or authentic evidence, and the 
whole of the statements in it, resting as they do solely on 
** Colonial’s” anonymous ipse dixit, cannot be received as 
evidence. 

On the other hand, there is not a single statement in 
any one of my letters that is not substantiated there and 
then, by reference to official sources, If this were not so 
my statements {being also anonymous) would be as uncor- 
roborated as ** Colonial’s,” 

March 18. 





STEAM EXCAVATORS. 
To THe Epitor or ENGINEERING. 

Srr,—Referring to the statements in your numbers of 
December 21 and 28, 1888, on the excavating performances 
in the Manchester Ship Canal, I call your attention to 
similar work in the Netherlands. 

A new short cut at the mouth of the River Maas, near 
S’Hertogenbosch, is to be made some 14 miles long 
(21,600 m.), minimum width 220 yards at the bottom. 
The work in the first section, some three miles long, has 
been in full progress during ten months. Six excavators of 
the same type, manufactured by the firm A. T. Smulders, 
Utrecht, Holland, have been working all the year round 
without interruption. The buckets on the endlees chain 
contain the fourth of a cubic yard. For each excavator 
there are required in all four men. Two locomotives and 
forty wagons of 10 cubic yards capacity (no horses) move 
the stuff, it being principally greasy clay. In ordinary 
working conditions the average of stuff removed per day 
per excavator was 4600 cubic yards measured on the 
—— Not for a single day, but continually, this big 

gure was reached. 

Indeed, as compared with the ‘‘champion work” of 
2500 cubic yards of the Dunbar Ruston excavator, in the 
fifth section of the Manchester Ship Canal, this here may 
really be called a marvel of excavating, eclipsing any- 
thing yet done in the same sort of work. In afew weeks 
the Nord-Ostsee Canal (North Sea Baltic), and several 
other works in Germany and Austria, will be in possession 
of at least a dozen such excavators, all predicting for 
these Dutch machines a fair victory on all existing ma- 
chinery abroad. 

Yours truly, 


. P. KApreyn. 
Amsterdam, March 18, I889. 








CENTRIFUGAL PUMPS. 
To THE EpIToR OF ENGINEERING. 

Srm,—I have only just had time to notice in your issue 
of February 22, the letter from Mr. Alfred Hanssen, and 
our thanks are certainly due to him for the table on ex- 
periments with centrifugal pumps by the German Ad- 
miralty ; but I would like to ask Mr. Hanssen if he réally 
believes that the friction of water against a surface in- 
creases with the pressure ; I have not found such to be 
the case in pipes. The formula for the indicated horse- 
power required to drive a centrifugal pump =_ work 
in with some lifts, but would it be safe to allow only, say, 
12 indicated horse-power for driving a pump to deliver 
6600 gallons per minute to a height of 5ft.? The for- 








mula gives, 








6600 x 10 x 5"5 _ 11 9 indicated horse- power. 
2 x 33,000 

The net horse-power in water lifted is 6600 x10x5 _ 
10 horse-power net. It may be advisable to allow pro- 
portionately more power on the higher lifts, but the 
divisor 2 is certainly out of place in the formula. If 
your correspondent has time to plot the efficiencies of cen- 
trifugal pumps working to widely different heights it 
would be most valuable information. 


Yours truly, 
February 16, 1889. W. ScHONHEYDER. 








AUTOMATIC CONTROLLING VALVES FOR 
HYDRAULIC PUMPING ENGINES. 
To THE EDITOR OF ENGINEERING. 

Srr,—In reading your article of the 1st inst. on the 
Hotel Mont Dore, Bournemouth, I observe you state that 
the pumping engine is stopped and started by an auto- 
matic arrangement, which is novel in design. You also 
gave a sectienal view of this in Fig. 3 of your notice. I 
think it only fair to my friends Messrs. Fielding and 
Platt, of Gloucester, to point out that the design is cer- 
tainly not novel, and that the arrangement differs in no 
respect from one exhibited by Messrs. Fielding and Platt 
at the Inventions Exhibition in 1885, and referred to on 
page 477 of your issue of July 1 in that year. A section 
of this valve appeared in The Engineer of September 25, 
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1885, and on reference to this you will see that it is prac- 


tically the same thing. Messre. Fielding and Platt cer- 
tainly there use a differential hydraulicram, but this was 
discarded in the succeeding applications of the system. 
Messrs. Fielding and Platt have fitted a large number 
of these valves for me, in some cases to engines of con- 
siderable power, placed several hundred feet from the 
accumulator, and in all cases with most satisfactory 
results. I inclose a section and elevation of the valves. 
After the first one was made the handwheel was placed 
between the hydraulic cylinder and the steam valve, thus 
dispensing with the differential ram. 
Yours truly, 
R. H. TwEDDELL. 
14, Delahay-street, Westminster, S.W., March 16, 1889, 








WIRE GUNS. 
To THE EpiToR OF ENGINEERING. 

Str,—The answers to questions in the House of Com- 
mons seldom give any accurate information. The answer 
given by Mr. Brodrick to Captain Selwyn on the 14th 
inst., as reported in the Z'imes on the following day, fully 
confirms this. 

Captain Selwyn asked if it was true that General Mait- 
land had stated on October 6, 1888, ‘‘that a wire gun had 
been made at Woolwich on Mr. Longridge’s principle, 
which had beaten everything before it, having attained 
the extraordinary range of 124 miles.” These are the 
exact words, as reported in the Times of October 8, 1888, 
of General Maitland’s speech at the annual dinner of the 
Royal Arsenal Foremen’s Association two days previous. 
Mr. Brodrick’s translation of this is ‘‘ that a gun made in 
the arsenal on a design of General Maitland’s own, but 
embodying Mr. Longridge’s principle of using wire as an 
auxiliary to give strength, had preduced the results de- 
scribed.” > 

Captain Selwyn further asked ‘‘ whether wire guns were 
made in Russia, France, and Germany on Mr. Longridge’s 

lan with great economy of time and money.” Mr. 
Brodrick’s reply was, “I believe a gun has been made in 
Russia on some modification of Mr. Longridge’s plans, 
and a few years ago some were made in France, but 
failed. I know of no others. I am not aware that Mr. 


Krupp has made any wire guns.” 
I cooly to this that the 6 in. fm made at Aboukoff 
was made from a design which I furnished to Admiral 
Kalakaltzov. It was fired 1000 rounds with battering 
charges. The gun was then taken to pieces, and a new 
tube putin at a cost of something like 100. It has since 
then fired up to the present time upwards of 500 rounds, 
and the firing is being continued up to 1000. s 
As regards France, the gun, mentioned by Mr. Brodrick 
as having failed, was not built by my plans, but by those 
of Captain Schultz, and this occurred shortly before 
Captain Schultz’s death. The failure had nothing what- 
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ever to do with the wire system. Since then the question 
has been followed up by the Fives-Lille Company under 
the direction of Lieutenant Moch, of the French Artillery, 
now a member of the ‘“‘ Commission de Gavres.” These 
ns have been submitted to exhaustive trials by the 
‘rench Government, and none of them have failed. 

Mr. Krupp has, to my knowledge, made several wire 
guns which have given brilliant results. This fact is not 
set aside by Mr. Brodrick’s ignorance in the matter. 

Mr. Brodrick *‘is uncertain whether there is any gain 
either in time or cost from the use of wire,” but he admits 
that, ‘‘ weight for weight, wire guns are stronger.” Iam 
in a position to state that the saving of time is about two- 
thirds, and the saving of cost not one-eighth, but certainly 
not less than one-third of that of the forged steel guns. I 
do not say that this was the case with the 9.2in. gun 
made at Woolwich, because in that gun modifications of 
my system were introduced, which enormously increased 
the expense, both of time and money, without in the 
slightest degree increasing the efficiency of the gun. 

Iam glad to learn from Mr. Brodrick’s answer that 
several wire guns are now being made for trial. I know 
nothing about the design of these guns, but I should not 
be at all surprised if they are quite as costly and take 
nearly as much time to make as the ordinary forged steel 
gun. Itis very easy to spend both time and money on 
details which are not of the slightest importance. 

Mr. Hanbury asked ‘‘ whether any gun on Mr. Long- 
ridge’s own plan had been tried,” to which Mr. Brodrick’s 
reply was, ** Yes, sir. One was tested and burst on the 
first round.” Asa matter of fact the gun did not burst 
at all. It blew off the muzzle ring of the jacket, from a 
cause which had nothing whatever to do with the prin- 
ciple of wire gun construction, but which was due to a 
hithert» unrecognised force acting on the inner surface of 
the chase of the gun. 

This force I believe had a great deal to do with the 
accident to the Collingwood gun and several other guns, 
which have blown away the front part of the chase. The 
gun itself, referred to by Mr. Brodrick as having burst, 
was uninjured, and could have been repaired at a very 
small expense. <A day or two after the accident I wrote 
to the War Office to this effect, suggesting that the gun 
should be sent back to Erith to be repaired, and that I 
should be allowed to meet the Ordnance Committee to ex- 
plain to them my views and reasons before they reported 
on the accident. No notice was taken of my letter; but 
about two months afterwards, having heard privatelythat 
they had made a report, I wrote again to the War Ottice 
asking what was going to be done with the gun and that 
I might have a copy of the report, or be informed of the 
reasons given by the Ordnance Committee for the accident. 
The reply to this was that no further experiment would 
be made with the gun, and that the report was a confi- 
dential document, and I could not be allowed to know 
its contents. To treat this report as confidential, as re- 
gards myself and the War Office, seems to me alike 
absurd and unfair, and it is difficult to understand how 
such reserve can ba beneficial to the public service. 

I an, Sir, your obedient servant, 


AS. A. LONGRIDGE. 
Jersey, March 16, 1889. 





MISCELLANEA. 

In Christiz nia a syndicate have applied for concession 
to start an electric tramway. The application appears 
to have met with a good reception, and the promoters in 
cass they obtain the concession intend to adopt the accu- 
mulator system. 


William H. Rideing, who made a careful inspection of 
the great Clyde shipyards during the past summer, will 
give a picturesque description of them in the April 
Scribner, showing the various stages in ‘‘ The Building of 
an Ocean Greyhound.” 


The gross receipts of the twenty-three principal railways 
in the United Kingdom for the week ending March 10, 
amounted, on 16,022 miles, to 1,156,364/., and for the 
corresponding period of 1888, on 15,948} miles, to 
1,124,433/., an increase of 73? miles, or 0.4 per cent., and 
an increase of 31,931/., or 2.8 per cent. 


We are informed that Messrs. Laing, Wharton, and 
Down, electrical engineers, of 32a, New Bond-street, W., 
have formed the portion of their business relating to the 
Thomson- Houston system into a limited liability com. 
pany, with a capital of 30,000/., which has been privately 
subscribed. 


Charles Francis Adams’s paper on “‘ The Prevention of 
Railway Strikes” (to be published in the April Scribner’s) 
was written nearly three years ago, but held back by the 
author for fear that, in existing conditions, it might 
result in more harm than good. A practical scheme for 
giving employés a part in the management of the road is 
suggested. 


The Board of Trade have appointed Major Marindin, 
C.M.G., R.E , to hold an inquiry with reference to the 
various applications for provisional orders and licenses 
under the Electric Lighting Acts which they have received 
in respect of the metropolis, The inquiry will be held at 
8, Richmond-terrace, Whitehall, a will commence at 
10.30 on Wednesday, April 3. 


Her Majesty’s Secretary of State for Foreign Affairs has 
received from Her Majesty’s Consul-General at Christiania 
particulars for tenders invited for about 3100 tons of steel 
rails with corresponding fishplates of soft steel for the 
State railways of Norway, such tenders to be received up 
to and including April 1, Further particulars and speci- 
fications may be seen on personal application at the r, 
mercial Department of the Foreign Office. 


At a general meeting of the King’s College Engineering 


Society, held on March 12th, the President in the chair, 
Mr. C. E. Jones read a paper on “ Refrigerating Machi- 
nery.” The author confined his attention to machines 
based (1) on the compression system, and (2) on the cold 
air system. Several photographs and a model of cold air 
machines, kindly lent for the occasion, were shown. 


Mr. W. R. Kinipple, M. Inst. C.E., of 2, Westminster 
Chambers, delivered two lectures to the Royal Engineers 
at Chatham, on the 6th and 14th inst. respectively, on 
“‘Subaqueous Foundations.” The lectures dealt principally 
with harbour, dock, and breakwater works designed and 
carried out by Mr. Kinipple, and constructed upon the 
monolithic system from foundation to cope with concrete 
in situ and grouting of blocks and rubble, and were illus- 
trated by cartoons. 


From his recent experiments on explosive mixtures of 
petroleum vapour and air, Colonel Majendie concludes 
that one volume of liquid benzine will render 16,000 
volumes of air inflammable and 5000 volumes violently 
explosive. Though these results show that great care 
is necessary in storing benzines and crude petroleums, 
other of his experiments are more reassuring, as he has 
found that neither a glowing coal, sparks from a flint or 
steel, or a flameless fusee, will ignite the most explosive 
mixture of petroleum vapour and air, actual contact 
with a flame or white hot body being necessary. 


The London Chamber of Commerce have issued a cir- 
cular calling the attention of its members to the import- 
ance of carefully examining the new rates of charges, 
classification, and terminals proposed by the railway com- 
panies under the recent Railway and Canal Traffic Act. 
It points out that it is better to protest against the new 
rules collectively rather than individually, and has pre- 
pared a form of protest, which can be obtained at the 
offices of the Chamber, Botolph House, Eastcheap, E.C. 
All objections must be lodged with the Board of Trade 
and the railway companies not later than April 9 next. 


In a communication published in the Bulletin de la 
Société d’Encouragement des Arts, Paris, M. A. Duboul 
gives the results of some experiments he has made on 
ropes. These are: 


: Tensile Strength. 

Material. Pounds per Square Inch, 
White hemp oe 10,500 to 11,200 
Tarred hemp ... 7,700 ,, 8,400 
White manilla... 9,800 ,, 10,600 


a ae a ae 5, ae 
Flat tarred hemp or manilla 7,800 ,, 8,400 


The tenth annual ordinary general meeting of the 
Newcastle-on-Tyne Steam Boiler Insurance Company, 
Limited, was held at the office of the company, 34, Grey- 
street, Newcastle, on March llth. The chairman of the 
company (Mr. George Davidson) presided, and there was 
a good attendance of shareholders. The chairman having 
called upon the secretary to read the notice convening 


HEAVY RAIL SECTIONS. 


IN a paper on “‘ Rail Sections,” recently read before the 
New York meeting of Mining Engineers, Mr. C. P. 
Sandberg states that rails designed since 1879 weighing 
65 pounds per yard or more have not in general given 
satisfaction, which he attributes to the form of the rails, 
which have a massive head, a wide thin base, and a thin 
web connected to the head and flange by fillets of small 
radius. This form, he says, necessitates rolling at a 
higher temperature, and what is of more importance, of 
finishing at a higher temperature than permits of securing 
a well-forged compact rail. It encourages the use of a 
high percentage of manganese, and as the head is out of 
proportion to the rest of the section such rails require 
much more cold straightening than properly designed rails. 
Further, he does not consider it economical to provide for 
the abrasion of gin. or even more from the top of the 
rail, if it is found that rails have failed long before 
this amount has been abraded, and considers it better 
instead of providing more height, to provide more breadth 
of wearing surface, and metal of higher resistance within 
the elastic limit. It was often said that the larger 
sections admitted of the use of a higher carbon steel, but 
this assertion required the proviso that the heavier section 
should be similarly proportioned. In a paperon the 
same subject by Mr. W. R. Hunt, of Chicago, which was 
read after Mr. Sandberg’s, the following distribution of 
metal was recommended : 


} Distribution of Metal per Cent. 











Weight per 
Yard. ial er = 

Head. Web. Flange. 

Ib. 

60 41.67 21.11 37.22 

65 41.60 21.40 37.90 

70 41.62 20 55 37.83 

75 41.72 20.96 37.32 

80 41.95 21.21 39.34 

§0 40.00 21.22 38.78 

85 43.43 21 29 38.38 








Tuer SPEED OF GERMAN AND ENGLISH RAILWAY TRAINS, 
—The Cologne Gazette has recently published a communi- 
cation from Mr. Joseph von Moraski, instituting a 
comparison between the speed of German and English 
railway trains, of which the following is a translation: 
‘In order to form an approximate idea of the great 
difference in speed on German and English lines, we 
shall compare the quickest trains of the former with 
the express trains of the latter, taking for that purpose 
@ corresponding distance and time (Berlin time for 
Germany), and showing in tabular form that the German 
rate of speed, in juxtaposition with the English, is as 


the meeting, moved the adoption of the directors’ report, | 6:9 


balance-sheet, and engineer’s report. A dividend of 74 
per cent., proposed by the directors, was moved by the 
chairman, seconded by Mr. John Lamb (architect to the 
Grainger estate), and agreed to, 


We have received from Messrs. Thomas Piggott and 
Co., of the Atlas Works, Birmingham, a copy of their 
price list of light wrought-iron and steel tubes. ‘Che prices 
are given for rivetted tubes up to 48 in. in diameter, and 
up to 30 ft. long, whilst the welded tubes are priced up to 
24 in. in diameter by 14 ft. 6 in. long. The list also illus- 
trates a variety of forms of sccket connections for jointing 
such tubes. These pipes are being extensively used in 
preference to cast iron in countries where carriage is 
difficult, and for convenience of shipment are generally 
made of two or three diameters so as to stow one within 
the other. This firm have recently completed some large 
— for the Governments of New South Wales and 

apan. 


The Edison and Swan United Electric Light Company, 
Limited, of 100, Victoria-street, London, S.W., have 
recently designed a Jamp for use in optical lanterns and 
similar situations, The filament is made in the form of a 
square grating, the light from which is wholly gathered 
up by the condenser in the focus of which the lamp is 
pe te and gives a perfectly uniform disc of light which 
ordinary glow lamps do not. The lamp is made in two 
sizes; the first, intended to work with a P.D. of from 
35 to 55 volts, is of 50 candle-power, whilst a larger size, 
intended to work with a P.D. of from 80 to 100 volts, is of 
100 candle power. A simple form of holder is provided 
with the lamp. 


The following regulations have been adopted by the 
Royal Agricultural Society with reference to the exhibi- 
tion of petroleum engines at the forthcoming Windsor 
show: ‘* Engines using petroleum or other inflammable 
substance as fuel or as working agent can only be exhibited 
in the space set apart forsuch engines.” ‘‘ A special fire- 
proof store will be provided for the petroleum, as close as 
practicable to the exhibitor’s stand. All petroleum must 
be stored in closed metal vessels, which shall not contain 
more than three gallons each, and no exhibitor shall be 
allowed to have more than one gallon of petroleum (stored 
in a closed metal vessel) on his stand at any one time.” 
While the Society reserves to themselves the right of ex- 
cluding any petroleum or spirit they may deem unsafe, 
they in no way relieve the exhibitor from responsibility in 
the event of accident or fire. ‘‘ The exhibitors must con- 
form to the regulations of the local authorities in all that 
relates to the transport of petroleum and the precautions 
to be adopted against fire.” 
exbibitors in the implement department that the latest 
date for sending in applications for space is Monday, the 





1st of April next. 


We may remind intending | to 


** Quick Trains. 
GERMAN. 


Berlin and Stuttgard, 651k., 
via Ritschenhausen, in 16 
hours; 41k. per hour. 

Berlin and Frankfort o/M., 
538 k., via Eisenach, in 11}? 
hours ; 45? k. per hour. 

Berlin and Hanover, 260 k., 
(the so-called Sportsman 
train—the quickest in Ger- 
many) in 4 hours 9 minutes; 
63 k. per hour. 

Berlin and Dresden, 175 k., 
via Zossen, in 3 hours 2 
minutes ; 58 k. per hour. 

Berlin and Stargard, 169k., 
in 3 hours 13 minutes ; 53 k, 
per hour. 


Berlin and Hamburg, 268k., 
in 4 hours 53 minutes; 
584 k. per hours. 

Berlin and Leipzig, 163k., 
in 3 hours 9 minutes; 514k. 
per hour, 


Berlin and Breslau, 359.9 k., 
via Kohlfurt, in 6 hours 
55 minutes; 52 k. per hour. 

Berlin and Breslau, 329 k., 
via Sagan, 7 hours 25 
minutes ; 44 k. per hour. 

Berlin and Cologne, 5874 k. 
(‘Sportsman train”), in 10 
hours 10 minutes; 57? k. 
per hour. 

Berlin and Rostock, 214 k., 
in 4 hours 17 minutes; 
494 k. per hour. 


and Ké6nigsberg, 
k. (‘*Sportsman 
train”), in 10 hours 52 
minutes ; 544 k. per hour. 


Berlin 
589 


ENGLISH. 

London and Glasgow, 650k., 
via Carlisle, in 9 hours; 
72k. per hour. 

London and Carlisle, 510 k., 
via Sheffield, in 7 hours; 
73 k. per hour, 

London and _ Doncaster, 
251 k., from King’s Cross, 
in 3 hours 6 minutes; 
824 k. per hour. 


Grantham and London, 
170k., in Lhour57 minutes; 
87} k. per hour. 

Carlisle and Edinburgh, 
160 k., via Carstairs, in 
1 hour 58 minutes; 77 k. 
per hour. 

London and Wakefield, 
2824 k., from King’s Crosse, 
in 34 hours ; 80 k. per hour. 

London and_ Sheffield, 
261 k., via Grantham, in 
3 hours 12 minutes ; 814k. 
per hour. 

London and Manchester, 
327 k., via Grantham, in 
4} hours ; 77 k. per hour. 

London and York, 303 k., 
from King’s Cross, in 3? 
hours; 81 k. per hour, 

London and Edinburgh, 
6374 k., from King’s Cross, 
in 84 hours ; 75k. per hour. 


London and Nottingham, 
202? k., St. Pancras, in 
2 hours 25 minutes; 84k. 
per hour 

Dover and Newcastle, 
564 k., via London, in 8 
hours 17 minutes; 70 k. 
per hour, 


Accordingly, the proportion between the English and 
German railway speed is as follows : 


72+73+824 + 874+77 + 80+814+77+81+75+ 
84+70=940 


414-452-+68+58-4 50+ 684 516+ 00-+44-+ 872+ 


494 + 544—= 





Consequently as 6: 9.” 
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KEY-WAY CUTTING MACHINE. 


CONSTRUCTED BY MESSRS. SMITH AND COVENTRY, ENGINEERS, MANCHESTER. 





On the present page we illustrate a key-way cutting | ~ 
machine manufactured by Messrs. Smith and Coventry 


In our engraving the machine is shown operating upon | 


a pulley which is mounted at the end of the framing. MR. GEORGE GRAHAM, ENGINEER. 


The cutter is operated by rack and pinion driven by 
spur gearing as shown. The reversing of the motion 
of the cutter is by two pulleys driven from the counter- 
shaft by open and cross belts, there being a fast return 
motion 


GREENOCK AND GOUROCK RAILWAY. 

On our two-page plate, and also on the present page, 
we publish illustrations of the roof of the Cathcart- 
street Station, Greenock, of the Greenock and Gourock 
Railway. We defer the continuation of the articles 
which have appeared on this line until we can give 
further engravings, contenting ourselves for the pre- 
sent with pointing out that Figs. 51 to 53 show the 
general arrangement of the different plaiforms and 
lines ; Figs. 54 to 56 show how the bowstring girders 


Fig. 51. 











(Limited), of Gresley Iron Works, Salford, Manchester. | ROOF OF CATHCART STREET STATI ON, GREENOCK. 
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are stiffened with wind bracing, the details of which 9I73.A. 
are illustrated in Figs, 62 and 63. Figs. 57 to 60 show 
the girders themselves. 





Exrort Duty on SwepisH Iron Orng.—The question 
of an export duty on iron ore in Sweden, which has for : = 


several weeks attracted a great deal of attention, especially ZS j os 
in connection with its influence, if adopted, on the future ? Ss BF 
of the Swedish-Norwegian Railway Company (the Lulei- —_— = 


Gellivara-Ofoten Railway), has been settled by a Parlia- 


if> 








mentary vote. The —— was lost by a considerable 
majority, and according to a statement made by the 





Government, the introduction of such a measure is 
altogether out of the question at present, owing to its in- 
compatibility with the existing commercial treaties, 


Fig. 52. 
Section AA. 





A New Frictrionat Grartnc.—Messrs. W. A. Martin 
and Co., of Pocock-street, Blackfriars-road, London, S.E., 
are now introducing a new form of frictional gear, which 
seems to possess some decided advantages over other ‘ 
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friction re of the same type. The device is a modifi- 
cation of the well-known groove wheel gear, but differs 
from the common arrangement of this in that the pinion 
gears with grooves cut on the inside instead of the outside 
of the rim of the large wheel, so that the arc of contact 
between the grooves on the two wheels is very much in- 
creased, as compared with the arc obtained with outside 
grooves on both wheels, This arrangement materially 
reduces the wear on the grooves and seems a decided im- 
provement. Messrs. Martin are applying the gear for 
driving fans on board ship and also for dynamos, being of 
the opinion that the high-speed engines generally em- 
ployed for this purpose do not receive the attention they 
require, as they are not unfrequently left in the care of 
the leading stoker. They, korg oN pee! to employ a 
be t 


Fig.53.East end Elevation on line B.B. 
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comparatively slow s engine of the simplest construc- Z o 5 
tion and to obtain the speed necessary for the dynamo or / Soe ee 
fan by the above gearing, with which a s ratio of 

8 to 1 is easily obtained. We have seen the gear at work 
driving a small dynamo, and it appeared to work well 
and without slip. 
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CIRCULAR SAW SHARPENER. 
CONSTRUCTED BY MR. ISAAC HILL, ENGINEER, DERBY. 














On the present page we illustrate a very neat form reaches the top of its stroke. The spindle to which 
of saw sharpener constructed by Mr. Isaac Hill, of| the saw is secured carries a wormwheel which is 
Derby. The cutter is the usual — and falling | rotated by a worm on a second spindle. This latter 
emery disc, the saw being rotated when the disc | spindle has fixed upon it a ratchet wheel with very fine 





teeth. A pawl, the stroke of which can be adjusted 
with great exactness, turns this wheel intermittently, 
and it is found that this arrangement gives sufficient 
range without the use of changewheels The vertical 
movement of the emery disc is effected by means of a 
spring arm, and the exact limits of the travel are de- 
termined by means of screw stops. By adjusting the 
screws the man in charge can se the depth of cut to 
the required amount. 





MAGNETO-ELECTRIC SIGNAL BELLS. 

THE difficulties connected with electric bells centre 
in the battery. In domestic installations these dif- 
ficulties are of a trifling kind, but are none the less 
annoying on that account. It is generally the petty 
worries of life which are responsible for our ebullitions 
of temper. Nothing is more aggravating in a small 
way than to press the push of a bell and find 
that the gong remains silent. Probably the cells 
require to be replenished with water, or they need 
to have the elements renewed. A slight amount of 
trouble, or a moderate expense, would put them 
right, but the matter is beyond the skill of the British 
domestic, and generally ends in a visit from the local 
tradesman at an expense quite out of proportion to 
the service rendered. When bells are used for more 
important purposes, such as signalling on railways and 
in mines, the man in charge is usually competent to 
look after the battery. But in such cases the constant 
working wears out the cells rapidly, and so involves 
considerable expense, while should any neglect occur 
it may give rise to a serious accident involving damage 
to life or property, or both, 

To avoid the trouble and danger resulting from the 
use of batteries as the source of power for electric bells, 
Messrs. Cox-Walker and Campbell Swinton have 
devised a magneto-electric bell in which the current 
is generated mechanically by the movement of the 
‘* push,” or its equivalent. When this is operated 
the armature of a small dynamo is rotated to a greater 
or less extent and a current is sent through the line to 
the bell at the further end. Here it passes through a 
motor of very similar construction to the dynamo. On 
the spindle of the motor is an arm ending in a hammer, 
which in its motion strikes a gong for each time the 
push is operated at the other end cf the line. 

The engraving on the present page shows a generator 
and avhell souliewh, the arrangement being suitable 
for signalling between two stations, there being a com- 
plete apparatus at each end, and a single wire or a 
single pair of wires between them. The end of the 
armature can be seen ; it is of the H or Siemens type, 
and is placed between the poles of a steel horseshoe 
magnet, By means of a short lever, ending in a push 
button, the armature can be rotated through an arc of 
30 deg. to 40 deg. In moving it extends a spring, and 
when released this spring carries the armature back 
very smartly, so as to give rise to a current of con- 
siderable electromotive force. There is no commutator 
required, as the rotation does not extend through a 
complete circle. One end of the armature wrapping 
is connected to the core, and through that to the body 
of the instrument, while the other is joined to an insu- 
lated plug in the centre of the spindle, which runs 
against a contact spring. 

The motor on the bell is practically a duplicate of 
the generator, except that the armature is vertical. 
The hammer strikes on a lug on the inside of the gong. 
The current generated by the depression of the push 
button on the armature moves the hammer in one 
direction, while the current caused by the return of 
the button moves the hammer in the opposite direction. 
It will be understood that the generator at the one 
station works the gong at the other. Normally both 
bells are connected to the line, and both generators 
are out of circuit. As soon, however, as the push is 
operated a spring contact, visible in the engraving, 
rises, and cutting the bell out of circuit puts the 
generator to line. 

Samples of these bells can be seen at the offices 
of Mr. A. A. Campbell Swinton, 66, Victoria-street, 
Westminster. They are not expensive, and should 
find an extended use for many purposes, particularly 
for signalling in mines where it is desirable to avoid all 
complication, and to take every precaution against 
accidental stoppages. In such situations the saving 
of first cost and renewals of batteries effects a sensible 
economy. 








RECLAMATION Works IN Denmark.—Although past 
experience tends to show that the reclamation of land is 
often a risky and expensive business, an English syndicate 
is taking preparatory steps with reference to two Danish 
lakes—the Gyrup and the Ove lakes, in northern Jutland. 
At a recent meeting of the proprietor: of the land sur- 
rounding the lakes, the feeling was decidedly in favour of 
the undertaking, and they seemed inclined to meet the 
syndicate in a very fair spirit. The reclaiming of the 

rum Lake in the same neighbourhood, which was aban- 
doned a few years ago at a somewhat advanced stage, is 
now again under discussion, and Hie pumping station 
will, in all probability, soon be s' 3 
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INDUSTRIAL NOTES. 

Shipbuilding. —The March report of the Boiler 
Makers’ and Iron Shipbuilders’ Society says: ‘‘ The 
returns from all our districts show that there is an 
abundance of work, both in the shipbuilding and boiler- 
making departments, and we can find employment for 
angle-iron smiths, platers, rivetters, caulkers, aud 
holders-up.” This is a very marked change for the 
better, compared with the state of affairs some tiie 
since, All the shipbuilding establishments are as busy 
as they well can be. 

With reference to the naval proposals of the Govern- 
ment, the report says: ‘‘The sum of 21,500,000/., 
which the Government have asked to increase the 
Navy, will give a great impetus to shipbuilding ; 
11,500,000/. of this money is to be spent in the dock- 
yards in the construction of thirty-eight vessels of 
various types, and 10,000,000/. is to be spent on thirty- 
two vessels, to be built in the different contract yards.” 
The report then quotes the following sentence from the 
speech of the First Lord of the Admiralty: ‘‘ That if 
he found that there was a tendency on the part of the 
shipbuilders in the private yards to combine and run 
up prices against the Admiralty, they might alter 
their decision.” Thereportadds: ‘‘ We suppose this 
was given as a kind of threat to the shipbuilders, but 
we hope they will see to it that they get a good price 
for the work ; we don’t mean an exorbitant one, but 
one that will give thema fair profit, and the workmen 
good wages. Our experience of dockyards tells us 
that this can be done, and then turn out the work ata 
price 10 per cent. below the work done in the Royal 
dock yards,” 

The report continues : ‘* We can safely conclude that 
our home and foreign Government work, coupled with 
the mercantile shipbuilding, will give us two years at 
least of full employment. We here warn our members 
against losing time and drinking. We call upon 
district committees and delegates to put the rule in 
force on all whocommit themselves. othing can be 
more annoying to employers than to find their work 
stopped through the wilful absence of their men, and 
nothing can be worse for the men themselves. It also 
inflicts great injury upon the Society.” 

The report then refers to the changed attitude of 
the Clyde employers, as regards the unions. It says 
‘*that members of the trade are better organised, better 
paid, and are not subject to fluctuations in day and 
— rates, in England, as in Scotland. The reason 
veing that in the former country the different em- 
ployers’ associations have for years past recognised 
the Society, and thus ail the wages difficulties and 
others that crop up are adjusted between these asso- 
ciations and ours, to the great benefit of both parties.” 
The same peaceful attitude had not been hitherto 
secured on the Clyde, first, because employers them- 
selves were not united, and, secondly, because some 
employers were averse to any recognition of the trade 
unions. ‘‘ Happily for both parties, things have 
changed for the better.”” Employers and workmen 
are working in harmony, and adjusting their diffi- 
culties by conciliation, instead of wasting time and 
money in fighting each other. 

In support of this view of matters the following 
significant extract from a speech delivered to the 
Gateshead Chamber of Commerce, on Mareh 5, by Sir 
C. M. Palmer, is quoted: ‘* He congratulated the 
working men upon one important question. Consider- 
ing the enormous increase in trade, the working 
classes had taken a wise and proper course in placing 
themselves in the hands of unions, as they are called, 
a name which, he might say, in his younger days he 
abhorred, because he wished to deal directly with the 
working men themselves. But now they had placed 
themselves in the hands of intelligent representatives 
or delegates, and they, the employers, did the same; 
and he ventured to think that it had been conducive 
to the best interests of both, inasmuch as they had 
avoided, very frequently, strikes or lock-outs. It was, 
indeed, a system of conciliation which they must all 
advocate.” 

The newly organised Clyde Employers’ Association, 
and a delegation from the Boilermakers’ and Iron 
Shipbuilders’ Society, have had interviews, and have 
arranged to establish the same system of fixed rates of 
wages throughout the Clyde district. This mutual 
action seems to have been almost completely suc- 
cessful, as only one employer is named as not having 
as yet agreed to the scheme. The Society is natu- 
rally jubilant over their successful operations in the 
Clyde. 

The net increase of members during the month of 
February was 438. The total number of members on 
home donation—out of work—was 168; in January 
there were 278 on home donation. There was also a 
decrease of members on the sick list. The workmen 
in the Tyne and Wear boiler shops are entitled to a 
rise in wages of ls. per week on the third week in 
this month. An advance of wages is also reported at 
Hartlepool and on the Tees, mutually agreed upon by 
the representatives of the Employers’ Association, and 
of the Workmen’s Union. Trade is reported to be good 








in all the districts, and the prospects for some time to 
come are cheering. 


Tronfounders.—The 416th monthly report of this 
Society, dated March 7, says that the English iron 
trade has not only maintained its favourable character, 
but the improvement which was manifest earlier in the 
year still continues to develop itself. For several 
weeks there has been an upward tendency in the prices 
of all kinds of pig iron; Scotch makers have raised 
their quotations from 6d. to 2s. per ton in one week, 
whilst Cleveland make is commanding from Is, 6d. 
to 2s. 6d. per ton more than it did a month ago. 

The report states that a good deal of overtime is 
being made in almost every town ; showing that trade 
is exceedingly good. Notwithstanding this the 
Society has thirty-three more members out of work 
than it had in February. Out of the total of 115 
branches, with 12,324 members, trade is only reported as 
uot good in fourteen places, with a total of 906 members. 
Some of those out of work may, therefore, be in con- 
sequence of disputes as to wages—which have a ten- 
dency upwards, 

The total number unemployed is stated to be 408 ; 
the cost of the Society being for the month of February 
136. 1s. 10d. ; on the sick fund 341, cost 115/. 5s. ; on 
superannuation 533, cost 152/. 9s. 6d. The total 
balance in hand on March 1 was 21,762/. 12s., showing 
an increase in the month of 1148/. 11s. 8d. The number 
of members also increased by 144. The report states 
that the executive are endeavouring to obtain accurate 
information as to the wages of ironmoulders abroad, 
together with the hours of labour, cost of living, and 
other matters. 


Ironmoulders, Scotland.—The March report of this 
Society states that the conditions of trade are ‘‘ of the 
most cheering character.” The number unemployed 
is less by fourteen than the previous month, regard- 
ing which the report says : ‘‘ Nojobbing moulder who 
is willing to work need be unemployed if he will only 
shift ;” and strong hints are given to those who will 
rather remain idle than migrate to other places where 
work is plentiful. 

An advance of wages is reported at Edinburgh, 
Aberdeen, Dunfermline, Glasgow, Coatbridge, Paisley, 
and Dumbarton districts. At Kirkcaldy a second ad- 
vance in wages was given on March 1. The number 
of members has increased, and is increasing; and the 
balance in hand shows an increase of nearly 10001. 
The total balance is now 9089/. 8s. 2d. The idle 
benefit for the month cost 181/. 16s. 10d. ; funeral 
benefit, 148/. 6s. 8d. ; and superannnuation 250/. 7s. 6d. 
The total number on idle benefit was 176, but 95 
others were idle, though not on the funds. The total 
membership of the union is now 5379. 


The Eight Hours’ Question.—The Parliamentary 
Committee of the Trades Union Congress have just 
issued a voting paper for the purpose of ascertaining 
the opinions of societies upon this question. The 
circular is issued in accordance with the following reso- 
lution, adopted at the Bradford Congress: ‘‘ That 
the eight hours’ question be remitted to the Parlia- 
mentary Committee, with instructions to take a vote 
of the trades on the following questions : 
you in favour of an eight hours’ working day ? (2) Are 
you in favour of it being obtained by Act of Parlia- 
ment? A form of voting paper is submitted, and the 
votes are to be returned not later than July 31 next, 
Papers received after that date will not count. 


International Labour Congress.—The Parliamentary 
Committee have also issued a circular with reference 
to the proposed Congress in Paris, in July next. The 
Parliamentary Committee have declined to take part 
in such Congress. The French National Labour Com- 
mittee have therefore issued invitations to the British 
trade unions to send delegates. The circular goes on 
to defend the action of British trade unionists against 
an attack in a pamphlet recently circulated. It 
approves of the action of the president of the London 
Congress, and of the delegates there assembled. The 
Committee state that they do not anticipate any good 
from taking part in such International Congress, but 
if Continental workmen organise and combine, the 
English trades will help them. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday’s pig-iron 
warrant market was marked by much buoyancy, whic 
was said to be due, in part, to the fact of a large with- 
drawal of pig iron from the public warrant stores, as also 
to an improvement in the stock markets owing to several 
operating causes. The price of Scotch iron was run up 
3d. per ton, and the close was 24d. per ton over that of 
Wednesday. Cleveland iron and hematite each improved 
34d. per ton. At the close the settlement prices were— 
Scotch iron, 44s. 14d. per ton ; Cleveland, 37s. 3d. ; hema- 
tite iron, 47s. 44d. per ton. There was a somewhat un- 
certain tone in the market on Friday, and quotations 
were again irregular, and at the close they showed a 
decline of 2d. per ton from those of the previous day. In 
sympathy, the price of Cleveland iron also declined 2d. 
per ton, and hematite iron 3d. per ton. The closing 
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settlement prices were—Scotch iron, 44s.; Cleveland, 
37s. 14d. ; hematite iron, 47s. 14d. per ton. There was a 
strong market on Monday forenoon, with a good business 
reported at slightly better rates for Scotch warrants than 
those current at the close of last week. The trade reports 
were regarded as very favourable. An advance of 3d. per 
ton was made in the price of Scotch iron in the early part 
of the day, but the reports regarding the condition of the 
copper market had a depressing effect, and in the after- 
noon the early gain in the price of Scotch iron was lost, 
the market closing as on Friday. Cleveland iron im- 
proved in price to the extent of 64d. per ton, and the close 
still showed an advance of 3d. per ton. The price of 
hematite iron gained 2d. per ton, which was ultimately 
lost. The closing settlement prices were—Scotch iron, 
44s, r ton; Cleveland, 37s. 4)d.; hematite iron, 
47s. 14d. per ton. A large quantity of Scotch iron was 
sold in the market yesterday forenoon, with the result that 
price declined 4d. per ton, sellers at the close being willing 
to accept 43s. 84d. per ton cash. The market rallied in 
the afternoon, and business was reported done up to 
43s. 1ld. per ton cash. The market took a similar course 
in respect of Cleveland and hematite iron. At the close 
in the afternoon the settlement prices were tch iron, 
43s. 104d. per ton ; Cleveland, 37s. 44d. ; hematite iron, 
47s. per ton. The market was firmer this forenoon, and 
yesterday’s loss was recovered. Reports to the effect that 
the stocks in makers’ possession being materially cur- 
tailed seem to have brought about the strengthening tone 
of the market. Prices all round improved, and in the 
afternoon they were as follows: Scotch, 44s. 2d. per ton 
cash; Cleveland, 37s 8d. cash sellers; hematite iron, 
47s. 5d. cash per ton sellers at the close. Within the past 
few days a considerable quantity of Scotch iron has been 
bought for Germany—a somewhat unusual circumstance 
—and the inquiries that have been made seem to justify 
the expectation that additional orders will yet be placed 
here. Canada is also buying Scotch iron. The makers 
of Scotch special brands are firm in their prices, of 
which the following are afew: Coltness and Summer- 
lee, 56s. per ton; Langloan, 55s. ; Shotts, 54s. ; Calder, 
53s. 6d. ; Gartsherrie, 52s. ; Carron No. 1 selected (Carron 
or Grangemouth), 53s. per ton. The number of blast fur- 
naces now in actual operation is eighty-two, as compared 
with eighty-five at this time last year. One has been 
blown in during the week at Dalmellington Iron Works. 
There are twenty-four furnaces making hematite iron, 
seven are making basic iron, and the remainder are making 
ordinary iron. Last week’s shipments of Scotch pig iron 
amounted to 8965 tons, against 7292 tons in the correspond- 
ing week of last year. They included 675 tons for the 
United States, 315 tons for Canada, 170 tons for India, 
900 tons for Australia, 170 tons for France, 100 tons for 
Germany, 400 tons for Holland, smaller quantities for 
other countries, and 5814 tons coastwise. The stock of 
pig iron in Messrs. Connal and Co.’s public warrant stores 
yesterday afternoon stood at 1,032,422 tons, as compared 
with 1,032,922 tons yesterday week, thus showing for the 
week a decrease of 500 tens. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from the 
Clyde reported last week included the following: Loco- 
motive engines for Calcutta, of the value of 6600/. ; sngar- 
crushing, tea-making, and other machinery, valued at 
86401. ; plates, sheets, bars, and other steel manufactures, 
of the value of 6600/.; pipes and other castings, malleable 
iron tubes, plates, sheets, bars, and miscellaneous iron 
manufactures, valued at 34,600/.; sewing machine parts 
for Rouen, Italy, Antwerp, and Bombay, of the value of 


Coal 7'rade.—The shipping department of the local coal 
trade, after being in a somewhat backward state for two 
or three weeks, now shows more animation. The amount 
of shipping available for carrying away the coal has in- 
creased, with the result that the tone of business on 
*Change to-day was considerably firmer than it has been 
for some time. The lowest price at which main coal was 
offered was 6s. 9d. per ton, being an advance of 1d. per 
ton, and all the other qualities were reported to be un- 
changed in price. 

Royal Society of Edinburgh: Dust Particlesin the Atmo- 
sphere.—An ordinary meeting of this Society was held on 
Monday night, when Mr. John Aitken, of Falkirk, com- 
municated another paper on ‘‘ Dust Particles in the Atmo- 
sphere.” It gave the results of observations made at 
Colmonell, a retired village in the south of Ayrshire, near 
Falkirk, where the atmosphere was more or less artifi- 
cially polluted; and in Edinburgh and Glasgow. The 
messes showed generally that there existed a direct con- 
nection between the transparency of the air and the 
number of particles. The greatest number of dust par- 
ticles found at Colmonell was 9500 per cubic centimetre, 
and on that occasion the weather was dull aud rainy. The 
lowest register again at this place, which showed the air 
to be particularly free from artificial pollution, was. 
particles per cubic centimetre, and this result was obtained 
on a bright fair day. The readings taken near Falkirk, 


hh | where the air was very highly charged from artificial 


causes, were not considered to carry much significance 
on that account, but those taken in Edinburgh and 
Glasgow were stated. In the former city, where the 
observations, like the others, were made towards the 
beginning of February, the lowest result obtained 
showed the dust particles to be 45,000 per cubic centi- 
metre, and this on a fair, clear day. On a fair though 
dull and thick day shortly afterwards the apparatus re- 
gistered 250,000 per cubic centimetre. The readin in 
Glasgow were taken at a point in the proximity 0 the 
Central Station ; and the lowest, obtained on a fair clear 
day, when a strong north-westerly gale was blowing, 
showed the number of dust particles per cubic centi- 
metre to be 170,000, while the highest, when the weather 
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was wet and stormy, showed that there were 466,000 dust 
particles in a cubic centimetre of air. Mr. Aitken con- 
sidered the lowest register obtained in Glasgow to indi- 
cate the atmosphere quite as free from dust particles as 
it was ever likely to be in that city. Other observations 
had been made—with regard to the purity of the atmo- 
sphere resting on the sea in this instance—at Ballantrae, 
and the result went to show that on the occasion when 
the reading was taken, the number of dust particles per 
cubic centimetre was 5000. The observation was made 
on a fair, bright day, when there were no artificial im- 
purities in the atmosphere, and this fact led Mr. Aitken 
to ascribe the existence of the particles to the action of 
the small waves near the shore, which charged the air 
with a large number of water particles. It was stated that 
improvements had been made in the apparatus used 
which would render it of portable dimensions, and reduce 
it to a tenth of the scale on which it was constructed when 
first exhibited to the Society, 


East of Scotland Engineering Association.—At a meet- 
ing of this Association held in Edinburgh last night, Mr. 
A. R. Bennett, engineer to the National Telephone Com- 
pany, read a comprehensive and very interesting paper on 
**Flectric Traction.” In the course of the discussion 
which followed, it was stated by Dr. Elliot, C.E., that an 
ordinary electric railway, about a mile in length, near 
Carstairs, was now nearly, if not altogether, constructed. 
Mr. Bennett had said that so far such a mode of traction 
was unknown in Scotland. 


Mining Institute of Scotland.—The members of this 
Institute held the last meeting of the session in Glasgow 
last Thursday evening. Mr. J.M. Ronaldson, president, 
occupied the chair. The office-bearers for the current 
year were nominated for re-election at next meeting, with 
the addition of the following to fill vacancies: Vice- 
president, Mr. J. B. Atkinson ; chief inspector of mines, 
Mr. David Cowan, Carron, Falkirk ; councillors, Messrs. 
James F’. Forgie, Bothwell; J. M. Mowat, Summerlee; 
and James Hamilton, Glasgow. In discussing Dr. 
Nasmyth’s paper on the ‘‘ Air of Coal Mines,” a com- 
munication of a highly critical character was read from 
De. Foster, inspector of mines. The discussion on this 
and the papers by Mr. H. Johnstone, on ‘“ Longwall 
Working in the Edge Seams at Niddrie Colliery ;” by Mr. 
David Cowan, on ‘‘Coal-Working Machines ;” and by 
Mr. Dugald Baird, on ‘‘ Air Vessels” (that on the latter 
being long and interesting) were closed, and votes of 
thanks accorded to their authors, 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The demand for steam coal has continued 
steady. The best qualities have made 14s. ; second-class 
coal, 13s. to 13s. 3d. ; and best Monmouthshire, 12s. 3d. 

r ton. Small steam coal has been scarce and firm, 

ouse coal has shown an upward tendency, No. 2 Rhondda 
has made 11s. 6d., and No. 3 ditto, 12s. 6d. to 12s. 9d. per 
ton. Patent fuel has been well maintained at late rates. 


Lighting Railway Trains.—On Wednesday night a train 
on the Penarth branch of the Taff Vale Railway was 
lighted by electricity. Fifty Swan-Edison lamps of 12 
candle-power each were placed on the train. The 
electricity was generated by a dynamo fixed in the 
guard’s train, and run from the axle by a belt. Till 
the train attains a speed of 10 miles an hour the 
electricity is obtained from the accumulators, but when 
once a train runs 10 miles per hour and upwards 
the dynamo works direct. The cable is looped from 
carriage to carriage by small brass projectors arranged in 
such a way that the carriages can easily detached 
without trouble or delay. The switch is in charge of the 
guard, and is worked by an ordinary railway key. The 
experiment of Wednesday night was a success, the light 
burning with a steady brilliancy. A second train is now 
being fitted in the same manner, and there is reason to 
believe that the Taff Vale directors will extend the 
system of electric lighting to the whole of the trains on 
the main line, andthe Aberdare and Treherbert branches. 
It is estimated that on the Penarth branch alone a saving 
of 2001. a year will be effected by the new method, while 
the delay occasioned by lamping the trains will be ob- 
viated. The contract was carried out by Messrs. J. B. 
Saunders and Co., Cardiff. Among those who witnessed 
the experiment were Mr. W. R. H. Saunders (manager 
for Messrs. J. B. Saunders and Co.), Mr. H. O. Fisher 
(engineer of the Taff Vale Company), the telegraph engi- 
neer of the Great Western Railway Company, &c. 


Wire Rope Making at Cardif.—Sir George Elliott 
and Co. are making arrangements for a large ex- 
tension of their wire rope works at the Bute Docks, 
Cardiff. A square B gees of land lying between Messrs. 
Trayes’ timber yard, and Messrs. Hancock’s brewery, 
and which has been in the company’s possession for the 
last thirty years, will be utilised for the purpose. The 
new works will be erected for the purpose of manufac- 
turing patent locked coil wire rope, the advantages 
claimed for which are smooth surface and less size. The 
Ppa of the new buildings will be 120 ft. 7 in. by 


Railways in the West.—At a meeting of proprietors 
of the Plymouth, Devonport, and South-Western Junc- 
tion Railway, held on Saturday, to consider a Bill now 

fore Parliament for the abandonment of the line from 
North-road to Friary station, the Earl of Mount Edg- 
cumbe referred to the rapid progress made in the con- 
struction of the railway, work representing considerably 


over 500,000. having been completed, 


Wages in Wales.—A threatened difficulty in the South 
Wales coal trade is at an end, as at selubeenes represent- 
Mon- 


ing nearly 65,000 colliers of South Wales an 








mouthshire, held at Aberdare on Saturday, a pending 
wages dispute was left absolutely in the hands of the 
workmen’s representatives on the Sliding Scale Committee, 
with the power to meet the employers’ representatives 
and finally settle the question of an_advance in wages. 
The Sliding Scale Committee met on Monday, and after 
discussion, the following minute was entered on the 
books: ‘All notices given to the employers in the 
Mcnmouthshire and South Wales Collieries Association 
are withdrawn. The workmen to abide loyally by the 
arrangement and proceedings of the Sliding Scale Com- 
mittee, and the owners concur in the application to re- 
consider the terms of the arrangement. The audit is to 
take place for the three months ending March 31, and the 
result is to take effect from May 1 next. That in the 
mean time an advance of 7} per cent. in wages be given to 
the workmen in the Monmouthshire and Sovth Wales 
Collieries Association so on and from April 1, which is to 
be increased to 10 per cent. on May 1 for the term of the 
audit, whether the result of the audit justifies it or not, 
and whatever additional increase may be warranted by 
that audit, that also will be given to the workmen.” 


Cornwall Railway.—The half-yearly meeting of the 
Cornwall Railway Company was held at Plymouth on 
Friday under the presidency of Mr. R. Tweedy. Approval 
was expressed at the policy of the Board in lodginga 
Bill in Parliament for the transfer of the undertaking to 
the Great Western Railway Company. 


Water Supply of Bristol.—The report of the directors of 
the Bristol Water Works Company states that the revenue 
from water rates for 1888 was 81,514/., being an increase 
of 12241. over that of the previous year. The company’s 
Bill, which was pending in Parliament at the date of the 
last annual meeting, received the Royal Assent on August 
9, 1888. By that Act the company obtained power to take 
water of excellent quality from the Rickford and Lang- 
ford springs, but they were prohibited from pumping 
underground water. The directors have decided to 
promote in Parliament this session a Bill to supplement 
the powers granted by the Act of last year. This Bill 
was unanimously approved by the shareholders at the 
Wharncliffe meeting held February 23. Under the scheme 
it was proposed to make a reservoir of large capacity on 
the Yeo, as suggested by the inhabitants of the district. 


The Rhondda and Swansea Bay Tunnel.—The driving of 
the Rhondda and Swansea Bay Railway Tunnel, 3400 
yardsin length, between Abergwynfi and Treherbert, and 
which is to connect the Rhondda Valley with Swansea, 
has just been completed by the contractors, Messrs. Wm. 
Jones and Co. This tunnel is one of the longest in Great 
Britain, and like the Alpine tunnels, the height of the 
mountain prevented the use of intermediate shafts, which 
could not be sunk with any advantage to the progress of 
the works, and consequently the lines and levels had to 
be putin from the two open ends and all the excavation 
brought out and materials taken in,in that way. Not- 
withstanding these difficulties, Mr. Yockney, the engi- 
neer, is to ba congratulated that the advanced headings 
met with almost absolute accuracy, there being no per- 
ceptible divergence in the lines and the levels. Mr. W. 
S. Marsh is the resident engineer, and received great 
credit for the result. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Y esterday there was again 

a very numerous attendance on ’Change and a fair amount 
of business was transacted at higher rates than have 
recently ruled. The demand for all kinds of iron is very 
great, and in many instances producers of both pig and 
tinished iron are so well supplied with orders that they 
have declined to give any quotations at present, and are 
not at all anxious to secure fresh contracts just now, 
being convinced that within a very short time quotations 
will advance considerably. Cleveland pig iron is now 
higher than it has been since 1883, and prospects for the 
future are most encouraging. Merchants are now quoting 
37s. 6d. per ton for No. 3, but makers decline to take less 
than 38s. for prompt f.o.b. deliveries of No. 3 g.m.b., and 
in some cases 39s. is asked. Many makers predict that 
before the end of the present month we shall have this 
uality as high as 40s. per ton; but others interested in 
the trade are of opinion that such a rise is not at all likely, 
although they express the belief that prices will continue 
to advance steadily. In spite of the less satisfactory infor- 
mation from Glasgow the Middlesbrough market is very 
firm, and bad news from the Scotch centre does not appear 
to have the depressing effect it has hitherto influenced 
over the Cleveland iron trade. On Monday night Messrs. 
Conna! and Co., the warrant storekeepers, had in stock at 
Middlesbrough 250,405 tons of pig iron, being an increase 
of 262 tons on Jast week. In Glasgow the same firm now 
hold a stock of 1,032,422 tons. Although these figures 
show an increase of stocks in the public stores it is stated 
and believed that the total stocks are being considerably 
reduced. Were it not that makers’ stores were being 
lessened, it is hardly likely that many firms would be 
making preparations to restart blast furnaces which have 
been standing idle for years past, and such is the case. 
Shipments of pigiron from Middlesbrough are exceed- 
ingly heavy, and there is every reason to believe that they 
will still further improve considerably, so soon as the 
Baltic ports are opened. East coast hematite iron is 
stiff at 49s. per ton for mixed numbers foundry, and the de- 
mand is good. Gellivara iron is in good local request at 46s, 
for mixed numbers. Ironfounders are all well employed 
and quotations are improving. In the steel trade there is 
great activity and the demand is as good asever. Heavy 
rails are now selling at 4/. 12s. 6d. per ton, whereas at 





the beginning of the year 3/. 15s. was the price. Ship 
plates are in such demand and there are so many orders 
on hand, that producers experience some difficulty in exe- 
cuting their contracts to time. The manufactured iron 
trade is very busy. Common bars are 5l. 12s. 6d. ; best 
bars 6/. 2s. 6d.; best best bars 7/. 2s. 6d.; ship angles 
51. 12s. 6d. ; ship plates 6/. 2s, 6d. ; boiler plates 7/, 23. 6d. ; 
girder plates 6/. 7s, 6d., and puddled bars 3/. 15s, per ton, 
all less 24 per cent. discount. 


Engineering and Shipbuilding.—There is a lot of engi- 
neering work going on in the North, and most firms are 
sufficiently supplied with orders to keep them well em- 
ployed for some considerable time. The same activity 
which has characterised the shipbuilding trade recently 
continues, and all the yards in the North of England pre- 
sent a very busy appearance. During the past week a 
number of large magnificent vessels have been launched, 
and several trial trips have taken place, while a few 
recently completed steamers have proceeded to sea. All 
classes of material in this important industry have greatly 
advanced in price, and consequently the cost of producing 
a ship is now considerably more than it was a few months 
ago. There is every reason to believe that the present 
year will be one of very great activity for shipbuilders. 


The Coal and Coke Trades.—The fuel trade is rather 
quiet just now, but prospects are good. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

Chas. Cammell and Co., Limited.—The annual report of 
this company to December 31 last has been issued. The net 
profits for the year were 120,963/. 6s. 8d. The unappro- 
priated balance from the previous year (after payment of 
directors’ and auditors’ fees) was 41,499/. 14s. 2d., making 
altogether 162,463/. 0s. 1d. Aninterim dividend after the 
rate 5 per cent. per annum on all the company’s capital © 
was paid in October last, amounting to 26,250/., leaving 
for disposal 136,2137. The full dividend of 5 per cent. is 
paid on the 4000 ‘‘ A” 20/. preference shares, and the divi- 
dend on the other shares will amount to 74 per cent. per 
annum. 50,000/. is to be added to the reserve fund, and 
a balance is carried forward to the credit of the present 
year of 35,7137. The directors have decided to pay off out 
of the reserve fund the debentures, 52,200/., created in 
1874 and renewed in 1884. Mr. Charles Cammell, Mr. 
Thomas Dymond, and Mr. Alexander Wilson are the 
three retiring directors, and all being eligible for re-elec- 
tion, resolutions to that effect will be submitted. The 
dividend is the same as for the previous year. The paid- 
up capital is 1,050,000/., and mortgage debentures 
352,000/., of which it will be observed 52,2007. are to be 
paid off out of reserve. 


Formation of a Cutlers’ Union.—The cutlers of Sheffield 
have commenced the forming of an association which is 
called the ‘* Operative Spring Knife Cutlers’ Union.” It 
is intended that this shall be the nucleus of an association 
for the whole body of cutlers employed in Sheffield, and 
arrangements are being made to extend the Society’s 
operations. The Federated Trades Council is taking up 
the matter in an active spirit. The ‘fourteen to the 
dozen” system, whereby a cutler, it is contended, makes 
six dozen knives, on the average, every week for nothing, 
is strongly condemned. It has been decided to make 
great efforts to sweep it away, and also to secure higher 
wages. 

Miners and their Wages.—Coalminers in this district are 
still agitating for an advance of wages. Itis pointed out, 
that in Yorkshire, even if another 10 percent. be obtained, 
it will not put the men in so good a position as they were 
in when the reduction of four years ago was made, inas- 
much as in that interval, a great many privileges have 
been taken away, and many things which were formerly 
paid for are now done for nothing. 


Railway Extensions.—The excavations for the new 
line by which the Great Northern Railway Company 
is about to bring Batley, and places between that 
town and Leeds, into closer touch, are making rapid 
progress in the neighbourhood of Beeston, near to where 
the new branch will join the main line. A large staff 
of navvies have been engaged upon the work for some 
time, a spacious area of elevated ground has been 
reduced to the requisite level, and much other pre- 
liminary work done. When the Great Northern Com- 
pany have doubled the width of their rermanent way from 
Leeds to Ardsley, and the East and West Yorkshire line 
and other extensions contemplated between Leeds and 
Wakefield have been completed, the face of those parts of 
the country, through which these new railways are to run, 
will be remarkably changed. 


Wages Question in the Leeds Engineering Trade.—The 
engineers of Leeds are agitating for an advance of wages. 
The workmen of Messrs. Fairbairn asked for an advance 
of 2s. per week, but at a meeting held on Thursday, when 
the subject was discussed, it was decided by a large 
majority that an advance of 1s. per week should be 
accepted. It is reported that concessions in wages have 
since been pretty general in the leading establishments, 
Almost without exception the engineers of Leeds are fully 
employed, and in many cases overtime is being worked. 
The demand for machine tools is greater than has been 
known for a considerable time. 


Suggested Coal Syndicate.—It is extensively reported 
that a conference of coalowners is to be held with a view to 
the forming of a syndicate for this district and the North 
of England. The fact is, several meetings have been held 
on the subject, and nothing has come of them, 
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RADIAL DRILLING MACHINE FOR MALTA DOCKYARD. 


CONSTRUCTED BY MR. W. ASQUITH, ENGINEER, 
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On the present page we illustrate a very fine radial 
drilling machine, Resanee ar 7 ang W. Asquith, of | 
Halifax, for Her Majesty’s dockyard at Malta. It is g ne p ; 
capable of dellting a hole 4 in. in diameter in steel, | the, Bire, is oe ecaenar —— bee nays a ed 

fi . . . | . ? 

and will bore holes up to 18in. in diameter and | also contracted for very extensive repairs. A couple of 
angle to the spindle. This arrangement is found to eae. nee, si ecmanaaeeen alae 
be more convenient in many cases than swivelling | two and three thousand men, and shipping business is 
the arm, The maximum radius to which the spindle | wonderfully better all over Scandinavia, having increased 
can be set is 9 ft. The spindl» is 4 in. in diameter |in an unpreceden manner. Several new companies 
and is carried in a revolving sleeve, working in conical | have been formed, in addition to which some of the old 
bearings. It is counterweighted, and has variable |companies, notably the large op my or United Steam- 
self-acting and hand-feed motions. The machine |ship Company, are increasing their fleet, English ship- 
can be used for tapping, and is arranged for driving | yards getting . oe _ ew — ~~ canes 
and reversing by crossed and open belts. The arm | ~O™P&Dy; tockholm, has & Sees Se Peer 

: : coe <e \in 1888, the sale of their manufacture amounting to 
and the slide can be adjusted to position with great | 85,000/. against 55,0002. the previous year ; the net profit 
rapidity, the vertical adjustment being by power. | was over 21,000/. The Burmeister and Wain Engineer- 
The total weight of the machine is 12 tons. ing Company. Depenagin atten firm likewise, in onli 

ion to their shipbuilding and heavier engineering wor 

MECHANICAL ENGINEERING IN SWEDEN.—The Koekum | manufactures py re Bae of cream cupenstere—bave 
Engineering Company, Malmé, Sweden, is at_present | declared adividend of 5 percent. for last year after having 
well occupied with a great variety of work. In hand | added considerable sums to their various funds. 
for the Mora-Venern Railway is an order for 120 goods | 
wagons; for the State railways twenty goods wagons; Tur Drrries Sarety Stoves.—After having practi- 
and ten passenger carriages; for the West Coast Rail-| cally solved the problem of a safe petroleum lamp for 
way six passenger carriages, &c. Of other work there | lighting purposes, the Defries Safety Oil and Lamp Com- 
are some large sulphate boilers, heating and ventilat-| pany have for nine months past experimenting with 
ing apparatus for a hospital, a factory, &c., two hy- | an oil cooking and heating stove which is not only perfectly 
draulic presses and other machinery for the Skane safe, but in which smoking of the flameis watiechyavelded 


| Cement Manufactory, &c, At the shipyard a lot of 

repairs have been going on, two or three steamers are 

having new boilers, and are —s generally overhauled : 
t. 


20in. deep. The table is capable of being tilted at an 
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| both at high and at low powers. The stove and burner 
are of the simplest construction, and consist of an oil 
reservoir, into the contents of which a circular wick dips, 
the regulation of this wick being effected by a single 
|milled head. Air is admitted to the flame through a 


| channel passing through the centre of the reservoir, but 


the main air supply comes from the exterior of the wick. 
The chimney is of peculiar construction, as its lower end 
carries a flat metal ring, called a wick cooler, which fits 
down close on top of the flame, leaving but asmall passage 
between its inner edge and the top of the wick. In con- 
sequence of this arrangement there is a very fierce draught 
through this passage blowing the flame away from the 
wick, and only allowing the gas fairly inside the chimney 
to remain alight, so that the wick itself does not burn 
aay, and only requires trimming about once a week 
when in constant use. In short, a true distillation or 
vaporisation of the oil takes place, and the stove, strictly 
speaking, burns oil gas and not oil. Owing to the 
extremely good supply of air the combustion is very 
| perfect, and the flame gives but little light. It can, 
moreover, be left at full or low power for hours without 
the slightest fear of its smoking. Owing to the very com- 
plete combustion obtained with this stove, it is possible 
to utilise the whole heat generated for cooking purpose, 
and to this end the ovens constructed by the company are 
arranged in such a way that all the products of combus- 

HI round the articles 
being cooked. Still not the slightest odour or taste of 





petroleum can afterwards be detected in edibles thus 
treated. 
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INTERDEPENDENCE OF PATENTS. 
For many years inventors desiring to protect 
their inventions in the United States of America 
have been seriously hampered by the provisions of 
the law of that country making the life of the 
United States patent dependent upon that of a 
prior patent elsewhere, or, if more than one, then 
of that having the shortest term. The troubles 
were greatly increased by the considerable variety 
in the laws and practices of other countries, and by 
the fact that letters patent of the United States 

application, but from the 
date of issue. A further difficulty arose in conse- 
quence of the interval between the application and 
the issue, varying from a few weeks in some cases 
to years in others. 

Section 6 of the Act of March 3, 1839 (Statute 5, 
p. 354), provided that a United States patent for an 
invention patented in a foreign country more than 
six months prior to the application of the inventor 
for the United States patent should be limited to 
the term of fourteen years from the date or publi- 
cation of the foreign patent. 

Section 25 of the Act of July 8, 1870 (Statute 16, 
p. 201), provided that the United States patent 
for an invention first patented or caused to be 
patented in a foreign country should expire at 
the same time with the foreign patent, or, if there 
be more than one, at the same time with the one 
having the shortest term ; but in no case should be 
in force more than seventeen years. 

Section 4887 of the revised statutes provides that 
every patent granted for an invention which has 
been previously patented in a foreign country shall 
beso limited as to expire at the same time with the 
foreign patent, or, if there be more than one, at 
the same time with the one having the shortest 
term, and in no case shall it be in force more than 
seventeen years. 

In October, 1878, in the Circuit Court for the 
district of Rhode Island, in Henry v. Providence 
Tool Company, it was held that the 25th section of 
the Act of July 8, 1870, meant that the United 
States patent should expire at the same time with 
the original term of a foreign patent for the same 
invention, without regard to any prolongation of the 
foreign patent which the patentee might procure 
from the foreign government. In that case the 
United States patent was granted October 10, 1871. 
A British patent for the same invention had been 
granted to the patentee on November 15, 1860, for 
fourteen years, and expired November 15, 1874. 
Thirteen days after the latter date an order was 
made for the extension of the British patent for 
four years, the extension bearing date as of the day 
after the expiration of the original term; but the 


2! Court held that the United States patent expired on 
284 | November 15, 1874. 


That decision was followed by the Circuit Court 
for the southern district of New York, in Reissner 
v. Sharp, in June, 1879, which case arose under 
Section 4887 of the revised statutes. In that case, 
the United States patent, granted October 20, 1874, 


8] for seventeen years, was held to have expired on 
9s9| May 15, 1878, because a patent was granted in 


Canada, under the authority of the patentee, for 
the same invention, on May 15, 1873, for five years 
from that day, although in March, 1878, the Canada 
patent was extended for five years from May 15, 
1878, and also for five years from May 15, 1883. 

In the Bate Refrigerating Company ». Gillet, in 
the Circuit Court for the District of New Jersey, in 
August, 1882, and in the same suit, in the same 
court in August, 1887, in regard to the United 
States patent in question inthe suit to be noticed 
below, it was held on the strength of the two Cir- 
cuit Court cases above referred to, that the United 
States patent expired when the original term of the 
Canadian patent expired. 

From what has been stated above it may readily 





be imagined that inventors have often been sorely 








puzzled as to the course they should adopt in cases 
where it has appeared desirable to protect an inven- 
tion in many countries. If a Spanish patent was 
required, for example, its duration would depend 
upon the date of application for it; if applied for 
before a patent in another country it would last 
twenty years, but if applied for afterwards 
within two years it could only be for ten, or 
if beyond two years, then it would last only five 
years. 

An Italian patent would have expressed on its 
face a term depending upon the number of years 
(not exceeding fifteen) for which the proportional 
tax might have been paid ; hence it had become 
customary to pay from thirteen to fifteen years’ pro- 
portional tax on applying for an Italian patent. 

The case of Austria presented even greater difficul- 
ties. The Austrian law would allow an inventor to 
have a patent for fifteen years, or for any smaller 
number of years, and where the original term was 
less than fifteen years it might be prolonged. 

In other countries, such as France, Belgium, and 
Germany, a patent had the full term expressed 
on its face, but would become void on failure to 
pay an annuity. 

Thus it will be seen that, primd fucie, there was 
a difference between an Austrian patent and a 
French, Belgian, or German patent, or even an 
English patent, in that in the case of an Austrian 
patent, assuming only one year to be paid for at 
first, a so-called prolongation would be needful 
according to the terms of the law to keep the patent 
in force, whereas in the other countries no pro- 
longation would be necessary, but only the payment 
of a tax. To get over this difficulty as bearing 
upon subsequent United States patents the practice 
of the Austrian Patent Office authorities was altered 
some years ago, without, however, any alteration in 
the law. The patent no longer professed to be 
granted for one year with right of prolongation, but 
it was indorsed with a statement that fifteen years 
was the longest term fur which it could be kept in 
force, and that it would become void on failure to 
pay an annuity. But grave doubts were enter- 
tained as to the view a United States court might 
take of the effect upon a subsequent United States 
patent of an Austrian patent granted under these 
changed conditions. Now, happily, a decision has 
been obtained from the Supreme Court of the 
United States that to a large extent clears away 
doubts and difficulties heretofore existing. 

On December 16, 1886, a suit in equity was 
brought in the Circuit Court of the United States 
for the district of Massachusetts, by the Bate Re- 
frigerating Company, a New York corporation, 
against George H. Hammond and Co., a Michigan 
corporation, founded on the alleged infringement 
of Letters Patent No. 197,314, granted to John J. 
Bate, November 20, 1877, for the term of seventeen 
years from that day, on an application filed Decem- 
ber 1, 1876, for an ‘‘ improvement in processes for 
preserving meats during transportation and storage.” 

The plaintiff was the assignee of the patent. The 
bill alleged infringement, within the district of 
Massachusetts and elsewhere in the United States, 
by the making, using, and vending of the patented 
process, and alleged that the defendant had been 
engaged in the business of shipping fresh meat 
from the port of Boston to ports in Great Britain, 
by means of the process claimed in the patent. The 
claim was as follows : 

‘*'The herein described ——- of preserving meat 
during transportation and storage, by enveloping 
the same in a covering of fibrous or woven material, 
and subjecting it when thus enveloped to the con- 
tinuous action of a current of air of suitably low 
and regulated temperature, substantially as and for 
the purpose set forth.” 

It appeared that on December 19, 1876, in the 
Patent Office of the Dominion of Canada, an applica- 
tion was made for a patent for improvements in 
apparatus and processes for ventilation, refrigera- 
tion, &c., including therein, as one feature, the 
process described and claimed in the United States 
patent, and accordingly a Canadian patent, No. 
6938, for the invention was signed and sealed on 
January 9, 1877, and registered on January 9, 1877. 
The period of the grant expressed in the patent was 
five years from and after January 9, 1877. 

On January 12, 1877, the Canadian Commissioner 
of Patents called upon Bate to furnish to the Patent 
Office a model of his invention, which he did on 
June 26, 1878, on which day the Canadian patent 
was mailed to him. 





On December 5, 1881, Bate filed a petition in 
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the Canada Patent Office, setting forth that on 
the 9th day of January, a.p. 1877, he obtained a 
patent for the period of five years from the said 
date, for new and useful improvements on apparatus 
and process for ventilation, refrigeration, &c. ; that 
he was the holder of the said patent in trust for 
the ‘‘ Bate Refrigerating Company,” and therefore 
prayed that it might be extended for another period 
of ten years. 

On December 12, 1881, the patent was extended 
for five years from January 9, 1882, and on De- 
cember 13, 1881, it was further extended for five 
years from January 9, 1887, in pursuance of the 
above-named petition. It was urged that the 
United States patent was void because it was issued 
for seventeen years, and its term was not limited 
by the Commissioner of Patents to five years from 
January 9, 1877; that the Canadian application 
was not made until after the United States appli- 
cation was filed ; that Bate did not file a model 
in the Canadian Patent Office until after the grant 
of the Canadian patent, and that in Canada the 
invention was actually patented to Bate on January 
9, 1877, and the patent took effect on that date 
although not actually delivered to the patentee 
until after the filing of the model. 

The cause was heard on the pleadings and a 
certain stipulation, and the Circuit Court entered a 
decree dismissing the Bill, from which decree the 
plaintiff appealed to the Supreme Court of the 
United States. The Circuit Court gave no opinion 
on the merits of the case, but in deciding it fol- 
lowed, as it stated, the decision of the Circuit 
Court of the United States for the district of New 
Jersey, held by Mr. Justice Bradly, in August, 
1887, and made in the case of Bate Refrigerating 
Co, v. Gillett (31 Fed. Rep., 809). 

The questions discussed at the bar arose under 
Section 4887 of the revised statutes, already referred 
to, and which is as follows : 

. ‘© No person shall be debarred from receiving a 
patent for his invention or discovery, nor shall any 
“seo be declared invalid, by reason of its having 

een first patented or caused to be patented ina 
foreign country, unless the same has been intro- 
duced into public use in the United States for 
more than two years prior to the application. But 
every patent granted for an invention which has 
been previously patented in a foreign country shall 
be so limited as to expire at the same time with the 
foreign patent, or, if there be more than one, at 
the same time with the one having the shortest 
term, and in no case shall it be in force for more 
than seventeen years.” 

Two propositions as to the construction of this 
section were contended for by the appellant: 1. 
That the words ‘‘ first patented or caused to be 
patented in a foreign country” did not mean “first 

atented or caused to be patented” before the 
issuing or granting, or date, of the United States 
patent, but meant, ‘‘ first patented or caused to be 
patented” before the date of the application for the 
United States patent. 2. That the declaration of 
the section, that ‘‘ every patent granted for an in- 
vention which has been previously patented in a 
foreign country shall be so limited as to expire at 
the same time with the foreign patent, or, if there 
be more than one, at the same time with the one 
having the shortest term,” did not mean that the 
patent so granted should expire at the same time 
with the term to which the foreign patent was in 
fact limited at the time the United States patent 
was granted ; but that it meant that it should expire 
when the foreign patent expired, without reference 
to the limitation of the term of such foreign patent 
in actual force at the time the United States patent 
was granted. 

The Court of Appeal did not find it necessary to 
consider the first of these questions, because they 
were of opinion that the proper construction of 
Section 4887, upon the second question, was that the 
patent would not expire before January 9, 1892, 
the time when the Canadian patent would expire. 

The Canadian patent was extended for the two 
periods of five years each, under the provisions of 
Section 17 of the Canadian Act assented to June 
14, 1872, which was in force when the United 
States patent was applied for and granted, and 
which read as follows : 

‘*Patents of invention issued by the Patent 
Office shall be valid for a period of five, ten, or 
fifteen years, at the option of the applicant, but at 
or before the expiration of the said five or ten 
years the holder thereof may obtain an extension 
of the patent for another period of five years, and 


after those second five years may again obtain a 
further extension for another period of five years, 
not in any case to exceed a total period of fifteen 
years in all ; and the instrument delivered by the 
Patent Office for such extension of time shall be in 
the form which may be from time to time adopted, 
to be attached, with reference to the patent and 
under the signature of the Commissioner or of any 
other member of the Privy Council in the case of 
absence of the Commissioner.” 

This statute appeared to have been strictly com- 
plied with in the present case. The Court remarked 
that the Canadian patent ran, on its face, for tive 
years from January 9, 1877 ; and prior to the ex- 
piration of that time, and on the 5th of December, 
1881, Bate applied for its extension for ten years ; 
and it was, before the five years expired, viz., on 
the 12th of December, 1881, extended for five years 
from January 9, 1882, and on December 13, 1881, 
for five years from January, 1887. The Canadian 
patent, therefore, had never ceased to exist, but 
had been in force continuously from January 9, 
1877 ; it was in force when the United States patent 
was issued ; and it had, by virtue of a Canadian 
statute in force when the United States application 
was filed, continued to be in force at all times since 
it was granted. This was true, although the 
Canadian patent, as originally granted, stated on 
its face that it was granted ‘‘for the period of five 
years” from January 9, 1877, and although the 
instrument granting the first extension of five years 
stated that it was granted ‘‘for another period of 
five years, to commence and be computed on and 
from the 9th of January,” which would be in the 
year 1882, and although the instrument granting 
the second extension of five years stated that it was 
granted ‘‘ for another period of five years, to com- 
mence and be computed on and from the 9th of 
January, which would be in the year 1887.” By the 
language of Section 17 of the Canadian Act of 
1872, what was granted under it was an ‘‘ extension 
of the patent ”—of the same patent—for a further 
term. Therefore the Court held that the Canadian 
patent would not expire, and it nevercould have been 
properly said that it would expire before January 
9, 1892 ; and hence the United States patent limited 
so as to expire at the same time with the Canadian 
patent, could not expire before January 9, 1892. 

We have stated somewhat at length the views 
entertained by the Court because it appears desir- 
able that those who may be interested in patents 
should know something of the line of reasoning 
whereby the Supreme Court arrived at a decision, 
the effect of which may be summed up as fol- 
lows : 

1. Where the foreign patent is granted for a 
short term, subject to extension as a matter of 
right upon the payment of a required fee, and 
where the extension, as a matter of fact, is ob- 
tained by payment of the fee, a subsequent United 
States patent for the same invention will run for 
the full term of the foreign patent. 

2. It is not necessary to the validity of the 
United States patent that it should bear on its 
face a reference to and limitation by a prior foreign 
patent for the same invention. 

It has, however, been pointed out by certain 
gentlemen practising in the United States whose 
experience entitles their opinion to respect, that 
the United States Supreme Court, in rendering its 
opinion in the above case, appears to have pro- 
ceeded upon a line of reasoning which, if followed 
out toits legitimate conclusion, would require the 
holder of a foreign patent to continue to pay his 
taxes if he wished to keep in force a subsequent 
United States patent for the same invention to the 
full term of the foreign patent. This point was 
not directly decided in the particular case, but it 
seems advisable that holders of foreign patents 
should continue to pay the taxes thereon if they 
wish to make sure of keeping subsequent United 
States patents for the same invention in force for 
the full term of the foreign patents. 





THE DEBATE ON NAVAL ORDNANCE. 

Ir is tu be regretted that the official publication, 
which gives the particulars of the Navy Estimates, 
cannot be issued to the public at least some time 
before the Navy votes are moved in the House of 
Commons. Much of the discursiveness so often 
—and so justly—complained of would doubtless 
disappear if members had time to make them- 





selves acquainted beforehand with the subject 
about to be debated. We notice too with regret 





that the First Lord of the Admiralty’s printed 
statement—a feature introduced three years ago— 
is falling off in interest and importance. Indeed, 
in the opening paragraph of the present issue Lord 
George Hamilton tells us that vivd voce statement 
in the House is to take the place, to a great extent, 
of the written memorandum. 

In our article on this subject last week we con- 
tented ourselves with putting forward the most 
striking features in the Admiralty programme, not 
dealing with the debate in the House of Commons 
on the Government proposals. The reason for this 
was partly that the discussion was adjourned and 
we preferred to deal with the whole matter at once, 
but chiefly because there was very little in the 
criticisms offered by various speakers which re- 
quired attention. 

It will hardly be supposed, we imagine, that the 
strictures of Lord Randolph Churchill demand 
much attention in a journal which has no political 
bias ; and the same may be said of the utterances 
of Mr. Cremer, Sir Wilfred Lawson, and others of 
their following. Lord Charles Beresford stands on 
a different platform, but even his utterances were 
of a somewhat colourless nature, for he certainly 
was not in a position, even had he the desire, to 
exclaim against additional expenditure upon ship 
construction, and it would perhaps be asking too 
much of human nature to expect him to cordially 
support his late colleagues. 

The debate of the following Thursday, the 14th 
inst., was of a more practical character. It turned 
chiefly on the question of the supply of guns and 
ordnance stores for the Navy. Mr. Duff opened 
the ball by moving that the Admiralty should 
assume the entire responsibility of providing 
guns and ordnance stores for the Navy, and that it 
would be well if they did more to encourage the 
private trade of the country. Mr. Duff's amend- 
ment was negatived on political grounds only, 
for there was certainly much to be said in its 
favour. 

Our readers will rememberthat until within the last 
year or so the guns supplied for use on shipboard 
formed no part of the charges in the Naval Estimates, 
being, as it were, an enforced gift from the War 
Office. Anything more absurd it is difficult to 
imagine, the proof of which has been amply sup- 
plied in the disgraceful state into which naval 
ordnance was allowed to fall. On the one hand 
there was little or no inducement to the Admiralty 
to exercise any economy in the matter of guns, 
whilst there was hardly more inducement to the 
military authorities to produce efficient weapons. 
The consequence was—and is still to some extent 
-—that British ordnance of the Royal Navy became 
utterly unworthy of a country claiming the position 
amongst nations to which Great Britain pretends, 
the guns of our fleet being only equalled in their 
inferiority by their costliness. 

We feel almost that some excuse is due from us 
for enlarging on this prominent example of the 
results of official stupidity and self-seeking, by 
which our country, possessing such unparalleled 
mechanical resources, has been reduced to so low 
anebb. Engineers are perhaps more aware than 
any other class how inventors and manufacturers 
have been snubbed, suppressed, and thwarted by 
the obstinacy and ignorance of those who have in 
times past preferred to keep the manufacture and 
design of ordnance within a ring fence ; the result 
of which has been that some of the best guns pro- 
duced in the country have been manufactured to go 
abroad. The importance of the subject, however, 
forms ample excuse for entering upon it once again. 

Mr. Duff quoted, in support of his motion, the 
words lately used by the First Lord of the Admi- 
ralty, ‘‘that ships have been kept waiting for 
months, and in some cases for years, for their guns.” 
It is true the money for ordnance now forms a part 
of the Naval Estimates, but the contract for guns and 
most ordnance stores is yet made by the War Office ; 
the latter department, in fact, playing the part of 
middleman. The middleman is a useful person at 
times, but he has his drawbacks. Where a large 
number of articles have to be obtained from widely 
scattered sources of supply, the middleman fairly 
earns his profits, becoming an economic labour- 
saving institution, and so of distinct benefit to the 
community ; but if, as is too often the case, he 
simply serves as a screen to prevent user and manu- 
facturer coming together, he is worse than useless. 
When, however, the dealer is only partially a dealer, 
being at the same time in some sort a manufacturer, 
a atill more mischievous state of affairs arises, for he 
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then uses his monopoly to prevent competition, and 
foists his own, possibly inferior, wares upon the 
consumer. Such, in some sort, appears to be the 
position of the War Office with regard to the Navy 
in the matter of ordnance. It is not very likely that a 
department will encourage open competition, if such 
competition is likely to expose the inefficient way 
in which one of its own departments is conducted. 

Mr. Duff tells us that Lord Ripon’s Board initiated 
a movement by which the Admiralty would have 
taken the entire responsibility of providing itself 
with guns and ordnance stores. This reform was 
in a fair way of being carried out, but when Lord 
George Hamilton came into power he refused to 
follow up the programme, although he acknow- 
ledged the weakness of the existing system. ‘‘ Our 
difficulty,” he said in the House, ‘‘is not one of 
want of funds or want of shipbuilding power, it is 
want of gun-producing power.” The Secretary to 
the Admiralty had also said, in reply to some re- 
marks made by Mr. Duff: ‘‘The hon. gentleman 
suggests that we should take more money for guns 
and less for ships. They (the Admiralty) had 
taken as much money for guns as the manufac- 
tories could turn out, andin proof of that the War 
Office would have to return to the Treasury a very 
large amount of money which they had taken for 
naval armaments which they had been unable to 
spend. It would therefore be idle for the Admiralty 
to take an excessive amount, knowing the difficulty 
there would be in spending the money asked for 
last year.” 

Mr. Duff suggests what, to every clear-headed 
man with the slightest capacity for business, is a 
simple solution to this unhappy state of affairs. 
‘* All the Admiralty has to do,” he says, ‘‘is to go 
into the market for their guns, make their own con- 
tract for them, just as they did for their ships and 
their engines. That was the system which the late 
Board had agreed to adopt, in accordance with the 
recommendations of the conference, held in 1886, 
between the Admiralty and the War Office, which 
recommendations were confirmed in their main 
principles by an inter-departmental committee on 
which the War Office, Admiralty, and Treasury 
were represented.” The entire responsibility for 
not adopting the committee’s recommendations was 
due, Mr. Duff considered, ‘‘to the timidity of the 
present Board of Admiralty.” 

To give the War Office its due, it appears to 
have been anxious to free the Admiralty from its 
control in the matter of gun supply. General 
Alderson, Director-General of Artillery, stated, so 
long ago as 1884, that ‘‘it was high time the 
system (i.c., provision of naval ordnance by the 
War Office), detrimental to both services, should be 
brought to an end. The responsibility heretofore,” 
the general continued, ‘‘has been dangerously 
divided, and I can only repeat that such division is 
certain to lead to great inconvenience in any case 
and to absolute disaster in case of war.” 

The recommendation of the inter-departmental 
committee upon which the Treasury, Admiralty, 
and War Office were represented, was equally plain 
in its language. ‘‘In regard to the provision of 
future supplies it is agreed that the Admiralty 
shall annually furnish to the War Office notice of 
their probable requirements for warlike stores of 
all kinds in time for the preparation of the Esti- 
mates, in order that the War Office may state the 
extent to which the requirements of the Navy can 
be met from the Government establishments at the 
date to be settled between the two departments 
for delivery ; but it will be understood that the 
private trade may be resorted to by the Admiralty, 
not merely for articles which the War Office can- 
not supply within the required time, but, on due 
notice to the office, for any articles which may be 
obtained by the requisite dates more cheaply from 
the private trade.” 

At the time Admiral Hopkins was Director of 
Naval Ordnance, and he expressed himself as quite 
prepared to take the responsibility of ordering guns 
directly from the trade. When examined before 
Sir James Stephen’s Commission, this officer stated 
that he had been for three years Director of Naval 
Ordnance. He was asked by the chairman of the 
Commission, ‘Do you think it would be a better 
plan to have the supply of the two services sepa- 
rately provided for?” ‘ I think it is the only plan ; 
I think, in the event of war, the amount of work 
that the Commissary-General at Woolwich would 
have to do would be excessive.” Then the chair- 
man said, ‘‘ He has, in fact, to do duties of a very 


different kind ;- he may be called upon at one and 








the same moment to send all sorts of stores to an 
army in the field, and also to a naval squadron in 
the Pacific Ocean?” ‘‘ Quite so.” ‘‘They require 
very different things?” ‘‘ Yes. I may say that it 
is all in process of alteration. I was a member 
of that committee at the War Office lately, which 
put before the Treasury very strongly that really 
the only way to insure what may be considered a 
respectable system is for the naval authorities to 
take the money in the naval votes, and provide 
their own naval material, and then it would be in 
their own hands.” 

Admiral Hopkins is at the present time Third 
Naval Lord of the Admiralty, a position betterknown 
as the Controller of the Navy, and it is a significant 
illustration how being upon the Board may alter 
the opinions of even so clear-headed a man as the 
gallant admiral, that Lord George Hamilton told 
the House last Thursday week that Admiral Hopkins 
was not at all of opinion that the Admiralty should 
order their ownguns. The following is the passage 
as reported in the Times: ‘‘ The hon. member (Mr. 
Duff) said there were certain members on the Board 
of Admiralty, notably Admiral Hopkins, who agreed 
in his view. The hon. member was utterly in 
error. Admiral Hopkins was Controller of the 
Navy, and he entirely dissented from the hon. 
member. (Mr. Duff: I referred to his evidence.) 
The hon. member might refer to evidence, but as 
against that he had himself the advantage of a 
conversation with the Controller of the Navy that 
morning, and he said he entirely dissented from the 
view advanced by the hon. gentleman.” 

We should be sorry to accuse any gallant officer 
of either fickleness or any more serious defect on 
the strength of a statement made for party pur- 
poses in the House of Commons, and it must be 
remembered that the Controller of the Navy has 
his mouth closed by his official position. Admiral 
Hopkins has earned a high position in the naval 
service by an able and honourable career, and we 
prefer to accept his former unequivocal statements 
on this question, they being more consonant with 
common sense, than the somewhat enigmatical 
statement of opinion put forward on his behalf by 
the First Lord of the Admiralty. We imagine that 
were the truth known it would be found that the 
Controller has been hardly used in this matter. To 
return, however, to the main question, we find that 
in September, 1886, the present First Lord of the 
Treasury and leader of the Government in the 
House of Commons, the Right Hon. W. H. Smith, 
was Minister of War, and, speaking with the added 
authority of an ex-First Lord of the Admiralty, 
had remarked, ‘‘I agree with all that has been said 
about making the Navy alone responsible for its 
own munitions of war. I have heard that in and 
out of office for a very long time. For the future 
the responsibility will rest with the Navy for the 
supply of all material of every kind which is re- 
quired for its own branch of the service. They 
may go to Woolwich for such guns as Woolwich 
may supply, or to the Whitworth Company ; they 
will have a perfectly free hand.” 

It may be well here to put on record what was the 
late Board of Admiralty’s views on this question of 
ordnance supply, especially as they seem to have 
been supported by the Treasury aud the War Office 
under the late administration. Mr. Duff gives the 
following as the intentions of Lord Ripon’s Board. 
‘¢They would go to the War Office in the first in- 
stance and say, ‘ We want so many guns by the end 
of the next two years—say 100 guns—how many 
can you let us have?’ Woolwich might reply, ‘ We 
can let you havetwenty.’ These would be ordered 
by the Admiralty direct from Woolwich ; but re- 
garding the other 80 guns the Admiralty would go 
into the market for them and take tenders for so 
many, not only from Armstrong and Whitworth, 
but from any firm in the kingdom that was willing 


to compete and could satisfy the Director of Naval 


Ordnance that they were prepared to fulfil the con- 
ditions of the contract. If it was found by experi- 
ence that guns could be obtained cheaper and 
guicker from private firms than from Woolwich, 
then the latter, so far as naval ordnance is con- 
cerned, would be gradually dropped.” 

Mr. Duff is of opinion that there are firms in this 
country who would be willing to lay down plant 
to manufacture heavy ordnance for the Navy ; and 
here we can assure him he is right. There are 
several manufacturers, dozens we may say, who 
would be only too anxious to expend their know- 
ledge and capital in laying down plant to turn out 
the largest guns required, were there a fair chance 








of getting a reasonable return for money so risked. 
Lord George Hamilton ridiculed the idea of putting 
the manufacture of guns on the same platform as 
the building of ships, and here the First Lord was 
right in his conclusion, although he arrived at 
it upon wrong premises. Every important shipyard 
in the kingdom has, with few exceptions, the 
greater part of the plant requisite for building a 
man-of-war. The tools and appliances are not 
greatly different to those required for a merchant 
vessel. In one instance, a firm that has been suc- 
cessful in obtaining orders for and building some 
of our important and recent battle-ships has 
perhaps as antiquated a plant as could be found in 
the kingdom, and yet this firm does excellent work. 
Practically, any big shipyard is therefore at any 
time in a position to take an order for a man-of-war 
supposing it has room on the stocks. The case of 
manufacturing big guns is, however, very far from 
beinganalogous. Toturnoutheavy ordnance requires 
a special and extremely costly plant, much of it 
hardly applicable for other purposes. If the Govern- 
ment was in a position to say to some of the most 
suitable firms, ‘‘ We will give you orders for guns 
that will justify you from a business point of view 
in laying down the necessary machinery, supposing 
you turn out guns to fulfil such and such con- 
ditions ;” in that case there would be no back- 
wardness on the part of contractors. Unhap- 
pily the Government can do no such thing. It 
is a notable weakness of our present system of 
Government-—and of course every system of Govern- 
ment must be weak somewhere—that continuous 
policy is one thing that is most difficult to be 
insured. Ministries change, and have but scant 
respect for the promises of their predecessors, 
especially in such matters as spending money on 
the Navy, and at any time Parliament may cut 
down supplies to the lowest estimate. It is this 
that frightens the big firms. They are afraid of 
having a costly plant standing idle when perhaps 
they have only just learned—probably at enormous 
outlay—how to use it to advantage. It is true that 
two firms, notably by means of foreign support— 
Armstrong and Whitworth—have overcome this 
difficulty, and now they are followed by a third in 
Vickers, Sons, and Co., of Sheffield. 

It is from such facts as these that the present 
Admiralty proposals for a continuous policy find 
their most substantial support, and it is to be hoped 
that when Lord George Hamilton has an assurance 
of the money he will follow the dictates of common 
sense and ordinary business procedure in encourag- 
ing competition in the manufacture of ordnance and 
establish for the good of the country in general, as 
well as the Navy in particular, a big gun-producing 
industry. England ouzht to be the gun factory of 
the world, and all other establishments an anachro- 
nism, except so far as they may be demanded by 
the exigencies of national considerations. To 
attain that position we must have a wide and active 
competition ; not a monopoly of a Government 
department and three big firms, however powerful 
and enterprising the latter may be. 

There are, however, some other important points 
in this controversy to which it is necessary we should 
refer. When the Admiralty orders a ship of a firm 
of contractors most complete directions upon every 
point are given to the builders, perhaps not at the 
time, but as the work progresses—although we may 
remark, by the way, that there have been great 
improvements in this latter respect of late. Lord 
George Hamilton tells the country from his 
place in the House of Commons that the 
Navy never could and never would undertake the 
responsibility of designing abig gun. ‘‘ Why not?” 
we would ask. It is possible that there may not now 
beat Whitehall any one capable of suchatask. But 
the Admiralty has now before it a programme which 
includes a sum of 5,350,0001. for armaments. With 
such an amount—a large part of which is for big 
guns—it must be worth while, if needs be, to 
establish a gun-designing department. Every prac- 
tical manufacturer, and every sensible purchaser, 
knows that good scientific advice is worth paying 
for when large sums and important technical work 
is in question. An architect’s fees, an engineer's 
fees, a scientific chemist’s fees, are, in their way, as 
well worth paying as a lawyer’s fees; and every 
one knows that the man who is his own lawyer has 
a fool for his client. 

There is, however, another course open fo Go- 
vernment by which it may obtain designs for guns. 
Lord Charles Beresford asks for a special gun- 
producing department—with leave, we presume, 
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to go to private trade. ‘‘There was,” he said, 
‘*a great deal of irritation between the two services, 
and he believed the thing would never work well 
until they got for the supply of guns a department 
presided over by a civilian, and independent both 
of the War Office and the Admiralty. Such a de- 
partment would see in a moment where the guns 
ought to be supplied, whether to the Army or the 
Navy, and somebody would always be responsible, 
whereas under the present system it was impossible 
to bring responsibility home to anybody.” 

General Sir John Adye advocates, in a letter to 
the Times, a reconstruction of the post of Master- 
General of the Ordnance with a Board chiefly pro- 
fessional. The office was abolished in 1855, and we 
cannot therefore look on its work, in any important 
degree, as a precedent of what would be desirable 
now, the nature of ordnance having so entirely 
changed since that date. Sir John Adye is, how- 
ever, in spite of his long services, a man of the 
present day—even if more tinged with reminis- 
cences of the past than some may imagine desirable 
—and his opinion is valuable. The gallant general 
points out the advantages of both branches of Her 
Majesty’s service combining their experience, if the 
Ordnance Board is to be a joint business, and the 
point is undeniably a strong one to make. Unfor- 
tunately, however, those professional jealousies to 
which Lord Charles Beresford refers undoubtedly 
exist, and they appear to be sufficient to neutralise 
the benefits of combined experience. As a matter 
of fact the responsibility for the design of guns now 
rests absolutely with the Ordnance Committee, a 
body of experts composed of military, naval, and 
civilian elements. 

Mr. Stanhope, the Secretary of State for War, 
spoke strongly against a separate ordnance de- 
partment in the following terms: ‘‘ The real ques- 
tion to solve was who was to be the authority 
responsible for providing guns for the Navy. It 
must be either one of the two departments con- 
cerned, or the War Office acting as agent for the 
Admiralty, or a totally separate department. The 
mere description given of this department by his 
noble friend proved at once that it would involve 
an enormous increase of cost. If such a depart- 
ment was desired the country would have first to 
consider whether it would be prepared to bear that 
large increase of cost, and secondly, whether it 
would get better results than under the existing 
system. A good deal of difficulty would arise with 
reference to the relations of a separate Ordnance 
Department with the War Office and the Admiralty. 
Both of these departments would have the privi- 
lege of ordering their stores from the Ordnance 
Department,” and both departments would in turn 
squeeze it. The Secretary for War and the First 
Lord of the Admiralty would be certain to find 
fault with what the head of the Ordnance Depart- 
ment did, and the position of the last-named official 
would be rendered more difficult through being 
placed in a position in which he could not defend 
himself. The establishment of such a department 
also would not meet one of the greatest difficulties 
connected with the department, namely, that the 
work supplied should be such as to receive the ap- 
proval of the service using it. It seemed to him, 
therefore, that the House would be incurring a 
great risk if it attempted to establish such a depart- 
ment as this, because it would not be a remedy for 
the difficulty in which they were at present placed. 
They must either have the Admiralty ordering its 
own guns, or the War Office, acting as the agent of 
the Admiralty, ordering the guns for the Navy as 
well as for itself.” 

Perhaps Mr. Stanhope is nearer right here than 
Sir John Adye. These hybrid departments are 
not apt to work harmoniously for any great length 
of time. 

There is, however, another possible mode of pro- 
cedure which has not yet been touched upon, but 
of which we have an example at the Admiralty. 
The engineering department at Whitehall is not a 
designing department. It is true that a very elabo- 
rate specification is got out for the propelling 
machinery of Her Majesty’s ships upon which con- 
tractors tender, but a specification is a very different 
thing toa design, and withincertain limits contractors 
have a pretty free hand so long as they fulfil the 
conditions laid down. It may Se objected that in 
the case of marine engines there is a large accu- 
mulated experience in the hands of private firms, 
whereas, in the case of heavy ordnance, manu- 
facturers have very little knowledge, outside the 
one or two firms who have devoted themselves to 





this subject. Knowledge and experience are, how- 
ever, terms of comparative value, and if not much 
is known about gun manufacture in Britain, out- 
side the boundaries specified, still less is known 
abroad, if we also except one or two special firms. 
The policy of the Admiralty should be to enlarge 
the field of supply and so long as the necessary con- 
ditions of trial—sufficient to insure satisfactory per- 
formance—are complied with, it would be a clear 
gain to introduce guns of new makers into the Navy. 
How to fulfil the conditions of trial would be the 
business of the contractors. We are confident that 
many influential and wealthy firms would join in 
the competition were they assured that a manu- 
facturing success on their part would mean a finan- 
cial success also. 

Whatever alteration may be made can hardly fail 
to be an improvement on the thoroughly rotten state 
of affairs, which has landed us in the humiliating 
and dangerous position we at present occupy. 





ASSOCIATED TRONMOULDERS OF 
SCOTLAND. 

THE ironmoulders of Scotland, like the iron- 
founders of England, formed themselves into a 
society at a very early date. The union, under its 
present name, was established in 1831, since which 
period it has a continuous, although somewhat 
varied, history. But it is not quite so easy to trace 
the successive stages of the history of the Associated 
Ironmoulders of Scotland, as it is of the same body 
of men, under the name of Ironfounders in Eng- 
land, for the simple reason that the latter body pub- 
lish an ‘‘annual report,” which the former body do 
not. The explanation is given in the secretary’s 
own words as follows: ‘‘ We do not print what is 
known as an annual, as every four weeks we print 
a detailed statement of income and expenditure, 
which no other society that I know of, does.” This 
monthly statement, he thinks, saves expense, and 
keeps before the members the items of income and 
outlay better than could be done in an annual 
report. We are, however, assisted in the endeavour 
to estimate the progress of the Society, during the 
last twenty years, by the Tables prepared by the 
secretary, and given in the report of the labour 
correspondent of the Board of Trade, entitled 
Labour Statistics, corrected by the latest report. 

Numerical Strength.—This Society is divided into 
eighteen districts, the details as to which are given 
in each monthly report. In most other societies 
they would be called branches, but the organisation 
is slightly different. The total number of members, 
at the undermentioned dates, was as follows : 

1867 2986 
1877 4629 
1887 5455 
1888... ees vs ~ A 5360 

From 1842 to 1853 the number of members varied 
from 704 to 968, the maximum ; the average num- 
ber being about 700. From that date there has 
been steady progress. 

Financial Operations.—The total income of the 
Society, at the same dates, has been as follows : 

£ 


1867 ’ 
1877 12,284 
1887 17,223 
1888 me oe 18,074 
The total aggregate income of the Society since 
Feb. 12, 1842, has amounted to 408,534. 7s. 10d. 
The total expenditure of the Society during the 
same years has been as follows : 


1867 
1877 
1887 
1888 


£ 
16,073 
13,515 
15,832 
es sts i Se ae ... 13,430 

It will be seen that both in 1867 and again in 
1877 the expenditure exceeded the income. The 
fact is, the Scotch iron industries suffered severely 
in the financial crisis of 1866 and 1867, and from 
1875 to 1879 or 1880. The aggregate expenditure 
of the Society during the whole period—1842 to 
1888, inclusive—was 401,554l. 2s. 1d. 

The averages per member of the yearly contribu- 
tion, and of the expenditure, are not worked out in 
the reports, but it appears from the Table in the 
‘* labour statistics ” that the lowest yearly amount 
paid by each member of the Society, since 1870, was 
in 1876, when it amounted to 2I. 9s. 6d. ; the highest 
was in 1871, when it reached 4/. 6s. per member. 
The minimum expenditure per member was in 1872, 
when it only amounted to 1/. 7s. for the year; the 
maximum was reached in 1879 when it amounted 
to 41, 15s. 4d, 





Benefits—Details of Expenditwre.—This Society 
has no sick benefit provision in its rules ; the con- 
tributions of the members are therefore less than in 
the Ironfounders of England. The following are 
the benefits provided for : 

A. Unemployed.—This includes ‘‘idle, holiday, 
and suspension benefit,” and comprises, therefore, 
all payments to members out of work, from what- 
ever cause. The following figures represent the 
payments to out-of-work members during the same 
years as the preceding : 


£ 
11,085 
8,255 
8,908 
oe ay ass Se 4,122 

But these sums by no means represent the maxi- 
mum amounts paid under this head. In 1878 they 
amounted to 13,7651.; in 1879 to 15,589I.; in 
1884 to 15,087/ ; in 1885 to 17,371. ; and in 1886 to 
14,5531. The aggregate paid since 1842 has reached 
37,894l. for this benefit alone. 

B. Superannuation Benefit.—This benefithas been 
in operation ever since 1843, the payments there- 
under, in 1844, being 151. 1s. 2d. The amounts so 
paid in the years before specified were as follows : 

£ 
367 
1212 
1887 3073 
1888 we Fe 3274 

The total paid in superannuation to aged members 
since 1843 has amounted to over 35,3451. The 
increasing strain as regards this one benefit is, as 
illustrated above, the same in all the societies hav- 
ing this excellent provision in their rules—the 
actuarial calculations as to the duration of life not 
being so well understood when the rates were fixed 
as they are now. 

C. Funeral and Accident Benefit.—The sums paid 
under this head have been as follows : 


1867 
1877 


1867 
1877 


£ 
1532 
1985 
1887 1843 
1888 i es a 1778 

The aggregate so paid since 1842 has amounted 
to 42,401/. 11s. 2d. Since 1873 the annual pay- 
ments have been invariably heavy. In only five 
years, out of the period 1842-72, did the sums 
amount to 1000/. in the year. The two last-named 
benefits indicate that the members of this Society 
stand well to their guns, that comparatively few of 
them leave the Society after once joiniug it. The 
same fact is conspicuous in the history of the Iron- 
founders’ Society of England. 

D. Money Lent to Members.—This Society lends 
small sums to its members in cases of dire need, 
and for fares to jobs when out of employment. The 
loans so made are not lent as in loan societies, they 
are merely temporary advances. The following are 
the amounts for the years selected : ‘ 


1867 313 
1877 146 
1887 nil. 
1888 sh a ed nil. 

The total so lent since 1841 has amounted to 
54941. 5s. 3d. The absence of any amounts in 1887 
and 1888 shows that trade has revived somewhat, a 
fact also strikingly shown in the comparatively 
small sums expended on out-of-work benefit, in 
those two last years. 

The Tables given in the last report, January of 
this year, give the cost of management and all 
other disbursements, besides those above enume- 
rated. These may be shown in the form following : 





| ie bien | : 
| 1867. | 187. | 1887. | 1888. 





ied Mote 
Salaries and delegations .. ea 3) 749 | S867 | 649 | 637 
Rent, printing, stati y, and postage, 840 | 536 | 


| 663 616 
Miscellaneous - ed 1186 | 514 | 694 3002 


Le 








The Tables do not set out in detail these disburse- 
ments, as they are accounted for month by month. 
But some of the larger items, under the head ‘‘ mis- 
cellaneous,” represent ‘‘ property purchased,” and 
stocks of stationery, books, and other articles, are 
also included. The aggregate totals since 1841, 
under each head, are as follows: Salaries and dele- 
gations, 24,6751. ; miscellaneous, 33,161/.; rent, 
printing, postage, &c., 22,4921. 

The total expenditure, during the whole of the 
47 years covered by the Tables, has amounted 
to 401,5541. The following Table contains the 
amounts for the specific years enumerated. 
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£ 
1867 ... 16,073 
1877 ... 13,515 
1887 ... 15,832 
1888 ... 13,430 


The balance in hand at the close of 


each year 
was as follows: 


£ 
1867 ... 1,533 
1877 ... 19,497 
1887 ... 3,129 
1888 ... 7,774 


These fluctuating balances show how severe has 
been the struggle sometimes to make both ends 
meet. The funds in hand touched the lowermost 
point in 1868, when at the close of the financial 
year the balance was only 58/. 5s. In 1874, 1875, the 
1876, the balance was at its highest point, averaging 
in these three years over 21,0001. The average 
amount per member in hand in 1868 was only six- 
pence ; in the five years ending 1876 the average 
amounted to 5/. per member. 

Altogether, the history of this Society shows that 
the members have made heroic struggles to main- 
tain their position and pay their way. The greatest 
calamity with which they had to contend was the 
failure of Scottish banks in 1866, acrisis the Society 
survived with some difficulty, as the whole of their 
funds were deposited insome of them. The last 
few years give evidence of activity, progress, and 
prosperity, both in numbers and in financial 
strength. 








THE DEVILLE-CASTNER PROCESS FOR 
THE MANUFACTURE OF ALUMI- 
NIUM. 

Ar the time that the Castner process for the 

manufacture of sodium was first shown in this 

country we published an account of it,* and more 
recently+ we have given a general description of 
the works which have been established at Birming- 
ham for the production of sodium and aluminium 
ona large scale. In both these articles we neces- 

sarily dealt with the processes in question in a 

general way, for the manufacture was not fully 

developed, and it was impossible to give exact data. 

Recently, however, the whole matter has been gone 

into in a detailed manner by Mr. William Ander- 

son, M. Inst. C.E., who read a paper on the 
subject before the Society of Arts on Wednesday, 

March 13. So much interest now attaches to the 

supply of cheap aluminium that we gladly avail our- 

selves of Mr. Anderson’s paper to complete the 
information we have already given our readers or 
this subject. 

In the Deville process for the production of alu- 
minium the metal is obtained by the reduction of 
the double chloride of aluminium and sodium by 
means of metallic sodium. As the weight of sodium 
required is nearly three times the weight of alu- 
minium obtained, it follows that the price of the 
latter metal depends greatly on the value of sodium. 
Until the introduction of the Castner process, 
sodium was worth about 5s. a pound; now it can 
be produced at 1s., and it is this improvement 
which has rendered it possible to manufacture alu- 
minium of 98 per cent. purity at a cost which 
permits of it being sold profitably at 20s. a pound. 
Large works have recently been erected by the 
Aluminium Company at Oldbury, near Birmingham, 
and there all the processes for the production of 
aluminium from hydrate of alumina are carried on 
upon a scale which permits of 14 tons of the metal 
being turned out each week. 

The process of manufacture may be divided into 
three parts. First, the hydrate of alumina (Al* 0* 
+ water) is converted into the double chloride of 
aluminium and sodium. This involves the manu- 
facture of large quantities of chlorine. Second, 
sodium is manufactured from caustic soda. Third, 
the double chloride is mixed with cryolite (the 
native fluoride of aluminium and sodium, 6 Na F 
Al? F*) and metallic sodium and heated in a furnace, 
the result being metallic aluminium and common 
salt. To make one ton of aluminium there are re- 
quired the following ingredients : 


Metallic sodium 6,300 lb. 
Double chloride 22,400 ,, 
Cryolite a > ” 
Coal av 8 tons, 


To produce 6300 Ib. of sodium there is required : 





* See ENGINEERING, vol. xliii. page 86, 
+ Ibid., vol. xlvi., page 116.” 


Caustic soda... me = ... 44,000 Ib, 
Carbide, made from 12,000 lb. of 
pitch, and 1000 lb. of iron turnings 7,000 ,, 
— castings as cd pat 24 tons 
0a i ‘ 


For the production of 22,400 Ib. of double chloride 
there is required : 


Common salt... bes oa P 8,000 lb. 

Alumina hydrate _ ad wa) Se 

Chlorine gas ie ; 15,000 ,, 
oal... 180 tons 


For the production of 15,000 lb. of chlorine gas 
there is required : 


Hydrochloric acid oe 180,000 lb, 
Limestone dust... a = ee ae 
Lime... 24, ss a ... 80,000 ,, 
Loss of manganese... Lei aes 5 s 


It will be seen that in the manufacture of one ton 
of aluminium there are used 100 tons of material 
for the production of the chlorine, 1884 tons of 
material for the production of the double chloride 
(not counting 63 tons of chlorine gas) ; and 103 tons 
of material in the production of the sodium, or 3914 
tons in all, of which 263 tons are coal. It is not 
surprising that the metal should be expensive. 
Returning to the first process, namely, the manu- 
facture of the double chloride of aluminium and 
sodium (2 NaCl Al?Cl) from hydrate of alumina, 
we find that the latter material in a finely divided 
state is mixed with lampblack, charcoal, common 
salt and water in a pug mill, and is then formed 
into short cylinders in a tile-pressing machine. 
These cylinders are dried and are then exposed to 
a high temperature in the presence of chlorine gas. 
The double chloride distils off and is condensed in 
the form of a deliquescent light yellow substance 
of a very pungent odour. This operation is per- 
formed in regenerative furnaces constructed very 
like banks of ordinary earthenware gas retorts, The 
chlorine gas is led from holders into the retorts near 
the mouth, and the resulting fumes are conducted 
by pipes from the other ends of the retorts to cast- 
iron condensers, and thence to brick chests or 
boxes. The greater part of the double chloride 
liquefies in the brick chambers, while a portion 
sublimes as a yellow powder. The reaction which 
takes place is as follows : 


2.Al,0; + 3C, +4 NaCl + 6Cl,=2(Al,Ch2NaCl) + 6CO, 


That is, two molecules of alumina, three molecules 
of carbon, four molecules of salt, and six molecules 
of chlorine, give two molecules of double chloride 
and six molecules of carbonic oxide. 

The preparation of the chlorine gas is carried on 
in the usual way by the action of hydrochloric acid 
on manganese dioxide at a moderately high tempe- 
rature. It is not necessary to enter at length into 
this process, as it is well understood. The results 
of the reaction are manganous chloride, water, and 
chlorine gas. The chloride is neutralised by lime- 
stone and then milk of lime is added, the result 
being manganous oxide and calcic chloride. The 
oxide is further oxidised to the dioxide, its original 
condition, by air blown through it by means of an 
80 horse-power engine. The hydrochloric acid is 
delivered from Messrs. Chance’s works 700 ft. 
away, through a 2-in. gutta-percha pipe. This 
manufacture of chlorine is on a gigantic scale, as 
the works are constructed to turn out 10 tons of 
gas a week. 

The chief interest centres in the novel method of 
obtaining sodium, invented by Mr. Castner, 
formerly of New York, and now managing director 
of the works. To appreciate the improvements in- 
troduced by Mr. Castner, it is necessary to under- 
stand the old process which he has superseded. 
Formerly carbonate of soda and carbon were inti- 
mately mixed and were heated to a very high 
temperature. The soda was volatilised and parted 
with its oxygen to the carbon, emerging as the 
metal. If the soda fused the carbon floated to the 
top of the fluid and the process practically ceased: 
Lime was, therefore, added to the two bodies to 
prevent fusion. The process was carried out in 
small wrought-iron retorts which wore out very 
rapidly, the expense for the retorts and fuel 
being so great that the price of sodium ranged as 
high as 5s. per pound. To avoid the use of such 
a high temperature Mr. Castner devised a form of 
weighted carbon which, when mixed with fused 
soda, would not separate out, but would remain 
diffused through the mass. By the use of this 
weighted carbon he was enabled to substitute 
caustic soda for soda carbonate, and to conduct the 





carbide of iron made by coking an intimate mixture 
of finely divided iron and pitch, the result being a 
heavy metalliferous coke, which, when ground fine, 
and mixed with caustic soda in the fused condition, 
blends intimately with it. The reaction between 
the soda and the coke is probably, 


4Na HO+FeC,=Na,CO,+Fe+2H,+C0O+Naz. 


That is, four molecules of caustic soda and one 
molecule of the carbide of iron produce in the 
liquid form one molecule of carbonate of soda and 
one atom of iron, while two molecules of hydrogen, 
one molecule of carbonic oxide, and one molecule 
of sodium escape in the gaseous state. The hydrogen 
and the carbonic oxide ignite, and burn with a 
brilliant flame, while the sodium distils and con- 
denses. The reduction thus takes place in an 
abundant atmosphere of hydrogen and carbonic 
oxide, which effectually preserves the sodium from 
oxidation till it can be safely deposited in mineral 
oil. The process is carried on in cast-steel crucibles 
with covers. The covers are fixed in the furnace 
and have two pipes proceeding from them, one to 
receive the charge and the other to conduct away 
the gases. In the floor of the furnace is an open- 
ing, through which the crucible can be raised and 
lowered by a simple hydi«ulic ram, the table of 
which closes the opening when the mouth of the 
crucible is pressed firmly against the fixed cover. 
When the reaction is complete the crucible is 
lowered to the ground level and carried away on a 
truck to the dumping heap, where the carbonate of 
soda and iron which it containsare thrown out. It 
only takes two minutes to remove and empty a 
crucible, which can be replaced with very little loss 
of heat. There are four furnaces with five crucibles 
in each, the whole being capable of producing 
2000 Ib. of sodium per twenty-four hours. The 
average life of each crucible is equal to the produc- 
tion of 750 lb. of sodium or 125 charges. Six 
pounds of sodium are produced from each charge ; 
the metal is allowed to trickle from the condensers 
into iron pots. It is afterwards remelted and cast 
into ingots which are kept immersed in mineral oil 
to protect them from oxygen. 
We have thus described the manufacture of the 
double chloride and of the sodium. It remains to 
show how aluminium is obtained from a mixture 
of the two. The double chloride of aluminium and 
sodium is broken into small pieces and mixed with 
cryolite, the native fluoride of aluminium and 
sodium (6 Na F Al, F,). The cryolite is used solely 
asa flux. The sodium is cut into thin slices by a 
tobacco cutting machine, and the three substances 
are mixed in a revolving box. They are then turned 
on to the hearth of a regenerative reverberatory 
furnace, when the charge melts quickly, and a re- 
action, represented by the following formula, takes 
lace : 
. 2(Na Cl) Al, Cl, + 3 Nag = 8NaCl + Aly. 
That is to say, one molecule of the double chloride 
and three molecules of sodium yield eight 
molecules of common salt and one molecule of 
aluminium. After three hours the melted slag 
is drawn off at an upper tapping hole, and 
then the metallic aluminium runs from a lower 
tappinghole. There are two furnaces at the works, 
one capable of turning out 840 lb. of aluminium per 
day, and the other of 360 lb. 

The works are constructed to turn out 14 tons per 
week of aluminium. This wonderful metal is only 
2.65 times the weight of its bulk of water, and 
retains it brilliancy under ordinary atmospheric 
conditions. Its specific heat is .22, its electric con- 
ductivity about equal to that of silver ; its elasticity 
and tenacity are equal to that of silver, and have 
been determined by Mr. W. H. Barlow at about 
12 tons per square inch. Bars of equal weight of 
aluminium and high-class steel will carry the same 
load. The chief interest in the alloys of alumi- 
nium centres is ferro-aluminium*, and in alumi- 
nium bronze, the former of which we have dealt 
with very lately, while every one has heard of the 
marvellous strength of the latter.+ 

The air is full of rumours of new processes{ for the 
manufacture of aluminium. Every few months we 
have a fresh one. But only two are, we believe, in 
regular work on a large scale in this country, the 
Castner and the Cowles. The peculiar merit of the 
former is that it gives nearly pure aluminium. 
For many purposes this is a most important matter, 


* See ENGINEERING, vol. xlvi., pp. 111, 119, and 282; 





operation in large vessels and at a much lower 
temperature, The carbon employed is an artificial 





vol. xli., page 305. 
+ Ibid., vol. xlii., page 39. 
$ Ibid., vol., xliii., page 278 ; vol. xlv., page 546, 
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while for some purposes it may possibly be of no 
moment. The Soctis Company do not profess to 
make pure aluminium, but they are turning out 
about 200 lb. of the metal per day alloyed with iron 
and copper. Probably both processes have their 
distinct fields of operation, and can live side by side. 
The Castner method of working aims at purity, and 
spares no expense to attain it, while the Cowles 
method strives for cheapness. 





NOTES. 
RaItways IN Persia. 

AccorDING to advices published in the Tiflis news- 
papers from Persia, the railway from Teheran to 
Mahmoud-Abasoum is now quite finished and in full 
working order. The chief engineer has left for 
Belgium to arrange for the delivery of the re- 
mainder of the rails and rolling stock for the 
section to the Caspian Sea. Already the fanaticism 
of the Persian priesthood towards the innovation 
has disappeared, while the Shah himself, hitherto 
not particularly disposed to hasten railway de- 
velopment, is understood to be most energetic in 
pressing on the immediate construction of the line 
to the Caspian. This new attitude has caused 
Russian speculators to endeavour to arrange a joint 
concession from the Russian and Persian Govern- 
ments for a railway from Baku to Resht. Hopes 
are entertained that this will be granted during 
the Shah’s visit to Russia. If realised, Teheran 
will be joined to the European network in three 
years’ time. 

Tae INTERESTS OF MINING ENGINEERING. 

The Institution of Civil Engineers is asking the 
co-operation of its mining members of all classes in 
the formation of a mining section, which shall take 
the place of the proposed National Institute of 
Mining Engineers. The suggestion is made that the 
management of the section should be in the hands 
of a president, vice-presidents, and council to be 
elected by the members of the leading mining insti- 
tutions of the country from the corporate members 
of the Institution of Civil Eogineers. The President 
so elected would sit in the Council of the Institute 
as an ex-officio honorary councillor. Mining engi- 
neers are requested to write their views upon the 
subject to Mr. James Forrest, the secretary of the 
Institute. We believe that the great majority of 
them will be in favour of the proposed section. 
The mining engineering societies of this country 
are, at present, local and scattered, and are in need 
of some central body through which combined ac- 
tion can be taken. There is no doubt that the 
Institution of Civil Engineers forms the best start- 
ing point for such a body. 


THe EvectricaL AND INDUSTRIAL EXHIBITION AT 
BIRMINGHAM, 

An Electrical and Industrial Exhibition is to be 
held in Birmingham during the months of August, 
September, and October. A very large amount of 
support has been promised for it, and there is every 
prospect that it will proveasuccess. The electrical 
department will be divided into three sections, the 
first including all kinds of machinery and apparatus 
for electric lighting, the second relating to complete 
displays of electric lighting on various systems, and 
the third comprising telegraphs, telephones, phono- 
graphs, electric bells and clocks, electric welding 
and smelting, electrotyping, telpherage, and mis- 
cellaneous apparatus. The industrial section will 
consist largely of Birmingham manufactures and 
manufacturing processes, although it will include 
many other subjects. The former will be specially 
interesting ; the small trades of Birmingham form 
a terra incognita to the engineer, and an immense 
amount of ingenuity is exercised in producing the 
numberless small articles which are turned out from 
the capital of the Midlands, 


National DEFENCES. 

Mr. E. H. Carbutt, in a letter to the Times last 
Saturday on the above subject, draws attention to 
the great advantages which the plan of fixing the 
expenditure on the Navy for a series of years 
ees as compared with the old arrangement 

y which the money voted in any oue year had to 
be spent within the twelve months, whether wanted 
or not, or else lost to the department. He further 
points out that the eleven millions, obtained by Mr. 
Gladstone’s Government at the time of the Afghan- 
Russian scare, were spent in a panic, and were, 
therefore, necessarily more or less wasted. By the 
plan proposed by the Government, however, every 
penny would be accounted for. If all the manufac- 





turing estimates were based on a three-year system, 
Mr. Carbutt states that work could then be pro- 
ceeded with continuously without the interruptions 
that are now of constant occurrence. In conclud- 
ing his letter, the writer draws attention to the 
fact that he had for years pointed out the bad design 
of our guns, but without any result till quite re- 
cently. With regard to obtaining a rapid supply, he 
urges the Government to encourage private manu- 
facturers, who have for so long and so satisfactorily 
supplied the Government with forgings, to lay 
down the plant for completely finishing guns. Such 
a course would enable the country to reap the 
benefit of a number of arsenals in different parts. 


SHIPBUILDING IN INDIA. 

Facts concerning vessels built abroad are always 
interesting, especially those built in our depen- 
dencies. On the 16th February, according to mail 
advices to hand, the Rama went on her trial trip at 
Howrah. The Rama is a paddle steamer and was 
constructed by Messrs. Burn and Co, at Howrah, 
for the India General Steam Navigation Company. 
Her length is 261 ft., breadth 353 ft., depth 10 ft. 
8in. The hull is of steel throughout, has a longi- 
tudinal bulkhead in the centre from end to end, 
and several water-tight cross-bulkheads. The vessel 
is further strengthened by a lattice girder which 
runs in the centre for about half its length between 
the lower and upper decks. The vessel is designed 
not only to be a powerful towing boat, but to carry 
a very large number of natives, and has also ample 
and good accommodation for first-class passengers 
on the forward part of the upper deck. This upper 
deck is roofed from stem to stern in a style suited 
to the climate. The officers of the vessel are well 
provided for in the paddle-wing cabins. The vessel 
has a steam capstan and steam steering gear. The 
engines consist of two pairs of compound condens- 
ing diagonal engines, the high-pressure cylinders 
being 28 in. in diameter, and the low-pressure 
cylinders 50 in. in diameter, the stroke being 5 ft. ; 
steam at 100 lh. pressure is supplied by four steel 
boilers 12 ft. 6 in. in diameter, each boiler weigh- 
ing without water 224 tons. The engines work 
up to 1400 indicated horse-power, and the speed of 
the vessel is 15 miles per hour. The paddle-wheels 
are 18 ft. in diameter, and make 40 revolutions per 
minute. The engines and boilers were made by 
Messrs. Denny and Co,, Dumbarton. The hull 
and fittings, and the entire construction of the 
vessel, are the work of Messrs. Burn and Co., who 
have also other vessels in hand. 


SpaNnisH IRoN MINERALS. 

It apreais that the aggregate exports of iron ore 
from Bilbao last year amounted to 3,591,637 tons, 
as compared with 4,170,422 tons in 1887; and 
3,160,047 tons in 1886. Of these exports, 2,481,435 
tons were forwarded to the United Kingdom 
last year, as comparec with 2,855,667 tons in 
1887, and 2,151,137 tons in 1886. The United 
Kingdom alone absorbed 69 per cent. of last 
year’s exports. Holland took 644,235 tons last 
year, as compared with 707,394 tons in 1887, and 
534,687 tons in 1886. France ranked third with 
an importation of 347,687 tons last year, as com- 
pared with 356,980 tons in 1887, and 332,103 tons 
in 1886. The only other considerable importer was 
Belgium, which took 103,602 tons last year, as 
compared with 98,304 tons in 1887, and 98,442 tons 
in 1886. It will be seen that while Great Britain 
took 69 per cent. of the iron minerals exported 
from Bilbao last year, Belgium hardly took 
3 per cent. Of the Spanish iron minerals ex- 
ported from Bilbao last year to Great Britain, 
558,091 tons went to Middlesbrough; 476,641 
tons to Cardiff ; 361,262 tons to Newport ; and 
236,724 tons to Newcastle-on-Tyne. As regards 
France, 182,844 tons went to Dunkerque and 
92,918 tons to Bayonne, The deliveries of iron 
minerals coastwise from Bilbao last year were 
39,956 tons, as compared with 28,274 tons in 1887, 
and 25,181 tons in 1886. As regards the local con- 
sumption of Spanish iron minerals at Bilbao, it 
appears that the Vizcaya forges used last year 
166,508 tons, the San Francisco del Desierto 
Works, 113,392 tons; and the Bilbao Blast Fur- 
naces Company, 134,000 tons ; making an aggregate 
of 413,900 tons. We learn that the ironstone mines 
of the Bilbao district will have to contend in future 
against the competition of iron’ minerals which have 
been found to exist in other localities in Spain. 
The new minesare stated to be richer than those of 
ths Bilbao district, and their minerals further con- 
tain an advantageous proportion of manganese. It 





is not alittle strange that if Spain is thus rich in 
ironstone, she should not sooner have developed an 
iron manufacture of her own. 


New Patent Dynamite Gun. 

An American named Hicks has invented a centri- 
fugal dynamite gun and has just brought it to this 
country with the view of submitting it to the Ad- 
miralty authorities. The machine is made up of a 
rotating carriage, consisting of two steel disc wheels 
placed concentrically side by side upon a shaft 
having a pulley wheel on which the discs revolve. 
The discs are thick in the centre, tapering towards 
the peripheries. Between the discs and close to 
the peripheries, and at equal distances apart, are 
four carriers, which hold the projectile when the 
gun is charged. Two doors, which lock and un- 
lock automatically, are fitted into these carriers to 
hold the shells firmly until the firing operation. 
When the operator wishes to discharge the pro- 
jectile a lanyard is pulled, and this action, unlock- 
ing the automatic apparatus, allows the projectile 
to be thrown forward with great force—the velocity 
depending on the rate at which the carriage is 
revolving at the time. There is neither shock nor 
sound. Four shells can be fired in rapid succes- 
sion, and as the trajectory will be practically iden- 
tical for all, each successive shot will add to the 
destruction done by the first. The projectile is 
filled with Nobel’s explosive gelatine, gun-cotton, 
a sinall quantity of fulminate of mercury and po- 
tassium. It is fitted with a centre rod which is 
slightly beyond the point of the shell, and this on 
hitting an object is driven to the rear of the shell, 
and there striking the explosive material sends out 
destruction all round. The gun which Mr. Hicks 
has brought to this country has a 20-in. wheel, 
and the projectile is 1 in. in diameter. It is be- 
lieved by Mr. Hicks to be possible to preduce a gun 
to throw 100 1b. shell for a distance of five miles ; 
but, in this case, the wheel would be 10 ft. in dia- 
meter and would require to be driven at the rate of 
4000 revolutions per minute, so as to give the pro- 
jectile an initial velocity of 2000 ft. per second. 


PETROLEUM BorINGs IN GALICIA. 

Considerable stir has been excited lately in Aus- 
tria by the success of the petroleum borings in 
Galicia, and hopes are entertained that at no 
distant date the Austro-Hungarian empire will 
be totally independent of a foreign supply of 
oil. Formerly there was a tendency to speak 
slightingly of Galicia oil deposits, but this was due 
to the fact that a large proportion of the wells 
were dug by hand under conditions of the most 
primitive character, preventing all possibility of a 
very large yield. Of Jate years, however, the 
Canadian method of drilling has been introduced, 
and many Galicians have become accomplished 
drillers. Thanks to this, and the abundance of 
technical and geological talent in Austria, some 
striking successes have been achieved ; and in one 
particular district, the Lodyna, wells of a most 
profitable character have been bored. Galician 
wells, in general, have not the copiousness uf Rus- 
sian, but a readier market exis‘s for the oil, and 
the demand for Lodyna petroleum is such that 
the production of the wells is sold at a high rate 
long in advance of appearing or the surface. 
The oil belt of Lodyna is five miles long and 
intersected by a railway, thereby enabling the 
oil to be sent to the refineries at a trifling ex- 
pense. A few years ago all the refineries in 
Galicia did not produce between them a million 
gallons of refined oil. Their production now ex- 
ceeds six million gallons, and is expected to be 
doubled in another couple of years. Owing to the 
broken and inclined character of the strata of 
Galicia, the American system of boring by ropes is 
not suitable to the country, and the Galician people, 
like the Indian authorities, have had to turn to 
Canada for drillers. The American system, pure 
and simple, was found to be equally inapplicable at 
Baku, and rods instead of ropes are in general use 
there. The Austrian Government takes a great 
interest in the development of the petroleum in- 
dustry, and has adopted a protective policy which 
has already succeeded in establishing the Galician 
oil trade on a firm basis. Thanks to this and to 
such successes as the recent borings at Lodyna, 
where wells have been struck giving a profit of 500 
or 600 per cent., the financial and commercial world 
in Austria has been deeply moved, and petroleum 
has caused as much excitement as South African 
gold in this country, The extension of the rail- 
way system in Galicia penetrating the petroleum 
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region in various directions, and connecting it with 
the European network, enlarges and improves every 
year the market, and promises to render in time 
the oil industry as important for Austria as it is for 
the United States. 


THE Society or ARTs. 

At a meeting of this Society held last Wednesday 
at Adelphi-street, Strand, Professor A. B. W. Ken- 
nedy, F.R.S., M.1.C.E., gave a popular account of 
‘¢ The Objects and Methods of the Society of Arts 
Motor Trials.” As, however, the complete report 
of the judges was published in our issues from 
February 22nd to March 15th inclusive, it is unne- 
cessary to abstract this paper, which necessarily is 
less complete than the judges’ report. One point 
of interest, however, was the exhibition to the 
audience of the rope brake used in the trials of the 
Davey-Paxman engine, which after its run of nearly 
sixteen hours without the use of any lubricant was 
practically as good as ever, the only traces of the hard 
work to which it had been subjected being a slight 
polish on the rope. At the conclusion of Professor 
Kennedy’s lecture a vote of thanks to him was moved 
by Sir F. Abel, who drew attention to the importance 
of the work carried out by the judges, and remarked 
on the very clear manner in which Professor Ken- 
nedy had dealt with the subject that evening. He 
further thought that the Society was to be con- 
gratulated on its success in bringing about a competi- 
tion of this kind, and in overcoming the difficulty 
of inducing manufacturers to come forward. The 
Society had also felt a difficulty in appointing judges, 
as there were few whom the Council could ask to 
devote the great amount of time that was required 
with practically no remuneration. The vote was 
seconded by Mr. W. Anderson, who, with his long 
practical experience of engine trials, was able to 
state most emphatically that the Society of Arts 
trials had been the most complete ever carried out 
by totally independent observers. The judges had 
had the great advantage of not being pressed for 
time and in having the services of a large staff of 
very intelligent observers. The Duke of Abercorn, 
who wasin the chair throughout the evening, then 
stated that the discussion would be taken next 
Wednesday evening, when Sir Frederick Bramwell 
would preside, and with this discussion we shall deal 
in our next issue. The chairman then proceeded 


to distribute the gold medals awarded to the com- | 7, 


petitors, these were: Messrs. Davey, Paxman, and 
Co., of Colchester; the British Gas Engine and 
Engineering Company, of Gospel Oak; Messrs. 
Crossley Brothers, of Manchester; and Messrs. 
Dick, Kerr, and Co., of 101, Leadenhall-street. 


Canapa SouTHERN Ferry Boat ‘* TRANSFER.” 

On the 13th of January, the new ferry steamer 
Transfer arrived at Detroit to take her place on 
the ferry service between Windsor, Ontario, and 
Detroit in Michigan, connecting the Canada South- 
ern Railway with the Michigan Central, both be- 
longing to the Vanderbilt lines between Chicago 
and New York. The special difficulty on this 
service is the ice on the Detroit River between the 
American and Canadian towns, which often accu- 
mulates to such a thickness as seriously to impede 
the navigation. The new steamer is formed with a 
spoon bow shod with a thick heavy keel so as to 
ride over and crush down this ice accumulation, 
whiist her paddle wheels have the floats covered 
with steel plates to break the ice with the heavy 
vertical blows administered by paddle wheels so 
protected, each wheel weighing 66 tons. The whole 
construction of the Transfer is entirely different 
from any of her predecessors, both in arrange- 
ment, mode of propulsion, and material, whilst 
stronger, heavier, and far more powerful, it is 
expected that she will go through any ice that she 
may be called upon to encounter. The hull is 
280 ft. long, 454 ft. beam, and 17 ft. 3 in. deep; 
the whole surface of the deck being left unob- 
structed for the three lines of rails which extend 
from end to end, and which will accommodate 
twenty-one of the largest and longest eight-wheel 
freight cars, or fifteen passenger cars, each 56 ft. 
long. The usual cabins, crew’s and officers’ quarters, 
are on the guards fore and aft of the paddle 
wheels, which make the total breadth of the vessel 
74 ft. 6 in. over all. The wheel house and pilot 
house are 19 ft. above the main deck, which is 
entirely covered over, whilst all the machinery, 
boilers, and fuel arrangements are under the main 
deck and out of sight. The hull is built verystrongly, 
entirely of steel, and the deck is of heavy steel plate, 
firmly binding the whole together and supporting 





the five bulkheads which divide the hull into six 
separate water-tight compartments, two of which are 
engine rooms, while one between these is the boiler - 
room. The draught light is 9 ft. forward and 10 ft 
aft, and with twenty-one loaded cars 11 ft. forward 
and 12ft. aft. The vessel is propelled both by paddles 
and screw. The paddles are forward of the centre 
of the boat, and each wheel is driven by a pair of 
engines with 28-in. cylinders and 4 ft. stroke placed 
horizontally in the forward engine-room. These 
engines drive a crankshaft, on which is keyed a 
pinion 5 ft. 4 in. in diameter, working into a spur- 
wheel on the paddle shaft 16 ft. in diameter, the 
gearing having a 5$-in. pitch. The paddle wheels 
themselves are 27 ft. 6 in. in diameter, and they 
make one revolution for three of the engine shaft. 
The propeller is 9 ft. 6 in. in diameter, and is 
driven by a pair of engines with cylinders 28 in. 
in diameter, by 3 ft. stroke, placed in the aft 
engine room; the screw shaft is 10 in. in dia- 
meter and 52 ft. long, this shaft having a con- 
siderable incline downwards, so that the propeller 
is 12 in. below the bottom of the vessel and 
protected above by a heavy wrought-iron arrange- 
ment, which shields it from the ice when backing, 
and on the top of which the rudder shaft rests. In 
the boiler room between the two sets of engines, 
are four return flue boilers with rectangular fire- 
boxes, 11 ft. 6 in. in diameter and 16 ft. 6 in. long, 
working to 90 lb. pressure on the inch. In the 
forward engine-room isa beam engine, with cylinder 
16 in. in diameter and 3 ft. stroke, driving two air 
pumps and four bilge pumps; the centre column 
forms the condenser common to both the paddle 
engines. The boat was built and engined by 
the Cleveland Shipbuilding Company, and on her 
passage to Detroit she broke her way through 
ice 4 in. to 6 in. thick for 50 miles. Her ordinary 
speed is 12 miles per hour, and she went through 
the ice at the rate of 10 miles. At her ordinary 
working speed the side wheel engines ran 52 strokes 
per minute, and the screw engines 85 revolutions. 
All the details are so novel that her performance is 
watched on both sides of the line with a good deal 
of interest. 





LAUNCHES AND TRIAL TRIPS. 

On Monday, March 4th, there was launched from the 
shipbuilding yard of Messrs. Edward Finch and Co., 
imited, Chepstow, a screw tug and fire float, built to 
the order of the Barry Dock and Railways Company. 
She will be fitted with a fire 7 capable of throwing 
two 2-in, jets of water 200 ft. high. 





Messrs. Alexander Stephen and Son launched from 
their yard at Linthouse, on the Clyde, on the 14th inst., a 
steel screw steamer built and engined by them to the 
order of Messrs. Burrell and Son, Glasgow, and intended 
for general trade. The vessel, which was named Strath- 
clyde, is of 3400 tons, and_has been built with structural 
arrangements qualifying her for Government transport 
service. She has triple-expansion engines, with cylinders 
25 in., 41 in., and 67 in, with a piston stroke of 48 in. 
Steam will be supplied from two double-ended boilers to 
work to a pressure of 160 lb. to the square inch. 





The s.s. Porro, built by the Grangemouth Dockyard 
Company, and engined by Messrs. Hutsun and Corbett, 
Kelvinhaugh Works, Glasgow, went on her speed 
trials on the Firth of Forth on Thursday, l4inst. The 
vessel, which is built of Siemens steel, is of the fol- 
lowing dimensions: Length, 172 ft. ; breadth, 264 ft. ; 
depth, 13 ft. She has been built to the order of Messrs. 
Willumsen and Jessen, Christiania, Norway, for their 
African trade. The engines are of the triple-compound 
type, with cylinders 12 in., 20 in., and 32 in. respectively, 
with a piston stroke of 24 in. Two boilers, each 8 ft. 9in. 
in diameter, and of the same length, supply the steam, 
There are four furnaces, the heating surface being 1150 
square feet, grate surface 44 square feet. At the trials 
the speed attained was 104 knots, with the engines work- 
ing at 110 revolutions, while the pressure was 160 lb. to 
the equare inch. The diameter of the propeller is 9 ft. 
and the pitch 12 ft. 





The s,s. Singapore, which has been built and engined 
by Messrs. Fleming and Ferguson, Paisley, went on her 
trial run on Thursday, March 14th. On the measured 
mile she made 12? knots, her indicated horse-power was 
6700, and her coal consumption per hour amounted to 
16 cwt. 12 lb., giving the low average of 1.12]b. per 
indicated horse-power per hour. The steamer has been 
fitted with the new type of + aerate ge engines re- 
cently introduced by Messrs. Fleming and Ferguson, 
which worked without a hitch of any kind, and the 
greatest satisfaction was expressed at the result of the 
trial. 





Thes.s. Foyle was successfully launched from the yard of 
Messrs. William Doxford and Son, at Pallion, on Satur- 
day afternoon last. Shehas been built for the Mercantile 
Steam Shipping Company of London, for the general 
trades, and isentirely of steel. Her Lae dimensions 
are: Length between perpendiculars, ft.; breadth 





extreme, 38 ft. 3 in. ; depth moulded, 21 ft., with a dead- 
weight capacity on 19 ft. 6 in. of 3100 tons. The engines 
are triple-expansion three-cranks by Messrs. Dexford, 
the cylinders being 21 in., 35 in., 57 in. by 39 in. stroke, 
and they are supplied with high-pressure steam from ex- 
ceptionally large boilers. The vessel is a duplicate of 
the s.s. Daniel and the s.s. Joseph John recently built 
by Messrs. Doxford. 


On Saturday afternoon there was launched from the 
yard of the Sunderland Shipbuilding Company, Limited, 
asteel screw steamer named the Wittekind, and built to 
the order of Mr. Johannes Lange, of Kiel. The vessel is 
225 ft. long by 30 ft. broad and 15 ft. deep. The main 
engines are triple-expansion by the North-Eastern Marine 
Engineering Company, Limited, of Wallsend, having 
cylinders 17 in., 28 in., and 46 in., by 30 in. stroke, 160 Ib. 
working pressure. Both hull and machinery have been 
built under the superintendence of Messrs. Menzies and 
Co., of Newcastle. 


Messrs. Scott and Co., Greenock, launched from their 
yard on Monday a steel screw steamer named the 
Alexander III., built to the highest class at Lloyd’s, for 
the United Steamship Company, of Copenhagen, and in- 
tended for the Black Sea trade. The dimensions are as 
follows: Length, 260 ft.; breadth, 37 ft. ; depth, 19 ft. ; 
the register tonnage being 1800 tons and the cargo carry- 
ing capacity 2400 tons. ‘The propelling machinery is of 
the triple expansion type with cylinders 18 in., 29 in., and 
46 in. in diameter respectively and adapted to a stroke of 
39 in. 





On Tuesday Messrs. Schlesinger, Davie, and Co. launched 
from their shipbuilding yard, Wallsend, a large steel screw 
steamer named the Benwick, built to the order of Mr. 
Joseph Hoult, of Liverpool, the managing owner of the 
Ben Line of steamers of that port. The vessel is of the - 
following dimensions: Length between perpendiculars, 
302 ft.; breadth moulded, 40 ft.; depth moulded, 
23 ft. 24 in. ; deadweight cargo capacity, 4000 tons. The 
engines, of the triple-expansion type, are of 190 nominal 
horse-power, having cylinders 22 in., 34in., and 56 in. 
in diameter, and 42 in. length of stroke. The boilers are 
of steel, twoin number, working at a pressure of 160 /b, 
per square inch. The machinery has been constructed by 
Messrs. Black, Hawthorn, and Co, Gateshead, and to- 
gether with the hull has been erected under the superin- 
tendence of Mr. A. C. Kay, of Liverpool, the owner’s 
superintendent engineer. 





The Royal Spanish mail steamer Reina Maria Christina, 
built by Messrs. William Denny and Brothers, Dumbar- 
ton, for the Compania Trasatlantica, went on her official 
speed trials on the Clydelast week. This vessel, which is 
a sister ship to the Alphonso XIII., was described in a 
recent issue (page 140 ante), so that it is only now neces- 
sary to give the leadiug dimensions of the vessel: Length, 
400 ft.; breadth, 48 ft.; depth moulded, 32ft. The 
engines are on the triple-expansion principle, with 
cylinders 34 in., 57 in., and 91 in. in diameter respectively 
and with a piston stroke of 60 in. Steam is generated in 
three double-ended boilers working to a pressure of 170 Ib, 
to the square inch. Forced dravght on the closed ashpit 
system is adopted. As a result of six hours continuous 
running between the Cloch and Cumbrae lights on the 
Clyde, the mean speed was 17.4 knots under forced 
draught, while on another day with the boilers working 
under natural draught the speed was 16.9 knots. The re- 
sults in the case of the sister ship—A]phonso XIII.—were 
17.3 and 16.8 knots respectively. 








Fenny StraTFoRD WATER SuppLy.—The Newport Pag- 
na]l sanitary authority ere having a tube well sunk by 
Messrs. Le Grand and Sutcliff, hydraulic engineers, 
London, in search of a supply of water for this town at an 
elevated site in the lower greensand formation near Little 
Brickhill, about three miles from Fenny Stratford. The 
work is being carried out under the direction of Mr. John 
Eunron, of Northampton. 





CaTALocuEs.—We have received from Messrs. Butter- 
field and Co., of Keighley, Yorks., a copy of their cata- 
logue, No. 10. In addition to the usual kind of engineers’ 
tvols it contains examples of multiple drilling machines, 
oval hole cutting machines, flange countersinking ma- 
chines, boiler shell drilling machines, dredge link toring 
machines, horizontal slot drilling machines, valve seat 
facing machines, vertical milling machines, expansion 
link grinding machines, plate bending machines, stone 
working machines, and many others.—The General 
Electric Company (G. Bingswanger and Co.) of 71, 
Queen Victoria-street, E.C., send us a new catalogue of 
electric bells, telephone supplies, medical electric appa- 
ratus and the like, It is very complete. 

VictorIan ARTESIAN WELLS.—A scheme has been pro- 
posed for boring for artesian water, so as to tap the artesian 
supplies known to exist between the Grampians and the 
South Australian border. Four lines of bores are to be 
sunk, from the fringe of the settlement in the northern 
districts in a north-westerly direction to the South 
Australian border. A recent legislative vote authorised 
20,000 ft. of boring, and the Water Supply Department 
has accepted a tender for 10,000 ft. ‘The department is 
further arranging with a Sydney firm to sink another 
10,000 ft. ; during the summer Mr. Speight and Mr. Coy, 
of the Water Supply Department, stated that there were 
about 1000 colonists at Mildura, and 50,000 acres are being 
operated upon with success. At Renmark great progres 
has been made, and upon Lord Ranfarleiy’s holding on 
the Murray a large amount of successful work has been 
accomplished. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 8, 1889. 

TuE Pennsylvania Railroad Company, the Reading 
Railroad Company, and the Baltimore and Ohio Rail- 
road Company are now purchasing large tracts of land 
on the Delaware River frontage, and the islands in the 
river opposite this city are to be removed at a cost of 
800,000 dols. The channel has been deepened and 
made wider for sea-going vessels ; in short, Philadel- 
phia is to be made a sea-port, and its merchants will 
endeavour to lift it from a mere manufacturing town 
into a great commercial and shipping centre. Last 
week the Pennsylvania Railroad Company purchased 
750,000 dols. worth of railroad property, and the other 
companies mentioned are also making extensive pur- 
chases for providing themselves with facilities for 
competing with the — trade. Rumour has been 
announcing, presumably with truth, that Philadel- 
phia_ will put in correspondingly as good a 
position as New York City to meet the demands 
of exporters. It is within 70 miles of the anthra- 
cite coal regions, within easy reach of extensive 
and rich territory, and is the business centre of Penn- 
sylvania; the great iron and coal State, the home 
of the Baldwin Locomotive Works, employing 35,000 
hands. The population of Philadelphia is 1,000,000. 
Ever since the death of the Frenchman, Stephen 
Girard, there has been no one to look after the com- 
mercial interests of this city. It has become for 
thirty years past a mere workshop, but an immense 
one. Merchants are now awaking to the fact that 
there is a possibility of developing commercial interests 
with Central and South America, which will be as 
rofitable in its way as our manufacturing interests are 
in their way. Shipping ports are to be established at 
foreign ports and steamer lines with ports on the 
South Atlantic and Gulf coast. There is enough 
money to "eee all of these schemes, The Penn- 
sylvania Railroad Company has just issued its report 
to-day for the year 1888. Its earnings on all lines on 
its 7000 miles of road were 16,300,129 dols. Operating 
expenses 88,000,000 dols., net earnings 55,771,957 dols. 
Freight moved 113,346,894 tons. Passengers carried 
74,000,086. Onthe main line between Philadelphia 
and Pittsburg the gross earnings were 36,198,183 dols., 
expenses 23,526,578 dols. Net earnings 13,171,604 
dols. The net income from several other sources in- 
creased the net earnings to 9,969,661 dols. From this 
must be deducted the net loss on the United Railroads 
of New Jersey of 160,500 dols. After deducting several 
items making all payments for the purchase of 
securities, deficiencies, interest on American steam- 
ship lines, a mi and improvements, the balance 
of the Pennsylvania Company amounts to 7,040,962 
dols., out of which a dividend of 5 per cent. is paid, 
amounting to 5,327,270 dols., leaving a balance of 
1,713,692 dols. On its lines west of Pittsburg the fol- 
lowing results appeared: Gross earnings, 10,493,908 
dols. ; expenses, 8,219,985 dols.; net earnings, 
2,273,923 dols. ; rental and interest, 2,311,400 dols. ; 
loss, 37,478 dols. The expenditures in construction, 
real estate west of Pittsburg were 2,097,095 dols. 
Steel rails bought and laid 61,842 tons. Net profit 
per ee mile on the lines east of Pittsburg was 
2 45 mill. 

PHILADELPHIA, March 12, 1889. 

Notwithstanding the drag in copper prices, only 
300,000 lb. were sold during the past week. Spot de- 
clined 14 cents and future to 24 cents. Cablegrams 
are unsettling the market, and it is impossible to pre- 
dict with any degree of certainty whatever may 
happen before Saturday. The exports of copper for 
the week were 448,000 lb. Since January 2,373,345 lb., 
for the same time, 1888, 12,533,538 lb. The exports 
of copper, matte, and ore have been 7,715,931 Ib. 
Same time last year 16,371,209 lb. The production of 
lead is in excess of demand, but mines are shutting 
down, Even at the lowest price of copper the con- 
sumption has never reached 200,000 tons per year 
throughout the world. The present production is 
250,000 tons. The consumers will not rush in and 
buy, no matter how low prices may go. A sacrifice of 
stocks is looked for on both sides of the water before 
very 4 The consumption of tin is going on steadily. 
The market is quiet and prices very firm. In the iron 
market no decided improvement has shown itself ex- 
cepting that there are inquiries from large consumers, 
but the prices they name are too low for makers. In 
some parts of the west there are indications of higher 
prices. Last week a good many irons were marked up 
50 cents, but up to this writing novery large transactions 
have been closed at that advance. Buyers do not see any 
reason for making summer purchases at present. It 
must be remembered, however, that stocks are light. 
The entire accumulation in the country cannot last a 
moath, The North Chicago Steel Rolling Mill and 
the Joliet and the Union Steel Company have just con- 
solidated with a capital of 5,000,000 dols. In addi- 
tion to the enormous output of rails last year these 
companies produced 150,000 tons of material other 
than rails. This combination is a powerful one, and 
virtually controls all the railmakers of the west. The 





iron mills at Milwaukee are also a part of the new 
arrangement. It is not at all likely that another such 
combination will take place in the east. Very heavy 
shipments of ore have been arranged for from Cuba. 
The mines of that place have been very greatly im- 
proved, shipping facilities have been added, and a 
great deal of ore will be hurried forward. Another 
new furnace will soon be completed at Baltimore, and 
a second is under way. Last week 28,000,000 bushels 
of coal were started from the Monongahela region to 
Western Pennsylvania and for the lower Ohio and 
Mississippi river markets. Last week’s production in 
the Connelsville region was 948,459 tons. The an- 
thracite region is working about one-third capa- 
city, and the heavy stocks at tidewater are not 
being depleted. ‘The iron trade is in a dull con- 
dition, but the spring demand is so near at hand that 
manufacturers are all looking for better prices. No 
large contracts were placed this week. Railroad 
builders will go slowly for the present. The failure 
of the Reading Iron Works, at Reading, Pennsylvania, 
caused some little flutter in the iron trade, but there is 
no danger of its extending. The company’s liabilities 
are a little under 2,000,000 dols. The nominal assets 
are 2,500,000 dols. The property consists of two large 
pipe works, two furnaces, and a steam forge. About 
300 creditors met last week and took steps to protect 
their interests. The property will probably change 
hands, There is a great excitement in Southern Cali- 
fornia over the discovery of valuable deposits of gold 
extending over a stretch of country 200 miles long. 
Thousands are flocking to the new region but no reliable 
reports have as yet been received. The region is re- 
mote from telegraphs, railroads, and water, but it is 
believed that the deposits are extensive and that 
mines of enormous value will be developed at small 
cost. 





SERVE’S RIBBED BOILER TUBES. 

Many inventors have endeavoured to increase the 
efficiency of the heating surface in steam boilers by 
covering it with ribs, flanges, or studs, both on the 
fire and water side. So far such attempts have not 
been generally successful, except as carried out by 
Mr. Thomas Fletcher, of Warrington, who has ap- 
ae this form of surface to gas-heated kettles and 
oilers with the happiest results. He has found that 
by allowing a gas ae to play among a number of 
studs projecting from the bottom of the kettle the com- 
bustion was greatly improved, since the chemical com- 
bination was not checked by direct contact with the 
cool plate. At the same time the transmitting power 
of the plate was vastly increased, and a far larger 
quantity of gas could be economically burned under a 
iven sized vessel than before. The same principle 
has, during the last two years, found practical appli- 
cation in Serve’s boiler tubes, a section of which is 
given in the annexed engraving. As will be seen the 


tube has a number of internal ribs running nearly from 
end toend. These ribs — into the space through 
which the gas flows and offer a large surface for the 
absorption of heat. In addition to this they penetrate 
into the hot centre of the gaseous column; this not 
unfrequently flows along surrounded by an envelope 
of cooler gas, which entirely shuts it off from contact 
with the metal tube. 

A steamer fitted with these tubes has been running 
for two years between Lyons and the Mediterranean, 
and no practical difficulties have manifested them- 
selves, the sweeping of the tubes being easily accom- 
“eag by special brushes. The French Government 

ave carried out an extensive series of tests of Serve’s 
tubes in an experimental boiler at Brest. These tests 
took place at Brest in November and December, 1888, 
and were made by first noting the performance of the 
boiler when fitted with plain brass tubes, and then by 
replacing these tubes with ribbed tubes and repeating 
ao trial. The following are the dimensions of the 

iler ; 





Heating surface of boiler ... 375 square feet, 
Grate surface... a ie oo ey a 
Number of tubes i : 6 

3 6 ft. 74 in. 


Length , 
Diameter... = oe .. in. outside, 
Grate bars: 1 in. thick, § in. apart, in three lengths, 
Height of chimney ... oe .. 40ft. 8in, 
Diameter __... sas 184 in. 

The plain tube trials occupied six days, the first two 
with natural draught, and the last four with forced 
draught. The following were the quantities of coal 
burned and water evaporated on the respective days : 





Water per 


Water. Pound of Coal. 


Coal, 





Ib. 
1104 
1104 
3312 
2980 
2760 
2539 


gallons 


| 
981 
2624 
2353 | 
2169 
| 


gallons 
892 


First day 
Second day .. 
Third ie 


Fourth $3 we a | 
Fifth ,, wal 
Sixth ,, 





‘The ribbed tube trials also occupied six days, two 
with natural draught and four with forced draught, 
The quantities of coal and water used were : 





Water per 


Coal. Pound of Coal. 


Water. 





gallons. 
11234 


| 
| 
| 
| 
| gallons. 
11844 


1.016 
1.028 
-929 
-951 
-960 
-970 


First day 


oe oe é 3076 
8s °° 2834 
99 ee 2650 
998s oe 2464 











These results show the following economy from the 
substitution of ribbed for plain tubes : 
. Per Cent, 
First day, with natural draught ... : 13.9 

Second ,, - 5 i 156 

Average say 15 per cent. 
First day, with forced draught at 143 in. 
depression ... ae oe we oy 
Second day, with forced draught at 1,%, in. 

depression ... es ait im ave 20.4 
Third day, with forced draught at 1 in. 

depression ... cs ue = i” 22.2 
Fourth day, with forced draught at 2; in. 

depression ... ae es Rae ee 19.8 
Average say 20 per cent. 

As might be anticipated from these figures the tem- 
perature in the smokebox was reduced with natural 
draught from about 660 deg. Fahr. to 480 deg., and 
with forced draught from 1030 deg. to 690 deg. 

Messrs. John Brown and Co., of Sheffield, are the 
sole licensees in the United Kingdom for the manufac- 
ture and sale of the tubes in iron, steel, copper, and 
brass. If results half as good as those obtained by 
the French Government can be obtained in practical 
work the Serve tube will effect a very marked im- 
provement in boiler practice. It is well worth trial 
on a very considerable commercial scale. 


17.2 





EXPERIMENTAL TANK FOR SPEzz1a.—Messrs. Kelso and 
Co., Glasgow, have just completed the construction of the 
dynamometric apparatus in connection with the experi- 
mental tank being built at Spezzia for the Italian Govern- 
ment. This tank is similar in general details to that con- 
structed by the British Government at Gosport, and by 
Messrs. William Denny and Brothers at Dumbarton, on 
the principle of Dr. Froude. The experimental tank at 
Spezzia is 500 ft. in length, which is 100 ft. more than 
that at Gosport, and the breadth is about 22 ft. The use 
of the tank is todetermine the form of ship which shall 
have the least possible resistance at a certain speed, con- 
forming to practical considerations, and to ascertain the 
relation of power to speed with the form of ship under 
consideration. The model having been constructed of 
paraffin and faired by a specially designed machine, is 
tried in the tank by means of the dynamometric apparatus 
to measure the resistance of the models at varying speeds 
corresponding to the required speeds for the full-sized 
ship. The apparatus is mounted on a carriage, which aleo 
supports the arrangement for measuring the rise and fall 
of the bow and stern of the model in its progress rons 
the water. The chief novelty lies in the framework. 
The rails or platform on which the apparatus runs at 
Messrs. Denny’s tank, are suspended by means of tie-rods 
from the joists of the tank, whereas at the new Italian 
tank the rails are placed at either side of the tank, which 
allows of the framework being so constructed as to afford 
an unobstructed view of the whole water behind, with the 
waves and currents. For accurately recording on a re- 
volving cylinder the speed at which the model is running, 
electric ——— have been supplied, the current 
being from a battery of Leclanché cells, carried on the 
lower table of the resistance truck. The circumferential 
travel of the cylinder is a function of the speed of the car- 
riage supporting it, and on it is also recorded the resist- 
ance diagram, which is obtained by the extension of a 
helical spring attached to the dynamometer. There is an 
automatic arrangement for lifting and lowering the pens on 
the diagram and revolving cylinders. It may be added 
that the dynamumeter at am Denny’s tank was 
supplied by Messrs, Kelso from plans by Mr. Froude, 
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EXPLOSIONS UNDER WATER. 
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Extracts from the 1888 Report of the Chief of 
Engineers, United States Army, have now been pub- 
lished in Washington, and the appendix contains a 
somewhat interesting report by Lieut.-Colonel W. R. 
a U.S. Engineers, who is commandant at Willet’s 

oint, 

Inter alia the following experiments were made 
in order to measure the water craters formed by small 
charges exploded under water. A wooden frame about 
15 ft. by 18 ft. was constructed, and the charge was 
situated in the centre of a small iron ring at A (see 
Fig 1.) which was fixed to the frame by sixteen 
stretched wires, along which pear-shaped wooden plugs 
were free to slide, a small piece of india-rubber tubing 
being placed outside each. The blocks were about the 
same specific gravity as the water, and they, therefore, 
formed indicators of the shape of the gas crater formed 
by each explosion. 

Most of the charges were musket powder, and a few 

were dynamite. The results are recorded graphically 
on the diagrams (Fig. 2.) and in the words of Colonel 
King they appear to indicate that : 
_ a. When a charge of either gunpowder or dynamite 
is fired under water, a large volume of water is dis- 
placed, forming a crater or cavity, spheroidal in 
general shape, and varying in size, according to the 
weight, nature of charge, and depth in the water. 

b. There appears to be a strong tendency to retain 
the spheroidal form, even when the depth below the 
surface of the water is considerably less than the line 
of least resistance that would give a ‘‘ common mine 
crater” in ordinary earth, with the same charge. 

c. Charges exploded near the surface give larger 
craters and greater depressions below the centre of the 
charge than those fired at greater depths, 

d. While the surface of the cavity formed by the 
explosion is generally quite regular in form, there are 
frequent exceptions to this rule, which indicate that 
for some reason the expanding gas sometimes sends out 
small jets to a considerable distance beyond the 
general surface of the cavity. These jets are some- 
times downward, but oftener in an upward direction, 
as would be expected. 

e. By — on a wharf, nearly over the smaller 
charges, when they were fired, it was noticed that the 
inflamed gas formed a well-defined ball of fire, and by 
means of photography some tolerably successful efforts 


7 





have been made to catch a view of what takes place at 
the very instant of explosion. 

Jf. The action of dynamite in forming a crater seems 
to be quite similar to that of musket powder, though, 
of course, a much smaller charge produces an equal 
cavity. 

4. A few experiments were made with paper discs, 
secured to a large iron ring which was used in the same 
way as the crater gauge already described, for getting 
the form and size of the cavity formed by the ex- 
plosion of small charges of powder and other explosives 
under water; but no satisfactory results have been 
obtained, as the paper manifested a disposition to tear 
out radially in such a way as to make it uncertain how 
much of the effect was due directly to the explosion, 
and how much to the action of the water. 





ON COMPOUND LOCOMOTIVES.* 
By Mr. R. Herpert Lapace, of London, late Loco- 
motive Superintendent, Argentine Government Railway. 


THE compound locomotive having already been discussed 
at previous meetings of this Institution (Proceedings 
1879, page 328, 1883 page 438, and 1886 pages 297 and 






the only mode of carrying expansion to its full extent in a 
locomotive. The poem be of temperature between the 
boiler steam and the exhaust is thereby distributed over 
two cylinders, with the important practical result that 
there is not so much difference as in the ordinary loco- 
motive between the temperature at the inning and 
that at the end of the stroke in each cylinder; con- 
sequently there is less initial condensation and _ less 
re-evaporation of condensed steam, and a more uniform 
ressure on the pistons throughout the stroke. For 
instance, in an ordinary locomotive working with a 
pressure in the cylinders of say 163 lb. per square inch 
above the atmosphere the temperature in the cylinders is 
continually varying between about 372 e Fabr., the 
temperature of the entering steam, and about 220 deg. 
that of the exhausting steam; the walls and covers 
maintain a mean temperature, and therefore a portion of 
the fresh hot steam which enters the cylinder is first con- 
densed on the cooler walls and covers, and afterwards, 
when it has cooled down to the low temperature of the 
exhaust steam, say 220 deg., it is re-evaporated by the 
hotter walls and covers. By this process part of the heat 
of the steam is carried through the cylinders without 
being utilised, and the condensed steam, re-evaporated 
and expanded, goes out of the chimney, and its power is 





lost. The consequent loss of heat is nearly proportionate 


Fug 1 






































9250.8 


355), the object of the present paper is to furnish an 
account of some recent practice in designing and working 
two-cylinder compound locomotives, 

Advantoges of Compounding.—It is known that economy 
in working locomotives has resulted from expanding the 
steam in more than one cylinder; and this appears to 


* Paper read before the Institution of Mechanical 








Engineers, 





to the difference in temperature, namely 152 deg. in this 
case in each cylinder. In a compound locomotive working 
at the same pressure of 163 lb. in the small cylinder, 
with the temperature of 372 deg., the pressure in the re- 
ceiver of the exhaust from the small cylinder will be 
about 55 lb., and the temperature about 303 deg.; 
therefore the range of temperature in the small cylinder 
is from 372 deg. down to 303 deg. or 69 deg., and in the 


\Jarge cylinder from 303 deg. down to about 220 deg. or 
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83 deg. There will thus be a proportionately smaller loss 
of heat in each of the two cylinders of the compound 
locomotive, and consequently more work will be obtained 
from the steam; any condensed steam that may be re- 
evaporated in the small cylinder is utilised in the large 
cylinder, instead of going directly up the chimney. 
uthermore, in the compound engine the clearance space 
between valve and piston has to be filled with boiler steam 
in one cylinder only and not in the two; and by the 
longer travel of the slide-valve in the compound engine 
the steam is not so much throttled and wire-drawn. 
Owing tothe more constant and even pressure with the 
compound, the blows on the crank are not so sharp. 

The fact that comparatively little attention has until 
recently been paid to the compounding of locomotives 
appears to be owing to there having hitherto been con- 
siderable complication of parts, in connection both with 
obtaining a simple device for starting the locomotive, and 
also with the development of equal power in the high 
and low-pressure cylinders. These objections have now 
been overcome in what is known as the Worsdell and V. 
Borries system, in which the two-cylinder compound 
locomotive has been brought to a high pitch of efficiency ; 
and from the economical results shown in the present 
now the plan is undoubtedly worthy of careful con- 
sideration. 

Description of Compound Locomotive.—The locomotive 
illustrated in the engravings Figs. 1 to 4, is a six- 
wheel-coupled goods engine, which was sent out in 
1886 to the intre-Rios Government Railway in the 
Sapeine Republic, having been built by Messrs. Diibs 
and Co., Glasgow. It is one of six goods engines designed 
by the author; and it was decided to compound this one 
engine, after ress the excellent results obtained 
by the Worsdell and V. Borries plan. As shown in Fig 1, 
the engine has eight wheels, of which six of 3 ft. 9 in. 
diameter are coupled and two are on a leading pony truck ; 
the only difference between this and the five other goods 
engines is that it has a low-pressure cylinder and a com- 
bined intercepting and starting valve, while the axles, 
connecting and coupling rods, and eccentrics, &c., are all 
duplicates of those in the ordinary engines. 

Intercepting and Starting Valve.—The steam is taken 
through the regulator in the usual way, and conducted to 
the high-pressure cylinder by a single steam-pipe A, Figs 2 
and 3. The pipe C, conveying the exhaust steam from 

‘ the high-pressure cylinder to complete its work in the low- 
ressure cylinder, is carried round the smokebox so as to 
orm an intermediate receiver or reservoir for equalising 
the supply of steam to the low-pressure cylinder. In its 
course is placed at X the combined intercepting and 
starting valve, the construction of which is shown in 
Figs. 5 to 8 In regular running with steam on, the 
large intercepting valve V stands full open, as shown 
in Fig. 5, allowing a free passage for the exhaust 
steam from the high-pressure cylinder to the valve-chest 
of the low-pressure; while at the same time the small 
starting valve S on the spindle of the intercepting valve 
is closed. But before the regulator is opened for starting 
the engine, the intercepting valve V is closed by the 
driver, Fig. 6, by means of a lever pressing on the pro- 
jecting end of the spindle, whereby also the starting valve 
§ is opened at the same time. On then opening the 
regulator, the boiler steam passing through the small pipe 
B and along narrow channels cut in the valve spindle 
makes its way. past the starting valve S direct to the low- 
ressure cylinder, while at the same time it is prevented 
y the closed intercepting valve V from passing backwards 
into the exhaust end of the high-pressure cylinder. By 
its pass through the small pipe B and the narrow 
channels in the valve spindle, the boiler steam is so wire- 
drawn that its pressure on reyes! the low-pressure 
cylinder is about half of that on the high-pressure side, 
thus giving equal force to both pistons, the area of the 
larger cylinder being about double that of the smaller. 
The boiler steam consequently acts simultaneously upon 
both pistons at the moment of starting, causing both 
cylinders to start with their full tractive power, as in an 
ordinary locomotive, and without back pressure on the 
small piston. 

Immediately, however, that the engine has started, and 
the high-pressure piston has made its firat single stroke, 
the exhaust steam from the high-pressure cylinder, 
passing over through the intermediate pipe C, comes in 
contact with the closed intercepting valve V; and acting 
upon its large area opens it automatically against the 
pressure of the wire-drawn boiler-steam on the other side 
and the atmospheric pressure acting on the valve spindle, 
The same movement closes the small starting valve S, 
thereby cutting off all further access of boiler steam to 
the low-pressure cylinder. The engine then commences 
at once to work as a compound. 

By this simple arrangement it will be seen that no 
steam can be wasted by the driver, inasmuch as no ex- 
haust ever takes place from the high-pressure cylinder 
into the atmosphere ; and the drivercannot interfere with 
the arrangement, however much he might be tempted to 
work the low-pressure cylinder with direct boiler steam, 
instead of with steam properly expanded from the high- 
pressure cylinder. 

Tn order still further to facilitate the convenience of the 
driver, by sparing him the necessity of closing the inter- 
cepting valve before opening the regulator, the modified 
arrangement shown in Figs. 9 to 12 has been devised for 
closing this valve automatically by means of the direct 
boiler steam admitted on opening the regulator, so that 
the closing of the intercepting valve cannot now be 
omitted through any negligence on the driver’s part ; it is 
done for him, and he is thus obliged to use both the 
cylinders when some thereby obviating any strain 
on the high-pressure side of the engine, which might be 


caused by trying to start with the high-pressure cylinder 


alone, and which would produce a jerk on the train. This 


ports in the casing surrounding the valve spindle. 
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the boiler steam, passing along the small branch pipe B, 
presses upon the ends of these rams, and thereby closes 
the intercepting valve automatically, Fig. 10, while in the 
same movement the rams uncover the two small steam 
ports through which the boiler steam makes its way 
direct to the steam chest of the low-pressure cylinder. 
On starting, the exhaust from the high-pressure cylinder 
fills the receiver with steam, and as soon as the pressure 
is sufficient opens the intercepting valve, Fig. 9, against 
the boiler pressure acting on the ends of the small rams 
only and against the atmospheric pressure on the end of the 
valve spindle and against the wire-drawn steam on the 
low-pressure side of the valve. Theintercepting valve is 
kept open by the pressure in the receiver, against the 
atmospheric pressure on the end of the valve spindle, 
which is more than double the pressure of the boiler steam 
on the two rams. The back valve face prevents steam 
from ing out from the receiver along the valve spindle: 
and the opening of the intercepting valve causes the two 
rams at the same time to cover the two small ports, 
thereby cutting off the boiler steam from the low-pressure 
cylinder. In practice it takes only from half to one 
revolution before the exhaust from the high-pressure 
cylinder opens the intercepting valve and closes the start- 
ing valves. This modification, rendering both the closing 
and the opening of the valve alike wholly automatic, has 
already been fitted to about 150 engines, including those 
now being built by Messrs. Beyer, Peacock, and Cv., 
Messrs. Neilson and Co., and Messrs. Sharp, Stewart, 
and Co, It will thus be seen that the driver, when start- 
ing the engine, has no more handles to move than on the 
ordinary engine ; he merely places the reversing lever in 
either front or back gear as required, and opens the regu- 
lator in the usual way. Thus all complication or risk of 
mistake is avoided. 

Cylinders.— These are placed outside the frames, accord- 





ing to the custom on the Argentine railways, in order to 
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modification consists in attaching to the back of the inter- | keep down the centre of gravity, in view chiefly of the 
cepting valve V two small rams DD, Fig. 9, which toge- | liabilit 
gether constitute the starting valve, and cover two small 
As | neath the engine. 
soon as the regulator is opened for starting the engine, | crank axle to be dispensed with, which is an advantage in 


otherwise involved of the engine turning over 
when throwing cattle off the line, should they get under- 
The outside cylinders also enable the 
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The high-pressure 


a country far away from the maker. } 
cylinder is 16 in. in diameter, and the low-pressure 23 in., 
which gives a ratio of 1 to 2.1; the stroke is 24 in. These 
proportions have proved in practice to be very efficient. 


(To be continued.) 





Inp1an Raitways.—It is 4 oa to construct a line 
from Delhi on the East Indian Railway to Kalka, at the 
foot of the Simla hills. The new line, which is to run vid 
Karmal and Umballa, is to be worked for 50 per cent. of 
the gross receipts. 





JAPANESE RaiLways.—Another section of the Tokaido 
line of the Japanese State Railways was opened for traffic 
on February 1, viz., the portion between Kodzu and Shid- 
zuoka, a distance of about 70 miles. This only leaves the 
connecting links between Shidzuoka and Hammamatsu 
and Nagahama and Otsu on Lake Biwa, to be finished in 
order to complete through communication between Tokio 
and Kobe vié Kiota and Osaka. The first of these links 
is to be opened in April, and the second next year. 





SatvaGE CoMPANIES 1N Norway.—The three large 
North European Salvage Companies—the ‘ Svitzer” 
Company, Copenhagen ; the “‘ Neptun,” Stockholm ; and 
the *‘ Nordischer Bergungsverein,” Germany, have now 
arrived at an understanding that they shall not attempt 
to shoot over each other’s preserves, but, on the contrary, 
confine their enterprise to strictly defined territories for 
each company. The only exception is the Mediterranean, 
where the three companies may co-operate, and where 
two German, one Danish, and one Swedish steamer shall 
be stationed. The four stations fixed upon are Gibraltar, 
Marseilles, Malta, and Usastentinn’ e. The Danish 
compuny is to have the management of these four boats. 
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‘* ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
Compirtep By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888, 


he cunies of views son te Go ee ee 
in each case after price; none are mentioned, 
Specification is not illustrated. 


Where Inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 
— of Specifications btained at 88, 8 
hancery-Lane, E.C., either personally, or 
amount 





given after 
Patent has been sealed, when the date of sealing is gi 
J9 ee eS any time within two months from the date of 
advertisement of the acceptance of a complete specification, 
ee So Office of opposition to the grant of a 
atent on any of the grounds mentioned in the Act. 


SHIPS, &c. 


1838. H. H. Lake, London. (J. W. Mansjield, Boston, 
Mass., U.S.A.) Improvements in the Manufacture of 
Ships’ Masts or Spars. (8d. 7 Figs.) February 7, 1888.— 
In manufacturing hollow masts or spars the shell is made of a 
number of longitudinal strips, gouged out between the joints to 
form a circular or corrugated interior, and secured together 
around internal supporting rings placed at intervals. At the 
bottom is a step-core, which, as well as the top core, is made in 
two half sections gouged out on the inside. The shell is then 
coated inside and out, and a piece of cloth or canvas of light 
weight is cut into strips and coated with glue and white lead in 
the act of winding it on the mast, commencing at the bottom and 
winding spirally upward to the top, where it is turned and wound 
to the bottom of the mast; this may be repeated several times. 
The mast is then laid aside to dry, after which it is covered with 
parchment or fibrous paper, wound not spirally but straight 
around the mast in sections slightly overlapping at their edges. 
The paper is treated in a similar manner to the cloth during the 
operation of winding, and when dry is coated with waterproof 
varnish. (Sealed July 13, 1888). 


2536. 8S. Alley, Polmadie, Renfrew. Improve- 
ments in or Connected with Screw Pro rs. 
[8d. 7 Figs.) February 21, 1888.—According to this invention 
the blades of a screw propeller are made to fold, The boss on 
the shaft has radial slots to receive the roots of the blades, these 
roots being formed as joint eyes, and the blades jointed to the 
boss by pins passed through the boss at the sides of the slots 
and through the joint eyes of the blades. On parts of the edges 
of the roots or joint eyes of the boss, ll we or spurwheel 
teeth are formed, and on a small shaft passing through the main 
shaft there is formed or fixed a screw or worm or as many sets of 
rack teeth as there are blades. The blades are folded or opened 
out by turning or moving endways the small shaft. When opened 
the blades bear against stops formed on the boss, which assist the 
blades to sustain the propelling strain. In folding, the blades 
turn on their joints with the outer ends, describing quadrants 
down to the axis of the shaft, and for keeping them steady when 
closed, a strong pintle is fixed on the ship’s stern-post in the line 
of the axis of the shaft, and a ballor block of rubber is fixed on the 
pintle for the ends of the blades to close on when folded down. 
(Sealed March 1, 1889). 


3388. G. Poore and W. C. Storey, London. Im- 
provements in or Pertaining to Vessels Constructed 
to Travel under Water. (8d. 1 Fig.) March 6, 1888.— 
The object of this invention is to provide a large store of energy 
for use when a vessel is submerged without subjecting the re- 
ceiver containing it to a high pressure, when employing steam for 
driving the engine. When the boat is about to be submerged, 
steam from the boiler A to the engine is shut off by valve K, the 
entry of the sea into the firebox, &c., being prevented by closing 
the funnel valve Al, Steam to work the engine is generated in a 
heater E by the circulation therethrough of heated liquid, which 
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may be a solution of chloride of lime in glycerine contained in 
the vessel C. This liquid is previously heated by means of steam 
passing from boiler A through a superheater B and coil D in 
vessel C, from whence it is discharged into the condenser or 
overboard. In this way the liquid in vessel C is raised to a high 
temperature, and becomes a reservoir of heat available for gene- 
rating steam. When required for this pu e, it is circulated 
by pump F through the tubes of the vessel E, which contains 
water, and the steam produced is conducted by pipe J to engine, 
upon the valve L being opened. The heated liquid should, at 
atmospheric pressure, have a boiling point considerably higher 
than that of water. (Accepted January 16, 1889). 


3854. J. F. Ward, Jersey City, N.J., U.S.A. Im- 
provements in Vessels’ Rams. [€d. 3 Figs.) March 13, 
1888,—The object of this invention is to so construct the ram of a 
vessel that it will be more effective in action and less liable to be 
injured itself than are rams of the ordinary construction. In this 
improved ram, the projecting end extends transversely of the 
bow, so that it will be effective in its action upon a vessel, 
whether approaching at right angles or at any other angle, and 
will resist lateral strains. The projecting end of the ram is in 
plan like a chisel held horizontally, and owing to the consequent 
—- of the two attacking edges or corners of the ram, the 
atter in approaching the attacked vessel at an angle, other 
than a right angle, will not glance off but will strike a blow 
which will prove effective to do more or less damage to the vessel 
attacked, and this without danger of injury to itself from lateral 
strains, for the great horizontal width of the nose of the ram 
will resist any such strains. (Sealed June 22, 1888). 


3749. P. W. Willans, Thames Ditton, Surrey. Im- 


rovements in Driving Gear for Drivin 
epee and for other Purposes. (eae Poe 





March 10, 1888.—Tne object of this invention is to enabl 
which can only : rahe ng 


run in one direction to be used for driving pro- 





pellers, &c., and yet admit of the propeller beirg driven in one or 
the other direction. This is effected by setting the screw shaft d 
in line with the engine shaft a, and causing the thrust upon the 
shaft d as it is revolved to keep it clutched to. the shaft a by means 
of cone g taking into cone f'. Thecone g is keyed on shaft d 
whilst the wheel f with its cone f! is loose. On shaft a is keyed 
a wheel b having internal teeth c, and on d is keyed a tooth-wheel 
é gearing into pinions h, h, which also gear into the teeth c, so 
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that whilst the wheel f is locked tod it causes c and ¢ and their 
shafts aand d to turn together. For reversing the motion of the 
shaft d a brake strap is tightened around the periphery of wheel f 
to prevent it turning, the pinions A will then rotate on the studs 


f2 and rotate the wheel e and shaft d in a reverse direction to 


shaft a, the thrust of the screw holding cone g back out of contact 
with socket fl. A lever i may also draw back shaft d when the 
engine is at rest. (Accepted January 23, 1889). 


4543. W. J. Gell, Seacombe, Chester. Improve- 
ments in Apparatus for < one & 4 
. (8d. Bigs} March 24, 1888.—The objects of this in- 
vention are to enable the davits to take in succession several boats 
arranged on a gangway, and to cause the block tackles to always 
stand vertically over the boat. The boats A, A are carried by 
chocks B, B, which slide upon a gangway B'. The chocks B are 
hinged at their centres, and the front portion falls down when 
the boat is in the dotted position shown. The davit head is formed 
of a horizontal beam D, upon which is mounted a carriage E 
running on rollers e,¢. Tackle block F is attached to the carriage 





























E, which is provided with friction pulleys e'. The carriages on 
the two davits are connected by a spar G, which swivels at each 
end on a pin, whereby the carriages are always kept the same 
distance apart, so that the tackle H between blocks F, F! always 
stands vertically in the fore and aft direction. The fixed end of 
tackle H is attached to the davit head at h, the running end after 
being rove through blocks F, F' is passed through a block F2, and 
thence through an eye-bolt down to the deck, so that no matter 
what the position of the carriage on the davit head, the distance 
between the blocks F, F' remains the same. (Accepted January 30, 
1889). 


RAILWAY PERMANENT WAY. 


17,679. J. Stabler, Brixton, Surrey. Improve- 
ments in Railway Crossings. [lld. 10Figs.] December 
23, 1887.—This invention relates to an arrangement of steel or 
other metal tongues applied to fill up the gaps or apertures in 
railway crossings that are found necessary for the flanges of a 
pair of wheels to pass through, when crossing from one pair of 
rails to another, or into sidings. These tongues take the form of 
the openings between the acute angle of the crossing and the 
wing rail, filling up the aperture and forming a continuous level 
plane of rail, thus preventing concussions and wear of the steel 
angle point, and rendering a guide rail unnecessary. For this pur- 
pose an iron box, with a ridge on top to ——- the intersecting 
rails and parts of crossings, is used, with the addition of chairs, 
secured by bolts or trenails, and resting on a cushion of white 
metal, inserted on raised part of ridge. The tongues extend 
down inside of this box, in guides, and as they rise above the 
top of box a clamp at the back of rail holds the tongue up to 
face of wing rail. Where two tongues are fitted in one box, they 
rise up and down in contact alternately, one being level with the 
top of rail and the other depressed below, to allow the wheels of 
a train to pass over. These tongues are acted upon by two 
inclined planes, each having at the opposite end a level plane, 
which, after traversing the Eon. distance raises up the tongue 
until the level plane is reached which sustains it in its elevated 
position, whilst the other tongue rests on the thin end of the 
other inclined plane. These inclined planes are connected by 
levers to the points, rods, or signals, or they may be moved in- 
dependently. (Accepted January 30, 1889). 


2718. J. Strang and J. H. Pinder, Ramsbottom, 
Lanc. Improvements in Rail Chairs and Couplings 
for Permanent Ways. (6d. 3 Figs.) February 23, 1888.— 
This invention relates to means whereby the rail is secured to the 
chair in its continuity as well as at the points of junction of the 
same, thus at the same time acting as a coupling. The inner side 
of the jaw a of the chair A is formed with two inclined surfaces a’, 
between which and the rail b two Te ¢,¢ are employed, suit- 
ably arranged in line so as to be forced towards each other by a 


bolt and lock nut d. The wedges c are preferably of cast iron or 
steel. In the case of a joint chair, one of the wedges is increased 
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* — and caused to overlap the rail ends b'. (Sealed March 
» li e 


3382. G. F. Redfern, London. (F. Codlyn, Seraign, 
Belgium.) Improvements relating to Means for Fixing 
Railway Rails to Sleepers. (8d. 6 Figs.) March 5, 1888.— 
This invention relates to means for fixing Vignolle’s rails to sleepers 
described in Patent No. 11,146 of 1886, and consists in increasing 
the thickness of the sole-plate a; forming the support of joggle 
b hollow instead of solid, and providing the foot ¢ with two ribs 
d, d for strengthening it. In a modification the support or joggle 
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consists, instead of a rectangular truncated pyramid, of a pillar 
or chair having an inclined bearing surface, and strengthened 
by a rib. Cheeks are formed on each side of this chair, their 
inner sides being inclined, as is also the upper face of the sole- 

late, A shoe, such as h, which is not applied over the support 5, 

ut enters it, bears against the cheeks on each side, and a wedge 
or key such asg. The inclined surfaces have for object to pre- 
vent the key from becoming unfastened, and the shoe from 
rising. ( March 12, 1889). 

3873. J. E. Crossland, Cullingworth, Bradford. 
Improvements in the Method of and Means for 
Securing Wood or other Keys in Railway Chairs. 
(6d. 3 Figs.) March 13, 1888.—This invention consists of a 
pivotted double catch, lever, or finger A, secured by rivetting to 
a lug B cast on the chair C, which catch A when in position pro- 











se over each end of the key D, and so prevents it working 

loose. When the catch is thrown back the wedge is free to be 

operated upon. Orin lieu of the double finger A two separate 

fingers E, F, may be used, as seen in Fig. 2. The wedge is first 

driven up to finger E, and the finger F then turned over into 

tion, preventing the movement of the wedge either way. 
London, 


Accepted January 9, 1889). 
4462. A. T. G. Brown, Fn mee 
in the Manufacture of Sleepers for ways. (lid. 
13 Figs.) March 23, 1888.—This invention is designed to produce 
@ metal rail or tramway sleeper with stout jaws without cuttin 
orthinning. The blank Z forming the sleeper is heated and plac 
on the top of matrices A! fixed to a bed-plate A. The plunger 
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C C', formed in two parts pivotted at C2, and the platen B, are 
forced down on to the metal so as to bend it over the matrices A', 
andthe rams D!' are also forced on to the metal by cylinders D, 
so that it will conform t> the shape of the matrices and form 
pockets as shown at Z', Fig.3. The parts C, C', are then forced 
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asunder by wedge bar C3 worked from cylinder C7? and drawn 
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back by cams to their normal position. The sleeper so formed 
is then removed and inverted, and the pockets Z' filled up with 
bare or blocks of suitable section, and placed in a furnace to unite 
them; or instead of the blocks, molten metal may be poured 
into the pockets. Blocks A? (Fig. 2) are then substituted for the 
matrices, the sleeper laid thereon, and the platen B, plunger 
CC', and the rams D!, operated as before to complete the sleeper. 
(Accepted January 23, 1889). 

17,803. W. Bayliss and R. Howarth, Wolver- 
hampton, Stafford. An Improved Construction of 
Railway Fishplate, Lf the Use of which an Improved 
Joint is Obtained. (8d. 4 Figs.) December 27, 1887,—The 
object of this invention is to construct fishplates to bear more 
firmly against the ends of the rails than at any other point, so 
that the strain upon the bolts may be chiefly concentrated upon 
such parts, and the plates, by their elasticity, take up the slack- 
ness occasioned by any wear, and also prevent the nuts from 
unscrewing. The fish-plate is made of steel or iron, with the neces- 
sary degree of elasticity, and is cambered lengthways so as, when 
in position, to be convex on the side towards the rails. As the 
bolts are mgm screwed ~ 3 the crown of the curve is pressed 
against the rails immediately at the ends thereof, and as they are 
continued to be screwed up the bearing surfaces of the plate from 
the middle towards each end are gradually tightened against the 
rails, but the chief pressure is constantly at the middle of the 
plate. The spring of the plates enables them to follow up any 
wear which takes place, and insures their constant pressure against 
the nuts, thus reducing the tendency of the nuts jarring loose by 
vibration. When the fish-plates are made of steel they may be 
tempered to increase their elasticity. (Sealed March 1, 1889). 


18,433. H. H. Lake, London, (W. Lowe and S. Ta - 
Troy, N.Y., U.S.4.) Improvements relating to ° 
way Rails and Joints. (8d. 5 Figs.) December 18, 
1888.—This invention relates to rail joint unions. The ends of 
the rails to be joined are first seated upon a bed-plate A! provided 
in the chair Aasshown. The chair is then lifted and tilted, and 
the flange B? of a locking bar B passed over the hook A4 formed on 
the chair A, until the hook enters the recess B8 and permits the 
flange B? to pass under the ball of the rail, in which position they 








are securely locked together by the hook and recess, and cannot 
be unlocked without lifting the chair and rail. The hook A4 
forms a pivotal connection in the eve B3, between the two mem- 
bers, permitting of their being easily forced upwards or down- 
wards, The web of the rail C ie tightly inclosed between the two 
flanges A?, B2, and the chair A and locking-bar Bare respectively 
provided with horizontal flanges, whereby they are secured to 
the crosstie D by spikes a, a'. A stud may project from the 
bed-plate A! to act as a stop to prevent the longitudinal displace- 
ment of the rails, (Accepted January 28, 1889) 


RAILWAY ROLLING STOCK, 

1103. P. Dobew, Ahmedabad, India. Improvements 
in A ratus for Communicating Signals on Rail- 
way Trains. (8d. 6 Figs.) January 24, 1888.—This invention 
relates to apparatus whereby the guard can —_— by day or night 
to the driver; passengers also can signal to the guard or driver. 
For this purpose pivotted arms are mounted in the guard’s van, 
carrying coloured screens or glasses, which can be projected through 
slits at both sides of the van simultaneously. e nger 
carriages are also provided with coloured screens, which, on pull- 
ing a cord, are thrust out at both sides simultaneously from under 
the roof. For calling the driver's attention to the signals, com- 
munication is provided consisting of rods swung 80 asto be capable 
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of longitudinal movement under the carriages, coupled by chains 
from carriage to carriage, and to a bell on the locomotive. The 
signal arms are connected to these rods. Fig. 1 shows a carriage 
and brake van, the van carrying a lever M, which shifts a cog- 
wheel on shaft N from a pinion on a shaft working the day signals 
to that working the night signals, and vice versd. The wheel J on 
shaft N, worked by a cord, may also put the signal to danger when 
worked from outside by the wire cord J C joined to the rods A, 
In Fig. 2, the day signals K are shown at danger, whilet Fig. 3 
shows the position of the signals on the roof of a passenger carriage. 
L, L are the night signals arranged to come in front of the side 
lights of the van. (Accepted January 80, 1889). 


2841. W. Stroudley, Brighton, Sussex. Improve- 





ments in Lubricating Locomotive and other Engines. 


cylinder A divided by C into two chambers D and E, the lower 
of which contains the lubricant, and has a valve seat F and 
e G in connection, through a condenser, with a steam od 2 
eading from boiler. Water from this condenser is for b 
steam pressure up pipe G, and is always striving to lift a valve I. 
The valve, however, is maintained closed by the pressure of a 
spring M bearing upon the upper end of rod K, but when steam 
is turned on it will rush from the cylinders up the pipe 8 and 
through a passage U, into the space O beneath a diaphragm N, 
fixed to the rod K, diminishing the pressure of spring M upon 
valve I, and permitting water from the condenser to lift the valve 
and pass into chamber E beneath the oil which escapes through a 
assage W, and drops from a nozzle X down the glass tube T, 
on whence it is conveyed by passages from tube S to the pistons, 
slide valves, &c., of the engine, or other parts exposed to the 
action of steam or air. The flow of the oil is regulated by a cock 
. If it be desired to lubricate the engine when steam is shut off, 
the quick-pitched screw cover Z is slightly unscrewed, which re- 
lieves the pressure of 4 eae M upon valve I and permits it to be 
raised by the pressure from the boiler. The spring e assists the 
steam pressure from the boiler to lift valve I. (Accepted January 
23, 1889). 


8667. J. Stark, Liverpool. An Hydraulic Ap 
ratus for Starting Tramway Cars and other Wheeled 
Vehicles, (8d, 5 Figs.) June 13, 1888.—A car is started from 
a state of rest by hydraulic pressure applied to a ram connected, 
by gearing, to one of the axles. Pressure is applied to the liquid 
medium by deadweight, or an elastic force, such as air, and the 
arrangement of pin nt is such that, when the ram moves outward, 
the axle must rotate in the direction in which the car travels, 


4587. T. Spence, Workington, Cumberland. Im- 

revementa in A atus and Appliances by which 
Vehicles oraTr of Vehicles may be Attached to 
or Detached from Haulage Ropes or Cables. (8d. 
8 Figs.) March 26, 1888.—Theclutching apparatus is fitted to a 
vehicle or a leading bogie or car to which one or more vehicles 
may be coupled. e rope yoy been placed between the jaws 
b, ¢ of the clutch, the lower jaw is screwed up by means of the 
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while the ram is permitted to move inwards without rotating the 
axle. The compressing pumps A, fixed to a tank B, are worked 
by eccentrics C to charge with water a vessel K connected by pipe 
J! to an air reservoir N. When the desired pressure is attained 
the pumps are automatically stopped by means of a piston E, whose 


Fig.1. 
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rod is pivotted to levers F provided with a spindle furnished with 
regulating nuts and spring, the pressure above the normal 
forcing E down and raising ends of levers F, lifts two suction 
valves and allows the pumps to work idly until the pressure is 
again reduced. The vessel K communicates with a valve chamber 
L', on hydraulic cylinder L, whose valve is connected by spindle 
and rod P' to a hand lever. The piston-rod of cylinder L is 
pivotted to a toothed rack R! provided with a guard R2. The 
toothed wheel R runs loosely on a bush, secured to axle S, and is 
formed with ratchet teeth to act as a clutch coupling, a similar 
coupling 8! capable of sliding lengthwise on the shaft being held 
in gear withit bya spring. A forked lever fixed to shaft T!, acted 
upon by a foot lever, throws the coupling out of gear with the 


spurwheel. (Accepted January 30, 1889). 
17,767. G. Westinghouse, Jun., Pittsburg, Pa., 
U.S.A. Improvements in Buffing Apparatus. [1ld. 


25 Figs.) December 5, 1888.—This invention relates to buffing 
apparatus wherein a frictional resistance is employed either in 
combination with a spring resistance or alone. Fig. 1 shows an 
ordinary coupler with the buffing device applied thereto. Aisa 
casting, the rear end of which is cylindrical, and the opposite end 
rectangular, its inner walls being recessed for the reception of a 
series of plates 3 held in place by distance pieces and bolts 4. 
Between these plates are arranged similar plates 5 separated by 
distance pieces, their outer ends being bolted to carrier blocks 6. 
The inner ends of carrier 6 are formed with a series of wedge-like 
or inclined faces 8 which engage with similar faces on the wedge 
block 9, Through this block the draft-pin 10 passes, connected to 








the coupler 11, and between the block and a plate 12 is arranged 
aspring 18. In the cylindrical end of A isa set of spiral springs 
14, 15, and between these springs and the carrier is a buffing block 
16 with flanges 17 which engage the shoulders 18. The pin 10 
carries a draw-plate 19 which presses against the springs 14, 15, 
when tension is applied. 21 is a casting placed between A and the 
timber 20 to resist the action of the ma» when a 
—— the spring 13 being compressed it forces back block 9, 
whereby the carriers 6 are forced outwardly, tightly compressing 
the interwoven plates 8, 5; or, if the force is sufficient to over- 
come the resistance of spring 13 and the friction of the plates 8, 5, 
the inner ends of the carriers will push the block 16 against the 
resistance of the springs 14, 15. Several modifications of the in- 
vention are described. (Accepted January 9, 1889). 


MISCELLANEOUS. 


1793. D. Johnston, Gov: Lanark, Improve- 
ments in Means for Dimin the Liability to 
Corrosion of Screw Propeller Blades. [4d.) Feb- 
ruary 7, 1888.—This invention consists in coating the blade or 
parts thereof with vulcanite or other suitable sulphurised com- 
pound of rubber, which is applied in the plastic or semi-plastic 
condition in which such rubber is before the vulcanisation of it 
is completed by the application of heat. The rubber may be made 
to adhere to the blade at the outset by means of rubber solution 
or other suitable t, the subseq heating making it 
adhere permanently. During the heating operation the rubber 
must be kept pressed against the blade, for which purpose the 
blade may be wrapped or bound with cotton or cloth after the 








(8d. 4 Figs.) February 25, 1888,—The apparatus consists of a 





rubber has been applied to it. (Sealed February 15, 1889). 
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screw d and lever as shown until it tightens on the rope, in which 
position the cam ¢, with its rod f, which actuates the aed jaw 
of the clutch by the lever i, is at its full throw, so that on the lever 
being moved to the opposite angle the cam ¢ releases the rope. 
This movement of the lever ¢ also actuates, through the shaft g, a 
lever J, which strikes a kicker-off m, which throws the rope out of 
the jaws of the clutch. The dotted lines n, 0 indicate position of 
levers when out of gear and releasing the rope. (Accepted 
January 30, 1889). 


4800. W. James, South Shields, Durham, An Im- 
proved Railway Coupling and Uncoupling Pole. (8d. 
5 Figs.) March 29, 1888.—This invention consists of a coupling 
and uncoupling pole so constructed as to —— the link slipping 
off the hook when engaging therewith. e hook 0 is fitted to the 

le @ by socket c, andd isan iron hoop, encircling pole @ near the 
Eendie, having lugs d', between which is a lever d? mounted on 
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a pin d3, To the end of short arm d5 of lever d? is attached 
one end of arod dé, whose other end is attached to a tooth d7 
situate in a recess in the hook end of polea, The operator having 
slipped the hook b over the link e depresses d9, thereby projecting 
tooth d7 against the link, the spring d'!° bringing the tooth back 
into its recess upon releasing the lever d9. (Accepted January 30, 
1889). 


4883. E. rag era Colne, Lancaster. Improve- 
ments in or Applicable to the Wheels of Carts, 
Wagons, Tramcars, and other Vehicles to Prevent 
the Vehicle Running Back Down an Incline. (8d. 
4 Figs.) March 31, 1888.—This invention consists in the use and 
application to the bess of the wheels of vehicles of a ratchet wheel 
with one, two, or more sets of teeth. Into the ratchet wheela 
pawl or pawls mounted upon the axle or other stationary part of 
the vehicle can be placed in gear by means of a hand lever when 
ascending an incline; thus the wheels of the vehicle are free to 
turn in the forward direction, but become scotched and effectually 
prevented turning in the other direction. (Sealed August 17, 
1888). 


15,313. W. A. Young, Leith, N.B. Improvements 
in the Construction of Crankshafts. . 2 Figs.) 
October 24, 1888.—The object of this invention is to facilitate the 
making of large cranked shafts, by forming and mounting the 
crank in three pieces, each piece being interchangeable. The 
crank-pin A and shaft B are separate forgings, each fitted into 









































the webs or cheeks C, the cheeks being recessed to receive the 
ae 
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collars a, b, with which the crank-pin and shaft are each forged. 
The collars a, b are machined to fit true within the recesses of the 
cheeks, and are bolted to the cheeks C by bolts and nuts D. In 
cranks of small throw the bolts D may done away with, the 
collars a being kept intact, and a simple bolt and nut E may be 
used passing diametrically through the crank-pin. (Accepted 
January 9, 1889). 





NITED STATES PATENTS AND PATENT PRACTICE. 

= oe with illustrations of inventions patented in the 

United States of America from 1847 to the present time, and 

reports of trials of patent law cases in the Uni States, may be 

consulted, gratis, at the offices of Enemzzrine, 36 and 86, Bedford- 
Strand. 





Tue Great NortH-Wrst.—American railroad _com- 
panies are further opening up the great North-West. 
Among recent important extensions, we may mention a 
new line of the St. Paul, Minneapolis, and Manitoba 
Railroad to the Pacific Coast ; anew line to Winnipeg and 
the North-West Territory, established by the Northern 
Pacific; and a new route to the east by way of the St. 
Paul, Minneapolis, and Sault Ste. Marie Railroad. It 
is the intention of the latter to establish a through train 
service between St. Paul, Boston, and Canadian cities 





during the coming season, 
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THE THEORY OF THE STEAM 
ENGINE. 

THERE are few subjects of more interest to the 
engineer, or which better repay thorough investi- 
gation, than that which is the subject of this 
article ; and it is at the same time doubtful if there 
be one about which more disregard of principles or 
vagueness of statement is shown by some of those 
who might, from their position, and also from their 
essaying to instruct others, be imagined to under- 
stand the subject they write and talk about, 

To the engineer who has thoroughly mastered 
the principles of thermodynamics these errors and 
vagueness can do no harm, but it may be quite 
otherwise with those, probably the majority, who 
having hitherto for want of time or of opportunity 
not studied the subject, may, now seeing its grow- 
ing importance, begin to think whether or no it be 
worth their while to devote some attention to it. 
It may very likely be that such a one, seeing such 
statements for instance as that theory of the steam 
engine is only true for a perfect gas, or “ there is 


no satisfactory theory of the steam engine,” will! 
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say, then in that case it is of no use following 
such an unsatisfactory pursuit, and thus a student 
may be lost, and a mind diverted from the con- 
sideration of a subject on which it is impossible 
for the powers of too many minds to be concen- 
trated. It is from considerations such as the pre- 
ceding that the following article has been written, 
its main purpose being to show, by an examina- 
tion of the bases on which the theory of the steam 
engine rests, and by the application of these 
principles to a few simple examples, that the theory 
is not such a mass of assumptions as it is by some 
represented to be, but that it rests on sure founda- 
tions of experimental facts, and that the reasoning 
by which we proceed to deduce the theory is as 
definite and rigid as that in any other branch 
of science. Thermodynamics and dynamics both 
stand on the common base of the principle of con- 
servation of energy, i.e., energy can neither be 
created nor destroyed. The first part of the law 
was recognised in the statement of the impossibility 
of a perpetual motion, before the second was, be- 
cause according to the then ideas of energy, it 
could apparently be lost by means of friction, and 





it was not until the true nature of heat as a kind 
of energy was recognised, that the law could be 
completed. It is hardly now necessary to go into 
the various steps by which the identity of heat, and 
ordin energy as that of a falling weight was 
established, it is sufficient to refer to the final 
settlement of the question by Dr. Joule, the result 
of whose experiments is expressed in Joule’s law, 
or the first law of thermodynamics, which can be 
expressed thus, ‘heat and mechanical energy are 
mutually convertible, one unit of heat correspond- 
ing to a definite quantity of work called the me- 
chanical equivalent of heat.”* 

Our first task then must be to examine Joule’s 
experiments, and see whether this law is correctly 
derived from them ; in doing this it is not neces- 
sary for our purposes to inquire into the minute 
adjustments and corrections of the experiments, we 
can satisfy ourselves of the correctness of the state- 
ment without considering these. Joule’s apparatus 
then can, so far as we are concerned, be repre- 
sented by the simple figure here drawn. (Fig. 1.) 
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A weight W hangs by astring B which passes over 
a pulley A, and is wound round a spindle C. The 
weight descending turns the spindle, and so causes 
the paddles D on the end of it to churn up the 
water in the vessel E. The rotation of this water 
is prevented by fixed paddles (not shown). In this 
way the whole of the energy exerted by the falling 
weight is turned into heat, and the amount of heat 
can be measured by the rise of temperature of the 
water. 

Perhaps here we should say a word as to how we 
measure amounts of heat. This is, as is of course 
well known, in thermal units; but as the chief 
source of confusion in this, as in other cases, is 
want of definiteness, it may be as well to state 
exactly what we mean by a thermal unit. By one 
British thermal unit, then, we mean, ‘‘ The heat 
required to raise 1lb. of water from 39deg. to 
40 deg. on the Fahrenheit scale.” For all ordinary 
purposes any other degree rise would do, but not 
when exactitude is required, the heat required for 
any other degree being a different amount, although 
the difference is slight. 

Suppose, then, we have in the vessel E1lb. of 
water at 39deg. Fahr., and we allow the weight W 
of 772 lb. to descend 1ft., the descent being very 
slow, so that the velocity of the weight is practi- 
cally negligible, then Joule’s experiments proved 
by actual measurement, with no assumptions of 
any kind, that the temperature of the water when 
agitation had subsided, would be 40 deg. Fahr. 

Now let us examine what this means. At the 
commencement of the experiment the water is at 
39 deg. Fahr. and the weight in such a position that, 
by descending to the ground, it could lift another 
equal weight of 772 lb. through 1 ft., i.¢., it possesses 
772 foot-pounds of energy. At the end of the 
experiment this energy has wholly disappeared, but 
the water is at 40 deg., and therefore has in it one 
thermal unit of heat more than it had at the begin- 
ning, all the rest of the apparatus being unchanged. 
Now when we have a total disappearance of one 
thing coupled with the appearance of another it re- 

uires no assumption to say that the two must be 
the same thing in different forms, and thus we say 
then that the 772 foot-pounds of energy and the 
one thermal unit of heat are merely different forms 
of the same thing, viz., energy. We have selected 
the case in which water was the medium for turn- 
ing the energy or work to heat, because it is the 
simplest and the one which gives the best resulta, 
but the results when other means such as the 
rubbing together of metals was used were, within 
the usual limits of errors of measurement, identically 
the same, and hence we conclude it proved that 
772 foot-pounds of mechanical energy can be turned 


* Cotterill’s Steam Engine. 
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completely into heat and produce one thermal unit 
or B.T, 

Now Dr. Joule chose to experiment by turning 
work to heat, and it may be said that being 
**mutually convertible” we should be able to 
verify the law by the reverse experiment, and so we 
can, but this is a much more complicated process 
than the other; to turn heat into work we require 
an engine, and even then, as we well know, only a 
portion of the heat we supply to the engine can 
appear as work, the remainder being rejected either 
into the air or into a condenser; thus the heat 
given to the steam must be measured and also that 
given out again as heat by the steam ; each of these 
is @ process involving great care and special appa- 
ratus, and then the work appearing is not in the 
simple form of a weight raised steadily through a 
certain distance, but must be calculated from indi- 
cator cards; allowing for all this we have now in 
the results of numbers of trials of engines full con- 
firmation of the law when the operation is that of 
turning heat back to work, in all cases we find that 

Foot-pounds of indicated work done _ 





772 
Heat supplied to steam in boiler—Heat given out by 
steam to condensation water, allowance being made for 

losses by radiation, leakage, &c. 

The first law of thermodynamics then is an 
actual experimental fact, depending on no assump- 
tion as to the nature of steam or a perfect gas or 
anything else whatever. 

Now, the process which we wish to carry out, and 
for which we use an engine, is the changing of heat 
into work, and the less we have of any other pro- 
cess, the better pleased we are. In order to work 
an engine we must use some body, practically it 
must necessarily be some fluid (the term fluid in- 
cluding a gas), which by its changes of volume and 
pressure under the action of heat enables the con- 
version of heat into work to take place. This body 
goes through a continuous set of changes over and 
over again, returning every time to its original 
state, and if we only require to consider the total 
result of any one set of changes, then the first law 
tells us all about it, and we care nothing about the 
physical nature of the body by means of which we 
effect our object ; at the end of a set of changes, or 
we may say a stroke, it is in the same state as at 
the commencement; on the whole, nothing has 
been done to it, and we have simply the work done 
equal to the heat which has disappeared. But now 
suppose we wish to trace the process through its 
various steps, then we must know the physical 
nature of the body; we may illustrate this by a 
simple example in dynamics. 

Suppose we have a horizontal engine pumping 
say against a constant head, then taking a whole 
stroke, we have neglecting friction: 

Energy exerted by the ye = work done against the 

ead, 

and the weight of the piston, rods, &c., does not 
affect the question; but now suppose we want 
to examine the stroke to find out om the piston 
moves, the stresses in the rods, the speed of the 
water through the passages, &c., then we must know 
the weights of all the moving parts and of the 
water moving, or else at any point of the stroke we 
could not tell what part of the energy had been 
used in giving these bodies their velocities and what 
part was left to overcome the resisting head. The 
equation of conservation of energy for a portion of 
the stroke is of the form, 

Energy exerted = work done + energy of movement 

of pistons, rods, water, &c., 
and it is only when the second term of the equation 
vanishes as it does at the ends of the stroke that we 
can disregard the weights of the parts. 

We have now in thermodynamics an exact analogy 
to the foregoing. To fix our ideas consider a pound 
of water just entering the boiler; it becomes heated, 
evaporated, starts off through the engine, is con- 
densed, giving out heat as heat, and returns through 
the feed pipe to its original state, identical in every 
respect with that when it started ; the sole effect is 
that a certain amount of heat has disappeared, and 
an equivalent amount of work appeared ; the fluid 
might be petroleum or any other fluid instead of 
water, the result would not be affected. But now let 
it be required to consider the state of that pound of 
water at some point in the stroke, then heat has 
disappeared and work been done, but they are no 
longer equivalent, the pound is a very different 
pound to what it was, and until we know how much 
of the heat must be used to change its state we 


cannot obtain any results. Now it is in the correct 
determination of this amount of heat necessary to 
change the state of the working fluid that the great 
stumbling block of thermodynamics appears to lie. 
It is not necessary for us to make any supposition 
whatever as to the ultimate composition of the 
fluids or gases we have to deal with, although such 
suppositions may be of great value in helping us to 
conceive the nature of the actions which take place ; 
we will, therefore, make no assumption as to the 
movements of the ultimate molecules of our fluids, 
but, in order to fix our ideas, we will first examine 
the changes of state of a simple material system 
before considering the question generally. 
Let us consider then a system composed of a pair 
of equal balls A and B, Fig. 2, connected together 
Fig. 2. 
Lift of B= 2a 
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by an elastic string and kept apart by a telescopic 
tube, the halves of which can be clamped so that the 
elastic string is kept stretched, and let the combi- 
nation be lying on a table. Now this system has, 
in itself, quite independently of the weight of the 
balls, a power of doing work, since by removing the 
clamps, the elasticity of the string will draw the 
balls together, and this may be utilised, for example, 
by means of pulleys to raise weights as in Fig. 3. 


Fig. 3. 
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The system as a whole has of course the power 
of doing work by falling to the ground, but this 
power depends on its position as a whole relative 
to the earth, while the energy it possesses in virtue 
of the elasticity of the string is independent of all 
external bodies, and is essentially an internal pro- 
perty. We are thus led to consider it as apart from 
any consideration of how the system asa whole is 
situated, and to giveit the name of internal energy. 
Next consider the effect of exerting energy on the 
system ; lift the ball B into a new position, say 
vertically as dotted in Fig. 2, then we have done 
two perfectly separate kinds of work, first the system 
as a whole has been lifted half the lift of B, so asa 
whole it has increased power of doing work by falling 
or as it is usually called potential energy, the in- 
crease being the product of the two weights into the 
lift of the system, i.e., the half lift of B, or the 
same thing, the product of B’s weight into B’s lift ; 
but besides this the string is stretched more, so that 
the internal energy is increased. Now the amount 
by which the internal energy is increased is evidently 
the energy which the string could exert in decreas- 
ing to its former length, and so we must have sup- 
plied exactly that amount of energy in addition to 
the work done in the simple lift of B ; we say then 
that we have done internal work on the system, 
and we could put it in the form of an equation, 
Energy exerted = work done in lifting system as a whole 

+ work done internally in stretching string. 
Or shortly, 
= External work + internal work. 

In the foregoing the tube was introduced simply 
to give some means of holding the balls in position ; 
they may be considered as merely held in the hands 
if it be simpler. Now as the balls and string 
possess internal energy so does a pound of fluid of 
any kind possess it; and here perhaps it may be 
necessary to guard against any possible misconcep- 
tion, to say that we do notin the least imagine or 
assume that a fluid is composed of pairs of balls 
joined by elastic strings (this may appear to most 
to be unnecessary, but if not inserted we might pro- 
bably meet the statement at some time that theory 
of the steam engine assumes fluids to be made up of 
balls and elastic strings), be it composed of mole- 
cules or atoms, vibrating or rotating, or doing 
nothing at all, we know that it possesses internal 
energy of some sort because we can obtain this 








energy from it, always in the form of heat by apply- 








ing a colder body to it, and sometimes in the form 
of work. 

The application of heat, then, to a fluid does two 
things in general ; it causes the fluid to expand, 
doing work on bodies external to itself, i.e., in the 
first instance, on the walls of the chamber in which 
it is, and it also causes a change in the internal 
energy cf the fluid. Of course either one of these 
may vanish in particular cases, e.g., if the chamber 
has fixed walls, then no work is done on anything 
external ; also, we may change the volume of the 
chainber without changing the internal energy of 
the fluid. In the two processes the whole heat used 
must be expended, and we thus obtain the equa- 
tion by means of which the majority of questions 
in this subject are solved, viz. : 

Heat expended= external work + internal work. 


The proof of this almost self-evident equation 
may be summed thus: 

A certain amount of heat energy has disappeared ; 
some of it is accounted for by external bodies, and 
the rest must be in the fluid, simply because there 
is nowhere else to look forit. This equation, then, 
is nothing more than stating that the whole is 
equal to its parts, and we may be inclined to ask 
shot value it can have, and the answer to this can 
only be got from consideration of the nature of 
internal work and internal energy. The state of a 
pound, say, of any given fluid, liquid or gaseous, is 
fully determined when we know its pressure and 
volume, because we can then always find its tem- 
perature, and these three comprise all we wish to 
know about it. 

If, now, we take two axes, OX and OY (Fig. 4) 
for volumes and pressures respectively, then we can 
denote the state of the pound completely by marking 
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off its pressure P,, say, in pounds per square foot, 
and its volume V, in cubic feet ; its temperature ¢, 
is then a known quantity, and we may say it is in 
the state 1. 

Now apply heat to the body and so cause it to 
expand, its pressure and volume during expansion 
varying as shown by the line 1 ¢2 to the state 2 ; 
then during its expansion it has exerted on the 
walls of the enclosing chamber an amount of 
energy represented by the arealc2ba. For deti- 
niteness we may suppose the body shut in a cylinder 
under a piston, but the result would not be affected 
in any way by the kind of chamber it is in so long 
as it is capable of expanding to V.—it might be a 
bag : supposing it to be for the present a cylinder 
of sectional area A square feet, then the work done 
in expanding from 1 to 1! would be 

P, A x distance moved by piston (since P, is practi- 

cally constant for a very small expansion), 

this equals 

P, x (A x distance moved by piston) 

=P, x (increase of volume of cylinder) 

=P, (V,- Vj) = area of strip 11'a’a, 
and so on for the successive small expansions, so 
that the total work done is the sum of all the strips, 
i.e., the areal 2ba. Ifthe containing chamber were 
asimple bag weshould consider its surface divided 
into a great number of little pistons; the work done 
on each would be for the first small expansion P, x 
volume it moves out through; and for the whole 
surface, 

P, x sum of al] small volumes moved out through, 


1.6.5 
P, xincrease of volume of bag; and so on as for the 
cylinder. 
We get then 


Heat expended=area 1 2 ba+internal work done (1). 

Now, take another pound of the same fluid in the 
same state, and instead of changing from 1 to 2 
along the line 1 ¢ 2, let us so supply the heat that 
the change be shown by 1 d 2, then for this process 
we shall have 

Heat expended=area 1 d 2b+ internal work done (2). 


Now, in these two equations, is the term internal 
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work done the same or is it not? In process 1c 2 TABLE I 
the internal work done has been added on to the : 
internal energy the fluid possessed at 1; if we call | re 2 Coal | 
this I,, then at end of process 1 c 2 | S| $s | od 
I,=1,+internal work of process 1 ¢2, § | : | 3 & | w= |g 4 | 
of process 1 d 2 3 | : me : aig. | = |33! ¢ 
and at end of p . pecan E Name of FA | a | § | & | Description | - | og Boilers. e lee 3 
I,=1,+internal work of process 1d 2. an: Builder. oa ¢ | | A | of Engines. | 5 é3 $3 \32| 2 
| a | 
Now at the commencement of.each process we = | a | * & g | 3 ay a #ei5|° 
have a pound of the same fluid in exactly the same 3 Baek g a 33 Zn 3/28 ? | 2 
condition, and we cannot conceive it possible that s |S igzgigida = os gnalse| 3 | 3 
the internal energy in one case can be different m ee a =" a yo om 
it is i ' ’ | q ns. | nots | ‘ . |tons| kts. 
from what it is in the other, i.e., the Ij’s are the| petructor ..|1886| ‘Thompson | 1927 | 25.0 6.88 | 386| ‘Triple- {3800 22.56, Locomotive | 2.498 |2.0 | 108 
same, and also similarly the I,’s, and this being the (Glasgow) | | | expansion | 
case, the internal work of each process is the same, | Atiete .. ..|1887] Thornycroft | 147.5 | 14.5 | 4.48 | 125 | 2 compound |1626 26.3 | 2 multitubular | 1.80 1.51 /20.3 2400 
his i t Seti ale « Rayo .. — ..|1887 " | 147.5 | 14.5 | 4.48 | 126 | j 1626) 26.3 | 1” 1.80 |1.51)\20.3 '2400 
and we get this important principle, viz. : Haleén :.  :.|1887) Yarrow 1350 | 15.8 | 3.93 | 100| ‘Triple- [1626 23.04) Locomotive | 2.292 |11 |30.0|2376 
The internal work done during any change of state a | expansion fea eee nan lis . e Lens 
' ante zor... 1887 2a 135.0 | 18.8 | 3.93 : . , -1_|30.0) 
depends only on the initial and final states, and not | Birceo |. |_|1886| Normand | 12718110 | .. | 65| Compound | .. |19.5 : .. (0.87 |16.0 (1165 
at all on the intermediate ones. (Havre) | | | 
And we now see why our equation will be useful, Retamosa ..|1886 Yarrow 117.0 | 12.5 | 8.28 | 69.8 | ‘a 650 20.5 a 286 (0.88 '14.0/1380 
: . - | Ordonez.. _../1886] Thornycroft | 117.0 | 125 | 3.44 | 65.8 | ; 666 20.16 | : 8.52 |1.1 |20.0/1200 
because if we can once obtain the value of the in- | Acevedo "| 3886 . | 117.0 | 125 | 3.44 | 65.8 | me 666| 20.16 | zs 8.52 |1.1 |20.0/1200 
ternal work for a given change of state for any one | | tl 


kind of process, then it is the same for all other 
possible processes, and knowing the external work 
of any one process, we can at once deduce the 
necessary expenditure of heat. 

(To be continued.) 





SPANISH TORPEDO BOAT TRIALS. 

A résumé of the official report* of a very complete 
series of trials with some of the latest types of 
torpedo boats as carried out by the Spanish naval 
authorities in the summer of last year, can but 
prove of considerable public interest as showing 
what is being done by our naval neighbours in 
demonstrating in a fairly practical manner the 
actual utility of the torpedo boat for offensive and 
defensive purposes ; while it is also beneficial and 
interesting to learn at first hand some of the 
opinions and views held by foreign naval tor- 
pedoists as to some of the more important details 
connected with this, practically untried, function of 
naval warfare. 

In saying untried, we mean that the torpedo boat 
has yet to prove its true fighting value when engaged 
in a great naval war with two naval powers of equal 
strength and daring pitted against each other. 

Fifteen years have elapsed since the introduction 
of the torpedo boat proper, i.e., a vessel specially 
designed for this particular work, and more than 
twenty years since the advent of the Whitehead 
torpedo, which weapon, by its adaptability as the 
torpedo armament of small vessels, and by its 
possessing but a comparatively limited range of 
certainty of striking, has more than anything else 
forced forward the special attribute of the torpedo 
boat of the present day, viz,, high speed ; but it is 
only within the last ten years that the torpedo boat 
has been accorded the important position it now 
holds as a function of naval warfare. 

The Russo-Turkish war (1877-8) may be said to 
be the cause of the sudden importance attached to 
the employment of torpedo boats, for by their aid 
the Russians were enabled to neutralise the pre- 
ponderating naval advantages held by the Turks both 
on the Danube and in the Black Sea, and this ad- 
vantage was obtained almost entirely by the moral 
effect of the use of torpedoes, as only two small 
Turkish vessels were destroyed by the aid of the 
torpedo boat, though a great number of attacks on 
the Ottoman fleets and ships were made by the 
Russians inthis war. This property of the torpedo, 
moral effect, will most assuredly be always present 
in a more or less degree, even where both sides 
engaged in a struggle are bred to contempt by 
familiarity with the use of these weapons, and 
this moral effect will ever be intensified where, as 
in the case in point, they (the torpedo boat and 
torpedo) are present on the one side, but con- 
8picuous by their absence on the other. 

All the European naval powers have during the 
last three or four years been in the habit of carrying 
out in the summer of each year naval manceuvres 
in which the torpedo boat has played an important 
part, but notwithstanding the information, of more 
or less practical value, resulting therefrom, as to 
the details of torpedo boat warfare, there are yet a 
number of matters connected therewith about which 
a considerable difference of opinion exists amongst 
naval men, and which will never be satisfactorily 
settled until two first-class naval powers, equally 





* The report was published in the Revista General de 
Marina, November, 1888, 








ImporTANT NOTES. 
1. The Destructor, owing to her draught (6.88 ft. mean), can be attacked by torped 





2. On the record of the Halcén (Y) there is a memorandum as follows: After this trial (the speed and coal consumption trials) the 
stern tower was fitted to the ship, and great additions were made to the framing especially in the bunkers, which will naturally make 
a great difference in its subsequent speed, and it may confidently be asserted that it will not be possible to obtain such satisfactory 


results as those recorded before. 


3. The torpedo boats mentioned in the above Table are fitted with electric search lights of 1000 carcel, and are lighted by incan- 
descent electric lights of different descriptions and of 20 candle-power to the number of 18 to 24. 

4, The torpedo boats Ariete, Rayo, Azor, and Halcén, which should, according to the regulations, be fitted respectively with four 
and with three 42 mm. quick-firing Nordenfelt guns, have not yet got them mounted. They also arrived without Remingtons, but 


were afterwards supplied with them, 


The torpedo boats Ordonez, Acevedo, Barcelo, and Retamosa each carry two Nordenfelt four-barrelled 1-in. machine guns, ten 


Remington carbines, six revolvers, and six cutlasses. 


well prepared, have proved in actual war the true 
value of this or that detail. 

Before proceeding to a discussion of the Spanish 
report we will endeavour to point out some of the 
many important matters connected with the torpedo 
boat, about which there is a great variance of opinion 
even after the experience gained of its capabilities 
in these peace manceuvres. 

Firstly, there is the question of size and shape. 
What is the best form of hull, and what are the 
most suitable dimensions for each class of torpedo 
boat, which includes ship, harbour defence, and 
fleet or division torpedo boats? Taking the latter 
class asan example, as they are intended to accom- 
pany fleets at sea, they must, therefore, have as 
their special attributes : (a) seagoing qualities ; (0) 
good accommodation for officers and men ; (c) large 
coal stowage, with an economical consumption at 
high and low speeds ; (d) and above all certainty of 
action in relation to the propelling and other ma- 
chinery ; all of these points must then be con- 
sidered in their construction. Further, in all the 
classes for the attainment of the acmé of facile 
and safe manceuvring in flotillas, it is imperative 
that at least the torpedo boats of each fleet, or 
harbour, or ship, should possess uniformity in speed, 
turning powers, and in the form of the torpedo 
armament ; thus the determination of a fixed type 
for each class ought to be the aim of the naval 
authorities, and it is on this question of type that 
much divergence of opinion exists. 

Secondly, there is the question of armament, both 
gun and torpedo. What nature of gun is best 
adapted to the torpedo boat to provide it with an 
adequate means of self-defence against hostile 
vessels of a similar kind? Should it be a machine 
or rapid-firing (R.F.) shell gun? Ifthe former, of 
rifle calibre or of the l-in. type? Again, if of rifle 
calibre, then of how many barrels—a three, five, or 
ten-barrelled gun? While, if it is to be a rapid- 
firing gun, what sized weapon is most suitable—a 
1}-pounder or a 3-pounder, or a 6-pounder gun ? 

Then, so far as the torpedo armament is con- 
cerned, contrary opinions are held as to the most 
suitable distribution and form of discharging the 
Whitehead torpedoes, whether from bow, broad- 
side, or stern tubes, or from a combination of them ; 
while there is the further question as to the mode 
of mounting the broadside tubes in pairs ; whether 
arranged with their lines of fire slightly divergent 
or parallel to one another. Again, we find a further 
difference of opinion as to the nature of the dis- 
charging agent of the Whitehead, whether it be 
gunpowder or compressed air. 

Thirdly, there comes the search (electric) light 
question. Ought torpedo boats to be provided with 
this form of light or not? and if so, how many 
should be provided for each boat, and where ought 
they or it to be fixed? and under what conditions 
should the light be resorted to ? 

Fourthly, then there is the important question 
of speed. Is it advantageous for the work that the 





torpedo boat will be called upon to perform in 
actual war that it should possess the power of 
attaining an extremely high speed under excep- 
tional conditions, but of which speed more than 
75 per cent. is rarely realised when the boat is run 
under ordinary conditions on actual service ? Would 
it not be more practical to rest content with a certain 
definite lower speed, say 20 knots, and make the 
contract depend on the ease with which this speed 
can be obtained and maintained under service con- 
ditions, and also on the certainty of the working of 
the propelling machinery for long runs at full speed, 
rather than on the attainment of very high speeds 
with the boat in the hands of specialists, and with 
a bonus for every additional knot or portion thereof 
over and above the contract speed ? 

Fifthly, there is the question of manceuvring, 
or, in other words, the power of turning rapidly in 
a circle of comparatively small diameter, both 
ahead and astern, and also of keeping a steady course 
under the most disadvantageous conditions of wind 
and sea ; this question involves a consideration of 
the form and position of the rudder or rudders, and 
the shape of the under part of the after portion 
of the boat. A considerable difference of opinion 
exists as to the comparative advantages and dis- 
advantages of the Yarrow system of two rudders, a 
stern and bow one, working either in unison or 
separately ; of the Thornycroft system of double 
stern rudders set at an angle to one another; and 
of the White system of cutting the after deadwood 
away, as adopted in the ‘‘turn-about” boats. May 
it not be possible that extreme rapidity of turning 
with small radius is obtained at the expense of the 
maintenance of a steady course in a seaway? and 
the want of the latter feature involves the proba- 
bility of the — of the boat just at the instant 
of discharging its Whitehead, resulting possibly in 
a lost shot. 

Sixthly, there is the further important ques- 
tion of the most suitable form of protection for the 
torpedo boat. Ought its safety in an attack to 
depend entirely on its speed, aided by the compara- 
tively small target it offers to the gun-fire of the 
defence, and by numerous water-tight compart- 
ments, ample pumping powers, and the unreliable 
coal protection afforded to its engines and boilers? 
The latter is unreliable in so far that it varies in 
value and effectiveness according to the amount of 
steaming work the torpedo boat happens to have 
done since completing with coal ; it may be at a 
maximum, or nearly so, or it may be at a minimum, 
or at some point between the two extremes at the 
moment of attack. Or should some sacrifice of 
speed, or an increase of size be permitted for the 
sake of obtaining a fairly adequate armour protec- 
tion to the vital parts of the boat, as in the case of 
the Japanese armoured torpedo boat built by Messrs. 
Yarrow and Co. 

Besides these six main details connected with 
the employment of the torpedo boat in war time, 
there are many other points about which a consider- 
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able difference of opinion is known to be enter- 
tained by naval men generally, suchas many details 
connected with the propelling and other machinery, 
best form of boiler, coal storage, manholes or not in 
the bulkheads, single or double screws, &c. While 
beyond all these is the large and vexed question of 
torpedo boat tactics awaiting settlement. 

It is not our intention to attempt, in this present 
article, to discuss these points, though all of them 
are of more or less paramount importance, but to 
bring into prominence the results of the Spanish | 
torpedo boat manoeuvres in sofa: as they may assist | 
in our arriving at a definite decision in regard to any | 
of the details or functions of torpedo boat warfare | 
on which a difference of opinion is generally held. | 

We will, therefore, now proceed to the considera- 
tion of the ‘‘ Report on the experiments carried out 
by the torpedo boat division in the months of April, 
ey and June, 1888, under the orders of Captain 
Senor D. Segismundo Bermejo, of the Royal | 
Spanish Navy, and Director of the Torpedo School.” | 

The division or flotilla consisted of ten vessels, 
including one hunter, or torpedo boat catcher, the 
El Destructor, of 386 tons, built on the Clyde by 
Messrs. J. and G. Thompson ; four of the division 
or fleet class, two built by Messrs. Thornycroft and 
Co., of 125 tons each, and two by Messrs. Yarrow 
and Co., of 100 tons each ; and five of the harbour 
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class, one built by Messrs. Normand et Cie., of 
Havre, of 65 tons, one by Messrs. Yarrow and Co., 
of 70 tons, and three by Messrs. Thornycroft and 
Co., one of 70 tons and two of 66 tons each. 

It will thus be seen that the division included 
five Thornycroft (T), three Yarrow (Y), one Nor- 
mand (N) and one Thompson (Th) torpedo boats. 
These torpedo boats, which came from the depart- 
ments of Ferrol, Cadiz, and Cartagena, were ordered 
to assemble at the latter port for exercise from 
April 1 to June 30. The report says: 

‘“‘The selection of the department of Cartagena 
being due to the fact that there are larger supplies 
of torpedo stores there than at the other two places, 
such stores being required for this practice, and 
also to the fact of the Mediterranean being better 











suited for torpedo boat manceuvres, and further 
there being a good field for firing near Cartagena at 
the Bay of Cabo Palos.” f . 

The following extract is worth noting : ‘‘The time 
of meeting was fixed with the intention of avoiding 
the great heats of summer, which are exceedingly 
fatiguing to the crews of torpedo boats, owing to the 
high temperatures which occur in these ships.” 

he torpedo boats were formed into one division, 

the tactical unit adopted being a section or group 
of three boats, and it was specially specified that 
each group should comprise the boats most similar 
to one 0 ‘ 

The following was the programme : 

First wack with the Whitehead torpe- 
does at a mark. The torpedo boats and the mark 
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to be fixed in order to determine best trajectory of | 


the torpedoes. 

Second week. — Firing Whiteheads. 
boats moving, the mark fixed. 

Third week.—Firing Whiteheads. The torpedo 
boats and mark moving. Measurement of speeds. 
Determination of the circles within which they can 
turn at halfand atfullspeed, working the principal 
rudder, the other being uncoupled. 

Fourth week.—Groups attacking a moving mark. 
Trial of pumps and ejectors. 

Fifth week.—Night sortie. 
attack of ships. 

Sixth and seventh weeks.—Comparative trials. 
As far as possible the torpedo boats shall be under 
equal circumstances, that is having both engines 
and boilers in good order. Their coal bunkers to 
be two-thirds full of coal, to be selected by the 
respective commanders. Draught of the torpedo 
boat to be the approximate draught noted in its 
trials (when it was taken over) for two, three, or 
four hours’ steaming. An exactly marked course 
to serve as the basis for the comparative speed 
trials. 

Firing at a mark with quick-firing and machine 
guns and rifles. One of the targets to represent 
the section of a torpedo boat, and having an air 
chamber and the charged head of one of the tor- 
pedoes projecting and charged up to 100 atmo- 
spheres. This firing exercise to be also carried out 
at night by the aid of the electric search lights of 
the torpedo boats themselves. Firing range to be 
from 528 yards to 656 yards. 

The report then goes on to describe the voyages 
of the torpedo boats affiliated to the departments 


Torpedo 


Examination and 


of Ferrol and Cadiz from those ports to the point of | 





| the water-tight bulkhead door being opened and 





BRIDGMAN’S BOX NAILING MACHINE. 
(For Description, see Page 298.) 
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assemblage at Cartagena, and it is stated that it was | experienced considerable difficulty in taking the 
not until May 16 that the last of the torpedo boats | Habana (T), 70 tons, in tow ; the Ariete attempted 
to complete the division at Cartagena reached that | to perform this service in the first instance, but had 
port. The passage of the six ‘‘Ferrol” torpedo|to hand the jobover to the larger vessel, having 
boats was marked at the outset by a very serious lost her steel tow ropes, and also damaged the air- 
catastrophe to one of the Thornycroft vessels pump through the straining of the engines. 
named the Habana, by which four men lost their} The captain of the El Destructor gives the 
lives, and one man was injured, and of which the following account of the taking in tow of the 
following is a brief réswmé of the account of this | Habana: 
mishap included in the Spanish report. | *J hoisted in the boat (previously sent with the 
The Habana Accident.—It appears that shortly | doctor) and got the people on board quite safely 
after leaving the port of Ferrol on April 5, 1888, the but with great danger to the latter, and I after- 
crown of the firebox of the Habana (T) subsided, wards endeavoured for five hours to secure the 
causing the rivetted heads of the stays in the sub- | towing line on both ships, which was a very difficult 
sided area to break off, leaving about sixty holes | matter, owing to the state of the wind and the sea, 
through which the steam and hot water rushed into as well as to the small number of people on board 
the firebox, thence issuing out at the ash-pit doors, | the Habana, and also to the fact that this ship 
and killing the fireman, who was in the boiler room, | (Destructor) had no secure bitts in her bows ; those 
on the spot. | that were fitted there were torn away directly a 
The second engineer died twelve hours after-| strain came on the towing cable. It was only by 
wards, owing to burns caused by the steam and | securing the latter to the tower forward and to the 
hot water penetrating to the engine room, due to | eyebolts that this work was managed, but not with- 
| out the serious risk of a collision between the two 
vessels, because 1 had to get very near to transfer 


the engine room skylight closed. | 
| the line, and because it got in between the pro- 


The fireman, who was also in the engine room, 
died owing to the same cause. Another fireman | pellers of this ship. 
escaped death because he was very wet at the time,| ‘‘In consequence of this the damage to the two 
but he was badly burnt about the arms and hands. | vessels must have been very serious, as they were 

The fourth engineer, who was resting in his striking each other side by side for some minutes ; 
cabin, opened the water-tight door of it on hearing | fortunately on board this vessel (Destructor) we 
the noise of the steam escaping, and he died four- only carried away and lost the side moulding, a 
teen hours afterwards through having taken steam piece of the gunwale, and made a hole in two plates 
into his lungs. of the upper streak just below the waterway, the 

As there was considerable sea on, and a fresh whole constituting an amount of damage which, 
breeze at the time of the accident, both the Ariete | although it may not render a vessel unfit for ser- 
(T), 125 tons, and the El Destructor (Th), 386 tons, | vice, at any rate requires repairs even if they are 
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only of a temporary character, since one of the 
holes is 7.8 in. in diameter, although there is no crack 
in the platcs . ; 

‘*There is no injury to the crew of this ship 
(Destructor) to report, but only the loss of all 
mooring ropes, of the leads and lines, and of the 
flywheel of one of the circulation pumps, which 
broke off short.” 

The operation of taking in tow ina seaway asmall 
torpedo boat (70 tons and practically helpless her- 
self), which possesses the lively motion inherent to 
this class of vessel, by another one, though of much 
larger dimensions, must be conceded to be a difficult 
andtroublesome matter, especially when the disabled 
vessel is short of hands, and there is an absence of 
proper fittings in the towing vessel, and also ap- 
parently of fenders, as no mention is made of them 
in the report. 

The captain of the El Destructor is reported to 
have displayed special intelligence and real naval 
pluck, and the crews of the three boats, Habana, 
Ariete, and Destructor to have worked with true 
self-sacrifice. 

The captain of the Ariete makes the following 
remarks on the Habana accident : 

‘* The damage to the Habana consisted in a sub- 
sidence of the crown of the firebox, over a circular 
space about 11.8 in. in diameter, and about .78 in. 
in depth. Without being able to absolutely specify 
the cause of this accident it may safely be said that 
one of the causes was that the construction of the 
boiler (locomotive) is weak at the point where the 
subsidence took place, in exchange, no doubt, for 
an unimportant saving in weight. 

‘* The weak point of this system is that the roof 
of the furnacé or firebox is secured to the shell by 
means of a great number of stays ; in the Thorny- 
croft’s it appears that the stay is screwed into the 
roof plate, which, in this ship (Habana), was 
0,157 in. thick, the projecting end of the stay being 
rivetted on to the same plate; undoubtedly there 
is a very small area of thread in a thickness of 
0.157 in.” 

This accident to the Habana (T) reduced the divi- 
sion, which assembled eventually at Cartagena, to 
nine vessels, particulars of which are given in Table 
I., page 295, and of these the Retamosa (Y) arrived 
with a damaged rudder caused by a bent screw blade; 
this damage was, however, soon repaired and the 
spare blade fitted, but the Ariete (T) was unable to 
use one of her boilers throughout the manceuvres, 
but as without it she was able to steam 18.4 knots, 
she was permitted to take part in the exercise. No 
information is afforded in the report as to the reason 
of the disuse of one of the Ariete’s boilers, which 
is to be regretted, as it was one of the new type of 
Thornycroft multitubular boilers, and details as to 
the practical working and failure of any new or 
improved system of boiler, it being such an im- 
portant part of the torpedo boat, is of paramount 
interest to all concerned with the construction and 
management of that class of vessel. 

Summary.—In regard to the arrangement of the 
summary of the various experiments, the report 
speaks as follows : 

‘*In order to arrange the experiments clearly, 
they are divided into two series ; the first including 
the isolated torpedo boat, making use of its military 
character by using its offensive arms, and fixing or 
determining its speed and revolutionary powers ; 
the second series includes the manceuvres, the 
result of which is to demonstrate the military 
value and seagoing qualities of these ships, or 
to express the idea in other words, the net return 
to be obtained from torpedo boats. Intermixed 
with these series are the study of the proper work- 
ing, and of the service to be obtained from some 
of their auxiliary machines. 

‘** Whilst the torpedo boats were together, con- 
ferences were held every Sunday to study the ex- 
periments carried out during the week, and to 
come to definite conclusions, by the practical 
knowledge obtained, on the points mentioned in 
the general orders, minutes of the conferences 
being made. These minutes were, however, not 
published because of their private nature.” 

(To be continued). 





TREBLE-POWER HYDRAULIC INGOT 
SHEARS. 
Tue illustration on page 293 is reproduced from a 
nee of a very efficient machine constructed 
y Messrs. Fielding and Platt, of Gloucester, in the 
year 1886, for the Stat Works, Stora Kopper- 
bergs, Bergslags, Falun, This machine can shear 





TABLE SHOWING Low-WatTeR DepTHs IN VicTorRIA CHANNEL, OTaco HaRpour, IN JANUARY, 1887, 
AS COMPARED WITH SEPTEMBER, 1883, 
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In the same time the greatest draught of vessels brought up to Dunedin has increased from 14 ft. 9 in. to 19 ft. 2 in. 


steel ingots 8 in, square or a _ proportionately 
thinner slab 14 in. wide. The working pressure is 
750 lb. per square inch. The total weight of the tool 
is about 18 tons. The machine has three hydraulic 
cylinders, so that when the maximum power is not 
required this can be reduced by one-third by using the 
two outer cylinders only; or by two-thirds if the 
centre cylinder only is used. The general arrange- 
ment is so clearly shown in the illustration that but 
little description is needed. 

Entire absence of vibration is insured by the placing 
of the cylinders below the ground level, which arrange- 
ment also allows of free access to the work being done, 
and leaves all clear for cranes ani getting the work to 
and from the machine. This feature is especially 
noticeable in the designs for 3000 and 4000 tons 
hydraulic forging presses by the same engineers—our 
readers will remember a very perfect model of one of 
those in the Inventions Exhibition. The mode of 
working is as follows : 

The top crosshead carrying the moving blade is con- 
nected to the bottom crosshead (in which the three 
cylinders are placed) by means of four steel tension 
bolts. Upon admitting pressure to the cylinders, they 
move downwards upon the three rams, which are fixed 
on the main frame. Upon the completion of the stroke 
pressure water is admitted to the push-Lack cylinder 
at lower part of the machine, when the main cylinders 
are pushed up and the tool is ready for another stroke. 

The machine is self-contained, and occupies remark- 
ably little room in the works, and, owing to all the 
hydraulic gear being below the floor level, in the event 
of any leakage there is no annoyance or danger to the 
men when large masses of hot metal are being dealt 
with, either in forging, cogging, or shearing. 

We are indebted to Mr. Ralph Hart Tweddell, of 
14, Delahay-street, Westminster, for the particulars 
which we now give. 








OTAGO HARBOUR. 

A tong channel connects Dunedin with the sea. 
Starting from the docks (Fig. 1, page 296) a half-tide 
wall hems the channel between itself and the shore 
for a length of five miles, This channel has been 
dredged, and still requires a considerable amount of 
work to maintainitsdepth. The gradualimprovement 
of this channel is shown by the Table at the head of the 
pose. Theminimum occursatthe corner of the Steamers’ 

asin and the main channel, and does not interfere 
with the approach of a deep-draught vessel to the 
Victoria Wharf. 

The training wall ends between the fifth and sixth 
mile; and beyond that point the channel continues with- 
out such assistance. At Harrington Point the estuary 
is quite narrow, the channel filling the entire width, 
except when the adjacent low-lying land is flooded at 
high tide. About a mile further the channel debouches 
into the Pacific Ocean, through a gap dredged in the 
bar. The natural set of the ebb tide is along the 
coast northward, inside of the bar. To divert the 
current across the bar, so that it might scour and 
maintain the channel, a training wall has been built 
out from the north shore. The first stone was tipped 
on January 17, 1885, and steady work commenced in 
the following April. The method of construction 
was to build a railway on piles, and then to tip stone 
from the trucks so as to fill up the space between and 
around the piles (Fig. 2). In September, 1885, the 
staging and a small portion of the stone was out to 
900 ft., and at that time also the extremity of the 
littoral current, which, under natural conditions, 
was constantly, both in ebb and flood tide, setting 
towards the mouth of the harbour, was reached. At the 
beginning of 1887, the staging was out to 3022ft., and 
the outer tail of the stonework somewhat beyond this. 
On November 2, 1887, the staging extended to 4088 ft., 
and there it was stopped. Its total cost up to this 
point was 30,982/. 19s. 3d. The deposit of stone was 
continued after the stoppage of the staging. The total 


quantity quarried and deposited in 1887 was 102,740 
cubic yards, the total quantity placed in the wall 
since January, 1885, being 220,398 cubic yards. 
The spoil dealt with in 1887 was 24,457 yards, so that 
in all 127,197 yards of material were handled, at a 
cost of 10,396/. 17s. 4d. The cost was 2s. 03d. per 
yard of stone, or 1s. 77d. per yard of stone and spoil. 

The history of the bar since 1879 is shown in Fig. 3. 
The channel was dredged, and it took a good deal of 
work, under difficult conditions, to maintain it. But 
after the wall was partly built an improvement was 
noticed. On April 13, 1887, the engineer to the har- 
bour,Mr. George M. Barr, M. Inst. C.E., reported : 

(a) That a better depth in the navigation channel is 
now kept without dredging, or with only a very small 
amount. As shown in my annual report, the depth in 
January of this year was better by 4 ft. 6 in. than in 
1879. 

(b) That the cross-section of the bar has been under- 
going a gradual reduction, and that the total cubic 
contents above a 24-ft. low-water line are now less 
by 113,002 cubic yards on a length of 2475 ft. than in 
January, 1883. ‘The quantity removed by dredging 
was only 87,488 cubic yards, much of which was 
redredging after being replaced by wave force. 

(c) That much material has been removed from 
areas which could not possibly be affected by the 
dredging, that having been wholly in or adjoining the 
line of the leading lights. For instance, over a length 
of 2475 ft. from Taiarca Head, the average depth 
along the ridge of the bar has increased from 12 ft. 5in. 
in 1879 to 15 ft. 11 in. in January, 1887. 

(d) This deepening action over considerable extent 
is necessary before, or while, the increased depth is 
being attained in the channel, else there can be no 
stability in the sides of the deeper portion. 

(e) This increase of depth is due to alterations in 
the line of the tidal currents, due to the partial con- 
struction of the training wall, and may be expected 
to increase as the works become further advanced. 

Again, on March 6, 1888, he reported that the depth 
on the bar on the best line was not less than 22 ft. 1 in., 
or 7 ft. better than in 1879. Up to the middle of 1885 
a few weeks of bad weather, preventing the dredger 
working, were sufficient to allow the bar to shoal up to 
18 ft. 3 in. 








BOX NAILING MACHINE. 

Tue box nailing machine which we illustrate on 
pages 297 and 304, possesses many features of origi- 
nality. It will drive any sized nails between 3-in. 
brads and 2-in. clout nails, and will insert them 
at any distance apart within its range, the pitch 
being either regular or irregular. The hopper is 
of very considerable capacity and can be filled for a 
whole revolution in advance, thus allowing the atten- 
dant to leave for a fresh supply of nails, or to assist in 
the removal of the boxes, without causing a stoppage 
of the machine. Boxes can be nailed of any length, 
and of any section between 2in. square and 2 ft. 
square. 

Before referring to the detail engravings we will give 
a general description of the apparatus, as machines of 
this kind are not generally tamiliar to our readers. 
The hopper is a circular rotating table provided with 
rows of holes arranged in circles and radial lines, that 
is, there are the same number of holes in each circle, 
whether it be close to the circumference or nearer the 
centre. In ordinary work a nail is dropped point fore- 
most into each hole, and is retained there until the rota- 
tion of the table carries the hole over a pipe or shoot. 
At that moment a shutter, which closes the mouths of 
all the holes constituting a row, is removed and the 
nails slide down the shoots and fall into nearly hori- 
zontal Y guides, lying with their points outward, and 
almost close to the box to be nailed. This is standing 
on a table and is supported by a fixed stop. Behind 
the head of each sail Gaeve stands a plunger ready to 
force the nail forward into the wood, These plungers 
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are worked by an eccentric provided with a clutch, 
which can be put into engagement with a running 
clutch. When this is done the plungers make their 
stroke, driving the nails up to the head, and then 
retire ; at the same moment the clutch is thrown out 
of engagement, and the entire machine stops, except 
the first motion shaft, until the box is adjusted for 
the next nailing, when the clutch is again put into 
engagement, one set of nails are driven, and another 
set take their place in the guides. 

The hopper is shown in section in Fig. 5 and in 
more detail in Fig. 1. The circular table 1 mounted 
on the vertical spindle, has holes through its upper 
surface, and in each hole there is screwed a tube 4. 
The mouths of the tubes in each row are closed 
by a pivotted shutter 12, provided with a counter- 
weight 6. A fixed ring 11 acts as a cam path to 
release the shutters one by one as they come over the 
tubes 10 (Fig. 1), and deliver the nails. It is not 
necessary that all the holes should contain nails if the 
box can be satisfactorily made with a less number. In 
such case metal rings 14 can be placed on the hopper 
covering the holes which are not to be used. The nails 
are kept in a tray close to the feeder’s hand, and 
this tray serves as a guide to prevent him putting 
two nails into one hole. If it is necessary to empty 
the hopper the ring 11 is turned round to a fresh 
position by the handle 12, and then as the hopper 
revolves the nails drop out and are caught in a tray. 

The pipes end in nail boxes 21, which are easily 
adjustable sideways to give different pitches of nail- 
ing (page 297). When these boxes are to be adjusteda 
turn of the eccentric 26 releases them, and when put 
into position they are fixed in a similarmanner. The 
bottoms of the boxes are V-shaped, so that the nail 
lies fair in the path of the plunger. They can be 
more or less tilted by means of the eccentric shaft 17, 
which runs beneath them, and enables them to be so 
adjusted that the nail goes into the wood quite hori- 
zontally. Projecting backwards from the saddle, are 
two horizontal guides 29, in which slide blocks 30; 
supporting and holding in position the nail driver bar. 
This bar receives its motion from two eccentrics on the 
main driving shaft 31. The nail drivers or plungers 
33 (Fig 7) are formed with hook ends which fit on to 
the driver bar (Fig. 5), and are Y shaped to correspond 
with the VY grooves in the nail boxes. Near the front 
ends on the top of the nail drivers are notches 34, 
which form cams for operating shutters on the nail 
boxes. These shutters 35 prevent the nails from 
shooting through the boxes when they descend into 
them. ‘To the top of each of the shutters are fixed 
two straps 36 which extend backwards (Fig. 9) to the 
rear of the nail boxes, where they are bent down be- 
neath the nail drivers, and have their ends attached 

_ to pins 37 which work freely in the ends of the pro- 
jectors, extending backward from the rear of the nail 
boxes below the nail drivers. Above the nail drivers 
and between each pair of straps is placed a roller 
supported by the pin 38. When the nail drivers com- 
mence their forward strokes, the front of the nail boxes 
are closel by the shutters. As the nail drivers ad- 
vance they lift the rollers, and maintain them and the 
shutters raised until the rollers again fall into the 
notches and close the doors. 

The automatic clutch is shown in Figs. 10 to 14. 
The shaft 39 is driven constantly and carries a loose 
sleeve 40, on which are two eccentrics 41 and 42; on 
one side of the eccentric 41 is a clutch-box 43. Passing 
through the eccentric and clutch-box is a small rocking 
shaft 44 formed with a wiper or crank 45 at one end. 
This rocking shaft supports the pawl 46, on the back 


of which is a projection 47, against which there presses | 


a spring plunger. Projecting from the side of the 
eccentric isa stop. A sliding pin is pressed towards 
the eccentric by a balance weight or spring, and is 
withdrawn from the eccentric to start the machine by 
a treadle. 

To put the clutch in motion the sliding pin is drawn 
clear of the stop and leaves the sleeve and eccentrics 
free to revolve together with the shaft, the wiper 
being freed from the end of the sliding pin at the same 
moment, allows the pawl to engage one of the notches 
or ratchets in the shaft, by which the sleeve and eccen- 
trics is carried round by the revolving shaft. , 

After the stop passes the end of the sliding pin (if 
the treadle or handle be released) the pin is pressed 
back into its former position before the completion of a 
revolution of the shaft, and presses the wiper outward, 
which trips the pawl clear of the notches or ratchets in 
the shaft, when the sleeve and eccentrics again come to 
rest, and are prevented from overrunning by the con- 
tact of the stop with the said sliding pin. 

This machine is the invention of Mr. R. J. Hodges, 
112, Osbaldeston-road, London, N., and of Mr. A. 
Bridgman. 





SEWAGE PUMPING ENGINES AT LUTON. 

THE town of Luton, in Bedfordshire (population in 
1881, 23,960), is situated on the River Lee, not many 
miles from its source. The drainage of the town 
naturally flows into the river, which is of very small 





volume at this point. The pollution of the stream has 
given rise to difficulties, now of several years standing, 
both with the Lee Conservancy Commissioners, who 
are responsible for the purity of the stream, which is 
one of the sources of London water supply, and with 
the owners of the mansion at Luton Hoo, a short dis- 
tance below the town, where the Lee flows through a 
large sheet of ornamental water. 

‘The means of dealing with the sewage, adopted some 
fifteen years ago, were found to be entirely insufficient, 
and the corporation decided to intercept the whole 
volume and pump it to an elevated farm at a consider- 
able distance from the river. The larger solids which 
would cause choking in the pumps and pipes are inter- 
cepted, but otherwise, we believe, that the whole 
volume of sewage water passes through the pumps. 
The quantity is estimated at 1,500,000 gallons per 
twelve hours, and the highest part of the farm is 
215 ft. vertically above the suction level, and about 
2000 yards distant. ? 

The contract for the pumping machinery was in- 
trusted to Messrs. Hayward Tyler and Co., of London 
and Luton, who designed and constructed the pumping 
engines shown in our two-page plate, the work being 
superintended, on behalf of the corporation of Luton, 
by their surveyor, Mr. Leete. The pumping machi- 
nery was started in May, 1887, and has continued 
working ever since in the most satisfactory way, both 
design and workmanship having been found excellently 
adapted to the requirements. 

Since pumping was commenced the engines have 
been in constant work. The following are the prin- 
cipal dimensions : 


Steam cylinders 33_ in, in dia, by 36 in. stroke, 


Sewage pumps 19f,, 555 36, 

Air pump 2 ” ” ” 

Flywheel Ih. vs > 18 ., face. 

Rising main ... 18in. ,, about 2000 yards 
long in all, 

Suction pipe ... 18 in. in dia. 


Total lift 
Air vessel 


215 ft. vertical. 
36 in. in dia, by 15 ft. in length 

(height). 

16 in. in dia, by 10 ft. in length 

(height). 

The steam pressure and the speed of the engines 
vary according to the part of the farm to which the 
sewage is being pumped, the maximum being 70 lb. 
and twenty-four revolutions, and the minimum 30 lb. 
and fourteen revolutions. With a boiler pressure of 
60 lb. to the square inch, and at eighteen revolutions 
per minute, the engines will raise 1,500,000 gallons of 
sewage water per twelve hours to a total height of 
200 ft., and will perform this work with an expendi- 
ture of 1121b. of coal for every 60,000,000 foot-pounds 
of work done. 


Vacuum vessel 





DISTRICT STEAM DISTRIBUTION IN THE 
UNITED STATES. 

At the eighteenth ordinary meeting of the session of 
the Institution of Civil Engineers, held on Tuesday, 
March 26, Sir George B. Bruce, the President, being in 
the chair, the paper read was on ‘* The District Distribu- 
tion of Steam in the United States,” by Dr. Chas. E 
Emery, M. Inst. C.E., of New York. 

The author stated that in the United States the com- 
paratively new industry of the transmission of steam 
underground from a central source of supply for a distance 
of a mile and upwards, and its distribution to buildings 
‘fon tap,” the same as gas or water, had already been 
developed to an extent, and had achieved an importance, 
not generally known. The paper referred to the distri- 
bution of steam with imperfect apparatus to detached 
buildings in the United States Naval Academy at Anna- 
polis, as early as 1853 ; and cited the patent of Mr. Birdsill 
Holly, in 1877, which provided for a series of stuffing- 
boxes separately anchored at the ends of pipe sections of 
about 100 ft., with service outlets in the stuffing-boxes, 
from each of which steam could be delivered from a 
stationary point ae readily as from a steam boiler. The 
author had designed and constructed the steam plant of 
the New York Steam Company, which had in use a length 
of about five miles of main steam pipes, much of which 
was 15in. and 16 in. in diameter. The steam was dis- 
tributed at the high pressure of 80 1b. per square inch 
from a boiler station in which the boilers were arranged 
in four stories at the sides of central fire rooms, and the 
products of combustion were discharged into two 
chimneys. The plant was designed for boilers of 16,000 
horse-power, 12,000 horse-power being in position. 
The coal was carried by machinery to the top of the 
boiler house, emptied into a bin and _ distributed 
through shoots to each boiler floor at the sides of 
the furnace doors. The ashes passed from the ash-pits 
through suitable shoots to the basement, and were dis- 
charged into cars, which were raised by a lift to the roof 
of a building in the rear and emptied into carts for re- 
moval. In constructing the street-work the author dis- 
pensed with stuffing-boxes, which were undesirable on 
account of the constant attention required to prevent 
leakage, and designed and applied a special expansion 
joint for which the word “‘ variator” had come into use. 
This joint was provided with diaphragms of thin corru- 
gated copper, supported on radial backing plates spannin 
the annular space represen by the exposed radia 
length of the diaphragm. The fatigue of the metal inthe 
diaphragms of this joint had been thoroughly tested in 


advance by experiment, and the device had proved en- 
tirely successful in practice, providing for expansion 
without leakage. and not needing attention. This system 
was, after its introduction, adopted by the original 
Holly Company for all subsequent plants, and many of 
the clder installations were altered to use it. Steam 
plants on this plan were in regular use in twenty- 
three cities in the United States. Two companies, 
started in opposition to the Holly Company, had 
failed, and three others, licensed under the patents of 
that company, had been suspended on account of financial 
difficulties. The paper was accompanied by illustrations 
showing full details of the improved expansion joints, and 
of the various connections to enable the work to be 
carried on without stopping for special arrangements. 
Ball joints were used at every street corner, and finally 
on the back of each expansion joint, provided with a 
single diaphragm, whereby slight changes in line or grade 
could be readily made even with the large pipes, and 
all strains prevented in connecting them. ‘The pipes, in 
lengths of about 16 ft., were generally provided with 
flanges, whereby they were readily lowered into and ad- 
justed in the trenches; and the joints, both flat and 
ball, were made with gaskets of thin corrugated copper 
covered with a coat of paint, and squeezed flat in 
place by the use of heavy flange bolts, A duplicate 
system of pipes for return water was laid in the 
same trench with the steam pipes. The larger pipes 
were supported by piers capped with stone placed 
about 15 ft. apart; independent brick walls were 
built at the sides; the space between the pipes and 
walls was then filled with mineral wool, and the conduit 
thus formed covered with cross planks and roofing paper. 
At the dips in the pipe traps were placed to carry off the 
water of condensation, and there were traps for draining 
the pipes and blow-offs, to which access was obtained 
from manholes. Theexpansion joint developed consider- 
able thrust, which was received on large castings anchored 
in the brickwork. The main outlets, which were placed in 
the stationary bodies of the expansion joints, were each 3 in. 
in diameter, and generally closed witha screw-plug, which 
could be removed through an ordinary gate-valve, while 
steam was on, by a special tool; and a steam supply for 
80 to 100 horse-power could be obtained in a few minutes, 
Most of the large pipes were made of lap-welded wrought- 
iron tubing fin. thick, which was rolled into flanges with an 
improved boiler tube expander. Losses by condensation in 
this system of steam distribution were, contrary to general 
belief, very smal]. The principal difficulty was with 
leakage, as every one of the numerous valves leaked a 
little, and there were occasional leaks such as occurred in 
all steam work; but they could be kept under control 
with a properly organised force. The largest volume of 
steam was consumed during ordinary business hours, but 
there was an appreciable use in newspaper offices, eating 
houses, and for some manufacturing operations, during 
the night. The consumption in summer for power was 
about one half that during the winter. The double pipes 
of the average size cost, under the conditions in New 
York, 12 34dols. per foot, although such cost was charged 
at about 19 dols. per foot on the Looks, to cover incidental 
expenses, engineering developments, and financial expendi- 
ture, incidental to the establishment of a new undertaking. 
The company had expended, independent of work on 
another station, about 440,000/.; but of this a large 
amount could be properly aasigned to other stations, pro- 
vided the system were extended throughout the entire 
city. The author believed that similar plant could be 
constructed complete for about 240,000/. ; and, where land 
was cheaper and the conditions less exacting, for 200,0001. 
From a comparison of the increase in receipts year by 
year, he thought that, with the prices obtainable in New 

ork, a handsome dividend could be paid on these 
amounts. A formula was given for calculating the sizes 
of pipes. The causes and the prevention of “ water-rams,” 
which were injurious to underground steam pipes, were 
discussed, and the system used for settling with the con- 
sumers was explained. To avoid the confusion of a 
pound pressure with a pound weight, a pound of water 
evaporated into steam was called one kal, the price of 
which was charged from 30 to 70 cents per thousand kals 
to the consumers, according to the quantity used by each. 
The general introduction of steam enabled steam engines 
of any size to be worked in any part of a building, todrive 
machinery of any kind, to furnith electric light, and to 
pump water, &c. ; and a building might be heated either 
with live or with exhaust steam on any scale, The intro- 
duction of steam thus supplied to dwellings would not only 
furnish heat when required, but reduce the cost and discom- 
fort of laundry and culinary work. At anytime of the day 
or night, by means of suitable vessels, the usual operations 
of domestic cooking could be carried out. The tempera- 
ture of steam at ordinary pressures was insufficient for 
broiling and baking; but, with these exceptions, a family 
in a city with steam laid on could live comfortably in 
summer and winter without fire, and the attendant dis- 
advantages resulting from smoke and the handling of coal 
and ashes, 





Coat IN Kentucky.—The fifth annual report of the In- 
spector of Mines of Kentucky is at hand. The report 
shows that coalmining in Kentucky has increased very 
much as compared with previous years, and that the con- 
dition of the mines is safer. The great lack so far is good 
coking coal, but this, it is said, will be completely over- 
come by the opening up of the deposits in the Cumber- 
land Gap region, but whether this coal can be carried to 
furnaces in Tennessee and Alabama at a profit to the 
ovens and cheap enough for consumers, remains to be 
proved. In 1887 Kentucky produced about 2,000,000 tons 
of coal; Illinois, 10,000,000 tons ; Ohio, 11,000,000 tcns ; 





and Pennsylvania, 30,000,000 tons. 
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ROOF OF CATHCART STREET STATION, GREENOCK. 
MR. GEORGE GRAHAM, 





ENGINEER, GLASGOW. 
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GREENOCK AND GOUROCK RAILWAY. 
(Continued from page 254.) 

THERE are four stations on the line. A new central 
station has been built at Cathcart-street, in lieu of 
the old building at the terminus of the old Glasgow 
and Greenock Railway. The next station is about 
three quarters of a mile further west and at the east 
mouth of the Newton-street tunnel. The third sta- 
tion is a few hundred yards beyond the west mouth 
of the same tunnel, at Drums, and not far distant from 
Fort Matilda, where the inner line of the Clyde de- 
fence submarine mines are placed. It is likely that 
this station will be called Fort Matilda, than which 
no more appropriate or familiar name could be sug- 

ested. The fourth station of course is at the 

ourock terminus and is situated on the reclaimed 
ea adjoining the quay and pier at the Bay of Gou- 
roc! 


The new line, as we have already shown, passes ob- 
liquely through the old terminal station at Cathcart- 








street, Greenock. The former buildings, which were 

| in a line with the thoroughfare named and were reached 
| by a flight of stairs, have been demolished and a new 
erection constructed something like 100 yards back 
from the line of the street. The approach is by a cause- 
wayed carriage drive about 300 ft. long and on a 
gradient of 1in 18. The roadway between the foot- 
paths is 28 ft. broad and widens out to 43 ft. at the 
entrance to the station buildings. On either side there 
is a footpath 10 ft. wide, laid with Caithness pave- 
ment flagstones. From this carriage way an inclined 
passage provides access to the Sugar Exchange, bring- 
ing this, the leading business centre, into direct com- 
munication with the station. 

The station building is built in the Gothic style of 
architecture, of vag 3 ashlar mason work. It is one 
story in height from the platform level ; but underneath 
there is cellarage and kitchen accommodation in con- 
nection with the refreshment rooms. The offices 
consist of a booking-hall, 52ft. by 28 ft. wide and 18 ft. 





6 in. in height to ceiling, having in the inside an office 





erected of timber and glass, with three booking win- 
dows. The entrance from the carriage drive is com- 
posed of four archways, 12 ft. wide, the sides of which 
are filled with timber and glasswork with a doorway in 
the centre of each arch. Adjoining the booking hall is 
a large parcel and luggage room, which has an entrance 
from the carriage drive as well as the platform. These 
with the stationmaster’s room occupy the front part of 
the building, and on the left stretching at right angles, 
forming the second side of a square, is a continuation 
of the building, and in this part there is general wait- 
ing room, with ladies’ room for third-class passengers, 
telegraph office, refreshment and dining saloons, gentle- 
men and ladies’ first-class rooms, porters’ rooms, store 
rooms, lavatory accommodation, &c. These rooms are 
all large and airy, the ceilings being 16 ft. high. Run- 
ning parallel with the part of the building just de- 
scribed, are dock lines 580 ft. long, for local traffic. 
The main line to Gourock is to the west or outside of 
this dock. The down platform here is 690 ft. long and 
20 ft. wide, and on it are erected general waiting room 
and first-class ladies’ room, with other necessary accom- 
modation. The up platform is 650 ft. long and the width 
between the up line and the dock line averages about 
25 ft., spreading out to a great extent as it reaches the 
booking-offices. The platform walls are built with 
brickwork and have two projecting courses of brick on 
the top underneath the cope, which latter is formed of 
Arbroath stone, 2 ft. 6 in. broad by 5in. thick: The 
height of the platforms above the rail is 3 ft., and they 
are covered with granolithic paving. A footbridge 8 ft. 
wide, with incline roadways of the same width, leads 
from the down platform to the island platform, the 
incline being 1 in 7. In addition to stairs from the 
footbridge to the platforms, access is formed with 
a gradient of lin 6, to Terrace-road, which is at a higher 
level than the station. This direct connection with 
the upper part of the town saves a long detour by the 
carriage drive. The general situation of the different 
platforms and lines may be gathered from Figs. 51 
and 54.* 

The part of the station covered in extends in length 
to 430 it. and varies in breadth from 85 ft. to 135 ft. at 
the booking-hall. The station walls carrying the roof, 
where it is not supported by the station buildings, is 
of cube ashlar work formed with rustic pilasters which 
carry the main girders of the roof. tween these 
pilasters the wall is formed into single panels 2 ft. 
thick. At the extreme east end of the station walls 
are towers rising toa height above the top of the walls. 
They are octagonal about half way up and corbled out 
to the square above that, with battlements on the top. 

The roof is constructed of steelwork with bow- 
string girders across the station at 31 ft. centres. 
These girders carry the couples and are shown by 
Figs. 57 to 60. The lower portionof the couples iscovered 
with 1} in. boarding and slates, and the upper portion, 
which affords ventilation, is covered with Pennycook’s 
patent glazing, Fig. 64. The system of roof, as shown 
in the illustrations, has a very neat appearance from the 
inside. As the bowstring girders are to the outside, 
no heavy structural frame is visible, and the evident 
lightness enhances the general view. The tops of the 
bowstring girders are stiffened with wind bracing, 
as shown on Figs. 54, 55, aud 56, and the details are 
shown by Figs. 62 to 74. Beyond the portion of the 
station covered in, the platform and lines are pro- 
tected by neat ashlar parapet walls surmounted by 
moulded cope. A 4-in. main water-pipe is provided for 
the supply of the station and to guard against fire. 
The station is lighted with gas-lamps octagonal in 
ry hanging from each of the girders on each plat- 

orm. 

A station is provided at Inverkip-street, which is at 
the east mouth of the Newton-street tunnel. As the 
line at this point is in deep cutting the booking-office 
and waiting rooms are on the street level, access to 
the platform being afforded by a flight of stairs and a 
covered footbridge. The offices are built of redstone, 
and ample accommodation is provided. 

Fort Matilda Station—a little to the west of the 
west mouth of the Newton-street Tunnel—has plat- 
forms 600 ft. in length and 12 ft. wide. A neat build- 
ing is erected here with a carriage drive from the high 
Gourock road. The style of architeeture is old 
English, and it is constructed of English bricks, while 
the gables are of timber and cement work. In front 
of the offices next the platform the roof is projected 
to form a verandah 7 ft. 6in. wide. A footbridge is 
also constructed of lattice girder work. On the down 
platform waiting room and other accommodation is 
also provided. The height of the platform here, as 
at Inverkip-street, is 2 ft. 6 in. above the rails. 

(To be continued.) 





CANADIAN Paciric Rartway.—A Canadian Pacific line 
from Montreal to Halifax has been completed. It shortens 
the distance between the two cities by 150 miles, and 
makes the running time several hours less than hitherto. 


* Figs. 51 to 53 are on page 276 ante; Figs. 56 to 63 are 
on the two-page plate in last week’s issue ; Figs. 64 to 74 
are on the present and opposite pages, 
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LAUNCHES AND TRIAL TRIPS. 

On March 4th, Messrs. Forrestt and Son launched 
from their ship and yacht building yard, at Wyvenhoe, 
a flush-deck store-carrying sailing barge, named the Sir 
Stafford Northcote, built for Her Majesty’s War Office. 
The principal dimensions of the vessel are: Length, 
86 ft.; breadth, 20 ft. ; depth, 6 ft. 8 in. 





On the 10th instant the trial trip took place of the new 
s.s, Arbib Brothers, built for Messrs. E. and E. Arbib, 
London, by Messrs. C. S. Swan and Hunter, Wallsend. 
The dimensions of this boat are 330 ft. over all, and 40 ft. 
by 27 ft. moulded, with engines having cylinders 24 in., 
39 in., 64 in., by 42 in. stroke, using steam of 160 lb. pres- 
sure. These engines have been constructed by Messrs. 
Thomas Richardson and Sons, Hartlepool. With a cargo 
of over 4200 tons deadweight, the vessel, during trial runs 
on the measured mile and afterwards on a run along the 
coast, steamed an average of 104 knots, which was 4a 
knot in excess of the speed guaranteed. 


The new 8.8. Imperial, just completed by Messrs. Laird 
Brothers for the Compania Sud Americana de Vapores, 
of Valparaiso, having on the 18th inst. made a very suc- 
cessful preliminary trial trip, was on Saturday last taken 
out for her official trial. Though the vessel was deeply 
laden and somewhat out of trim, the result of several 
runs between the N.W. and Bar Lights gave a speed of 
over 14 knots, the machinery working with perfect smooth- 
ness and developing about 3000 indicated horse-power, 
which proved that when in proper working trim the con- 
tract speed of 15 knots would be reached with ease. The 
trial was considered highly successful in all respects. The 
vessel has been selected by the Chilian Government for 
the conveyances of about 790 emigrants from France, and 
will sail at once for Bordeaux, where she will embark 
them. The Imperial is intended for the company’s ser- 
vice on the west coast of South America, and is very 
similar to, but of larger dimensions and power than, the 
Cachapoal and Mapocho, built by Messrs. Laird for the 
same owners some years ago. She has acomplete electric 
lighting plant. Her dimensions are: Length, 330 ft. ; 
beam, 41 ft. ; depth of hold, 23 ft. ; tonnage, 2758 tons, 
o.m., and she is propelled by a set of triple expansion 
engines having cylinders 31 in., 49 in., and 75 in. in dia- 
meter by 54 in. stroke, supplied with steam at 150 lb. 
oressure by two double-ended steel boilers, with six of 
Sux corrugated furnaces in each, 





On Thursday, the 21st instant, there was launched from 
the yard of her builders, Messrs. Raylton, Dixon, and 
Co., @ fine steel screw steamer, named the Ethiope, which 
has been built to the order of Messrs. Elder, Dempster, 
and Co., of Liverpool. Her dimensions are as follows ; 
Length over all, 330 ft. ; breadth, 40 ft. ; depth moulded, 
24 ft.3in., with a deadweight carrying capacity of 4400 
tons. Her engines will be by Messrs. ‘IT. Richardson and 
Sons, of Hartlepool, with cylinders 24 in., 38 in., 64 in., 
by 42 in. stroke. 


On Thursday, March 21st, Messrs. Charles Connal and 
Co. launched from the Scotstoun Yard, the Dryfesdale, 
builé of steel, to the order of Messrs. Robert Mackill and 
Co., and intended for the Indian trade. She is 2550 tons 
gross, with a carrying capacity of 4000 tons. Her engines 
will be supplied by Messrs. David Rowan and Son, Glas- 
gow. They are of the triple-expansion type, with cylinders 
23 in., 37 in. and 60in, in diameter, and adapted to a 
piston stroke of 42in. Steam is to be generated in two 
double-ended boilers, to work to a pressure of 160 lb. to 
the square inch. 


On Friday, March 22nd, the steel screw steamer 
Kinloch was launched from Messrs. A. M‘Millan and 
Sons’ Dockyard at Dumbarton. She is 265 ft. long; 
37 ft. broad, and 19 ft. llin. deep. Engines of the triple- 
expansion type will be fitted in this case also by Messrs. 
D. Rowan and Sons. The diameter of the cylinders is 
20 in., 33 in. and 53 in, respectively, with a piston stroke 
of 836 in. The Kinloch has been built for Messrs. James 
Gardiner and Co., Glasgow. 





The s.s. Petunia, a well-deck vessel of 2500 tons dead- 
weight, built by the Blyth Shipbuilding Company, Li- 
mited, of Blyth, had a most successful trial trip recently. 
This vessel ran the measured mile several times, at a speed 
highly satisfactory to all interested. The engines are of 
the tri-compound description, and have been supplied by 
Messrs. Black, Hawthorn, and Co., of Gateshead, and 
superintended by Mr. Ayrie, of West Hartlepool. The 
owners of the Petunia are Messrs, Lilly, Wilson, and 
Co., of West Hartlepool. 








Great INDIAN Pentnsvuta Rattway.—The recently com- 
pleted Bombay terminus of the Great Indian Peninsula 
ilway is one of the finest railway stations in the world. 
It cost a very large sum, and its construction has ex- 
tended altogether over ten years. The total length of 
the principal elevation is about 1500 ft. The style is 
Venetian-Gothic with Oriental modifications. The prin- 
cipal feature of the edifice is a large central octagonal 
dome of solid cut masonry, which has a fine effect and 
may be seen from any part of Bombay. Crowning the 
apex of the dome is a statue of Progress. Several other 
colossal statues, including those of the Empress Victoria, 
Commerce, Science, Trade, Engineering, &c:, adorn the 
principal gables. The interior has been skilfully arranged 
and is fitted up with marble, granite, and fine woods, 
Much of the interior decoration has been done by native 
eomeeig The architect concerned was Mr. F. 
Stevens, 








‘NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—The market was charac- 
terised by a fairly steady tone last Thursday forenoon, 
but at the afternoon quite a buoyant feeling was shown. 
Scotch iron advanced in price 4d. per ton in the forenoon, 
and 24d. in the afternoon, making a gain of 3d. for the 
day. The price touched 44s. 5d. per ton cash, being 2d. 
above the preceding week’s highest quotation, and 104d. 


above last year’s highest price, but still 64d. below the | Th 


highest quotation in 1887, and 24d. below that of 1886. 
During a period of seven weeks, terminating last Thurs- 
day, there was arise of 3s. 7d. per ton. Cleveland iron 
advanced 2d. last Thursday, and hematite iron rose in 
price 3d. per ton during the day. The closing settlement 
prices were—Scotch iron, 44s. 44d. per ton; Cleveland, 
37s. 9d. ; hematite iron, 47s. 74d. per ton. There was a 
strong feeling on Friday forenoon, and some large 
transactions in warrant iron were reported. Up to 
44s. 6d. per ton was reached for Scotch iron, but a 
weakness afterwards set in, and the price declined 
24d. per ton. Hematite iron suffered a decline of 14d. 
per ton, but Cleveland iron remained unchanged, and the 
closing settlement prices were: Scotch iron, 44s. 3d. 
Cleveland, 37s. 9d.; hematite iron, 47s, 6d. per ton. 
Several makers of special brands intimated advances 
of 6d. and 1s. perton. Under the influence of favourable 
reports from all the large iron-consuming centres, and 
reports as to good shipments last week, the warrant 
market was strong in tone on Monday forenoon, and the 
price of Scotch iron touched 2d. per ton higher than last 
week’s close; but just before the finish the ‘‘ bears” had 
an innings and hammered down prices 3d. per ton. The 
settlement prices at the close were : Scotch iron, 44s. 14d. 
per ton ; Cleveland, 37s. 9d. ; hematite iron, 47s. 74d. per 
ton. Yesterday’s market was firmer in tone, though com- 
paratively little business was transacted. The continued 
briskness in the loca] trade, and rumours as to further 
orders, had a steadying effect with holders. Prices of 
warrant iron recovered from the weakness that set in on 
Monday afternoon, and the closing quotations showed an 
advance of 2d. per ton. The settlement prices at the 
close were: Scotch iron, 44s. 44d. per ton; Cleveland, 
37s. 104d. per ton ; hematite iron, 47s. 74d. per ton. 
Summerlee No. 3 was advanced in price 1s. per ton, and 
after the close of the market, Messrs. Merry and Cuning- 
hame’s brands were advanced to an equal extent. Scotc 

warrants were very firm in tone to-day, and the price went 
up in the forenoon to 44s, 6d. per ton, and in the afternoon 
sellers were asking the same price at the close. For 
Cleveland iron sellers were asking 38s. cash at the close in 
the afternoon, aud for hematite iron 47s. 114d. per ton. 
The price of Langloan No, 3 iron was further raised 1s. 
per ton to 523., a figure which ashort time ago would have 
been gladly accepted for No.1 iron. There has lately 
been a cry on the part of the ‘‘ bulls” for quarterly re- 
turns of makers’ stocks of pig iron, but it has not received 
much attention from the ironmasters. Some statements 
have lately been industriously circulated to the effect that 
there has been considerable decreases, but these, it is 
alleged, are purely imaginative. The stocks may have 
been drawn on in some instances, but so far as the 
largest works are concerned the only thing that can be 
said is that they are not increasing. Should the present 
demand continue unabated it is quite safe to say, 
however, that the stocks in the makers’ yards will 
show a very large decrease in the course of the next 
two months. Last week’s shipments of pig iron from all 
Scotch ports amounted to 8696 tons, as compared with 
6001 tons in the corresponding week of last year. They 
included 550 tons for the United States, 300 tons for 
Australia, 410 tons for France, 100 tons for Germany, 
smaller quantities for other countries, and 5174 tons coast- 
wise. The number of blast furnaces in actual operation 
still stands at eighty-two, as compared with eighty-seven 
ayearago. The stock of pig iron in Messrs. Connal and 
Co.’s public warrant stores stood at 1,032,037 tons yester- 
day afternoon, against 1,032,422 tons yesterday week, 
thus showing for the week a decrease of 385 tons. 


Shipments of Machinery, dc., from the Clyde.—The 
shipments of machinery, &c., from the Clyde reported last 
week included the following: Machinery, chiefly for 
Calcutta and Sydney, of the value of 10,400/.; blooms, 
plates, bars, and other steel manufactures, valued at 
8700. ; pipes and other castings, plates, sheets, bars, 
tubes, and miscellaneous iron manufactures, of the value 
of 29,5007. 


The Advance in the Price 0) Steel and Malleable Iron.— 
The quotations for Scotch steel and manufactured iron 
intimated on Monday of this week were: Steel plates, 
71. 15s. ; angles, 6/. 15s. ; and boiler plates, 8/. 10s. ; iron 
plates, 7/.; iron boiler plates, 7/. 10s.; and bar iron, 
5l, 128, per ton. As some confusion has been caused by 
the frequent reports of advances, it will be interesting to 
compare these quotations with those of June last year, 
which marked the commencement in the improvement in 
the iron and steel trades. Steel plates were then quoted 
at 67. 5s., and angles at 5/. 5s., showing an advance since 
then of 17. 10s. per ton on each; and boiler plates were 
quoted in June at 6/. 15s., showing an advance of ll. 15s. 
per ton, These prices are, of course, subject to the usual 
5s. per cent. discount at both periods. Iron plates in 
June were 5/. 10s., and angles 6/. per ton, the advance 
being also 1/. 10s. per ton. Bars sold at 4/. 15s. in June, 
the advance since then being about 17s. 6d. to 20s. per 
ton. The Steel Company of Scotland have this week 
announced an advance of 2s. 6d. per ton on the price of 
their boiler plates. All over the demand continues to be 
exceptionally active. 


Steel-Melters’ Wages.—A short while since the Lanark- 
shire steel-melters solicited from their employers an ad- 


vance of 10 per cent. on the rate of wages then paid to 
them ; they have accepted one-half of that advance and 
have been promised the other half next month. 


The Pipe Founding Trade.—The outlook for makers of 
cast-iron pipes is becoming rather gloomy. Current 
orders of importance are, in most cases, nearly completed, 
and there are scarcely any contracts of any note in pro- 
spect. 


Institution of Engineers and Shipbuilders in Scotland.— 
e usual monthly meeting of this Institution was held 
last night—Dr. D. A. C. Kirk, President, in the chair. 
Three papers that were previously held as read and pub- 
lished in the Transactions were up for discussion-—namely, 
a paper by Mr. Henry Dyer, C.E., M.A., on ‘‘ Notes on 
some recent Steam Engine Trials ;’ one by Mr. Eben. 
Kemp, on “‘ Compound Marine Boilers ;” and one on 
‘** Special Apparatus for the Working of Sails,” by Mr, 
John Hastie, Greenock. Subsequently Professor Jenkins 
read a very valuable paper on ‘‘ The Stability of Oil- 
Carrying Steamers.” A paper by Mr. Andrew Brown, 
Renfrew, on “‘ Dredging and Dredging Appliances,” and 
one by Mr. Charles Lang, on ‘“‘Some Experiments on 
Evaporation,” had to be held over for want of time to 


3d.;!take them vp. Mr. Thomas Gray, C.B., of the Marine 


Department of the Board of Trade, was elected an honorary 
member of the Institution on the recommendation of the 
Council; and Professor Jamieson, M.I.C.E., and Mr, 
J. W. Shepherd, shipbuilder, were elected ordinary 
members. 


The Checking of Waste Water in Edinburgh.—The 
Works Committee of the Edinburgh Water Trust had 
submitted to them last Thursday, in terms of instructions 
given to the engineers at last meeting of the Trust, a 
report on the working of the Deacon meter for detecting 
the waste of water. The report had reference to four 
districts of the city, viz., Stockbridge, Glenogle-terrace, 
Buckingham - terrace, and Merchiston. In the Stock- 
bridge district tested there are 3218 inhabitants, and the 
Deacon meter was put down on February 2, when it regis- 
tered a consumption per head per day of 20.76 gallons, 
After the usual means had been taken to ascertain where 
waste took place, it was found recently to register a con- 
sumption per head per day of 17.37, a reduction of 17 per 
cent. In the Glenogle-terrace district the population 
affected by experiment was 1763. The Deacon meter was 
put down on February 4, and registered a consumption of 
21.06. Recent examination showed that the consumption 
had been reduced to 14.18, a decrease of 33 per cent. In 
the Buckingham-terrace district there is a population of 
1294. The meter was put down on March 8, and showed 
a consumption of 43.48 gallons per head per day. The 
result of the operations for checking waste was to reduce 
it to 36.66, or a reduction of 14 per cent. In the Mer- 
chiston district examined the population is 1466. The 
Deacon meter was put down on March 8, and registered 
41.81. It has now been reduced to 36.90, a reduction of 
11 per cent. In most cases the waste was found to be due 
to defective ball-cocks, In the Stockbridge district three 
service pipes were found to be defective. In Buckingham- 
terrace three burst service pipes were discovered. The 
committee are understood to have recommended that the 
engineers should do their best to give a fair trial to the 
meters, 


Important Extensions at Greenock Foundry. — The 
Greenock Foundry Company (Messrs. Scott and Co.) 
have resolved on making extensions of their foundry and 
engine works, which will involve an outlay of probably 
not less than 10,0007. A new departure in these works 
will be the adoption of water gas fuel in the new smithy. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Combination against Trade Piracies.—As illustrating the 
strong feeling existing in Sheffield in regard to trade 
piracies of patterns as well as marks, it may be noted 
that this week the Sheffield Chamber of Commerce has 
forwarded acontribution of 101. to the local Federated 
Trades Council, towards paying the costs of a recent 
rosecution under the Merchandise Marks Act. The 

hamber of Commerce represents capitalists, and the 
Federated Trades Council is composed of representatives 
of the men. 


South Yorkshire Ship Canal.—A deputation from the 
directors of the South Yorkshire Canal Company, 
Limited, has waited upon the Town Trustees of Sheffield, 
to ask them to make a grant out of their funds towards 
the promotion of an improved waterway between South 
Yorkshire and the coast. The trustees agreed to make a 
donation of 500/., and promised to take up another 500J. 
in shares if the Bill passed successfully through Parlia- 
ment. 


Improvement in the Heavy Trades, —The improved 
market value of concerns engaged in the iron and steel 
trades is shown by the fact that shares in the large local 
limited companies have, since December last, risen in the 
aggregate by no less than 1,000,000/. The feeling of con- 
fidence thus displayed has not so far been misplaced. 
Hematite pig irons are commanding 60s., and Bessemer 
guaranteed billets are fetching 5/. and upwards. All the 
mills engaged in the heavy iron trades are fully employed, 
and prices are slowly rising. Engineering firms are par- 
ticularly busy throughout the district, and this gives an 
impetus to the crucible cast steel trade. The colliers are 
still agitating fora further rise of wages, but will abide by 
the decision of the forthcoming miners’ conference. 

Success of Sheffield-Made Shell.—Messrs, T. Firth and 
Sons, Limited, of Sheffield, had another satisfactory trial 
test at Shoeburyness on Friday last, when 300 6-in. 








armour-piercing shells satisfied the conditions imposed, 
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and were received into store. Two projectiles were 
selected for trying, and both of them passed entirely 
through a 9-in. compound plate and into the oak backing 
in the rear. Thia firm has again maintained its unbroken 
record, as it has not had a single failure up to the present 
time at any of these trials. 


Winning of a New Coalfield.—The winning of coal at 
the new shaft in connection with colliery extensions at 
Birley, near Sheffield, took place on Monday. The shaft 
was commenced in February of last year and has been 
sunk to a depth of 270 yards. Over 150 yards have been 
driven through rock. Soon after the work commenced 
water rushed in with great force at the rate of 12,000 

allons per hour. To stop this, the contractor, Mr. Hal- 
am, of Langley Mill, put in a 16-ft. bucket lift and 42 
yards of iron tubing. Coal was struck on Friday, but on 
Monday the seam was gone through, and a splendid NSilk- 
stone bed was found 6 ft. 3 in. in thickness. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Y esterday there was a ve 
ood attendance on ’Change and the animation whic 

ies characterised recent market days had by no means 
abated. Trade is now healthier than it has been for a 
very long time past, and neither makers nor merchants 
have much iron to sell for early delivery, and all parties 
are somewhat reserved in their quotations for forward 
delivery owing to the fact that prices continue to advance. 
Buyers are more anxious to purchase than they were a 
week ago, and inquiries are numerous. Merchants’ gene- 
ral quotation for prompt f.o.b. delivery of No, 3 Cleve- 
land pig iron is 37s, 9d., but makers decline to do business 
at this price and it is difficult to get any quotation from 
them at all. It is generally believed that stocks will show 
a considerable decrease at the end of the present month. 
Exports from the Tees are exceedingly large, and there is 
every reason to believe that they will continue to im- 
prove. There is a large demand for all kinds of finished 
iron and prices are firm. Ship plates are 61. 5s. ; comnion 
bars and angles 5/. 12s. 6d., and best bars 6/. 2s. 6d. per 
ton, all less 24 per cent. The steel trade continues good. 
Rails are stiff at 47. 12s. 6d. per ton and ship plates are 
quoted 7/. 53. to 71. 7s. 6d. on trucks at works, 

Shipbuilding and Engineering.—Shipbuilders are very 
active indeed. Messrs, W. Gray and Co., of West 
Hartlepool, have just received an order from Mr. C. 
Furness, of that port, to build a new steel screw steamer to 
carry 6300 tons deadweight. She will measure 400 ft. in 
length, and will carry nearly 2000 tons above any vessel 
ever yet built at West Hartlepool. Engineers have a lot 
of work on hand, and are well booked ahead. A meeting 
of the Associated Engineering Employers of the Tyne 
and Wear district was held at Newcastle a few days ago. 
A letter from the secretary of the local Grand Committee 
of the Amalgamated Society of Engineers was considered, 
in which an offer was made that, if the employers would 
consent to grant the second shilling per week advance, to 
be payable on the 3rd or 4th of May, they would under- 
take and be prepared to give the employers a guarantee 
that no further request should be preferred during the 
present year. An agreement embodying this offer was 
ultimately signed by the representatives of the employers 
and employés. The dispute is thus terminated. 


Wages in the Manufactured Iron Trade.—A few days ago 
the secretaries to the Board of Conciliation and Arbitra- 
tion for the manufactured iron trade of the North of 
England issued at Middlesbrough a copy of Mr. Water- 
house’s report for the two months ending February 28, 
1889. This report shows the average net selling price of 
iron to have been 5/. 1s. 9d. per ton. The price for the 
previous two months was 4/, 19s. 


The Coal and Coke Trades.—Fuel is in good demand. 


Blast furnace coke is quoted 13s. per ton for delivery at 
Middlesbrough. 








MISCELLANEA. 

Tue great Sukkur Bridge over the Indus was opened 
by the Governor of Bombay on Wednesday last. The 
bridge is on the cantilever system and has a span of 
820 ft. It has been erected without staging in the space 
of sixteen months, which is an excellent performance con- 
sidering the quality of labour available. 


¥ The gross recei ts of the twenty-three principal railways 
in the United row for the week ending March 17, 
amounted, on 16, miles, to 1,177,831/., and for the 
Corresponding period of 1888, on 15,948} miles, to 
1,107,1871., an increase of 73? miles, or 0.4 per cent., and 
an increase of 70,644/., or 6.3 per cent.. 


The annual meeting of the Hadfield Steel Foundry 
Company (Limited), Sheffield, was held on Saturday, Mr. 
R. A. Hadfield, the chairman, presiding. The report 
submitted for the year ending December 31, 1888, showed 
® balance to the credit of profit and loss account of 
13,290., admitting of 74 per cent. dividend, and carrying 
large balance to reserve. The report was adopted. 


An extraordinary accident has occurred on the Cincin- 
nati Southern Railroad, near Sunburnt, Tenn. Near this 
town the railroad passes through a tunnel, which has been 
driven partly through a coalseam. In this tunnel a col- 
lision took place between two trains, one of which was 
partly loaded with oil, which was set on fire as the result 
of the accident. This in turn, it is stated, has set fire to 
the coal seams, which are still burning. 


Some preliminary trials of the new Inman steamer City 
of Paris were run on the Clyde last week. They were very 
successful, as a speed of 21.59 knots was maintained over 


a long run, and on Fiiday, when she left the Clyde, she 
made a speed of upwards of 20 knots with a strong head 
wind and a 1} knot tide against her. The next day, 
moving with the tide, a speed of upwards of 22 knots was 
registered, her engines running at between 82 and 84 revo- 
lutions per minute. She will shortly start for New York. 


The suburbs of Vienna have long been badly supplied 
with water, especially the manufacturing districts, where 
factory owners have been heavily handicapped for some 
time past. It is now proposed to bring water from the 
gravel deposits in the hills near Wiener Neustadt, and 
a concession of 99 years has been obtained from the Aus- 
trian Government. The works will probably be carried 
out by British contractors, and the cost is expected to 
amount to 2,000,000/. 


The construction of sixteen additional sea-going torpedo 
boats for the Imperial German Navy has been intrusted 
by the Admiralty to Messrs, Schichau’s shipbuilding yard 
at Elbing. These boats will be furnished with apparatus 
for the launching of torpedoes, and will be armed by 
machine guns. The indicated horse-power is to be 1500, 
which is calculated to furnish the boats with a speed of 
23 knots. Several of the vessels are already so advanced 
that their launch from the stocks is only a question of a 
few days. 

Messrs. Mather and Platt, of Salford Iron Works, 
Manchester, have opened a London office at No. 16, Vic- 
toria-street, Westminster, which will be under the charge 
of Mr. Hardman A, Earle, who has for some years been 
assistant manager of their electrical department. Mr. 
A. B. Blackburn, Assoc. Mem. Inst. C.E., has resigned 
the position which he has held for some years as resident 
engineer to the Edison and Swan Company, and has. 
joined the staff of Messrs. Mather and Platt’s electrical 
department as assistant manager, 


The following paragraph appeared in last Saturday’s 
Times: ‘‘ We understand that the Director of Naval 
Construction, Mr. W. H. White, proposes, with the con- 
sent of the First Lord of the Admiralty, to read a paper 
upon the designs of the new battle-ships before the Institu- 
tion of Naval Architects at their next meeting. The 
value and accuracy of Sir E. J. Reed’s opinions both as a 
designer and shipbuilder will thus be tested by a com- 
petent and technical body. Sir E. J. Reed is a vice-presi- 
dent of the Institution, 


The new Naval Secretary to the United States Govern- 
ment will have the responsibility of building the eight 
war vessels already sanctioned by Congress, Amongst 
these are three cruisers of the York Town type but some- 
what larger, being of 2000 tons, and also differing from the 
boat named in some other minor particulars. There are 
also to be built two cruisers of 3000 tons to steam 20 knots 
at full power. In addition to the above there will bea 
7500-ton ironclad, a 5300-ton protected cruiser, and a 
small gun-boat of 800 tons. 

The Indiun Engineer states that Bengal coal is now 
successfully competing with English coal in Madras and 
Bombay, and is also being largely used by the Burmah 
State Railways for locomotive purposes. The imports of 
English coal are, it appears, steadily declining, though, as 
yet, considerable difficulty is experienced in regard to the 
transportation of the native article as the roads in the 
mining districts are said to be exceptionally bad. When 
this is remedied the competition may be expected tv 
become still fiercer’. 


The Marathon, sister ship to the Magicienne, and built 
by the same contractors, arrived at Portsmouth on Wed- 
nesday afternoon from the Fairfield shipbuilding establish- 
ment. She left the Clyde accompanied by the Seahorse 
on Monday, and performed the passage at 11 knots speed 
with only two boilers alight until reaching the Land’s 
End. The Marathon encountered boisterous weather. 
She will be docked at Portsmouth for purposes of survey 
and coppering, and will afterwards undergo her engine 
trials under natural and forced draught. 


At a meeting of the Engineering Students’ Club, held at 
the Durham College of Science on Monday, March 25, a 
paper was read on the ‘Gas Engine,” ie Mr. C. J. 
Gawthropp, Mr. A. Rollaso occupying the chair. The 
author commenced by giving a brief historical review of 
the subject, mentioning the early engines of Brown, 
Barnett, and others, and then proceeded to describe some 
of the best modern engines. A discussion of some interest 
was commenced, but for want of time was adjourned until 
Monday next. 


The See Republic has for some time attracted 
attention by the enormous development which its tram- 
ways have taken. Messrs. Dick, Kerr, and Co., of 101, 


received orders for permanent way materials for another 
fifty miles of line in this country. This extension is 
due to the great success the existing lines have met 
with, though even now the tramway mileage in the prin- 
cipal cities in the Argentine Republic is, in proportion 
to population, considerably greater than in England or 
the Continent. 


The French Government have introduced a Bill with 
the object of repurchasing the concession granted to the 
Telephone Company in 1879. This was granted at first 
for five years, but was extended in 1884 for another 
five years, and will expire on the 8th September next. 
It is proposed that in future all telophone extensions shall 
be made by the State, which will require towns wishing 
to have a telephone system to furnish the funds necessary 
for putting up the wires, &c. These lines will then be 
worked by the State, who will repay the cost of erection 
by a deduction from the receipts, and when repayment 
is completed will enter into full possession of the lines. 





At a general meeting of the King’s College Engineering 





Leadenhall-street, E.C., inform us that they have just | 


Society, held on March 19, the President in the chair, Mr. 
Barratt read a paper on “‘Gas Engines.” The paper com- 
menced with a brief review of the progress of the gas 
engine since Robert Street’s invention in 1794, and several 
other inventors were named who introduced features still 
retained in gas engines. He then proceeded to describe 
the modern engines, dividing them into three classes, viz. : 
(1) single-cyclo engines; (2) double-cycle engines; (3) 
three-cycle engines. A discussion followed the reading 
of the paper, turning largely on the advanteges of Dowson 
gas. 


The Board of Trade have now extended the period 
within which objections may be lodged against the classi- 
fications of merchandise traffic and schedules of maxi- 
mum rates and charges submitted by the various railway 
companies under the provisions of the Railway and Canal 
Tratfic Act, 1888. ‘The period as originally fixed for 
lodging objections would in the case of the majority of 
the railway companies have expired on or about April 9. 
It having been strongly represented that the period allowed 
was insufticient, it has now been extended to June 3 
next, before which date all objections against the proposed 
classifications of merchandise traffic, and schedules of 
maximum rates and charges should be transmitted to the 
Board of Trade. 


From a number of tables just issued by the Home 
Office and containing statistics relative to workers in 
mines and collieries during the year 1888, the number 
of persons engaged in such employment in the United 
Kingdom was 592,656, of whom 5680 were women, 
all working above ground. The total number of fatal 
accidents was 885, and the total number of deaths occa- 
sioned thereby was 960, an increase of 91 in the deaths of 
the previous year. The total quantity of mineral wrought 
was 182,660,163 tons, an increase of 9,610,368 tons on 
the previous year. To show how much safer the miners’ 
life has been rendered it may be mentioned that in the 
ten years ending 1860 the average ratio was one death in 
every 245 persons employed ; this ratio has constantly 
decreased, and for the year 1888 it was one in 602, 


The Magicienne went.out of Portsmouth Harbour last 
Saturday for a four hours’ trial of her machinery under 
forced draught. The run, however, was not completed, 
as, owing to the smallness of the steam ports of the cylin- 
ders and the consequent back pressure that was produced, 
it was found impossible to develop the contract power of 
9000 horses. The mean indicated power did not exceed 
7500; but as this enabled the sbip to realise a speed of 
18 knots, there can be no question that with the full 
power more than the estimated speed will be obtained. 
The twelve hours’ natural draught trial of the vessel with 
3 in. of air pressure in the stoke holds gave a mean horse- 
power of 5401, the boiler pressure being 1444 lb., and the 
revolutions 123, This result, though slightly below the 
contract, will probably be regarded as satisfactory owing 
to salt water having to be employed during eight hours, 


Some interesting experiments were made last Friday 
near Dartford with the Maxim Nordenfelt quick-firing 
and automatic guns, The first weapon fired was the 
Maxim automatic gun of .45 calibre, and with this 
334 rounds were fired in twenty-seven seconds. A com- 
parative test was then made between ordinary rifle powder 
and the new Maxim smokeless powder. A cartridge con- 
taining 85 grains of black powder, and others containing 
55 grains of the new powder, were fired. The last-men- 
tioned cartridges gave a slightly greater velocity, and at 
the same time produced extremely little smoke. Amongst 
the other guns tried was an automatic six-pounder, which 
has a dropping block like the Sharpe’s rifle. It requires 
only two men to work it, one man firing and the other load- 
ing. Everything about the gun is fixed save the gun 
itself, which is placed inside a jacket, which latter is also 
fixed. There can be no danger of escape of gas or from a 
hang-fire. The gun on being fired recoils about 44 in., and 
then returns to its original position. The cartridge case 
is not ejected till the gun has travelled some little distance 
on its return journey. The act of putting in the new 
cartridge pushes forward the ejectors and releases the 
block, which rises and closes the breech. If great rapidity 
is required, one man on a saddle with a butt to his 
shoulder aims and fires, while a man on each side puts in 
the cartridges. If only one gunner is left unkilled a 
single man can work the gun in the following manner : 
Having laid the gun and fixed the trigger in a firing posi- 
tion by a bit of wood or string, he simply puts in 
cartridge after cartridge, the gun on each occasion goin 
off as the cartridge is pushed forward. It can be fired, 
with two men to load, sixty times a minute. 





PuLLMAN Patace Cars.—The Pullman Palace Car Com- 
pany has acquired the control of all the palace car com- 
panies — in the United States, with the ex- 
ception of the Wagner Company, whose operations are 
confined to the Vanderbilt lines. By this acquisition the 
Pullman Company gains for its service of drawing-room 
coaches and sleeping cars the whole southern network, 
upon which its hold &. hitherto been slight. 





Coat 1n SoutH AvstraLiA.—The Kuntha Hill Pro- 
specting Company has for some time been conducting a 
search for coal on its lease of property, which is situated 
about 110 miles from Hergott, oa the Birdsville-road, 
and about a mile from a surveyed railway line. Two of 
the directors, Messrs. Fry and Menz, have received in- 
formation to the effect that the manager, Mr. J. McAs- 
kill, has discovered the mineral. Mr. McAskill has sent 
down specimens which will, as soon as possible, be tested. 
A shaft has been sunk 67 ft., and at that depth the 





manager came to brown or virgin coal, and then there 
appeared anthracite, 
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HODGES AND BRIDGMAN’S BOX NAILING MACHINE. 


(For Description, see Page 298.) 
















































































CaBLe Rattways at Cu1caco.—A new cable street rail- | worked by two steam engines built by Messrs. R. 
way has just been formally opened for business at Chicago. | Wetherill and Co., of Chester, Pennsylvania. 
It is the Lincoln Avenue branch of the North Chicago- | 


street Railway, and it is about 14 milesin length. Itis| QueNstanD Harpours AND Rivers.—The dredge 
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Platypus has arrived at Cairns, and has commenced opera- 
tions there. Thedredge Maryborough has just completed 
a cutting at Sandy Island Straits, and is nowengaged on a 
cutting in the Mary inside the Horseshoe Bend. This 
cutting, if successfully carried out, will materially improve 
the navigation of the river. Mr. Hind’s tender for con- 
structing landing steps at Townsville has been accepted. 
These steps, which are much needed for landing pas 

sengers from steamers, are situated at the inner end of the 
western breakwater and close to the esplanade. Tenders 
for the western breakwater, Townsville, are at present 
under consideration. The Queensland Parliament has 
voted a further sum of 16,000/. for the construction of a 
deep water jetty at Thursday Island, making in all 21,000/. 

available for that purpose ; the question of site and form 
of construction have now to be reconsidered. 
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DEATH.—On the 22nd inst., at his residence, Cottingham, West- 
wood, Southampton, Thomas Summers, M.1.C.E. and M.I.N.A., 
in the sixty-fourth year of his age, late of the firm of Day, 
Summers, and Co, 
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‘a r ——— OF MEETINGS. 
STITUT:ON OF Civil ENGINEERS,—Ordinary meeting, Tuesda: 
ril 2nd, at 8 p-m. Paper to be further discussed : ‘ The Distring 
bution of Steam in the United States,” by Dr. Chas. E. 
Emery, M. Inst. C.E. Paper to be read, time rmitting : 
Armour for Ships,” by Sir Nathaniel Barnaby, KCB. At this 
— the month] Lene LJ matte will take place.— 
tuden meeting, y, April 5th, at 7.30 p.m. Paper to 
read: “ Moulding and Casting Cylinders tor Marine Engines,” be 


A 





Mr. R. J. Durley, B.Sc., Stud. Inst. C.E. Mr. John Donaldson, 
M. Inst. C.E., in the chair. 

CHESTERFIBLD AND MIDLAND COUNTIES INSTITOTION OF ENGINEERS. 
—Saturday, March 80th, at 3 p.m., in Nottingham, at University 
College, Special general meeting is in lieu of the ordinary April 
meeting. The following papers will be open for discussion : ‘‘ Past 
and Present Methods of Banking Coal at Annesley, with a Brief 
Description of Mechanical Appliances adopted to Facilitate the 
Labour,” by Mr. Joseph Timms. ‘‘ Mechanical Ventilation of 
Collieries, with a Description of a New Form of Enclosed Mine 
Ventilator,” by the Rev. G. M. Capell ; and an appendix thereto, 
on ‘* Experimental Determinations of the Results of the Working 
of a New Fan (Capell) and the Consequences Deduced from these 
Results,” by Mons, H. Bochet, In tor-General of Mines, Paris. 
The following papers will be read or taken as read: ‘‘ Notes on 
Testing Machinery and the Testing of Materials,” illustrated by 
lantern slides, by Mr. Christopher W. James, Leeds. ‘‘ Electric 
Lighting, and the Transmission of Power by Electricity,” by Mr. 
T. M. Winstanley Wallis, Derby. 

Tue Sanitary InstiTUTE.—Friday, March 29th, at 8 p.m., lecture 
on “ Food (including Milk), Sale of Foods and Drugs Act,” by Mr. 
Charles E. Cassal, F.C.S., F.1.C. Tuesday, April 2rd, at 8 p.m., 
lecture on ‘‘ Infectious Diseases and Methods of Disinfection,” by 
Mr, Shirley F. Murphy, M.R.C.S. Friday, April 5th, at 8 p.m., 
lecture on ‘*The General Powers and Duties of Inspectors of 
Nuisances—Method of — by Mr. J. F. J. Sykes, B.Sc., 
Diploma Public Health, M,B. 

EOLOGISTS’ AssociATION.—Friday, April 5th, in the Mathematical 
Theatre, at University College, Gower-street, W.C., when the fol- 
lowing paper will be read: ‘‘ A Visit to the Volcanoes of Italy,” 
by Professor J. F. Blake, M.A., F.G.S., with lantern and other 
illustrations. The chair will be taken at 8 p,m. 

Civis AND MEcHANICAL ENGINEERS’ Socisty.—Wednesday, April 
3rd, at 7 p.m., at the Westminster Palace Hotel, Westminster, 
when the following ee will be read and discussed : ‘‘ The Road- 
stones of Somerset and Wilts,” by Mr. James Bateman. 

Socrgty or ENGINBERS.—Monday, April Ist, at the Westminster 
Town Hall. A paper will be read on ‘Fireproof Floors,” by Mr. 
G. M. Lawford, Assoc. M. Inst. C.E. The chair will be taken at 
7.30 p m. precisely. 

Society or CuemicaL INpustry.—London Section. Monday, 
April 1st, at Burlington House. ‘‘ The Action of Water on Lead,” 
by Dr. P. F. Frankland. ‘‘ Economy of Pure Caustic Soda,” by 
Messrs. Cross and Bevan. 
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THE SOCIETY OF ARTS ENGINE 
TRIALS. 


THE meeting held on Wednesday night at the 
Society of Arts for the purpose of discussing Pro- 
fessor Kennedy’s paper on the above subject, was 
very disappointing, as only about forty members 
were present, and of these but few were experts on 
the subject of engine testing. This is the more to 
be regretted, as the methods adopted by the judges 
are universally recognised as constituting a decided 
advance on those employed at all previous trials, 
and will not improbably form a standard of excel- 
lence for gauging the value of future engine tests. 
In opening the proceedings Sir Frederick Bram- 
well drew attention to the great development engine 
tests have taken the last few years, and compared 
the incompleteness of the first steam engine trials 
with those just carried out by the Society of Arts. 
As an instance of this incompleteness we may 
instance a primitive form of brake employed in the 
very early days of engine tests. This brake had 
the advantage of simplicity, consisting as it did 
of a stout plank or balk of timber on which an 
equally stout man balanced himself at one end. 
The timber passed over a suitable support near the 
crankshaft against which its unoccupied end pressed. 
Calibration of the brake was dispensed with, as it was 
considered that the weight of one man, acting at a 


SE | leverage, determined by the mechanical instinct of 


the erecting shop foreman, corresponded to 1 horse- 
power with sufficient accuracy for practical pur- 
poses, whilst for higher powers more men were 
employed or the leverage increased, again following 
the judgment of the same highly scientific adviser. 
As Sir Frederick pointed out, the Cardiff trials in 
1873, though in our opinion probably less accurate 
than those made years previously by Hirn, in Alsace, 
marked a new era in engine tests, though even then 
the Royal Agricultural Society did not fully appreciate 


2| the importance of completeness in carrying them out. 


Samples of the furnace gases were indeed taken, but 
Sir Frederick informed the meeting that the Society 


5| had refused to go to the expense of having them 


analysed, and that they remain to this day samples 
of ‘* fine old bottled gas.” Continuing his remarks, 
Sir Frederick expressed the hope, in which we 
heartily join, that the late trials will not be the 
last carried out by the Society of Arts. He 
was, moreover, sufficiently optimistic to believe 
that a greater number of competitors would enter 
for new trials now the ice had been broken. It 
may, however, be remarked that in some respects 
this would be an absolute disadvantage, as it would 
be too much to expect the judges to carry out trials 
on a large number of engines with so remarkable 


a completeness as they have done in the present 
instance. The amount of labour required in re- 
ducing the results in the way they appear in the re- 
ports can hardly be realised by those who have had 
no experience of this kind of work. 

Mr. Preece, with that marvellous fluency which 
enables him to speak well on every subject, then 
opened the discussion with the statement that every 
copy of the report had been sold, and he had 
therefore been unable to obtain one before coming 
to the meeting. As one of the Committee, by 
whom the arrangements for the trials had been 
made, he stated that their object had been to follow 
in the footsteps of the Royal Agricultural Society, 
whose engine tests had done so much to improve 
agricultural machinery. This statement later on 
brought up Mr. Druitt Halpin, who, with remi- 
niscences of the Newcastle brake controversy, sar- 
castically remarked that this hardly did justice to 
the judges at the recent trials, where the measure- 
ments, being taken with a reliable brake and an excel- 
lent indicator, were very accurate. Continuing, Mr. 
Preece regretted that no small engines of from 2 to 3 
horse-power, suitable for private house lighting, 
had been entered. It is, however, very easy to 
understand why this was so, as small engines are 
invariably less economical than larger engines con- 
structed with equal care. This is probably partly 
due to the fact that in a small cylinder the interior 
surface bearsa greater proportion to the cubical con- 
tents than it does in a larger one, and the action of 
the walls is correspondingly increased. This is 
markedly the case with gas engines, and makes Mr. 
Atkinson’s results even better than they appear in 
the report. Referring to the comparative economy 
of gas and steam engines, Mr. Preece stated that he 
had found, over a period of five years, the average 
cost of a gas engine to be 10/. per horse-power per 
annum, whilst he estimated a steam engine to 
cost 7/. per annum per horse-power. On this head 
it may be remarked, as was pointed out by Mr. 
Atkinson later on, that there is no necessity to use 
lighting gas, and with Dowson gas the expenditure 
of coal has been reduced to 1.11 lb. per indicated 
horse-power. Mr. Preece also regretted that no 
petroleum engines had been entered, as it would 
have been interesting to compare the three types 
of motor. He then entered into a lively attack on 
engineers in general for using the term horse- 
power in place of watt, which he said had been de- 
fined by Sir Frederick Bramwell as ;},;ths of a 
horse-power. He, however, reversed the definition 
and called a horse-power 746 watts, making the latter 
standard. He certainly scored a point when later 
on Sir Fredrick Bramwell told a story of an engineer 
who was unable to inform a barrister what a horse- 
power was, greatly to the latter’s astonishment. 
Further examination of the engineer in question, 
however, elicited that there were five kinds of horse- 
power : (1) The true horse-power, or 22,000 lb. per 
minute ; (2) James Watt’s horse-power, or 33,000 Ib. 
per minute, that is, 14 horse-power ; (3) gross indi- 
cated horse-power ; (4) net indicated horse-power ; 
and (5) nominal horse-power, which varied accord- 
ing to the taste and fancy of the manufacturer. In 
concluding, Mr. Preece attempted to account for 
the great loss to the water jacket in gas engines in 
a manner which is certainly novel, but unfortu- 
nately seems to be at variance with experimental 
results. He stated that the temperatare in the 
cylinder of these engines was estimated by Pro- 
fessor Kennedy at 2500 deg. Fahr., which corre- 
sponded to a brilliant white heat, and as the gas con- 
tained a great deal of carbon, this would be raised to 
incandescence and radiate heat out to the walls, 
which heat would not be received by them were 
these incandescent particles absent. Now in the 
Minutes of the Proceedings of the Institution of 
Civil Engineers, vol. Ixxxv., is a paper by Mr. 
Dugald Clerk, describing a number of experiments 
on the explosion of various gaseous mixtures. These 
experiments show that hydrogen gas (several pro- 
portions of which were tried) was much less 
adapted for use in gas engines than either Oldham 
or Dione coal gas, the latter of which is of very 
high candle-power, and must therefore radiate very 
largely, and hence Mr. Preece’s contention is 
totally inadmissible. In discussing this question 
later on, Mr. Atkinson emitted an idea, which 
was suggested some time ago in regard to ord- 
nance, where the pressure curves obtained are 
very remarkable. Mr. Atkinson is of opinion 
that of the heat given to the walls, a consider- 
able proportion never penetrates further than 





through a very thin skin of metal on the inner sur- 
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face, as the stroke is completed and the tempera- 
ture inside the cylinder lowered before the walls 
have had time to conduct away the heat from this 
highly heated layer. The consequence is that a 
large portion of this heat passes back into the 
gases again, and is carried away in the exhaust. As 
evidence of this, he pointed out that the total per- 
centage of heat wasted in his own and in the Otto gas 
engine was not very different, but was very dif- 
ferently distributed. In the Otto engine 43 per 
cent. of this was carried away by the water jacket, 
and in the Atkinson only 27 per cent., whilst the 
times of making a working stroke in the two engines 
were as follows: In the Otto engine one-fifth of a 
second, and in the Atkinson one-ninth. These facts 
certainly support Mr. Atkinson’s contention. 

Mr. Davey, who followed Mr. Preece, proposed 
lining the gas engine cylinders with a non-conduct- 
ing material to reduce this jacket loss, but, as Mr. 
Dowson pointed out later on, this is totally im- 
practicable, as there would be no end of trouble 
from pre-ignitions, and it may also be remarked that 
like electrical insulators very few non-conductors 
are mechanical materials. 

Mr. Atkinson’s remarks were a most valuab!e 
contribution to the discussion. In addition to his 
suggestions already quoted he pointed out thata 
remarkable instance of the cooling effect of cylinder 
walls and other interior surfaces was afforded by 
the Griffin engine, which, as is well known, is 
double-acting. Now, although the piston-rod 
surface is small compared with the total interior 
surface, still the cards from the front end of this 
engine on being compared with those from the back 
showed it to have a marked effect, the mean pres- 
sure in one trial being 61b. higher in the back end 
card, in another 8.51b. higher, and ina third 14 8 lb. 
higher. 

Mr. Druitt Halpin objected that the trials were 
not entirely accurate because a Moscrop recorder 
had not been employed for obtaining a continuous 
record of the tension on the spring balance. No 
doubt this instrument can be conveniently employed 
for such a purpose, but to contend that any inac- 
curacy could arise by using the plan of frequent 
readings adopted by the judges is puerile, and 
would never have been made if Mr. Halpin had 
been present at the trials, and observed the won- 
derful steadiness of the pointer of the balance. 
Mr. Halpin, no doubt, draws his conclusions from 
the very lively motion of such a pointer when a 
balance is applied to the tail end of a Royal 
Agricultural Society’s brake, but with the brake 
actually employed by Professor Kennedy, the 
steadiness was simply marvellous. Mr. Halpin also 
seemed to think that the Moscrop recorder could be 
employed for determining the cyclical variations of 
the engines, but owing to the inertia of its parts it is 
totally inapplicable for this purpose. Several of the 
speakers expressed regret that it had not been found 
possible to measure the air supply, and Mr. Halpin 
suggested that it might be done by fitting an air 
lock to the boiler-room, and measuring the air 
admitted to this room. Closing the ashpit was 
useless, as no account could be taken of air ad- 
mitted through the firebox door, which had to be 
constantly opened for firing. In answer to this, 
Professor Kennedy, in his reply, stated that at the 
trials they had been forced to content themselves 
withestimating the air from the nitrogen found in the 
samples of burnt gases analysed, and he did not yet 
see any way of measuring it directly, though he had. 
he thought, now overcome a somewhat similar 
difficulty with regard to the measurement of tem- 
peratures, but he did not describe the plan he pro- 
posed to adopt. Before concluding his reply, he 
said that particulars of the Davey-Paxman boiler 
were omitted by accident from tha published report, 
but would be added to the second edition of it 
now in preparation. Considering the great success 
which has been attained by the Colchester firm, 
these particulars will be awaited with interest. 








THE ELECTRICAL TREATMENT OF 
SEWAGE. 

THERE is a universal consensus of opinion in 
large towns, and in a good many small ones too, 
that ‘“‘something must be done” with the sewage 
other than turning it into the nearest stream. In 
many places ‘‘ something” has been done; the re- 
sults have always been costly, and we have yet to 
learn that they have ever been quite satisfactory. In 
the metropolis vast sums have been spent and are 
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still being Jaid out upon works for carrying on the 
precipitation process introduced by Mr. W. J. Dib- 
din, the chemist to the late Board of Works. This 
process consists in the precipitation of the solids in 
the sewage by the addition of 3.7 grains of lime 
and one grain of sulphate of iron to each gallon of 
fluid. By this means the matter in suspension is 
precipitated as mud ; the clear liquid is allowed to 
flow into the river, while the sludge is carried out 
to sea by steamers and deposited in deep water. 
There are plenty of chemists who do not hesitate 
to declare positively that these quantities of 
chemical are quite insufficient to produce a satis- 
factory effluent, and that if they are not increased 
the condition of the Thames will undergo no 
amelioration. Experience only can decide this 
point: the works are being built and the exact 
method to be followed remains to be determined. 
It is to the interest of Londoners that the river 
should be rescued from its present state of filth, and 
that it should be done as cheaply as is compatible 
with efficiency. 

Among the many processes of sewage purification 
which are being offered for adoption at the new 
works by the London County Council, none appears 
to be more promising than that of Mr. William 
Webster, of 8, St. Martin’s-place, Trafalgar-square. 
An experimental plant, capable of treating 1,000,000 
gallons of sewage per day, has been erected at Mr. 
Webster’s expense, at the South Metropolitan 
outfall at Crossness, and for more than twelve 
months trials have been conducted there on a scale 
corresponding to the requirements of a fair-sized 
town. These trials have certainly demonstrated 
the efficacy of the process, and, so far as their size 
and intermittent character would permit, they have 
shown it to be economical. The method followed 
is to electrolyse the sewage between iron elec- 
trodes. The chemical reactions have not yet been 
very clearly ascertained, but the nascent chlorine 
and the oxygen are carried to the positive electrode, 
probably in the form of hypochlorous acid, the 
strongest disinfectant known, and there they rapidly 
oxidise the organic matter. The iron is also dis- 
solved as a hypochlorite, and combining with the 
suspended matter, coagulates it in flocculent par- 
ticles. These are buoyed upby thehydrogen bubbles, 
and rise to the top as froth, leaving clear liquid 
beneath. If the treated sewage be run into a tank 
and allowed to remain there for two hours, the 
hydrogen gradually disengages itself, whereupon 
the coagulated particles subside to the bottom 
as sludge, and the liquid can be run off. It 
is found on analysis that the amount of iron dis- 
solved is equal to 2 grains per gallon treated. The 
matter in suspension, as shown by the above 
Table, is nearly all removed, while the free ammonia 
and albumenoid matter are very sensibly reduced. 
Any one may try the experiment for himself in a 
beaker glass with a sample of sewage, and a pair of 
iron electrodes having a difference of potential of 
24 volts ; in a very few minutes the organic matter 
is rendered flocculent, and an hour sees it precipi- 
tated. 

At Mr. Webster’s works the raw sewage, as it is re- 
ceived from London, is lifted into a tank, from which 
it flows through a long inclined channel to a settling 
reservoir. In this channel there are a large number 
of iron plates arranged in groups. All the plates in 
each group are parallel to each other and to the 
sides of the channel, the sewage flowing between 
them in streams about an inch wide and the depth 
of the channel. The plates are alternately positive 
and negative, the difference of potential being 
24 volts. The dynamo delivers current at a pres- 
sure of 20 volts, and six groups of plates are 
arranged in series. The time a particle of sewage 
is occupied in passing through the entire length of 
the channel varies, according to the degree of its 





pollution, from two to ten minutes. It is estimated 
that on the average it requires .25 amptre hour of 
current for each gallon treated, the current density 
being 1 ampére per 11 square feet of electrode. 

No positive estimates of cost have yet been made. 
The sole working expenses are for coal, iron, and 
labour ; and it is calculated that these will amount 
to 13s. per million gallons of London sewage, if 
treated on a large scale. Interest and depreciation 
of plant have to be added to this, and all the labour 
of dealing with the sludge. According to the 
Metropolitan Board of Works, it costs 6d. per ton to 
discharge this into the sea and about 1s. 6d. per ton 
to press it. In a town of 333,000, having a sewage 
discharge of 30 gallons per head, the mechanical 
power required is estimated at 264 horse-power and 
the expenditure of iron at 464 tons per annum. 
This latter is in the form of plates, 1 in. thick, run 
directly from the blast furnace. 

There is a charming simplicity about Mr. Web- 
ster’s process. He manufactures his chemicals 
to a great extent out of the sewage itself, and he 
uses them in the nascent state when itis well known 
they are most powerful. Instead of adding 5, 10, 
12, or 15 grains per gallon of solid matter, as is 
now done, he only adds two, and he not only pre- 
cipitates the matters in suspension, but he also 
removes some of the organic matter in solution. 
This latter is an important matter, as it defers the 
second decomposition so long that the effluent may be 
carried down to the sea, or oxidised by natural in- 
fluences, before it can occur. The extent to which 
the purification can be carried is merely a matter 
of time, and in hot weather, when the quantity of 
sewage is reduced, and is consequently fouler, it 
can be allowed to remain for a longer period in the 
electrolytic bath. 








SHIPBUILDING AND ENGINEERING 
INDUSTRIES IN SCOTLAND. 

Tue shipbuilding and engineering industries 
and the others cognate to them, on the Clyde, 
are in a more satisfactory position at the present 
time than they have been for years. There 
may not be any more activity than in former 
times of prosperity, contract prices may not 
be any greater—indeed it is said they are not 
so good—but there is a distinct prospect of a 
more amicable feeling obtaining between employers 
and men. At the present time a movement is con- 
solidating which, it is hoped by those concerned, 
may be attended with successful results, and if so 
it will have an important bearing on the principles 
of social economics as regards the relationship be- 
tween masters and workmen. Hitherto, prosperity 
in trade has not been an unmixed blessing, for the 
term has been synonymous with trades disputes ; 
but the movement inaugurated and now consoli- 
dating will, it is hoped, minimise these disputes, if 
indeed it does not put an end to them. This is 
perhaps rather an optimist view ; but there is no 
doubt that it is shared in by many employers and 
workmen in the Clyde district. The possibilities 
are great. F 

The idea of having a masters’ association is 
not by any means new; but the fundamental 
principles of such associations are too often not 
to obviate disputes, but to bring them about by 
an avowed attempt to counteract the movements of 
trades unions through measures dictated by the spirit 
of Jingoism. On one occasion a scheme was pro- 
posed for the establishment of an employers’ associa- 
tion with a capital of 300,000I. to fight the men. 
That, although not the specified, was the actual 
purpose. The present association is in marked 
contrast to this. The project is one eminently 
favourable to the men. The idea, in plain language, 
is to have an industrial parliament, representative 
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of employers and employed, being formed of two 
sections elected respectively by the masters’ associa- 
tion and by the trades unions. This parliament is, 
it is intended, to meet at least every six months for 
the purpose of mutual consideration of topics affect- 
ing both sections, and to confer on the state of 
trade. The scope of these may be enlarged as 
experience warrants. The first and probably most 
important work to be overtaken is the arrangement 
of a schedule of rates of wages applicable to those 
trades where classification of work is possible. 
Already a ‘‘ list” has been drawn up to be worked 
on in the interval, and regarded as tentative, so 
that they will have a basis on which to work in 
future. The matter is regarded favourably by the 
leading trades unionists, and so far as the employers 
are concerned, they are unanimous, as all the lead- 
ing shipbuilders and engineers in Glasgow and 
district, including also Yoker, Renfrew, Paisley, 
and Clydebank, have signed the agreement. In 
this respect the association is also a markedly 
superior organisation to previous combinations. 
Certain progress, too, has been made towards an 
amalgamation with the recently formed Port-Glas- 
gow and Greenock Association. 

In these days of corners and syndicates the word 
‘*combination” may carry a significant meaning to 
shipowners and prospective clients of builders, and 
more particularly to Lord George Hamilton and his 
colleagues at the Admiralty. In introducing his 
Navy programme in the House of Commons lately 
his lordship held out a threat that any combined 
action on the part of shipbuilders to force up con- 
tract prices would be frustrated ; but the naval 
lords may be assured that there is no intention of 
forming a shipbuilders’ syndicate or trust. The 
spirit of emulation and competition is too keen to 
admit of such a scheme. The Masters’ Association 
has reference only to the wages and kindred ques- 
tions, 

The shipbuilding and engineering trades are in a 
most satisfactory condition so far as employment is 
concerned. After the spurt of orders towards the 
close of last year it was thought probable that there 
would be a relapse. It has not come yet, a fact well 
borne out by the statistics of production and of con- 
tracts booked since the beginning of the year. 
Material, too, has been advancing in value. Steel 
plates and angles since the middle of last year have 
advanced 30s. ; boiler plates, 35s. ; iron plates and 
angles, 30s.; and bar iron, 17s. What is perhaps 
more convincing is the steady rise in the prices of 
the shares of such industrial companies as are com- 
paratively free from the influences of ‘‘ bulls” and 
‘*bears.” In Scotland there is not the same craze 
as in England for creating limited semi-public in- 
dustrial companies, but there is a sufficient number 
of them to afford indications of the public opinion 
as regards trade. The Steel Company of Scotland 
may be instanced. Within twelve months the shares 
(8/. paid) of this company were quoted as low as 
4l, 12s, 6d. ; last year, when trade was fairly good 
all round, their average price was about 6l., now 
the value is 8/. 12s. 6d. Other instances might be 
quoted, but it is unnecessary. 

The number of vessels launched during the three 
months is 29, aggregating 59,775 tons, whereas 
in the same months last year 31 vessels, of 42,320 
tons, were launched, showing an increase this year 
of 17,000 tons. In 1887 the total was 43,986 tons ; 
in 1886 it was only 28,669 tons, and 38,316 tons in 
1885. In the years of plenty, however, the output 
was much greater, being in the first three months of 
1883 as much as 23,934 tons more than during the 
past three months. The disparity when compared 
with 1884 and 1882 is not so great, the total in the 
former case being 3500 tons more, and in the latter 
10,500 tons. 

The contracts booked show a net gain over the 
vessels launched during the three months of three 
vessels of 7995 tons, the orders booked being for 
34 vessels of 67,770 tons. The work now on hand 
is represented by 150 vessels in various stages of 
construction of about 290,000 tons, which, with the 
prospect of more orders for the mercantile service 
as well as the British Navy, gives cause for satisfac- 
tion, for not since 1883 has the work in progression 
been so great. 

It will at once be seen that steel and iron works 
are actively employed, indeed the difficulty is to 
overcome the orders in books. Recently, too, the 
Government have been buying, and many of the 
leading shipbuilding firms are covering themselves 
in the hope of getting a share of the Navy work. 
It is noteworthy in this respect that not a few 


vessels are being built of iron because delay would 
be caused by the late delivery of steel. 

While the home demand is good it must be con- 
fessed that the requirements of foreign countries 
are not improving in the same ratio. This fact is 
established by statistics compiled from the Custom 
House returns. From the Clyde in the past three 
months the amount of steel exported to foreign 
countries was valued in round figures, at 85,0001., 
whereas in the Jast three months of last year the 
total value was 139,000/. In the first quarter of 1888, 
however, the total was only 78,000/ , so that there 
is nota falling off. India and the United States have 
done very much better, but Australia has taken con- 
siderably less. Iron manufactures were shipped to the 
extent of something like 307,000/., which is 60,0001. 
less than last December quarter, and 30,000I. less 
than in the March quarter of last year. India and 
China combined have taken only 147,000I., 30 per 
cent. less ; while Australasia has taken 70 per cent. 
more than in the corresponding period last year. 

Of general machinery the exports were very 
satisfactory, being valued at over 107,000l., which 
is practically the same as in the preceding three 
months, and is over the corresponding quarters in 
several preceding years, as in 1887 the value was 
79,800/., and in 1886 it was 49,0001. India and China 
together have increased their take by 100 per cent. 
and Australasia by 200 per cent. The fact that at 
this time last year several steel vessels with their 
machinery were sent to Africa had the effect of 
swelling considerably the figures under these two 
headings. The shipments of sewing machines were 
much greater than for some time, being about 
46,000/., as against 40,0007. in the December 
quarter ; 25,439]. and 29,415/. in the corresponding 
months in 1888 and 1887. There is an increased 
take all round, particularly in the case of the Con- 
tinent. Locomotive engines still show a falling off, 
the exports for the quarter being worth 46,000/., 
against 64,9741. in the preceding quarter, and 
74,9281., 56,486/., and 88,000/. respectively in the 
first quarters of 1888, 1887, and 1886. Africa is 
now a fairly steady customer, but India has only 
taken 3500/., half what was shipped thither in the 
March quarter of last year, while in the March 
quarter of 1887 the shipments were valued at 
51,160/. The locomotive works, however, are ina 
very much better condition than they were. 





BRAKE TRIALS AT CARLSRUHE. 

In 1883 the Baden State Railways, who have 
their offices of administration and their works at 
Carlsruhe, began fitting up their passenger trains 
with the Westinghouse automatic brake, and 
in 1887 this work was practically finished, leaving 
but little to complete during the year 1888, while 
at the end of the latter they had 223 locomotives 
and 888 carriages completely equipped and 539 
more carriages provided with pipes, so that all 
passenger and fast service on their line could be 
carried out with efficiently braked trains. All the 
South German lines, Bavaria, Wurtemberg, Main, 
Neckar, and several Swiss lines, including the 
St. Gothard Railway, soon followed suit, and 
either have completed or are now fitting up their 
rolling stock with the Westinghouse automatic 
brake. In the early part of 1886 some brake ex- 
periments were undertaken by the direction of the 
Baden State Railways near Heidelberg, and irre- 
spective of other results, the responsible authori- 
ties came to the conclusion that, for express service, 
satisfactory performance under all conditons can 
only be secured by all carriages being fitted with 
brakes, and this condition it has since been the 
desire of the engineers to fulfil. As the pioneers 
of the introduction of automatic brakes in Germany 
they have watched with interest the development 
of this important question, and the results of the 
trials and demonstrations which took place in the 
spring of last year in America,* with the new 
quick-acting Westinghouse brake, were eagerly 
studied by the technical superintendent, Mr. 
H. Bissinger, under whose special care this part 
of the equipment of trains on the Baden State 
Railways has been for some years past. Shortly 
afterwards arrangements were made with the West- 
inghouse Company to supply the necessary fittings 
for one engine and fifty carriages, so as to enable 
the authorities of the Baden State Railways to 
repeat the American trials and thus gain results by 
personal observation. 

It will be remembered by those who read our 
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description of the apparatus that the principal 
alteration necessary to change carriages fitted with 
the ordinary Westinghouse automatic brake to those 
with the new quick-acting arrangement lies in the 
triple valve; in addition, however, a combination 
has been designed in which the brake cylinder, the 
reservoir, and the new triple valve are now joined 
into one piece without any external pipe connec- 
tions between them, while it is moreover found ad- 
visable to fit 1} in. train pipes in place of the present 
lin. pipes for the more rapid flow of air in very long 
trains. The whole apparatus was fully described 
and illustrated by us in vol. xlv., page 236, and 
need not here be further referred to. 

With the view of making the results of the trials 
on the Baden State Railways as perfect as pos- 
sible and eliminating every possibility of error and 
accident, an elaborate and most complete pro- 
gramme was drawn up by Baurath Bissinger and 
his colleagues, and a distinguished company, con- 
sisting almost entirely of high railway ofticials from 
most of the German, Austrian, Italian, and Swiss 
railways were invited. More than thirty accepted 
the invitation, and were present for the two days last 
week—March 19 and 20—on which the trials took 
place. It was remarkable that considering the 
evidently keen interest taken in these trials by the 
profession, that the scientific press was, with one 
exception, our own, not represented at all, but no 
doubt the results of the trials will ultimately be 
supplied by the direction of the Baden State Rail- 
way, and will thus be generally available. 

We may here point out that the question of effli- 
ciently controlling very long passenger trains run 
at a high speed has a very important military 
aspect, and this is a point which is at the present 
moment studied with great interest by the military 
authorities in Germany and also in France, where 
similar trials will be held in the course of next 
month. The power of safely working trains suffi- 
ciently long to each convey a complete battery of 
artillery, or a complete battalion with its belong- 
ings, has a most material effect in organising the 
mobilisation of an army, but with the brakes ordi- 
narily in use trains of 45 to 50 carriages cannot be 
safely controlled if run at express speeds. It is 
in its power of effectively dealing with such trains 
that one very great advantage of the Westing- 
house new quick-acting brake over other systems 
consists. We may add that the military im- 
portance of being able to work long trains is a 
matter which applies to India, as well as to Conti- 
nental nations, and the Carlsruhe trials, with which 
we are about to deal, have thus an important bear- 
ing on the question of the selection of a brake for 
our Indian railways. Judging from the article in 
The Indian Engineer, which we published on page 
250 of our number of the 15th inst., the question 
has been dealt with in India in a most inadequate 
fashion, and it in fact appears that the efficiency of 
the vacuum brake was never tested at all on such 
long trains as those which it is desirable to have 
available for military purposes. We await the 
arrival of full official particulars of the Indian trials 
before dealing with them in detail, but, meanwhile, 
as we have said, the Carlsruhe experiments and 
their results deserve the most careful consideration 
of the Indian railway authorities. 

Turning now to the recent experiments at Carls- 
ruhe, it will be remembered that the advantage of 
the arrangement of triple valve used with the new 
Westinghouse brake consists in more quickly releas- 
ing the pressure in the train pipe, thus applying the 
brake with greater precision and rapidity, even over 
a very long train, and that this more rapid action 
is obtained, first, by establishing communication 
between the train pipe and the brake cylinder, thus 
momentarily reducing the air pressure in the pipe, 
and, secondly, utilising part of the air in the brake 
pipe, which, in the old brake, is exhausted. That 
theserecent improvements inthe Westinghouse brake 
are capable of performing the necessary functions 
with much greater rapidity than has been previously 
possible the experiments in America and at Carlsruhe 
have satisfactorily proved, and it may here only be 
mentioned that when the brake was applied to a 
standing train of fifty carriages, all fitted with the 
new quick-acting brake, and with a total length of 
over 1500 ft., the last brake block was on its wheel 
within 1? seconds from the moment the driver's 
brake valve was operated. 

The Carlsruhe experimental trains, of which there 
were three, consisted all of fully fitted carriages ; 
they were, for the most part, four-wheeled third-class 
passenger carriages, each wheel braked, while the 
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engine was one of the Baden State Railway’s large|in addition the quick-acting triple valves could be | as No. 2. Of the weight of these trains and their 
four-coupled passenger engines, with leading four- connected to the smaller train pipe; thus the fol-| engine, as well as the pressure on brake-blocks, 








wheel bogie and a six-wheel tender ; on the engine | lowing experiments could be made : | particulars are given in Table No. L 

the four coupled wheels were provided with the! «. Ordinary brake with small pipe. The experiments were carried out on a level and 

usual brake. b. Quick-acting brake with small pipe. | straight piece of road on a branch line near Carls- 
Train No. 1 consisted of 18 carriages, andeach | c. Quick-acting brake with large pipe. | ruhe, where traffic is not extensive. For the pur- 
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KAPTEYN’S AUTOMATIC TIME, PRESSURE, SPEED, AND DISTANCE RECORDER. 


of these carriages was fitted with the ordinary 

Westinghouse automatic brake as well as with the 

new quick-acting brake and the larger train pipes ; 

Tasie No. I.— Weight and Length of Experimental Trains 
and Pressure on Brake-Blocks. 
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Train No. la. Length, 535 ft. 
, Pressure on 
Weight. Brake-Blocks. 
tons. tons. 
1 Locomotive = ac 45 18 
1 Tender .. is - 27 13 
16 Third-class carriages .. 152 91 
1 Saloon... os os 9.9 5.7 
1 Experimental van... 8.6 2.6 
Total.. 18 Carriages 242.5 130.3 ; ea > 
Train Nos. lband 1c. Length, 540 ft. { ¢ Indicator 4 
tons. tons B 
1 Locomotive 2 os 45 18 = 
1Tender .. Se se 27 11.2 
18 Third-class carriages .. 122.2 73.3 
4 Goods vans 7" ee 37.4 23.8 
1 Experimental van... 8.6 2.6 
Total.. 18 Carriages 240.2 128.9 
Train No, 2. Length, 870 ft. 
tons. tons. 
1 Locomotive .. ae 45 18 
1 Tender .. os - 27 11.2 
23 Third-class carriages .. 216.2 129.7 
6 Goods vans .s . 56 34.7 
1 Experimental van... 8.6 2.6 | 
Total.. 30 Carriages.. - = 352.8 196.2 | 
Train No. 3. Length, 1545 ft. 
tons, tons. 
: —— er oe 4 18 
‘en a0 ee oe 11.2 . : ° : te . ° 
40 Third.class carriages .. 376 25.6 | ‘Train No. 2 consisted of thirty carriages, similar , poses of observation, a flag was placed, marking the 
8 Goods vane 84.1 53.6 to those in the previous train, but only fitted with commencement of the trial division, in addition, a 
Experimental van .. 8.6 26 | quick-acting brake and large pipes. detonating cap was placed at this point and again 


Total .. 60 Carriages... 540.7 311.0 | Train No, 3 consisted of fifty carriages, the same 200 and 400 metres in advance. The speed of the 
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train was measured between the last two signals on 
a distance of 200 metres, and immediately after the 
third explosion, at the moment of passing the flag, 
the brake was applied. 

The distance run was measured from the position 
of this third signal up to the front wheel of the loco- 
motive when at rest. The time in seconds was 
taken from the moment of opening the driver’s 
brake valve to the moment of actual stop. 

It will be remembered by our readers, that for 
the purpose of automatically recording the results 
of brake experiments, a very ingenious apparatus, 
devised by Mr. Albert Kapteyn, has been used. This 
apparatus, which, since our last notice, has been con- 
siderably perfected by its inventor, who has given 
it the name of Automatic Time, Pressure, Speed, 
and Distance Recorder, and of which we give an 
illustration in Fig. 1 on page 308, has, moreover, 
received some further additions from Baurath 


Bissinger ; and in the trials at Carlsruhe it was | 


placed in an experimental van in the rear of each 
train. Telephonic communication was established 
between this van and the engine, while, in addi- 
tion, the driver’s brake valve was fitted with an 
electric contact, so that its position was instantly 
transmitted to paper in the experimental van. The 
electric leads were fitted under the footboards at 
both sides of the carriages, and the necessary bat- 
teries placed in the rear van. 

Of the recording instrument in the experimental 
van a clear conception will be gained from the dia- 
gram, Fig. 2, on page 308. In the apparatus an 
endless coil of paper a guided by vertical rollers 
b, c, d, e, f,g, travels with a regular speed obtained 
from a strong clockwork ; the roller h being grooved 
and driven in close contact with the roller g, pulls 
the paper uniformly at the desired speed. For the 
purposes of registering the various pressures, four 
indicators are attached ; of these our wood engraving 
shows only three, the fourth having been added only 
recently for these particular experiments. Indicator 
C isin connection with Kapteyn’s speed indicator F, 
and shows the pressure in this, recording miles per 
hour. Indicator E shows the pressure in the reser- 
voir, A in the brake cylinder, and B in the brake 


ipe. 
” Itwill thus be understood that while the commence- 
ment of the action of the brake is transmitted elec- 
trically and is of course momentary, the conditions 
of pressure in the pipes are only measured after the 
action has traversed the whole length of the train, 
some 1500 ft., and passed fifty triple valves. The 
two last named indicators, A and B, mark their 
indications vertically, one above the other, pro- 
ducing the lines 3 and 4, while three more indi- 
cations in the same vertical line are produced by 
the electro-magnets T, U, and V, but the lines 
produced by indicators C and E have to be shifted 
in a horizontal direction to their proper position to 
enable a direct reading tobe obtained. This, how- 
ever, will of course be done in the diagrams we hope 
to publish. Turning now to the electro-magnetic 
contacts, it will be seen from the diagram that 
magnet T is in communication with a clock D, 
which makes one contact every half - second ; 
the pointer on this magnet therefore produces a 
saw-tooth line (see Fig. 1) showing half-seconds : 
magnet U is in circuit with the driver’s brake 
valve, and produces a mark in the line at the 
moment the valve is opened, while magnet V, not 
visible in Fig. 1, is worked by an arrangement of 
gear wheels derived from the speed indicator, which 
makes contact once every ten metres run. In addi- 
tion to these elaborate arrangements for observa- 
tion, an apparatus designed by Mr. Hanshiilter, 
was erected in the experimental van which showed 
the average speed during every 12 seconds. This 
last instrument had its own independent driving 
shaft, but when the speed became uniform, its 
readings agreed excellently with the Kapteyn speed 
indicator. 

It will thus be understood that from the dia- 
grams obtained on this apparatus it is possible 
to read the following information: Time which 
elapses between opening of driver’s brake valve and 
this action being transmitted to last carriage ; the 
distance run ; pressures of air in the reservoir, brake 
pipe, and cylinder, before, after, and during any 
moment of the stop ; and the speed at any moment 
during the experiment. 

_That with such appliances there should be no 
difficulty in obtaining exact readings for all the 
headings of columns under which the results are 
tabulated it is needless to point out, but we may 
add that so carefully were all contingencies pro- 





vided for under the direction of Baurath Bissinger 
and Baurath Seiz, and so perfect is the operation of 
Kapteyn’s recording instrument, that during the 
eighteen trials extending over two days not one 
observation was lost. Since some little time 
must necessarily elapse before all the results of 
these trials can be tabulated and the diagrams 
be reproduced, we will to-day only give the 
principal results of the various experiments under 
the heads of speed of trains, distance run, and 
time of stop, but even these may require some 
slight corrections later on, when we hope to have 
more to say on the effect of the latest development 
of the Westinghouse automatic brake. The general 
results just referred to are given in Tables Nos. II. 
and IIT. annexed. 


TaBLe No. II.—Result of Trials, March 19, 
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TaBLeE No. III.—Result of Trials, March 20. 























‘i lsaclax a 
a | @ |g8Si¢e3 
Se |) & *eéle-$ 
Bg “i “| 4 8<s5|/E2% Particulars of Trains. 
Be % sssees 
, 2 a a es ig am 
miles ft. | sec 

‘ rhour Bm 
11 | Ordinary 44.1 5 | P ' 
12 | Emergency} 348 420 14.25 | | Train = > 
13 re | 404 | 564/167 | ¢ SCting brake, large 
14 » | 422 600 | 17.5 ) Pipes, 30 carriages. 
15 | Ordinary | 34.8 1538 | 40.5 : 
16 |Emergency| 28.6 | 302/125 | = ~~ S qe 
17 » | 848 | 448114. acting brake, large 
18 r 36.0 | 462 | 15.5 pipes, 50 carriages. 





At the completion of the runs recorded in the 
Tables, the train No. 1c was taken up an incline 7.5 
miles long, with an average inclination of 1 in 80 
and curves of 2000 ft. radius, with three stations 
on the incline, and the train was taken down this 
incline with an average speed of 31 miles. Of this 
descent it is difficult to give any particulars without 
diagrams, but it may be preliminarily stated that, 
according to observations taken by ourselves, the 
variations in speed did not exceed 9 per cent., and 
the control of the descent was, in other respects, 
quite satisfactory. When the diagrams taken are 
available we shall return to this experiment, and 
shall also deal fully with the other trials. 








THE NAVY ESTIMATES. 

THE naval programme for the present year is, at 
the time of writing, still under the consideration of 
the “collective wisdom” at St. Stephen’s, and we 
have already commented upon the results of the 
earlier debates in these columns. We now propose 
giving an abstract of some of the leading features 
contained in the usual annual official publication, 
the second instalment of which was issued to the 
public last week. Before doing so, however, we 
may congratulate the Admiralty authorities on the 
full and plain manner in which the estimates are 
now issued. There is no more effective method 
for an honest and straightforward department to 
meet the aspersions of calumny—by which it seems 
the fate of every public body to be assailed—than 
by taking the public into its confidence. It is a 
course we hope and believe the Admiralty can now 
afford to follow. 

It should first be noticed that the altered form in 
which the estimates are now cast was submitted to 
the judgment of the Public Accounts Committee. 
Some of the alterations were adversely criticised as 
destroying the continuity of form aud consequent 
power of comparison with estimates and accounts 
which had ‘‘lasted for nearly two generations.” 


'Those who wish to pursue this subject will find the 





report in Parliamentary Paper No. 405. Special 
reference is made to the ‘aheniinn in the effective 
Vote No. 1 of the half-pay of officers awaiting 
appointments to ships. In deference to the opinion 
of the Committee, this charge has been placed 
among the non-effective votes. 

The Committee, in their reference to the distri- 
bution statement allocating the labour employed, 
cash expenditure, and stores issued from stock, to 
specific work, which was the most important addi- 
tion made to the estimates of last year, commend 
the principle, but point out that it should receive 
direct Parliamentary approval in a manner similar 
to that accorded to other votes. To meet their view 
asummary of this expenditure, designated Vote B, 
has been prepared, and will be submitted for Par- 
liamentary approval if it meets the views of 
the Public Accounts Committee. This summary 
appropriates under separate subheads, the esti- 
mated expenditure in labour and materials, with a 
Loe aca of establishment charges to each class of 
work, 

In order to afford a more complete financial 
review of the programme of shipbuilding, the 
details attached to Vote B have been slightly modi- 
fied. In addition to giving for each vessel under 
construction the original and estimated cost, the 
expenditure up to March 31, 1889, and that pro- 
posed for 1889-90, together with the sum required 
in subsequent years to complete, it furnishes the 
total expenditure, past and future, upon each class 
of vessel under construction. An estimated stock 
account of stores is also appended to this portion of 
the estimates, This information has not been pre- 
viously furnished, and will be duly appreciated by 
those, outside official circles, who wish to arrive at 
some conclusion in regard to this branch of public 
expenditure. 

The plan of Vote 10, which refers to ‘‘ works, 
buildings, and repairs at home and abroad,” has 
been modified in a manner suggested by the Com- 
mittee before referred to. In essential details the 
arrangement is similar to the analogous vote of the 
War Department. 

There is also an abstract appended to the esti- 
mates showing the aggregate first cost of each class 
of the effective vessels of the fleet. In this are 
included the costs of all ships, finished or complet- 
ing, laid down under what is known as Lord North- 
brook’s additional programme. Combined with 
this statement, particulars are given in continua- 
tion of those furnished in the last two years’ esti- 
mates, of the estimated amount required to be 
expended in new construction to meet the ordinary 
depreciation and waste of the Navy so as to main- 
tain the fleet at its present strength. The sum 
thus required is 2,056,985/., including a proportion 
of the establishment charges. The amount pro- 
posed to be expended out of ordinary estimates, as 
shown in Vote B, is 2,861,930/., of which 1,463,8351. 
is to be expended upon vessels already in hand, 
and 1,398,0951. on those to be commenced. 

Having given these explanatory notes by way of 
preface, we will now turn to the actual votes them- 
selves. 

The grand total.of the 13 effective and 5 non- 
effective votes is for the year 1889-30, 14,361,8101. ; 
the effective services being 12,299,962/., and the 
non-effective votes 2,061,848. The total net in- 
crease of the whole estimates for this year is 
602,6001. 

The personnel of the fleet this coming year 1889- 
90, will amount to 65,400 officers and men; an in- 
crease of 3000 over the present year.* The wages, 
&c., are provided for in Vote 1; the gross estimate 
being 3,304,4961. Appropriations inaidare102,796I., 
leaving a net estimate of 3,201,700/. For victual- 
ling and clothing, Vote 2, the net estimate (i.e. 
deducting ‘‘appropriations in aid”) is 1,061,100I. 
net. Medical establishments and services, Vote 3, 
are set down at 121,900/. net; whilst martial, 
Vote 4, is 11,4001. net. Educational services, 
Vote 5, are 71,9001. net. Divine service, Vote 6, 
will cost 31,9001. net ; whilst the Royal Reserves 
are set down at 147,500/. net. 

We now come to the chief vote in the service, or 
at any rate, the vote round which the chief contro- 
versy always centres. This is Vote 8, shipbuilding, 
repairs, maintenance, &c. It is divided into three 
sections, viz.: I., Personnel; II., Material; and 
III., Contract Work. The gross total for the three 
sections, 4,883,900/.; the appropriations in aid 
being deducted, leaving a net total of 4,659,800/. 





* The financial year commences April 1st, 
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Vote 9, the new vote, is for naval armaments, a 
subject upon which we discoursed last week. The 
net sum under this heading is 1,463,5001. ; there 
being no appropriations in aid. Works, building, 
and repairs at home and abroad, Vote 10, are 
451,000/. net; miscellaneous effective services, 
Vote 11, 128,800/. net ; scientific services, Vote 12, 
57,9001. net; and Admiralty offices, Vote 13, 
217,400I. net. 

The above are the effective votes. The five re- 
maining non-effective votes are for half-pay, re- 
served, and retired pay, pensions, and gratuities. 
They amount to the total already stated. 

Votes 8 and 9 are those which chiefly interest us, 
and we will now give fuller details of the figures 
included under these heads. 

Taking Vote 8 first, we find the charge under 
Section [., Personnel, is 1,640,4001. gross, less 
21,1001. appropriations in aid to make up the net 
estimate of 1,619,300. Under Section II., Material, 
the gross sum is 1,678,500l., less 203,0001. appro- 
priations in aid, leaving anet balance of 1,475,5001. 
These two sections are for dockyard work, the con- 
tract work naturally coming in one lump sun, for it 
is of course impossible to divide labour and material 
when one buys a thing realy made. Section IIL., 
Contract Work, is 1,565,0001., there being no appro- 
priations in aid here. 

Section I. is divided into two parts, the first 
dealing with dockyards at home and the second 
with naval yards abroad. Taking the former first, 
we find the following gross items: A, salaries and 
allowances, 161,739/. ;* B, wages, &c., of men and 
hire of teams, 1,245,7731. ; C, wages, &c., of police, 
35,6841, ; D, contingencies, 4025]. For naval yards 
abroad we find the following: E, salaries and 
allowances,+ 45,416l.; F, wages, d&c., of men and 
hire of tzams, 135,580/. ; G, wages, &c., of police, 
11,430. ; and H, contingencies, 7531. The appro- 
priations in aid in this section are 21,1001. for 
home and abroad. 

The following are the gross estimates for sub- 
heads under Section II.: A, timber, masts, deals, 
&ec., 147,500/.; B, metals and metal articles, 
640,000. ; C, coals for yard purposes, 38,5001. ; 
D, hemp, canvas, &c., 107,000/.; E, paint, oils, 
&ec., boat’s furniture, &c., 233,0001. ; F, electrical 
torpedo and other apparatus, 93,0001. ; G, coals for 
steam vessels, 366,0001.; H, freight, 33,5001. ; 
I, rents, water, &c., dockyards at home, and naval 
yards abroad, 11,7151. ; and K, gas, &c., dockyards 
at home and naval yards abroad, 82851. The appro- 
priations in aid are 203,0001. 

We now pass to Section IIL., Contract Work, and 
find the following totals for the subheads named : 
A, propelling machinery for Her Majesty’s ships and 
vessels, 871,940l. ; B, auxiliary machinery, for Her 
Majesty’s ships and vessels, 41,9001. ; C, hulls of 
ships, &c., 211,636. ; D, purchase of ships, ail ; 
EK, repairs and alterations (by contract) of ships, 
&c., and their machinery and stores, 25,0001. ; 
I’, inspection of contract work, 15,000/.; G, gun 
mountings and torpedo carriages and gear, 307, 4541. ; 
Hi, machinery for Her Majesty’s shore establish- 
ments at home and abroad, 52,660/. ; and I, royal 
reserve of merchant cruisers, 39,400/. These make 
a net total, as already stated (there are no appro- 
priations in aid’, of 1,565,000/. ; a net increase of 
50,800/. on the contract werk of last year. 

We will now pass to the Armaments Vote, No. 9, 
leaving a consideration of some further details of 
the shipbuilding aspect of the question until we 
c me to deal with the Appendix to the Estimates. 
There are six sub-heads in Vote 9 as follows: A, 
guns, 413,000/. (decrease of 47,244/. on 1888 89); B, 
projectiles and ammunition, 660,0001. (decrease of 
288.7121. on 1888 89) ; C, torpedoes and gun cotton, 
110,000/. (decrease of 33,618/. or 1888-89); D, small 
arms and miscellaneous, 185,2411. (decrease of 
30,4261. on 1888-89) ; E, inspection, proof storage, 
&e., 70,0001. ; and F, freight, 25,2591. The total 
of Vote 9 (ao appropriations in aid) is 1,463,5001., 
or a decrease of 400,000/. on 1888-89. 

There are a few items in Vote 10Q—works, build- 
ings, &c.—which may be referred to, although the 
bulk of the total of nearly half a million is made 
up of small items. Thus we find, under Chatham, 
that 20,000/. is to be spent in dredging. This 
suin is chiefly for deepening the Medway so that 
large war vessels may pass up and down at times 


* This amount includes the sum of 24,931/. for pay of 
inspectors, which is charged direct to cost of shipbuilding. 

+ This amount includes the sum of 1250/. for pay of in- 
spectors of shipwrights, which is charged direct to the cost 
of shipbuilding. 





other than spring tides. The operation is one 
which would prove of the greatest use and import- 
ance in case of war. At Portsmouth 19,000/. are 
to be spent in coaling arrangements, and 16,500I. 
in dredging. Coaling of warships is a problem 
that may prove almost as well worthy of attention 
as the construction of guns or even the disposition 
of armour itself, as the late manceuvres have 
shown ; for an unarmoured ship with coal would 
certainly be of more use than however strongly 
armoured a vessel without coal. At Portland 
30,0001. are to be spent on coaling arrangements in 
1889-90, out of a total of 85,0001. for the whole 
work. At Keyham, too, 28,500l. are to be spent 
on the same description of work, although only a 
small part of the operations are to be carried out 
during the forthcoming year. 

The extension of Portsmouth Dockyard is a work 
that has been now a long time in hand and is near- 
ing actual completion, although only 4500/1. are 
to be spent during the ensuing year. The total 
estimate for the work was 2} millions, of which 
only 29,5001. will remain to be expended after next 
year. An item of 2500/., which appears in the 
present estimates, seems a good deal for a new 
building for a scrive board ; but doubtless this is 
a very modest name for something more compre- 
hensive. 

Turning io stations abroad, we find that Malta 
Yard is to have 56,7001. spent upon its extension 
during the ensuing year, out of a total of 337,500. 
for the whole work, of which 186,000/. has been 
expended up to the present date. 

The miscellaneous effective services do not con- 
tain items of any special importance. The chief is 
64,0001. for passage money and conveyance of 
officers, seamen, and marines. Compensation for 
damage done by Her Majesty’s ships of 4000l., 
exclusive of law costs, is an unpleasant item, but it 
sinks into insignificance compared to the supple- 
mentary estimate since presented for the exploits 
of the Sultan, since defunct—de mortuis; but it 
would be satisfactory if these ‘‘ effective services” 
could be kept down to the two thousand odd of last 
year. For the naval attachés’ salary, allowances, and 
travelling expenses the sum of 10001. is set down in 
Vote 11, whilst a sum of 228/. 2s. 6d. is further 
allowed for extra remuneration. It is evident that 
we do not get a great deal of information from our 
neighbours on questions of naval policy. It would 
be interesting to compare this item with the 
corresponding amounts in the naval budgets of 
some of our foreign friends, especially if what 
may be called the secret service money could be 
included. 

The Admiralty pay 45301. this coming year to- 
wards lighthouses, lightships, beacons, &c., and 
are to be charitable to the extent of 8101. ; so we 
suppose even Sir Wilfred Lawson will acknow- 
ledge they do some good. Medals for good con- 
duct and conspicuous gallantry in action will only 
cost the country 150l.; evidently a peace appro- 
priation. This vote concludes with a list of mis- 
cellaneous services about a yard long, amongst which 
are the conveyance by sea of the royal household 
entertainment of royal personages, ceremonies, 
attendant on the launching of Her Majesty’s ships, 
contributions to recreation funds, and various 
‘*small or unforeseen expenses,” festive or other- 
wise ; amongst the latter, for instance, fees to re- 
gistrars for certificates of death. The total sum 
is only 10,3501. 

In Vote 12, Scientific Services (57,900I.), we find 
Greenwich Observatary costs the Navy 80791. ; the 
Cape Observatory, 3352l. ; to which must be added 
the sum of 2731/. in connection with the photo- 
graphic mapping of the heavens ; out of which the 
two photographic telescopes will cost 1150I. each. 
The hydrographic department will absorb 27,1901. ; 
coast surveys, 19,600/. ; the Naval Museum, Green- 
wich, 6561. ; compass department, 15801. ; Nautical 
Almanac, 3445/.; chronometers, 20131. ; and con- 
tributions in aid of scientific institutions, 5501. 

There is nothing very novel and interesting in the 
Vote for the Admiralty Office, and as the chief items 
may be found in Whitaker, we will pass them over 
here, and so have done with the effective votes. 
We shall doubtless be excused if we deal with the 
non-effective votes in a like summary manner ; and, 
indeed, they do not admit of any intelligent abstract 
being made, being simply a list of pensions, retired 
pay, gratuities, &e. 

We now come to that part of the estimates de- 
voted to the ‘‘ Programme for Shipbuildirg, Repairs, 
Maintenance, &c.” By a table in this section we are 








told that the following vessels will be commenced and 
completed during theensuing year. First-class battle- 
ships, five to commence and four to complete. Of 
these two will be completed and one commenced 
at Portsmouth; whilst one first-class battle-ship 
will be advanced at the same yard. Chatham also 
completes two and commences one, whilst Pembroke 
commences two of these first-class battle-ships. 
Of second-class battle-ships there will be but one 
commenced, and this is given to Portsmouth. Two 
of the first-class ships to be completed in the dock- 
yard have, however, been built by contractors. 
Three protected cruisers of the first-class will be 
commenced. Portsmouth will have one, Devon- 
port one, and Chatham one. There are also two to 
be advanced, one at Chatham and one by contract. 
Of second-class protected cruisers there are six to 
commence ; one at Portsmouth, two at Devonport, 
two at Chatham, and one at Pembroke; whilst 
three are to be completed at Portsmouth. Of the 
third-class protected cruisers six are to be com- 
pleted ; three at Portsmouth, two at Devonport, 
and one at Sheerness. Of these two are now build- 
ing at Pembroke. None are to be laid down. In 
this list of protected cruisers is also included the 
torpedo depdt ship Vulcan, now being advanced at 
Portsmouth. 

We now pass to the unprotected vessels. Amongst 
these we tind first two sloops to complete, one 
at Portsmouth and one at Sheerness. Of torpedo 
gunboats of the first class we find six to complete— 
two at Devonport and four at Chatham—and six to 
commence, one at Devonport and five at Sheerness. 
Of torpedo gunboats of the first class there are nine 
to complete, six at Portsmouth and three at Sheer- 
ness. Of these, four are being built at Pembroke. 
There is a training brig building at Pembroke, 
which will be completed at Devonport, and six first- 
class torpedo boats building by contract will be 
finally completed at Portsmouth. 

Thus we see that, from battle-ships to first-class 
torpedo boats, during the ensuing year the estimates 
provide for 61 vessels to be in hand ; 37 to be com- 
pleted, four advanced, and 20 commenced. Of 
these Portsmouth has the lion’s share, especially in 
the matter of completions, under which heading she 
has 15 vessels of various kinds. In this respect, 
however, Portsmouth appears to greater advantage 
than she is justly entitled to upon further examina- 
tion of the case, as many vessels are simply taken 
there to have the finishing touches put upon them ; 
take, for instance, the case of the six torpedo boats 
building by contract, which figure in the total of 15 
vessels. 

In addition to the vessels named there are some 
smaller craft to be completed during the coming 
year 1889-90; to wit 10 second-class toi pedo boats 
(built by Yarrow), 26 (20 to be built by Finch 
and Co.) coaling lighters, and two steam coaling 
lighters (built by Hawthorn), to be completed by 
the dockyards, and three coaling lighters to be 
completed by contract. 

It will be convenient now to turn to the abstract 
of expenditure upon classes of ships. We find on 
page 171 of the second issue of the estimates a 
useful Table which tells us that the estimated total 
expenditure on new constructions in hand up to 
March 31, 1890, will be 16,534,540I., exclusive of 
guns. This will leave a sum of 4,717,6991. still to 
spend ; so it will be seen that we shall have just 
over twenty-one and a quarter million’s worth of 
new shipping in hand, counting, of course, expen- 
diture past and to come. The total is divided into 
‘‘armoured,” ‘‘ protected,” ‘‘ unprotected,” and 
“sundries.” In the armoured class we find that in 
the deckyards the actual expenditure up to March 
31, 1888, is 5,548,694l., whilst the probable ex- 
penditure for the present year will be 508,607/., 
giving a total of 6,057,3011. for dockyard armoured 
construction. The corresponding figures for con- 
tract work are 3,303,297/., 320,0391., and (total) 
3,623,3361. Under this heading—i.e., Armoured 
Construction—we find that for dockyard work the 
estimated expenditure for the coming year 1s as 
follows: Direct charges, 666,6911., and propor- 
tion of establishment and incidental charges, 
52,8801. For contract work the corresponding 
figures are 59,9301. and 48921. 

So far, we have discussed the financial aspect 
of the different votes from a point of view likely to 
be most interesting to our readers. The present 
estimates, however, contain a gcod deal of valuable 
information as to the various ships now in progress 
or to be laid down. This subject we shall deal 
with in a future article. 
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NOTES. 

A New System or Exectrricat DistR1BuTion. 

Accorp1nG to the Revue Internationale del Electri- 
cité, Edison has recently patented an entirely new 
system of high potential electrical distribution. 
The new arrangement is based on the fact that the 
number of watts consumed by an incandescent lamp 
in unit time can be controlled, whatever the electro- 
motive force of the circuit and the resistance of the 
lamp may be, provided only that this electromotive 
force is greater than is required by the lamp when 
worked in the ordinary way. This can be effected 
by periodically interrupting the flow of the current, 
so that it is only in circuit with the mains inter- 
mittently, and if the interruptions follow each 
cther with sufficient rapidity a perfectly steady 
light is obtained. In this way a glow lamp which 
with the ordinary method of working requires a 
definite potential difference at its terminals to pre- 
serve its proper degree of incandescence, can also 
be fed by a circuit having a potential difference two 
or three times as great, if it is only left in circuit for 
one-half or one-third the time. In reducing this 
principle to practice it is proposed to take the cur- 
rent with high tension mains to one or more points 
in the district to be lighted and to establish there 
secondary distributing centres, in each of which 
the main current will be split up into two or more 
lamp circuits by means a current controller. This 
controller consists of a shaft rapidly rotated by an 
electromotor in the main circuit, and which is fitted 
with brushes, through which the current is laid 
from the high-tension mains to the two or more 
lamp circuits proceeding from the station. These 
brushes are arranged so that only one of these 
latter are in circuit with the main at any one in- 
stant, each lamp circuit being connected up with 
the main inturn as the shaft of the controller re- 
volves. The motors employed are to be fitted with 
governors which will cut out all the lamp circuits 
when the speed of rotation of the shaft falls below 
a certain limit, and thus avoid any danger of break- 
ing down the lamps by leaving them too long in 
circuit. 


Anima Locomotion. 

Seldom-has the theatre of the Royal Institution 
been more crowded than it was last Friday evening, 
to hear an address by Mr. E. Muybridge, of the 
University of Pennsylvania, on ‘‘ Animal Locomo- 
tion.” Everybody has heard something of the 
wonderful success which Mr. Muybridge has achieved 
in analysing the mode of progression of various 
animals, and in no city in the world is greater 
interest felt in his work, particularly as regards 
horses, than in England. The habitués of the 
Royal Institution are drawn from a horse-owning 
and horse-loving stratum of society, and their 
hearty applause showed how much they were inte- 
rested in the subject of the lecture. Mr. Muy- 
bridge’s method of procedure in his researches is to 
use three sets of cameras, one set broadside on to 
the animal under observation, one behind him, and 
one before him. The latter two take very fore- 
shortened views, the one including the, say, right 
side of the animal and the other the left. There 
are twelve cameras in each set, and occasionally 
twenty-four in the broadside set. Each camera is 
provided with a shutter, which is pulled down bya 
strong rubber band. The shutter is normally held up 
bya catch which can be tripped byan electro-magnet. 
All the shutters are controlled by a rotary contact 
maker driven by clockwork. This contact maker is 
a wheel with twenty-four contact-pieces around its 
periphery. It can be made to rotate at any re- 
quired speed, and usually the twelve shutters are 
operated in a quarter of a second. A wire is stretched 
across the path of the animal to be photographed, 
and immediately it is broken the first contact is 
made, and No. 1 shutter of each set of cameras is 
operated, No. 2 follows the fifteenth of a second 
later, then No. 3, and so on during the series. 
The animals are photographed before a background, 
which is ruled into squares, and thus the exact 
amount of the movement between the various ex- 
posures can be measured. By combining the various 
pictures in a 200 praxiscope wheel of life, the 
action of the animal can be reproduced and shown 
onthescreen. Mr. Muybridge’s lecture dealt chiefly 
with truth and error in art. Havingshown how an 
animal plants his limbs, he threw on the screen 
reproductions of works of art, beginning with a 
drawing by the cave dwellers (which was correct), 
and including paintings and sculptures of most 
animal painters, some being correct and some not, 








It is curious to note that all quadrupeds walk alike, 
except the camel. They support themselves first 
on two feet, and then on three. The two may be 
either both on the same side (laterals), or one on 
each side (diagonals). When the weight is carried 
on the laterals they are widely extended, the fore- 
foot being thrown forward, and the hind foot being 
stretched backward. When the diagonals carry the 
load they are both under the belly of the animal, 
the forefoot being in a backward position, and the 
hind foot being thrown forward. 


THE PURIFICATION OF THE RIVER CLYDE. 

An American tourist had the temerity to join one 
of the favourite Clyde steamers at Glasgow with the 
view of seeing the various shipbuilding yards, 
instead of journeying by rail from the city to Gree- 
nock there to join the steamer, and so avoid 
the discomfort always occasioned by the nocuous 
fumes which come from the water in the upper part 
of the Clyde. He had not proceeded far when he 
took a native to task and asked him why they could 
not have a river as pure as those in America. ‘‘ Oh,” 
responded the Clyde man, ‘‘the Almighty made the 
American rivers, we have made the Clyde our- 
selves.” While this may have silenced the Cousin 
Jonathan, the people of the west of Scotland, or at 
least a large section of them, almost continually 
agitate for the purification of the Clyde, and every- 
body is heartily ashamed of it. Since the cause is 
well known, one would have thought that the energy 
of the people of Glasgow would have solved the 
difficulty long ago. This does not lie with the 
engineer, but with the financier; and itis thought that 
when the city succeeds in annexing all the suburban 
burghs—aschemeagain promoted and likely to be car- 
ried in the present session of Parliament—the financial 
difficulty will be removed, as then ‘‘greater Glasgow” 
will be better able to make terms with the other 
authorities to secure the desired purification of the 
river. It will be a gigantic scheme, for not only 
has the question of the disposal of the sewage of 
Glasgow to be considered, but the residual products— 
some of them very offensive—of several chemical, 
dyeing and other factories must be got rid of. In- 
deed it is thought by many impossible to overcome 
all the difticulties. At the last meeting of the Glas- 
gow Philosophical Society, a scheme for the col- 
lection, treatment, and disposal of the sewage was 
submitted by Mr. D. M. Nelson, and was carefully 
discussed. The proposals are not absolutely new in 
principle although some interesting details are in- 
troduced. He proposes to divide the city into 
various districts. In each of these there would be 
an intercepting canal or conduit, composed of steel 
plates formed into tubes, each measuring 21 ft. to 
25 ft. long by 3 ft. to 5 ft. area, ovalin section. This 
canal would be increased in area as it proceeded 
towards the sewage station, intercepting the drains 
and pipes on the way. Storm surface waters might 
be diverted, and after simple filtration pass into 
the river. This would save the expense of treating 
them with the ordinary sewage. The contents of 
the canals would gravitate or be pumped int» large 
reservoirs supplied with deodorising chemicals to 
render the sewage innocuous, The light effluent 
would flow off through a series of wood grids into 
another tank, there to be subjected to the action of 
chemical and mineral substances and ultimately 
drawn off and raised by centrifugal or other force 
to the uppermost of a series of tanks. It would 
afterwards pass through purifying material until 
deodorised, filtered, clarified, and made chemically 
pure, the remaining heavy portion of the sewage 
being so treated as to make it suitable for manure. 
The President of the Society, Dr. Russell, the 
medical officer of health for the city, remarked 
that he had always understood that the cost of re- 
peated pumping and of the mechanical treatment of 
the solid matter would be very heavy. The subject 
is one of great importance and is absorbing much 
attention at the present time. 


Sree. SHIPBUILDING IN CaNnaDA. 

There has recently been launched, for the Cana- 
dian Pacific Railway, from the Polson Shipyard, 
at Owen Sound, on Lake Huron, the fine new steel 
steamer the Keewatin, which will take her place in 
the coming season on the passenger line between 
Owen Sound and Port Arthur, with the Alberta 
and Athabasca. It may be remembered that four 
or five years since the Canadian Pacific Railway 
Company brought across the Atlantic three new 
Clyde-built steamers for this line, of which the above 
named were two. One of the three, the Algoma, 
in the fall of 1886, struck on the reefs of Isle Royal 





in Lake Superior, and became a total wreck. The 
greater part of her machinery and fittings were 
subsequently recovered, and these have been restored 
and put into the new steamer just completed re- 
ferred to above. These Clyde boats were 270 ft. 
long, which is the length of the new locks on the 
St. Lawrence canals, but as a number of the old 
locks which were only 220 ft. long have not yet 
been reconstructed, these steamers had to be cut 
in two, and there was a great deal of trouble and 
expense in taking them up the river and refitting 
them on the Upper Lakes. The tendency of the 
new vessels on these lakes fur the last few years 
has been each year to increase in size and capacity, 
and so the Keewatin is larger and longer than the 
vessel that she replaces. The Polson Iron Works 
Company, of Toronto, about twelve months since 
commenced this shipyard in Owen Sound in con- 
nection with their Toronto works, and the Keewatin 
is the first large vessel they have completed. 
Another vessel is now on the stocks for the Parry 
Sound Lumber Company. This is 220 ft. long and 
34 ft. beam, the triple-expansion screw engines for 
which are well advanced at Toronto. They have 
another large steamer in hand for the Canadian 
Pacific Railway, a ferry steamer to carry the 
trains of the new London and Detroit Extension 
across the Detroit River from Windsor, Ontario, 
to Detroit, in Michigan. The dimensions of this 
vessel are 295 ft. long by 41 ft. beam, 71 ft. across 
the guards, and 17 ft. deep. The vessel will be 
propelled by paddle-wheels, each driven by an inde- 
pendent engine, without any connection between 
the two, the engines placed in the middle of the 
vessel, and each coupled to its own crank keyed 
on to the paddle shaft immediately inside of the 
inner bearing. The cylinders are horizontal, 54 in, 
in diameter by 9 ft. stroke and high pressure. Four 
boilers of the ‘‘ Clyde” pattern are underneath the 
main deck, two for each engine. On deck there 
are two tracks, and the vessel can carry either 14 
long 8-wheel 20-ton cars, or three sleeping cars 
and four ordinary passenger cars for a load. On 
the sides of the vessel, and built upon the guards, 
are the offices for the passengers, crew, and ship's 
stores. The hull will be entirely of steel, 2000 tous 
of which will be used in the construction. It is ex- 
pected that this vessel will be launched in October 
next in time for the opening through of the rail- 
way. The same firm have now under contract for 
the Canadian Pacific a sister vessel to the Keewatin, 
only larger, 293 ft. keel and 38 ft. team by 24 fr. 
3 in. in depth, for the passenger line to Port Arthur, 
which is to be launched in January next, and they 
expect to build a second ferry similar to the one 
now in hand, and a third, a passenger steamer like 
the one now building, also for the Canadian Pacific. 
Altogether the firm have work in sight for the 
steady employment of 400 men for the next three 
years, 





RICHARD PEACOCK. 

Mr. Ricuakp Pracock, who died on March 3, ¢s 
recorded by us briefly on page 240 ante, was a native 
of Yorkshire, having been born at the village of 
Swaledale, in the North Riding, in the year 1820. 
He was the seventh son of the late Mr. Ralph Pea- 
cock, who rose from the position of a lead miner at 
Swaledale to that of assistant-superintendent in tle 
construction of the Leeds and Selby Railway. This 
appointment led to his removing to Leeds when his 
son Richard was about ten years of age. ‘There 
Richard Peacock’s education was continued at the 
grammar school until he was fourteen, when he was 
apprenticed to the then well-known firm of Messrs. 
Fenton, Murray, and Jackson, mechanical engineers, 
who were engaged in the construction of locom: - 
tives for the Manchester and Liverpool and the Leecs 
and Selby railways. The interest Le showed in his 
work and his remarkable energy soon brought him 
into favour with his employers. With this firm he 
remained for about four years, when, at the early age 
of eighteen, he was offered the position of locomotive 
superintendent of the Leeds and Selby Railway. 

Mr. Peacock held that position until the line was 
amalgamated with the York and North Midland Rail- 
ways in 1840. The head-quarters of the locomotive 
department were then transferred from Leeds to York, 
and Mr. Peacock was urged by the late Mr. George 
Hudson to go to York and take charge of the locomo- 
tive workshops under Mr. Cabery. Mr. Peacock, 
however, preferred going south in search of wider 
experience and directed his steps to London. There 
he offered his services to Mr. (now Sir) Daniel Gooch, 
who was at that time in charge of the works then in 
progress on the Great Western Railway under 
the late Mr. Brunel, and obtained employment, 
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His desire being to gain experience, nothing came 
wrong to him, from driving an a a to directing a 
body of workmen, and he frequently drove Brunel on 
the line. The acquaintance thus begun ripened into 
the most friendly relations between them, Mr. Pea- 
cock continued his connection with the Great Western 
Railway Company for two years, until in 1841, and 
when only twenty-one years of age, he applied for, 
and obtained, on the strength of his testimonials and 
without being called upon for a personal interview, 
the important position of locomotive superintendent 
of the Manchester and Sheffield Railway. 

He entered upon the duties shortly before the first 
engine was delivered to the company, and held the 
position for fourteen years. Under his advice, and in 
accordance with his designs, the locomotive workshops 
of the company were established at Gorton. The 
thoroughness with which he performed his duties 
earned for him the esteem of his employers, and a 
name amongst railway men. He was elected a member 
of the Institution of Civil Engineers in 1849, and at 
the time of his death was one of the vice-presidents 
of the Institution of Mechanical Engineers. 

In 1854 he resigned his position with the Manchester, 
Sheffield, and Lincolnshire Railway Company, and 
entered into partnership with the late Mr. Charles 
Beyer, who had been for a number of years manager of 
the works of Messrs. Sharp Brothers and Co., of Man- 
chester. The firmcommenced the business of locomotive 
and machine toolmakers at Gorton, and their first order 
for locomotives came from the Great Western Railway 
Company. As both partners were well known their 
business grew rapidly, until in a few years the works 
covered 14 acres of ground, giving employment to 
about 2000 workmen, Mr. Beyer died in 1876. 

Mr. Peacock’s name is associated with experiments 
in connection with the blast pipe of the locomotive 
engine. These experiments are recorded in Mr. D. K. 
Clark’s work on ‘‘ Railway Machinery.” He was 
instrumental in introducing the use of liners in eccentric 
straps. He also introduced improvements in railway 
chairs. But it was chiefly as an organiser and 
thorough man of business, rather than as an inventor, 
that Mr, Peacock’s ability was shown. In all his deal- 
ings with his employés he showed a spirit of fairness 
and kindliness that won their confidence. 

Mr. Peacock took an active part in promoting any 
movement tending to the improvement of the district 
with which he was so long connected. For several 
years he was chairman of the Gorton Local Govern- 
ment Board, until his other duties compelled him to 
resign, and he was president of the Gorton and Open- 
shaw Mechanics’ Institute up to the time of his death. 
When, in 1885, the Parliamentary division of Gorton 
was created, Mr. Peacock was elected its member. 
He was again elected in 1886, and continued to repre- 
sent the constituency until hisdeath. He wasa justice 
of the peace for the county of Lancaster, 





INDUSTRIAL NOTES. 

Ir is often a matter of complaint in this country that 
we know very little of the condition of the artisan and 
general labouring population of other countries, as to 
their rates of wages, hours of labour, methods of em- 
ployment, modes of living, their dwellings, and their 
various industrial associations. Yet all such matters, 
and others relevant thereto, are carefully studied and 
reported upon by foreigners, sent here for the express 

urpose of investigating the lives and organisations of 

ritish workmen. The latest inquiry upon these 
subjects is now being prosecuted by Dr. Gerhardt, 
a young jurist from Strassburg, who is in England 
studying the history and progress of labour, and labour 
associations, 

It is now decided to send seventy-five working men, 
connected with the various metropolitan industries, to 
the Paris Exhibition, to report upon the various ex- 
hibits, and, as far as practicable, upon the methods of 
production, the technical skill exhibited in the articles 
produced, and the progress made in the manufacture 
thereof, as compared with the progress made in this 
country, especially where such articles compete with 
British make. Every branch of the engineering and 
metal trades located in Londo: will be represented. 
There wil!, doubtless, be some difficulty in the selection 
of proper and efficient craftsmen, but, in so far as 
nomination is concerned, care is to be taken that those 
selected will be competent and well qualified for the 
task. 

A somewhat singular circumstance has arisen in 
connection with the relations of trade unions with the 
Post Office savings banks. After the ing of the 
measure in 1861, a deputation of the leaders of 
the unions waited upon Mr. Gladstone to urge upon 
him the necessity for giving facilities to the unions to 
deposit their moneys with the Government. At that 
time the publicans of the houses where the branches of 
societies were held, were the treasurers ; and when the 
balance was in excess of what the committees thought 
should be left in their hands, the surplus was deposited 
with the brewers or distillers. In consequence of 
these representations Mr, Gladstone made certain 





regulations by which societies should deposit their 
balances in the Post Office savings banks, without 
limit or restriction, as in the case of friendly societies. 
These regulations have been in force for over twenty-six 
years, with advantage to the unions and to the Govern- 
ment. Late in the autumn of last year several new 
societies were refused permission so to deposit their 
funds, on the ground that there was no ‘ statutory” 
powers giving such facilities, Representations were 
then made to Mr. Gladstone, as the author of the re- 
gulationsin 1862,and to the Postmaster-General, with 
the result that the old regulations are to be continued 
as heretofore. It is probable that these regulations 
will be included in the new regulations to be laid 
upon the table of the House during the present 
session. 

A strong appeal is being made by the Boilermakers’ 
and Iron Shipbuilders’ Society ‘‘to limit the number 
of apprentices according to the Society’s rules,” on the 
ground that ‘‘the over-stocking of our trade by 
— will, without doubt, be the means of 
throwing a large number of our members out of em- 
ployment when trade again becomes slack, and reduce 
the wages of those in employment.” The principle 
they lay down is that ‘‘ the limitation of apprentices, 
properly expressed and correctly understood, implies 
the adaptation of the supply with the demand for 
labour.” This subject of limitation of apprentices has 
caused more disputes, and cost more money, than any 
other single matter of trades union policy. If the 
unions stood firmly by the principle of apprenticeship 
as a necessity in order to insure good alin, many 
would be on their side who are opposed to the policy 
of limitation. The report says, ‘‘The object of the 
institution of apprenticeships is for the securing of a 
regular succession of skilled workmen by taking a 
sufficient number of youths.” This is true; but to 
shut the door to youths to acquire a skilled trade is to 
create a monopoly in that trade. A monopoly thus 
created would establish a privileged class—just the 
very thing most tg | condemned by the operative 
wage-earning classes of this country. 

Wages in Victoria, — According to a report just 
issued by the Colonial Office, the wages of artisans 
engaged in the iron and metal trades, other than in 
the precious metals, have varied but very little during 
the last ten years. In some cases there is a slight 
tendency to rise, and in others to fall, but only slightly. 
The maximum per day has risen from 1s. to 2s. in the 
case of blacksmiths, fitters, boilermakers, platers, and 
rivetters, while moulders and brass finishers have 
fallen about ls. perday. Farriers, firemen, galvanisers, 
plumbers, and gasfitters show a tendency to fall 
slightly in the average weekly wages. The average 
working day recognised throughout Victoria is eight 
hours, both for artisans and general labourers. The 
imports of machinery have increased from 100,467/. in 
1877 to 115,292/. in 1882, and to 242,343/. in 1887. 
But most other articles of this class, such as cutlery, 
tools and utensils, sewing machines, nails and screws, 
iron and steel, exclusive of railway rails, telegraph 
wire, &c., have decreased, with the exception of hard- 
ware and ironmongery, which has largely increased. In 
the case of machinery the exports have also increased 
as follows : In 1877, 90,262/. ; in 1882, 168,613/. ; while 
in 1887 they fell again to 138,851/.; the exports of 
hardware and ironmongery largely fell off in 1887 as 
compared with 1882, and even with 1877. 





NAVAL ORDNANCE. 
To THE EpitoR oF ENGINEERING. 

Sir,—With reference to your interesting article in last 
week’s ENGINEERING on the debate on Naval Ordnance, 
permit me to point out that the apparent inconsistency 
attributed to me when comparing my evidence taken 
before the Royal Commission with my alleged conversa- 
tion held with, Lord George Hamilton a few days ago 
arises, I think, from a misconception of my views which 
have in no wise altered sinceI had the honour of holdin 
the position of Director of Naval Ordnance. I then hel 
the opinion that till we accepted the financial respon- 
sibility of taking our own money in the Naval Estimates 
and making the necessary provision for our own guns, we 
should never know with any accuracy how we stood. 

This financial arrangement has since taken place, with 
the result that all naval munitions of war are gradually 
being put on a more satisfactory footing, that arrears are 
being pulled up, and that what we possess and what we 
are deficient in, is now apparent, the whole of the stores 
being separated both in ledger and account. 

In respect to the provision of naval guns, this matter 
is now ([ presume) the subject of discussion and 
ment between the Director of Naval Ordnance and 
Director of Artillery—they jointly agreeing to invite 
such firms (outside Woolwich) to tender for the manufac- 
ture as may, in their opinion, be capable of constructing 
them efficiently—the Royal Arsenal having already been 
provided with work to its normal extent. | 

Thus far has the new procedure been in accordance 
with the view I expressed in my evidence, but the further 

uestion arises, ought we now to break away altogether 
) the War Office and take this ordnance matter en- 
tirely in our own hands? ae : 

To this I say ‘‘No,” the principal reasons being the 
difficulty of making provision for the independent storage 
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of all our materials on account of the enormous expense 
of a duplicate set of buildings, storehousemen, &c., and 
the impossibility of looking up so many naval officers for 
the various testing, firing, sighting and other technical 
details at present carried out by the Royal Artillery. 
But this, Sir, does not in any way alter my opinion as to 
the absolute necessity of an independent department, 
which, like the old Board of Ordnance, shall cater for the 
two services, and shall cause magazines, gun wharves, 
storehouses, &c., to common property, available for 
either Army or Navy, and which department shall be 
absolutely and entirely responsible to the Houses of Par- 
liament and the country for the provision and distribution 
of ordnance and its accessories. 
T am, Sir, your obedient servant, 
March 26, 1889. >» J. O. Hopxins, 





AUTOMATIC CONTROLLING VALVES FOR 
HYDRAULIC PUMPING ENGINES. 
To THE EpiToR OF ENGINEERING. 

Srr,—The coincidence of principle between Messrs. 
Fielding and Platt’s valve and our own, pointed out by 
Mr. Tweddell in your current issue, is sufficiently remark- 
able, even without the additional jfact that we, as well as 
our Gloucester friends, first used a differential ram. The 
first date Mr. Tweddell mentions is 1885, but we find we 
designed our first in February, 1883, although it is only 
= recently that we adopted the hydro-steam arrange- 
ment, 

Mr. Tweddell will no doubt accept our assurance that 
we were quite unacquainted with Messrs. Fielding and 
Platt’s practice, and supposed our device to be original. 

This is not the first occasion on which we have had the 

atification of finding ourselves designing on parallel 

ines with Messrs. Fielding and Platt. Your readers will 
no doubt remember that when Mr. Henry Davey pub- 
lished a description of his expansive pumping engine with 
bent lever compensation motion, Mr. Fielding drew 
attention to his own application of the same device to 
the same purpose in 1874. Early in 1883, we worked out 
(originally as we supposed) the same idea for compen- 
sating the varying immersion of long hydraulic rams 
in our hydraulic balance lifts, and erected a very high lift 
on this principle at York House, Regent-street ; a model 
exhibited at the Inventions Exhibition was awarded a 
silver medal, 

Very curiously the train of coincidence did not cease 
here, for about two years later, while the Worthington 
Company was introducing oscillating hydraulic cylinders 
to do for pumps what Messrs. Fielding and Davey have 
effected by bent levers, M. Heurtbise, of Paris, was simul- 
taneously ee cylinders to take the place of 
our bent levera in hydraulic lifts, and there can be but 
little doubt that each of the five inventors worked quite 
independently, 

ArcHD. SMITH AND STEVENS. 

Queen’s-road, Battersea, March 23, 1889. 








PETROLEUM ENGINES AT THE WINDSOR 
SHOW 


To THE EDITOR OF ENGINEERING. 

Srr,—In the last number of ENGINEERING we noticed a 
copy of the Royal Agricultural Society’s restrictions with 
reference to the exhibition of petroleum engines at the 
forthcoming show at Windsor. We beg to call the atten- 
tion of your readers to the fact that these restrictions only 
refer to engines using petroleum spirit, i.¢., with a petro- 
leum flashing below 73 deg., and not to engines using 
petroleum oil with a flashing point from 75 deg. up to 
150 deg., and therefore perfectly safe, and such as is used 
in the y Pore oil engine. If you will be good enough 
to mention this fact in your next issue you will greatly 
oblige us. 

We are yours faithfully, 
PRIESTMAN BRoTHERs, Limited, 

734 Queen Victoria-street, London, E.C, 

March 27, 1889. 





New Soutn Wats Coat.-—The total output of coal from 
the Newcastle district in New South Wales in 1888 was 
1,509,061 tons. The corresponding output in 1887 was 
1,655,040 tons. The production of 1888 was reduced by 
labour difficulties. 


BripGine THE OnIO.—The Chesapeake and Ohio Rail- 
road Company has just completed a great bridge over 
the Ohio at Cincinnati. The bridge, which was com- 
menced in June, 1887, is 5320ft. long, exclusive of its 
approaches. It has two 490 ft. and one 550 ft. span. 
It is double tracked for railroad and street car trains, 
has wagon and street carways 11 ft. 3 in. wide, and 
foot passages 5 ft, wide. It is calculated to bear the 
following strain: Two consolidated engines and tenders, 
with 14 ft. base, ny pd each 104,000 lb., coupled on 

y a uniform weight of 2500 lb. per 
lineal foot for the entire length of the structure; a con- 
centrated weight of 30,000 lb. on 10 ft. of each wagon way, 
followed by a uniform weight for the whole len th of 801b. 
to the square foot, or about 900 1b. to the lineal foot ; and 
on each footway 500 lb. per lineal foot from end to end. 
Besides all this weight, the bridge is calculated to sustain 
a uniform wind pressure of 30 1b. to the square foot, on 
the entire surface, including cars. By completing the 
bridge by January, 1889, the contractors secured an extra 
allowance of 30,000/. By the completion of the new bridge 
the Chesapeake and Ohio secures a connection which is 
expected to give it a large traffic with western and north- 
western points, 
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ON COMPOUND LOCOMOTIVES.* 


By Mr. R. Herpert Lapace, of London, late Loco- 
motive Superintendent, Argentine Government Railway. 
(Continued from page 290). 

Slide Valves and Valve Motion.—The valve gear, shown 
in Figs. 13 and 14, consists of the usual Stephenson 
link motion, with a simple device for effecting a very 
advantageous distribution of steam for the compound 
locomotive. By a slight difference in the length of the 
lifting links, or in the position or angle of the levers on 
the reversing shaft, the cut-off in the high-pressure cy- 
linder is kept at an earlier point of the stroke than in 
the low-pressure cylinder, when running in forward gear, 
which gives an ascertained economy in working, and also 
equalises the amount of work done in the two cylinders. 
In other respects the eae is not in any way different 
from that on other goods engines for this railway. 
When working in back gear with this arrangement, the 
differential relative expansion obtained in the forward 
gear is reversed, the cut-off taking place earlier in the low- 
pressure than in the high-pressure cylinder ; and therefore 


the sector of the reversing lever is fitted with only a single | 


notch for full gear when running backward. This is of 
little consequence for engines running chiefly forward ; 
and it is better to take advantage of this simple contri- 



































vance for forward gear, without complicating it by any 
supplementary arrangement for the back gear. On engines 
running as much in one direction as the other, the dif- 
ferential cut-off is applied to both forward and back 
gear, and is controlled also by one reversing lever ; the 
arrangement may be applied to any class of valve gear, 
and its effect is illustrated in Table X V., which shows the 
steam distribution in a tank engine running as much in 
one direction as in the other. 

In Table XIV. are shown the different relative degrees 
of expansion in the high and low-pressure cylinders of 
the goods engine on the Entre-Rios Railway, both valve 
o* being controlled by the same single reversing lever. 
For backward gear the full gear notch is the only one cut 
in the sector. 

The principal dimensions of the two valve gears are as 


follows : 
High- Low- 
Pressure. Pressure. 
= {= by 23in. by 


Cylinder, diameter and stroke 24 in 24 in 


Length of connecting-rod . Of 6 ft. 
Throw of eccentrics a .. 6}in. 6}in. 
Angle of advance, forward gear . 94deg. 94 deg. 
” ” aC. ” 04 ,, 04 ,, 

Travel of valve, full gear forward 34 in 33 in. 
” ” 2 ack «si6 See 38 ,, 

‘ Front) forward ... ne taxes 
Opening of ports) port {back Me ; “a : oe 
in full gear Back } forward ... 13,, 13 ,, 
port Sback |. 1h.” i fe 





* Paper read before the Institution of Mechanical 
Engineers, 





Slip of die, full gear so) Sid 2 in, ; in. 
” ” eee eee ” ” 
Clearance of die, full gear forward ... } 5, ; #. 
” ” ” back ° ” ” 

Lap of valve wd Pe Be 
ny 18 in, 

Steam ports, size of each { v by 
14 in. 17 in. 
oe a nes ...1748q. in, 27§ aq. in. 

Cut-off in forward gear, ordinary { 40 per 50 per 
running cent, cent, 


The steam ports and slide valves are shown in Figs. 13 
to 16. The low-pressure steam ports are large, having 
each an area of 27.625 square inches against a piston area 
of 415.476 square inches, or a ratio of 6.65 per cent. The 
high-pressure steam ports have each an area of 17.50 
square inches, against a piston area of 201.06 square 
inches, or a ratio of 8.7 per cent. 

Pistons.—The low-pressure piston is 23in. in diameter, 
and is constructed of wrought cast steel in order to make 
it as light as possible for so large a piston. The high- 
pressure piston of 16 in, diameter is made of cast iron and 
of the usual form. The piston-rods are arranged to work 
through the front cylinder covers, which is desirable when 
there is room, in order to support the weight of the 


pistons, For the low-pressure cylinder this is especially 





for the tapping of threads for the mud plugs. The boiler 
is clothed with sheet iron, secured to a skeleton of angle- 
iron, and made as air-tight as possible, no wood | 

being used. This air jacket is found much preferable to 
other methods ; for, when wood lagging or other material 
is used it quickly decays, in the course of about a year or 
two, and ceases to be of much - 

Inside Firebox.—The inside firebox is made of copper. 
Each sheet was tested, and showed an average tensile 
strength of about 14.34 tons per square inch, with a con- 
traction of area of about 46 per cent. at the point of frac- 
ture. The firebox tubeplate is 1 in. thick, where drilled 
for the ——— of the tubes, and is reduced to § in. 
thickness below the tubes ; the back and top and side 
ag are 4 in. thick, and are secured to the shell plates 

gin. copper stays, which have a tensile strength of 
about 17 tons per square inch with a contraction of area of 
43 per cent. The stays are spaced 4in. apart, and are 
tightly screwed into the inside and outside firebox plates 
with twelvethreads tothe inch. The roof of the firebox is 
stayed with corrugated wrought-iron bridge stays and 
suspension links. This is considered by the author to be 
the best means of staying firebox tops, as it gives the firebox 
a longer life, owing to the freer expansion thus allowed. 
In some engines built on the Continent, for railways with 
which the author is connected, direct stays have been 
used; but there is no doubt that, though these secure a 




































































advisable ; and in the present instance the high-pressure 
cylinder is also treated in the same way, so as to be 
uniform. The front rods work through glands and 
hollow sleeves, closed at their extremities to protect them 
from dust, with the exception of small holes for the air to 
escape. 

Boiler.—The boiler is made of best Yorkshire iron, and 
is double-rivetted ; the longitudinal seams are butt- 
jointed with cover plates both inside and outside. The 
shell is telescopic in shape, the smallest diameter being at 
the smokebox end, thus giving the necessary drainage 
backwards to the blow-off cock. The front shell plate 
is secured to the smokebox tubeplate by a faced 
angle iron ring, bored out for the reception of the 
shell plate and rivetted zig-zag to the boiler barrel, 
All the rivet holes are accurately drilled, and the 
rivetting is done by hydraulic pressure. The boiler 
is made up of seven plates: three for the barrel, one 
for the sides and top of firebox, one throat plate, one back 
plate, and the front tubeplate. The dome consists of two 
plates, both of which are flanged and welded together 
solid, and the shell is strengthened internally where cut 
out for the manhole and dome. All the plates for the 
boiler were carefully tested, both with and across the 
grain, in addition to the usual bending tests ; the specified 
test for plates is a tensile strength of 22 tons per square 
inch in the direction of the grain, with a contraction of 
area of 22 per cent. at the point of fracture; and across 
the grain a tensile strength of 20 tons, with a contraction 
of 15 per cent. ; this makes asplendid material for boilers, 
and the plates pe practically to possess the same 
strength both with and across the grain, The side plates 
of the firebox she!l are lapped round the lower corner of 





the back and front plates, so as to form a double thickness 
























much better distribution of water over the firebox top and 
allow of its being more easily kept clean, yet unless very 
carefully arranged they are apt to crack the firebox tube- 
plate, owing tothe upward expansion of the copper box. 

Tubes.—There are 171 brass tubes, having an outside 
diameter of 2in.; their thickness at the smokebox end 
is 13 B.W.G. or 0.095 in., and at the firebox end 
11 B.W.G. or 0.125in. They are slightly enlarged at the 
smokebox end, in order to allow of their being withdrawn. 
At the firebox end they are rolled and beaded over, and a 
turned steel ferrule is driven in tightly, which assists in 
securing the tube and also protects its end from the 
fiercest action of the flame, At the smokebox end the 
tubes are merely rolled in their places, not beaded, and 
the ends are left projecting ,°, in. from the tubeplate. 

The heating surface is 912 square feet in the tubes, and 
104 in the firebox, total 1016 square feet ; the grate area is 
18 square feet. It will thus be seen that the boiler is of 
the usual modern make; and it is built to stand a 
working pressure of 175 lb. per square inch above atmo- 
sphere. It is somewhat larger than is customary for 
cylinders of the same size in this country, on account of the 
firebox being here increased in size for the purpose of 
burning either wood or coal ; and the author has found 
that plenty of steam room is of great advantage, where 
bad water and fuel have to be contended with. The 
smokebox is large, to allow for a suitable spark arrester 
and deposit for ashes. The cattle-thrower, or cowcatcher, 
is made of wood, extending well out in order to be easy 
on the cattle; the buffers are hinged on the footplate out 
of their way. All axle-boxes, both for engine and tender, 
are arranged so as to be easily taken down or got at with- 
out lifting. The motion is cased in as much as possible to 
protect it from the dust. 
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Steam Pressure.—The working pressure in the engine 
illustrated is 175 1b. per square inch above atmosphere. 
In compound locomotives it is found advisable to increase 
the pressure as much as possible, because the expansion 
of high-pressure steam can be more effectually carried out 
in two cylinders, and with consequently greater economy. 
It is not essential, however, to the compound system to 
work at a higher pressure than in an ordinary engine; but 


Variable Blast Nozzle.—The engine illustrated is ar- 
ranged to use either the ordinary blast nozzle, or a vari- 
able one which is. sometimes used on the Argentine 
Government Railways when the fue] burnt is wood, and 
when it is not of a reliable quality. The variable nozzle 
has no essential] connection with the compound locomotive, 
and may be applied only when required, and when the 
driver will use it judiciously. The ordinary nozzle is 


TABLE I.—List or Goops AND PAssENGER Compounn LOCOMOTIVES AT WORK, IN CONSTRUCTION, AND ORDERED. 
November, 1888. 


The dimensions given relate to some only of the engines. 





Class and 
Number of 


Railway. 
‘ Engines. 


Number 
f 


o! 
Wheels 
Coupled. 


| 
Boiler Pressure | Weight 


ed Square in 
nch above Working 
Atmosphere. Order. 


Driving Cylinders, 


Wheels, 
Dia- 
meter. 


Diameters. | Stroke. 





Class. 
North-Eastern .. 


Great Eastern .. ov 
London and South-Western .. 
Bengal and Nagpur “F vee 

8 
Prussian State .. Passenger 
Alsace and Lorraine .. - * ead im * 
Western of Buenos Ayres wa a 
Central of Entre Rios. . * .| Goods 
Buenos Ayres and Rosario .. Passenger 
North-West Argentine .| Mixed 
Argentine Central Northern. . { col or 
§ | Goods 
(| Paesenger 


Passenger 
Mixed 





Saxony 


Wurtemburg 
Nizam State 


és os sé Mixed 
Santa Fé and Cordoba Great Southern 


Goods 
Passenger 
Central Argentine Goods 


Italian Meridional . 
Argentine Great Western 
Moscow and Warsaw .. ie : 
Anglo-Chilian Nitrate. . oe = as 
Manchester, Bury, Rochdale, and Oldham 
tramways oe oe oe oe oe 


Passenger 
Goods 
Mixed 
Goods 


f 
( 
§ 
( 


~- CK Ormarrnf# arn 





| 
| 
| 
| 
| 
| 
| 
| 
{ 


TABLE II.—Economy or Fugen 1n Compounp Locomotives ON CONTINENTAL RaILways. 
For Particulars of Locomotives see Table III. 


No. 
Six 
Four 
Six 
Four 
Six 
Four 


Six 
Four 
Six 
Eight 
Four 
Six 
Four 
Six 
Four 
Six 
Four 
Six 


Eight 


Four 


ft. in. Ib. 


si 


40.35 


eee 


-~ 


in 
26 
26 
26 
26 
26 
258 
24 
21 
24 
23 
23} 
23 
23 
21 
25 
24 
23 
26 
25 
23 
26 
26 
258 
25 


OC POPE ROO EOE OO THEO BITRE OO 


24 
14 











SN tS OMRHABDAWUIH BAGS 


i] 








| | | 


Locomotive. 


| Section of Line on | Steepest 
See | Number|“hich Trials were Made. Gradient. 


|Table III.) Tried. | | 


Number of 
_Trial. 


| Length | 
o' 
Trial, | Trial. 


Coal Con-| Economy 

sumed per) of Com- 
100 Axle-| pound | 
Miles. Engine, | 


Date of REMARKS. 





No. 
One  __ Gittingen to Cassel | ai 2 

me Gittingen to Hanover 
j ae Cassel | 2 


Class 


oaQ 


1 
” 
Two | 


Ten 


oace 


jee Hanover | 
Hanover to Minden 


| Ottbergen to Northeim | 1 in 100 


Frankfort-on-Main to | 1,, 100 | 
ebra 
Mountain sections 
| 
Minden to Hanover 1 in 200 | 
| 
1,, 300 | 
1,, 200 | 
1,, 300 | 

1,, 80 


| Minden Dortmund to 
| Minden Hanover 
| Deutz to Giesen 


caocacaeoaoaeoasoa 
ATCO CIO eee ee 


| 
Hanover to Hamburg | 
| 
| 
| 
| 





| months Ib. 


|Goods train starting from 
Gottingen. 
| Autumn 20 |Two special trains on moun- 
1883 | tain sections only. 
July 1, 1883, 21 Saving calculated from aver- 
| to | | age actual consumption 
| April 1, 1884 | and ordinary consumption. 
Oct. 1, 1883, ws | 17 /Omnibus trains. Saving cal- 
jto July, 1884 | culated as in No. 2. 
| Summer Goods trains, starting from 
1884 | E | | Frankfort. 
Summer . } 16 Special trains. 
1884 


16 ” ” 
16 


| 
5 per cent. 
49.32 17 
59.96 
73.80 


Summer 
1883 


| 
| Autumn 
1884 
|Nov. 1884 to 
| Jan. 1885 
|Nov, 1884 so 


Jan. 1885 
April toJuly| 
1885 


a one passenger 
train and one express. 

Three paseenger trains, one 
mail and two expresses. 

Goods trains, starting from 
Deutz. 


145.47 
170,80 
64.58 16 





76.64 





TABLE III.—Particutars or Locomotives Usgep ror TRIALS IN TABLE II, 





| 
| Number 
| of 
Wheels 
Coupled. 


Locomotive, Driving 
Wheels, 


Description. Diameter. 





Cylinders. | 


Diameter, 


Boiler Pressure | : 
; Weight in 
per Square Inch Heating Working 


Order. 


Stroke. sphere. 





| No. in. 
Six 62.36 
a 52.36 
pe 62.36 
i 54.02 


Compound goods 
Ordinary = 

” ” 

” ” 

” ” se ” 
Compound omnibus* ..| None 
Ordinary omnibus* a 
Compound express Four 
Ordinary ” << 





NOt mm Otte 





in. aq. ft. n 


o- 
o 
oe 


{ 

| 

above Atmo- eesaaaet 
1308.9 | 

| 


| 


rh at a EPS 2h ed at hh. 
De PRIOR R OM 


16.68 








| 

| 3 | 
: 
| 








* The designation ‘‘ omnibus” is avplied to engines taking trains of four or five carriages which stop at every station : 
such as short parliamentary or local trains in England. 


the economy resulting is somewhat less if a higher pres- | 


sure be not used. Thus by compounding existing engines, 
without increasing their pressure, an economy of only 
from 10 to 15 per cent. may be obtained. From Table III. 
it is seen that there are many ordinary engines working 
at the same pressure as the compounds; and Mr, v. 
Borries finds but little economy is obtained in ordinary 
engines by using the higher pressure. 

Steaming. —It is found that the steaming qualities of the 
compound locomotives are very favourable, owing most 
probably to the easy and more even stream of exhaust, 
uninterrupted by violent blasts or puffs as in the ordinary 
engine, which have the effect of pulling the fire about. 
Much fewer sparks are thrown out from the chimney, and 
as a consequence in many cases the spark arrester can be 
done away with, 





shown in Fig. 2, page 289 ante; it is 44 in. in diameter 
or 15.9 square inches area, and is cylindrical for a len 

of 34 in. ; it is about — larger in diameter than that 
usually employed for the ordinary engine. 

Starting Arrangement.—An interce ting valve of any 
shape may be used for the purpose of chuteng off the low- 
pressure steam chest from the high-pressure exhaust at the 
moment of starting. A flap or a disc valve is ere 
employed ; the engine here referred to is fitted with a 
disc valve, as illustrated with a slight modification in 
Fig. 9, This construction has the advantage that, in 
addition to the intercepting valve being closed by direct 
steam from the lator, there is only the receiver pres- 
sure on its spindle for a short time while it is closed ; and 
when it is open its boss seats itself against the inside of 
the cover, and so prevents steam from leaking along the 


TaBLE 1V.—Comparative Trials of Four Compound and 
Four Ordinary Locomotives on the Prussian State Rail- 
way between Paderborn and Soest and Altenbeken. 

July 1 to December 31, 1887. Compound. Ordinary. 

Number of engines a . ee 1173, 1174 1161, 1162 


1175, 1176 1164, 1165 
Cylinders, diameters .. $18.11in.} 1779 in, 


( 25.59 ,, 
24.8 ,, 24.8 ,, 
628 ,, 523,, 
1291.7 sq. in. 1845.5 sq. in. 
16.68 ,, 16.68 ,, 
176 1b. 146 Ib. 
38.3 tons 38.3 tons 
48,372 miles 41,831 miles 
2,705,272 lb. 2,725,328 lb. 
1,788,674 ,, 1,989,227 ,, 


73 per cent. 
47.55 1b. 


oa stroke .. Pn e ee 
Driving wheels, diameter .. ee 
Heating surface .. oe 
Grate area... és ee oe se 
Boiler pressure, pounds per square 
inch above atmosphere 
Weight in working order 
Distance run te - as 
Coal allowed for trials .. “e 
» actually consumed Je i 
», consumption in percentage of 
allowance 


oe 


oe se . 62 per cent. 
Coal consumption per mile 40.08 Ib. 

» saving in compound engine 15 per cent. 
Water, saving in compound engine ce 

Between Paderborn and Soest, distance 43.496 miles, with 
15.584 miles of 1 in 250 to lin 300. Between Paderborn and 
Altenbeken, distance 10.568 miles, with 10.563 miles of 1 in 100. 

The coal consumption includes lighting up and shunting. The 
water consumption was measu in some only of the runs. 
There is a heavy coal traffic, and the trains are fully loaded going 
up, but nearly empty coming down. 

From Paderborn to Soest, the compound takes 120 axles, the 
ordinary 110. 

From Paderborn to So&st, the compound takes 56 axles, the 
ordinary 52, 


ABSTRACT OF TaBLE V.—Mean Consumption of Coal in 
Ten Ordinary and Ten Compound Goods Engines Work- 
ing the Newcastle, York, and Leeds Heavy Express on the 
North-Eastern Railway in 1886-87, 





Ordinary Goods Engines. |Compound Goods Engines. 

Saving 
as by Com- 
pound 
Engines 
per Mile. 





Dis- | Coal Consumed. 
tance 
Run. | 


| Total. [per Mile 


miles  ewt. Ib. 
185,091 | 67,720 | 34.9 


_ Total Coal Consumed. 





(Per Mile 


Ib. 
40.9 


Run. 
- Total. 


miles 
186,890 | 
| 
* Mean saving 6.0 lb. per mile, equal to 144 per cent. 


TaBLE VI.—Trial of Compound and Ordinary Passenger 
Engines between Heaton Junction and Tweedmouth on 
the North-Eastern Railway. 

January and February, 1888, 

Weight of twenty vehicles .. 

- »» engine and tender 
ee »» train, total .. 
Mileage of — total 








cewt. | 


Ib. 
68,228 6.0* 
| 





Compound. Ordinary. 


231.70 |, 
952 miles 


” » train ” e 
Coal consumption, total ae ** 
+ = per engine-mile 
” » train ,, 
px saving by com- 
pound .. sie ws 
Water consumption, total .. oa 
os per pound of 


214 p.c. 
19,383 gals. 24,155 gale. 


a, 7.68 1b. _7.78 Ib. 
Time of running, total . 27 hr.38min, 27 hr. 36min. 
ae o  averageperteip.. 1 ,68,, 1 . 6» 

Weather very rough with boisterous wind and much snow for 
compound engine; and heavy wind for ordinary, 


TaBLE VII.—Saving of Fuel by Compound over Ordinary 
Locomotives in Trials made under the same Conditions 
between Leipzig and Hof on the Saxony State Railways. 


Eleven compound goods engines working at 180 1b. per square 
inch, during four months’ regular trial in 1887, showed a saving 
of + ad cent. in fuel over similar ordinary engines working at 
135 

One compound express engine saved from 18 to 20 per cent. in 
fuel over a similar ordinary engine with the same pressure, dur- 
ing three months’ trial. 

In a special trial, making four trips, the saving in water was 
17 per cent. in a compound over an ordinary engine, with the 
same pressure and under the same conditions, 


TaBLE VIII.—Comparative Consumption of Coal and Oil 
in Ordinary and Compound Passenger Locomotives on 
the Buenos Aures and Rosario Railway. 





Coal. Oil. 





Four Weeks from ] 
May 27 to June 26, 1887. | Per 
Total. | 100 
| Miles. 


lb, | Ib. | Ib. | Ib. 
111,001 | 98 1y | 595.24 | 15.12 
81,350 | 22.36 | 599.65 | 16.48 


| Per 


Total. | Mile. 


Distance Run. 





miles 
3937 
3638 


Ordinary engine, No. 10 .. 
Compound engine, No. 34.. 











{ 

Thus the compound burnt 20} per cent. less coal than the ordi- 
nary engine, but used 9 per cent. more oil; the actual money 
saving was 3 dollars 20 cents per 100 miles. The working pressure 
in both engines was 160 1b. per square inch. 


TaBLE TX.—Comparative Consumption of Coal per Mile 
in Five Ordinary and One Compound Passenger Engine 
on the Buenos Ayres and Rosario Railway. 





1887. June.| July. | Aug. 
Working pressure inal!) Ib. Ib. | Ib. | Ib, 
the engines 160 lb.| | 
per square inch. | } 
Average of five ordi-) | 
nary passenger en-| | 
gines .. me --| 29.02 | 29.29 | $1.69 ; 31.86 
Compound passenger 
engine oe 2 | 22 74 | 22.81 | 22.99 | 22.21 


| May. Sept. 


Ib. 


Average 
Ib. 








30.26 
22.67* 


29.44 
22.74 























* The saving of 7.591b. per mile by the compound is equal to 25 
per cent, . - 4 pe 4 
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spindle out into the atmosphere ; thus the need of packing 
rings on the valve spindle is done away with. The object 
of this combination of valves is to enable the engine to 
start always with boiler steam in both cylinders as in an 
ordinary locomotive; it also prevents any unequal strain 
on the machinery or the couplings of vehicles, and enables 
a heavy train to be moved easily and smoothly without any 
shock and with full power on both pistons, and without any 
steam being wasted. This arrangement is found to be most 
advantageous, as it will be seen that a compound locomotive 
may be handled in the same manner as an ordinary engine, 
when starting, shunting, ballasting, or working trains, In 
fact these compounds start more quickly than the ordi- 
nary engine; and this is specially advantageous in cases 
of emergency, and with tram engines which start on an 
gradient quite easily. Immediately that the load is Bcdn f 
the engine by this arrangement is automatically con- 
verted into a compound, in which condition it continues 
working until a stoppage is made or the steam is shut off. 
The receiver or reservoir should be large enough to con- 
tain about one high-pressure cylinderful of steam during 
the short period of the first revolution when starting, 
that is, its capacity should be at least equal to that of the 
high-peoseure cylinder. The diameters of the startin 
valves D, Fig. 9 (page 290 ante), is §in., and their as 
area 0.613 square inch, while the diameter of the spindle 
of the intercepting valve V is 2 in, and its area 3.142 square 
inches, which leaves ample surplus for keeping the inter- 
cepting valve open against the direct boiler pressure 
on the rams DD; or if desired, the surface behind the 
pr gp | valve, where it bears against the casing 
at Y, may be made larger, for enabling the exhaust pres- 
sure on the face of the intercepting valve more easily 
to overcome the boiler pressure on the starting valves 
DD. When the low-pressure cylinder is large, it is ad- 
visable to place a relief valve on the low-pressure side of 
the intercepting valve, in order to avoid any over- pres- 
sure and consequent straining of the mechanism; but in 
a up to cylinders 24 in. in diameter this has not 

en found necessary. The low-pressure cylinder mud- 
cocks are also sometimes fitted with a spring as a safe- 
guard against over-pressure, 

Trial Trips.—As the compound goods engine illustrated 
has the ordinary English gauge of 4ft. 84 in., Messrs. 
Diibs kindly arranged for the engine to make a trial trip 
on the Caledonian Railway. Accordingly on Friday, 
— 20, 1886, the engine was taken out of the shops 
to Polmadie running sheds, whence at 10.30 a.m. it 
started on a trip of 14 miles to Coatbridge, attached to a 
train of 23 wagons all loaded with iron ore, and a brake 
van, the gross load being about 300 tons, inclusive of 
50 tons for a pilot engine and tender, running dead, 
which the railway authorities considered it advisable to 
attach on this first trip. The average steam pressure in 
the high-pressure steam chest was 1631b. per square inch, 
and in the low-pressure steam chest 551lb. The speed 
was 17 miles an hour. The return journey was made from 
Coatbridge at noon, with pilot engine and van only. 

On the afternoon of the same day, another trip was 
made at 2.30 from the Polmadie sheds, on the Carstairs 
route, when the engine was attached to 45 empty wagons 
and a brake van, the gross load being about 209 tons. The 
average steam pressure in the high-pressure steam chest 
was 163 lb. per square inch, and in the low-pressure 
55 lb. ; the highest steam chest pressures were 170 lb. and 
70 lb. respectively. The average speed was about 17 miles 
anhour. The efficiency of the starting and interceptin 
valves was thoroughly well proved: the 45 wagons an 
brake van, forming a train of about 700 ft. in length, 
were moved out of the siding on a stiff gradient and 
reverse curve, without the resistance overcoming the ad- 
— The return journey was made with brake van 
only. 

Another and final trip was made on the following Mon- 
day, August 23, 1886, the run being to Greenock and 
back on the Caledonian line, a total distance of 45 miles. 
The engine left the Polmadie sheds at 10.30 a.m., with 
39 loaded coal wagons and a brake van, the gross load 
being about 41% tons; and returned from Greenock at 
2.45 p.m. tender foremost, with 36 loaded limestone 
wagons and the brake van; the gross load being about 
403 tons. The boiler pressure was maintained with ease 
throughout the journey, and the speed was about 30 miles 
perhour. A blast area of 20 square inches was found to be 
the most economical openings of the blast nozzle. The wind 
was calm and the rails were dry, on both down and up 
journeys. Owing to the various stoppages for traffic and 
other delays at stations, no accurate return of the coal 
consumption can be given on this trial, which was prac- 
tically made to see that the engine was all right and 
started properly. The steepest gradient is 1 in 102 at 
Shields Bridge. _ As this trial was considered most satis- 
factory for practical purposes, it was not deemed necessary 
to carry out any further experiments for acientific results. 
The engine started quite easily with a very heavy load; 
in fact it starts with a heavier load than an ordinary 
engine of the same size, which is accounted for by the 
action of the automatic intercepting valve. 

As to the commercial result of the working of this 
goods engine since it was sent out, no information has yet 
reached the author, and since its arrival it has pen 
been used in the construction of the line, which is a new 
one; all that is known is that it is working very satis- 


factorily, 
(To be continued.) 





ANOTHER MississiPP1 BripcE.—A contract for the con- 
struction of what is known as the Merchant’s Bridge 
across the Mississippi at St. Louis has been let to the 
Union Bridge Company of New York. The contract 
embraces the building of the bridge proper and the supply 
of the ironwork required for the approaches. Its amount 
is 240,000/. in round figures, 








CORROSION AND PITTING IN MARINE 
BOILERS.* 
By J. B. Dopps. 

THE question of boiler corrosion and pitting is one that 
has had the writer’s professional attention and considera- 
tion for some few years, and although he is somewhat 
conversant with the many theories and practical explana- 
tions so ably propounded in papers read before the various 
scientific institutions of this country, yet it appeared to 
him that the chemistry of corrosion, as investigated by 
himself, would be of interest to this Institution. 

It was not his intention to propound any startling 
theories, but to lay before the members the simple and 
plain facts he has observed, and the deductions he has 
drawn therefrom. 

On examination of corroding boilers, those parts seriously 
affected are generally found devoid of the usual hard 
protective ‘‘sulphate of lime” scale, and in exceptional 
cases the whole of the boiler is perfectly free from thie 
scale, and the various parts covered with a red, or even a 
black coating of a soft matter, frequently slimy in cha- 
racter. Much of this matter is found on the upper por- 
tions of the boiler in the form of a froth, while the rest 
is deposited on the tubes, combustion chambers, or settles 
to the bottom of the boiler like mud. 

Attention is particularly drawn to the chemical compo- 
sition of this deposit: the following analyses may be 
taken as fair averages of the many samples the writer has 
examined and analysed : 





Deposited 
at ttom tg 
ia C= 
PerCent. Per Cent. 
Ferric oxide ... 65.00 72.9 
Calcic sulphate 9.02 1.58 
Calcic oxide ... 75 1.38 
Magnesic oxide 10.12 8.14 
Zinc oxide 75 1.35 
Sand, &.__... Bik ee 1.70 1.2 
Oily organic acid, combined 
with the ferric, calcic, 
and magnesic oxides 10.66 10.75 
Free uncom bined oil 2.00 1.25 
Water... yet ne 1.45 
Total 100.00 100.00 


In some cases this oily combined acid has amounted to 
20 and even 25 per cent. 

On examining these deposits one is struck with the 
curious fact that they contain a very large percentage of 
magnesic oxide in an insoluble form, and also with the 
fact that they contain a very considerable amount of oily 
organic acid, and that this organic acid is in combination 
with the ferric, calcic, and magnesic oxides. The pre- 
sence of this insoluble magnesic oxide compound at first 
sight appears unaccountable, and causes us to speculate as 
to where it comes from, because sea water only contains 
magnesia as either sulphate or chloride, both of which 
salts, especially the chloride, are exceedingly soluble, and 
are not as sulphate or chloride, capable of forming an 
insoluble deposit. Indeed, in one gallon of sea water 
only the 98.7 grains of calcic sulphate and the 2.8 grains 
of calcic carbonate are capable of forming permauent 
insoluble deposits on boiling and evaporating. All the 
other constituents are very soluble, and simple boiling and 
evaporation, to the extent carried on in a steam boiler, 
would only make the solution stronger without causing 
their deposition in an insoluble form—that is supposing 
no other influences acted on them at the same time. It 
may be asked, might not the river waters with which the 
por ne are filled when in port furnish this magnesia? But 
river waters do not contain magnesia salts as a rule, 
but are surface waters containing principally calcic 
sulphate ; therefore this magnesic oxide of the deposits 
must be derived from the chloride and sulphate of the sea 
water. 

There is also the other fact noticeable in the analyses 
of these deposits, and that is the very considerable per- 
centage of ‘‘oily organic acid” present in combination 
with the ferric, calcic, and magnesic oxides, and this 
organic acid is derived from the mineral oil used as 
‘cylinder oil” in the cylinders. It is generally stated 
that these oils are hydro-carbons, therefore not capable of 
saponification, and that they do not affect metallic sur- 
faces. This is correct as applied to these oils in their 
natural state, then alkalies do not affect them or form 
soaps, nor is copper or other metals tarnished or corroded, 
even after being immersed in them for a considerable ur 
indefinite length of time ; but it is incorrect as applied to 
these oils, when exposed to the influences and conditions 
existing in the high-pressure cylinder of an engine 
working at such a pressure that the temperature is higher 
than the ‘‘ vaporising point” of the “‘ cylinder oil” which 
may be in use. All these oils are capable of oxidation, 
otherwise they would be incombustible ; and placed under 
sufficiently favourable conditions for oxidation, such as 
very extended surfaces exposed to the action of steam of 
sufficiently high pressure, and therefore temperature, to 
reduce a portion of the oil to a vaporous state—and these 
are the conditions existing in engine cylinders, particularly 
in the high-pressure cylinder of a triple engine—under 
these conditions these oils will become in part decom- 
posed and broken up, producing compounds different from 
the original oil put into thecylinder. These compounds 
pass forward with the steam, and gradually work their 
way through the condenser into the boiler, and these 
compounds, so introduced into the boiler, are capable of 
combining with bases such as ferric oxide, calcic oxide, 





* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, 








or magnesic oxide, as is proved by the constituents of the 
—— already mentioned. 
il merchants and manufacturers will state that their 
ticular oils have a ‘‘ vaporising point” of over 600 deg. 
ahr. ; it has even been seriously contended that the 
“* vaporising point,” or that point when vapours become 
squneens. is at a higher temperature than is the flash point. 
e writer has examined very many of the standard 
cylinder oils, and can say that the majority of them, as 
supplied to ships, vaporise or show vapour when heated 
to under rather than over 280 deg. Fahr., and flash 
at under rather than over 450 deg. Fahr. 

Seeing that 160 1b. pressure is not now considered an 
extraordinary pressure, and that the temperature of the 
steam at this pressure is 363 deg. Fahr., it is not difficult 
to imagine that much vapour is given off from such oils 
when used at such temperature, and as this giving off of 
vapour indicates the decomposition or change of the 
oil, the amount of such decomposition may be estimated 
therefrom. 

Having pointed.out these two peculiarities, let us take 
into consideration what it is that takes place in a steam 
boiler supposing the surfaces of the metal to be unpro- 
tected by scale or by artificial means. The salts of the 
sea water, ye Sere the magnetic chloride, cause the 
water to act chemically on the exposed metallic surfaces. 
This chemical action takes place at all temperatures, and 
in water of all specific gravities, but is greater at a high 
temperature than at a low one, and also greater the higher 
the specific gravity or more degrees the water indicates 
on the salinometer. The result of this chemical action is 
the oxidation of the exposed surfaces of the iron, but more 
especially uf thesteel. This oxidation or chemical action 
at the same time produces electricity, as chemival action 
always does. When this oxidation takes place in a cold 
solution the electric tension exhibited is slight, even 
though the chemical action be considerable. Though this 
tension does appear slight so far as instruments show it, 
yet in fact the amount of electricity produced is propor- 
tionate to the amount of chemical action ; but as both the 
metal and the water are conductors and remaining in con- 
tact, the greater part of the opposite electricities produced 
recombine and neutralise each other as fast as they are sepa- 
rated. Butifthis chemical action oroxidation takes place at 
a high temperature, as in a steam boiler, this recombination 
does not take place to the same extent, and the salts of 
the sea water become electrolysed or decom by the 
electricity, their bases combining with the ‘‘ oily organic 
acid” produce the deposits found in the corroding boiler. 
As these bases of the sea water combine, and are neu- 
tralised by these ‘‘ oily organic acids,” there is liberated 
an equivalent amount of the acid of the sea water salt, 
which helps to still further increase the corrosion. 

These reactions take a considerable amount of time to 
state, but in fact they all take place nearly instanta- 
neously, and this, the writer considers, is the reason why 
corrosion is attributed to electric action, whereas really 
the electric action in a steam boiler is due to the chemical 
action of the water on the metal of the boiler. 

A voltaic couple which may consist of, say, a plate of 
zinc anda plate of copper immersed in a bath of dilute 
sulphuric acid, the two pilates being connected outside the 
liquid by a wire, chemical action is set up, and electricity 
produced in exact proportion to that action. The chemical 
action causes the electricity, not the electricity the 
chemical action. Thesame state of things exists in a steam 
boiler, there is corrosion or oxidation of the iron or steel 
exposed surfaces by the sea water, instead of the corro- 
sion of the zinc plate by the dilute sulphuric acid. The 
sea water acting in its degree as the exciting liquid to 
produce chemical action and so electricity. 

There are two ways of stopping this corrosion, one by 
rendering the water non-exciting, and the other by taking 
advantage of a law or fact observed in electricity, which 
is, that when two elements or metals of dissimilar 
characters are immersed in a liquid capable of chemically 
acting on oneor both of them, and are at the same time 
connected together by means of a metallic connection, 
that element or metal which is most acted on by the ex- 
citing medium, becomes the positive or corroded element, 
while the other becomes the negative or inactive element, 
and so escapes all corrosion so long as they are in metallic 
contact. 

When it is wished to stay corrosion by taking advantage 
of this electrical fact, the usual method is to employ 
metallic zinc, being careful to bring it into intimate 
metallic contact with the metal of the boiler. This will, 
if sufficient zinc be used, have a beneficial effect; still too 
much is generally expected from the zinc, engineers ex- 
pect the effect of these zinc plates, say four of them, 
weighing in all about 56 lb., and placed in different parts 
of the boiler, which will weigh about 30 tons, to influence 
the whole and every part of the boiler, and to continue to 
influence it for a period of time. Even if these plates 
were most elaborately connected in strict metallic contact 
with the metal of the boiler in its different parts, it is too 
much to expect from such a quantity of zinc, there being 
too great a disproportion between the weight of 30 tons 
and 56lb.. therefore the areas of its influence must be cir- 
cumscribed, more especially after being in use a few days, 
when its surface becomes coated and protected against a 
great proportion of the corrosion it ought to undergo to 
enable it to keep its place as the most readily acted on 
metal, and absorb to itself the chemical action or corrosion 
which would otherwise attack the iron or steel of the 
boiler. This idea that the areas of influence of the pro- 
tective plates are circumscribed to some extent accounts 
for the fact that a boiler shows signs of corrosion some- 
times in one place and then in another ; in other words it 
shows these signs over areas where the protection influence 
of the zinc has either been destroyed or too much dimi- 
nished to be effective. 

Fifty-six pcunds of zinc represents .083 per cent. of the 
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weight of 30-ton boiler, if from four to five times this 


amount were used in the firat instance, and supplemented 
from time to time, as it was corroded and rendered ineffec- 
tive, it would be found that corrosion would be stayed, 
though there would be considerably more than a propor- 
tionate quantity of zinc consumed in a given time than 


when the smaller quantity wasemployed. The reason for 
this larger consumption of zinc being that though zinc in 
proper metallic contact absorbs all corrosion to itself, it 


does not destroy or prevent the chemical action or the 

resulting electricity being formed in the boiler, it rather 

increases it. As has already been stated, the action of 
the zinc is simply that being the most readily acted-on 
metal it becomes the positive or corroded element instead 
of the iron, as would be the case were the zinc not present 
and in metallic contact. This being the case it may be 
unnecessary to point out the advisability of the zinc used 
being good and as pure as possible. Any foreign metals 
the zine may contain will injure its efficieney as a pro- 
tector to the metal of the boiler, as part of its power will 
— in becoming positive to them instead of to the 

iler. 

It would certainly seem that the most logical method of 
preventing corrosion is to make the water non-exciting or 
incapable of acting chemically on the iron or steel of the 
boiler ; thus the cause is at once attacked, whereas the 
other method only deals with the effect, and there is, 
moreover, avoidance of the great difficulty in making and 
maintaining the metallic contacts, owing to corrosion at 
the point of juncture, or the breaking of the contacts from 
other causes, and such imperfections can only be remedied 
when the boilers are opened. In those methods which 
aim at destroying the corrosive or exciting power of the 
sea water, the protective agent is added either at the con- 
denser or hot-well from time to time, and in greater or less 
quantities as desired. There are several ways of making 
or causing the sea water to be non-exciting, and there are 
many compounds offered as meeting all the requirements, 
but care should be taken not to put into boilers any com- 
pound which contains a constituent that, of itself, is 
capable of combination with iron, or which contains a con- 
stituent that can by any means be made to furnish 
compounds capable of such combination, because it should 
be a sine qué non that the protective agent should be in 
itself harmless. Lime preparations added to the water 
are beneficial, their action being to keep the surfaces of 
the boiler always coated and thus protected from corrosive 
action. This subject has occupied so much of the writer's 
professional attention that it has caused him to take more 
than an ordinary interest in the solution of the problem, 
apart from any commercial consideration of the question, 
although he felt it would be a great advantage if some 
reduction could be made in the present costly application 
of zinc, and the writer is of opinion that a basic solution 
of zinc would effect this economy, but, after all, he 
assumes that the vitality of the boiler is the first con- 
sideration. 

The great advantages in the use of such anti-corrosive 
or anti-exciting compounds is that they can be introduced 
in small quantities at stated intervals. They render the 
water non-exciting, and diffuse themselves through all 
parts of the boiler, thus protecting all — equally. 

In treating of corrosion, mention of that special kind 
generally known as pitting, has been omitted. This pitting 
is occasioned by the same causes as induce the more 
general corrosion, but these causes are intensified and 
accelerated by two other influences, which tend to con- 
centrate the effects of such corrosion by rendering it very 
local instead of general. These influences are rust or iron 
scale and variations of temperature. Rust or iron scale is 
frequently, indeed generally, in the form of ‘‘ magnetic 
oxide of iron,” and when the metal of the boiler, especially 
if it be steel, is acted on chemically by the sea water, and 
whilst in intimate contact with this oxide, such chemical 
action induces electricity, the oxide and the metal in its 
very immediate neighbourhood constitute a voltaic couple, 
the metallic iron or steel being the most readily acted on 
becomes’ the corroded or positive element, while the 
oxide becomes the inactive or negative one; this couple 
induces a current of electricity having only a very local 
influence, thus concentrating the action on that limited 
portion of the iron or steel which has become the positive 
or corroded element through the influence of the oxide or 
scale, instead of allowing that action to expend itself more 
generally over a larger area. 

Variation of temperature affects more particularly the 
question of the very serious and dangerous pitting observ- 
able on the sides of the furnaces. In cases where two 
portions of even the same plate of iron or steel are sub- 
jected to unequal temperatures when immersed ina liquid 
capable of chemically acting on them, these two portions 
become virtually two different metals so far as molecular 
arrangement is concerned, and are capable of forming a 
voltaic couple ; the more highly hsated portion being the 
most readily chemically acted on by the sea water becomes 
the positive or corroded element, while the less highly 
heated portion, being also the less liable to the chemical 
action, is the negative or inactive one, Thus, when 
through any physical or structural cause, one part of the 
metal becomes more highly heated than another part— 
and portions of the furnaces and combustion chambers 
are very liable to this, especially along the fire line—this 
mere highly heated portion becomes positive to the less 
highly heated portion, and thus concentrates on itself all 
the corroding or chemical action which would have diffused 
itself more generally over the whole surface, had the tem- 
peratures been equal. 

To counteract or stay this pitting is much more difficult 
than it is to stay the general corrosion. In the case of 
general corrosion there is a general cause which may be 
met by a general cure, but in the case of pitting there are 
several causes, each perhaps similar, but yet each requir- 


metallic zinc. Bringing the zinc into this contact with 
these parts will ve 
zine, seeing that pa parts are so prone to chemical 
action. Supposing the causes, such as rust or iron scale, 
and the variations of temperature to be removed, this in- 
creased use of zinc will be effective. But though it may 
be possible to remove the rust, it is not so possible to do 
away with the variations of temperature; therefore the 
best method of effecting a cure of this pitting would be to 
strike directly at the cause by rendering the water non- 
exciting. By this means the rust and the variations of 
temperature are rendered innocuous. 

In conclusion, the writer would point out that preven- 
tion is better than cure, and that if it is desired to keep a 
boiler in good order certain precautions must be taken. 
Firstly, great care must be taken in the selection of 
cylinder oils, and only those must be used which have a 
vaporising point at a higher temperature than the tem- 
perature of steam at the pressure at which the boiler is 
worked. The statement given of the vaporising points of 
these oils must not be taken for granted, even with a 
certain brand or make, but each particular lot supplied 
must be equal to the sample and bear out all the state- 
ments made respecting it and which influenced its 
purchase. Such supervision will always give a good re- 
turn for the trouble, because whether it is cylinder oils or 
any other goods that are sold and which are not subjected 
to this supervision, it may be taken for granted that the 
lowest quality accepted without serious complaint or re- 
bate in price will eventually become about the highest 
quality that will be supplied, 

enie yf the boiler must be worked with the greatest 
amount of regularity practically possible on board ship, 
and the specific gravities of the water kept as regular as 
possible. Samples of these waters may be taken at stated 
times during the voyage, and of deposits whenever oppor- 
tunity offers ; these samples to be kept for examination 
when necessary. The taking of these samples answers 
two good purposes—one is, that if the boiler should happen 
to show signs of corrosion, these samples will enable the 
cause of such corrosion to be traced. The cther purpose 
is that by taking samples systematically and for a certain 
purpose, the attention is thereby drawn to the boiler and 
a certain interest created, which induces regularity in 
working and treatment generally, and all means which 
have this effect are most valuable, and cause a very 
material reduction in the wear and tear of the boiler. 








NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam coal trade has shown considerable 
animation. The best qualities have made 14s. ; second- 
class coal, 13s. to 133. 3d.; and best Monmouthshire, 
128. 3d. per ton and upwards. Notwithstanding the 
advanced period of the season, household coal has con- 
tinued in brisk demand at winter prices, No. 2 Rhondda 
having been firm at lls. fd., and No. 3 at 12s. 6d. to 
12s, 9d. per ton. The patent fuel trade has continued 
active. Coke has ruled firm at fully former rates. 


South Wales Institute of Engineers.—The thirty-first 
annual meeting of this Institute was held at Cardiff on 
Thursday, Mr. C. P. Martin, of Dowlais, presiding. The 
following gentlemen were elected officers for the ensuing 
year: ice-presidents, Messra. T. Evans and A. G, 
Stevens; members of Council, Messrs. M. Moxham, C. H. 
James, T. Jones-Price, D. Evans, G. T. Green, and J. R. 
Bennett. The receipts from members and other sources 
for the past year amounted to 622/. 33. 1ld., which, with 
the balance previously in hand, brought up the year’s 
revenue to 824/. 16s. 1d. The expenditure for the same 
a? was 4601. 19s. 3d., leaving a balance of 363/. 163. 104. 

he following gentlemen were elected members of the 
Institute : r. C. A. Branfil, Swansea; Mr. W. W. 
Joseph, Swansea ; Mr. G. Smith, Resolven, Neath; Mr. 
J. W. H. White, Leeds; and Mr, W. Simons, solicitor, 
Cardiff, as associate. 


New Works in the West.—In the Naval Estimates for 
the ensuing year, 3200/. has been appropriated for a pier 
and torpedo range on the Plymouth breakwater ; 34601. 
for a pier at the naval barracks at Keyham; and 34001. 
for a residence for the colonel commanding marines. A 
sum of 4450/. is set down for dredging docks at Devon- 
port, and 28,000/. for a coaling station at Keyham. 


An Approaching Dividend.—At the fiftieth half-yearly 
meeting of the Buckfastleigh, Totnes, and South Devon 
Railway on Tuesday, the chairman (Mr. Jeffery Michel- 
more), called attention to the fact that for the first time in 
the history of the company the accounts showed a credit 
balance. With a good season this year the directors 
hoped that the undertaking would enter the list of divi- 
dent-paying lines. 

Wire-Rope Making at Cardiff.—The foundation stone 
of extensive patent wire-rope works which are about to be 
erected for Messrs. George Elliot and Co., Collingdon- 
road, Oardiff (directly opposite the premises which they at 
present occupy), was laid on Saturday by Mr. G. J. May, 
the local manager. Mr. W. M. Blackburn, of Newport, 
is the architect and builder. 


Railway Rates.—A meeting of coal proprietors and 
freighters and others interested in the Forest of Dean 
was held at Gloucester on Saturday, to consider the re- 
vised classification of merchandise traffic and revised 
schedule of maximum rates and charges issued by the 
Great Western, the Severn and Wye, the Severn Bridge, 
and other railway companies concerned as carriers to and 
from the Forest of Dean, and to agree upon such steps as 





ing to be separately neutralised and overcoms, Each case 


of pitting being due to a local and not a general cause, in 
any endeavour to effect this cure by means of metallic 
zinc it will be necessary to remove this cause and bring 
the part affected into intimate metallic contact with the 


greatly increase the consumption of 


chairman. It was resolved that an association should be 
formed to protect the interests of the railway and canal 
freighters in the Forest of Dean, and that it should em- 
brace all trades and industries. The chairman suggested 
the rules of the association, and a committee was formed 
to consider these and to report thereon. 


Roath Park.—The Town Council of Cardiff recently 
offered a prize of 75l. for the best design for laying out 
130 acres of land which the ag of Bute has pre- 
sented to Cardiff, for a public park. The Parks Com- 
mittee of the Council has awarded the prize to plans sent 
in by Messrs. W. Barron and Son, landscape gardeners, 
of Barrow Ash, near Derby. The site of the proposed 
park is a valley, nearly two miles in length, with a con- 
siderable stream running through it, which will be 
utilised in the formation of a lake about 30 acres in 
extent, besides numerous smaller lakelets and waterfalls, 


Water Supply of Bristol.—Certain petitions lodged 
against the Bristol Water Company’s Bill in the House of 
Lords, have been withdrawn, and the measure has passed 
unopposed through their Lordships’ House. The main 
objects of the Bill are to authorise the company to aban- 
don certain works sanctioned last year, to execute new 
works, and to raise 100,000/. additional capital with bor- 
rowing powers not exceeding 25,000/. 


An Expansion Joint.—At the annual meeting of the 
South Wales Institute of Engineers on Thursday, Mr. 
T. C. Hair read a paper ‘‘ On an Expansion Joint for Air, 
Steam, and Water Pipes.” Mr. Hair stated that the joint 
was especially adapted for allowing air, steam, or water 
pipes to accommodate themselves to uneven places, 
where they were liable to be thrust aside or otherwise put 
out of a straight line. The joint, it was pointed out, had 
proved to be very useful and effective in underground 
workings. A number of them had been in use at Harris’s 
Navigation Colliery for upwards of two years at a pres- 
sure of 70 lb. per square inch, and no failure or trouble 
had arisen with them or the pipes near them by the joints 
giving way. Mr. White said he had lately seen the pipes 
at Harris’s Navigation Colliery, and he could testify that 
they were working satisfactorily. The only fear he had 
was that unless the rubber was of the very finest quality 
it might in time crack and allow the steam to come out, 


Pontypridd, &c., Sewerage.—A meeting of the Ponty- 
pridd and Ystradyfodwg Joint Sewerage Board was held 
on Friday. The principal business was the opening 
tenders for laying main sewerage through the Rhondda 
Valley avd Pontypridd districts. Four tenders had been 
received, viz, Mr. G. Osenton, Westerham, 129,000/. ; 

r. W.R. Geen, Rotunda-buildings, Cardiff, 131,500/. ; 
Messrs. Logan and Hemingway, 71. St. Mary’s-street, 
Cardiff, 122,372/; and Messrs. W. R. Parker and UCo., 
Barogau-buildings, Cardiff, 101,189/. The last-named 
tender, being the lowest, was accepted, subject to the 
usual conditions as to securities. 


The Telephone in the West.—At Bristol Assizes, before 
Mr. Justice Wills, an action brought by the Western 
Counties and South Wales Telephone Company (Limited), 
against the Neath Harbour Commissioners occupiei 
several hours. Mr. Bompas, Q.C., explained that tha 
Neath Harbour Commissioners were charged by the com- 
pany with cutting and destroying a telephonic cable 
which was laid across Neath pe al There was no 
dispute as to the fact that the commissioners did cut 
and destroy the cable, but the question was whether 
the commissioners had any right to do so. The com- 
missioners contended that the cable was an obstruc- 
tion, and that the harbour master was acting within 
his rights in removing it. Mr. Justice Wills, in giving 
judgment on Monday, said he was satisfied that the 
cable, as laid, whether temporarily or not, was a real 
and substantial danger to the navigation of ships using 
theharbour. He had come to the conclusion that there 
had never been any definite permission given by the com- 
missioners—certainly no irrevocable permission—to the 
company to lay the cable where it was. The harbour was 
of little use without a good anchorage ground. There 
must, accordingly, be judgment for the defendants. 


Gas on the Great Western.—On Thursday the three 
o'clock, or ‘‘ Zulu” express on the Great Western Rail- 
way, from Paddington to Plymouth, was lighted through- 
out with gas. The train consisted of two carriages and a 
guard’s van, all quite new. The carriages have narrow 
gauge bodies, on broad gauge bogie frames. The gas 
supplied to the overhead lamps is obtained from a reservoir 
underneath the carriages, of sufficient capacity to light 
the train both on the downward and upward journey, 
without being re-charged. The light given is brilliant 
and steady, and enables passengers to read with comfort. 





Water Suppity in Victor1A.—Tenders have been re- 
ceived by the Victorian Water Supply Department for the 
construction of a weir across the Goulburn in the neigh- 
bourhood of Laanecoorie. The weir will consist of a 
masonry dam 320 ft. in length, of a maximum height of 
52 ft., and of an earthen dam 700 ft. in length. The storage 
capacity of the dam when completed will be 600,000,000 
cubic feet. A contract for the work was let recently to Mr. 
A. O’Keefe for 57,321/., but, owing to a sudden and un- 
expected increase in the value of cement of 6s. 6d. per 
barrel, Mr. O’Keefe intimated to the department that he 
could not carry out his engagement upon the terms 
originally agreed upon by him. The officers of the 
department considered that it was not desirable, under 
the circumstances, to hold him to his agreement, and the 
work, therefore, was re-advertised. pon the tenders 
being opened it was found that Mr. O’Keefe was again 
the lowest tenderer, the amount for which he offered 
to do the work being 63,5411. The tender has been pro- 





might be deemed expedient. Mr. Brain was elected 
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RECORD. 
CompPiLteD By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 
The number of views given in the Specification Drawings is stated 
tn each case after the price ; e none are mentioned, the 
Specification is not illustrated. 
Where Inventions are communicated from abroad, the Names, 
éc., of the Communicators are given in italics. 
ies of Specifications may be obtained at 88, Cursitor-street, 
-Lane, E.C., either personally, or by 3 i 
rhe date of poe mts yor pet th Januar 
r) wertisement 0, acceptance of a complete spe- 
cification is, in each case, given after abstract, cles the 
Patent has been sealed, when the date of sealing is given. 
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GUNS. 


357. L. K. Scott, London. Pendulous Carriages 
for Ordnance, Machine Guns, or any other Appa- 
ratus Used for Propelling Projectiles. (8d. 7 Figs.) 
January 9, 1888.—The object of this invention is to insure the 
trunnions of a gun being level whether its carriage be level or not, 
and when using pendulous carriages for sea purposes, the axis of 
rotation of the carriage must correspond with the axis of the gun 
when horizontal. For this purpose the gun is placed in a car- 
riage suspended by two axes working in bearingsin a frame which 
can be traversed from right to left. In Fig. 1a recoil buffer D is 
shown, attached to the pendulous carriage E, and connected with 


amount of 





the grant of a 
Act. 








gun-carriage at a point, which is at the axis of rotation of 
the carriage. A, A are the axes of revolution of the carriage, and L 
is the laying step connected with the axis of rotation. Fig. 2 
shews a hollow centre, central with the axis of the gun when hori- 
zontal. Two rollers R, R rest on the circular bearing B of the 
traversing carriage, upon which they run when the ship or plat- 
form oscillates, so that the pendulous carriage E is kept level and 
the — of the gun vertical. Another arrangement is described 
in which the pendulous carriage consists of a floating platform, 
and the traversing carriage a trough containing liquid. (Sealed 
March 12, 1889). 


2604, T. Nordenfelt, London. Improvements in 
Breech Mechanism for Guns, [lld. 6 Figs.)—February 
21, 1888.—This invention relates to breech-pieces, formed with 
divided segments of screw threads, which are unlocked, drawn 
back, and carried to one side by turning a lever handle. The 
rear end of the breech-piece A extends backwards beyond the 
breech end of gun and enters and turns freely in a carrier ring B, 
which can be turned around a pin C projecting from the rear end 
of the breech. The front end of this ring has another ring D free 
to turn upon it and provided with a leverarm D'. This ring also 
has a pin D? which passes through a slot B? in the carrier ring, 
and into a helicoidal groove A? formed in the screw breech-piece 
A. The interior of the carrier ring is cut away in segments cor- 
responding to the screw segments of the breech-piece. To open 





the breech, the ring D is partly turned by handle D', the pin D? 
travelling in the groove A? turning the breech A until its screw 
segments are disengaged with those inthe gun. A lug A? project- 
ing from the breech-piece then comes to the end of a slot cut away 
from the front end of ring B and comes opposite the end of a slot 
on the inside of ring B, so that as the ring D continues to be 
turned, and the screw breech is prevented from turning, it is 
drawn back into the ring B. When the pin arrives at the end of 
the groove A? the front end of the breech A has been drawn back 
from the bore of the gun and with it the extractor, and as the 
turning of handle D' is continued, the ring B being no longer re- 
strained, is turned around pin C and carries the breech to one 
side, leaving end of gunopen. The arm B4 coming — stop 
E prevents further movement of ring B. (Sealed March 12, 1889). 


3383. O. Krell, St. Petersburg, Russia. Improve- 
ments in Gun- Carriages with Hydraulic Com- 
Pressors for the Re tion of the Recoil. (8d. 
5 Figs.) March 5, 1888.—The arrangement consists in taking up 
the recoil, not by one hydraulic cylinder or cylinder pair, but by 











two cylinders or pairs arranged almost at right angles to each 
other. The piston-rod H of cylinder J is fixed to aframe E pivotted 
to the gun-carriage A at D, while the trunnions K of the gun are 
journalled upon and fixed to cylinder J which moves with the gun 
in the usual manner. To the front end of frame E at O is pivotted 





the piston-rod N of another cylinder M pivotted to the gun- 
carriage at L, so that its axis is almost at right angles with the 
cylinder J. Between flanges on piston-rod N and on its cylinder 
a spring P is aie the strength of which is calculated 
according to the weight resting thereon. If the axis of the gun 
is parallel with the axis of cylinder J, this latter only will bear and 
take up the strain from the recoil, and if the axis of the gun is 
parallel with that of cylinder M this will have to take up the 
recoil; if the axis of the gun however lies between the two, both 
cylinders will take up part of the recoil ; in this manner a complete 
taking up of the recoil takes place in whatever position or elevation 
the gunis fired. The gun-carriage is pivotted at B and is movable 
on the railC. (Accepted January 9, 1889). 


3481. J. A. C. de Latouche, Paris. Improvements 
in Mounting, Protecting, and Working Garrison and 
Naval Guns. [lld. 20 Figs.) March 7, 1888.—The objects of 
this invention are to permit guns, by a rapid movement, to pro- 
tect their material from the effects of fire of attacking pro- 
jectiles of any calibre during the interruption of their own fire, 
and also to return quickly to battery and firing position. ~~ 1 
represents an elevator with a straight ramp arranged parallel to 
the parapet. On the inclined plane travelsa platform carriage a. 
The stationary part of the armour b protects the foot of the 
elevator, and the part c whose movements are in one with that of 





the carriage a, and which is mounted on rollers travelling on rails 
d, closes the opening left by the carriage on descent after firing. 
e is the gun represented in its two ——- by full and dotted 
lines. Fig. 2 shows an arrangement for permitting fire all around 
the horizon. The elevator with its inclined plane turns on a 
pivotting plate i, carrying with it the armoured roof j of the well 
which is mounted on rollers travelling on a racer. The gun is 
protected by armour / carried by the cariage a, and which passes 
through an opening in the armoured plate of the well. Various 
an modifications are shown and described. (Sealed December 14, 


17,702. T. Nordenfelt, London. Improvements in 
Turret Mountings for Quick-Firing Guns. [lld. 3 
Figs.) December 23, 1887.—This invention relates to a mountin: 
for quick-firing guns, which gives protection to the gunner an 
allows the gun to be moved out of the enemy’s view when not 
firing. Bisa circular platform within an outer armour plate A. 
This platform is ——— by three chains C passing over pulleys 
D to a counterweight E. The pulleys are carried by pillars serv- 
ing as guides for the platform. F is another circular platform, 
turning on ball bearings G, and on which is mounted a pinion H 
gearing into a rack I connected by a swivel joint to counterweight 
E. An axis J, carried by platform F, is provided with a pinion K 
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gearing with a ring of teeth L fixed to platform B, whereby the 
turret may be trained by turning wheel M. Platform F supports 
the dome N, which closes in the top of cylinder A when the turret 
is lowered. The muzzle of the gun protrudes through a hole O, 
and P is a frame, turning on trunnions Q, which can be raised or 
lowered by a screw R to give the requiredelevation. The carriage 
S can be moved endwise along the frame by a screw T, which is 
turned by gear wheels operated by acrank handle Z, An hydraulic 
compressor controls the recoil of the gun. An underground 
passage gives access to the interior of the turret, and W is a ladder 
from the passage to the platforms. (Sealed January 4, 1889). 


17,351. T. Nordenfelt, London. Improvements in 
Breech Mechanism for Guns. [lld. 9 Figs.| December 
16, 1887.—This invention relates to that class of breech mechanism 
Fig .1 
eae 
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in which the breech is closed by a piece having segments of a 
screw thread on its sides to lock into corresponding segments in 





the interior of the breech. When opening the-breech the screw 





piece a and ring } are first locked together by aradial bolt c, whore 
inner end abuts against the hollow pin or axis f, so that the ring 
and screw turn together until the inner end of the bolt c comes 
opposite to and enters a recess in the axis f, and is discharged from 
the ring, which is free to turn without turning the screw. A pin 
¢ in breech-block is then at the end of a slot, which receives it in 
an arm g, to which the axis f is fixed. Endway movement is given 
to bolt ¢ by a pin c! upon it, which enters the inclined end of a 
slot 6° in the ring. As the ring continues turning, rollers d' at 
the ends of the arms d enter the inclined parts of a groove e, and 
the breech-block is drawn back until the rollers come into the end 
portions of the groove, which are not inclined. Radial arm }! 
then engages with a stud h, and the ring }, arms }!, and arm g all 
turn around the stud A as a fulcrum, and the breech screw is 
carried to one side of the rear end of breech and left resting upon 
a support 7. When the lever is turned back in the opposite direc- 
tion the movements are reversed and the breech cl . The lock 
mechanism is contained within the pin f, on which the breech 
screw a turns. Arrangements for setting back the hammer to its 
“cocked” position, and for extracting the cartridge, are also de- 
scribed. (Sealed December 28, 1888). 


LAMPS. 


12,169. C. W. Stevens and G. Ellisten, Stratford, 
Essex. Improvements in Automatic Safety Lamps. 
[8d. 6 Figs.) August 23, 1888.—This invention relates to a lamp 
which will be extinguished the moment it is overturned, without 
the risk of the oil running out. The feeding mechanism is sus- 
pended in the reservoir in such a manner that a dished plate 
or top thereof is soldered to a collar on top of the reservoir, and 
it consists of a rectangular and flattened wick tube whose — 
extremity has the form of a funnel. The wick tube leads by a 
tubular piece to the lower part of a cylindrical casing terminating 
in a funnel covered with a hood. The lower part of the cylindrical 
casing is provided with perforations through which the oil is fed 
to the wick, a disc, placed below the rforations, bein 
provided with a clack valve, normally held open by a spira 
spring allowing the oil to pass into the wick tube, The spiral 
spring is held contracted by the weight of a ball of lead. The 
burner carries at the top an extinguishing device composed of 
two bent strips of sett arranged on each side of the burner, 
the bent ends pivotting upona pin at each end of burner, so 
that the strips or flaps may move freely up and down, and when 
the lamp is upset, join their upper edges over the opening of 
the burner and extinguish the flame. The flaps can moved 
by hand by means of a forked rod ons a worm which gears 
with the sorew thread of another rod whose end carries a milled 
edge disc. (Sealed February 8, 1889). 


16,253. H. A, Kent, London. Improvements in Oil 

ps. (8d. 4 Figs.) November 25, 1887.—Beneath the 
chimney C are two deflecting discs g, g', between which are out- 
lets ¢ for conducting air to the flame. The burner contains a wick 
tube 5 surrounded by a case c forming a chamber é to tain oil 
for the wick, and communicating with an oil reservoir A bya tube 
a. fis an air tube extending from reservoir A to chamber e, and 
supplies air to the reservoir through openings /?. The tubes a, 
Jf are surrounded by tubes for admission of air to said tubes. 
The chamber ¢ is cted to a casing e? passing through the 
centre of a glass D forming a transparent chamber D!, in which 
the flame is situated, and which is covered by a reflecting plate k. 
E is a casing, with openings / for the inlet of air, between which 














and reservoir A is a space E? whereby the oil is kept cool. Air 
ay to the upper side of flame through J into tubes /?, thence 

y tube 73 out by openings i. The wick tube admits air to the 
inner side of flame and serves as a e for lighting the lamp 
without removing the glass. Air for the lower side of flame is 
admitted into casing e2 by openings ¢°, and into chamber D! by 


openings e*, and impinges on the outer side of flame. For 
bey gee | the light a tube slides inside tube 6 in combination 
with a ring ¢? sliding outside the upper end of wick tube. The 


ring ¢? has hinged to it flaps v which, when the ring is raised, are 
forced over on to the top of the wick. The tubes ¢ and ¢? are 
operated by rods connected together by a knob ¢t*. (Sealed 
January 4, 1889). 


17,941. M. Davis, London, Ieqgoremente in Ex- 
Devices for Round Wick Lamps Burn- 


ing Petroleum and § Oils, (6d. 1 Fig.) De- 




















cember 30, 1887.—This extinguishing device is applicable to 
lamps with round wick tubes and a button or flame spreader. C 
is a tube sliding on the wick tube A. B is the body of the burner, 
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and D isthe flame spreader. A lever E is pivotted upon the 
body B at the pointe, and is forked at E't0 as to embrace the 
wick tube. The forked part of the lever is slotted at F to allow 
a pin f to move freely therein. When the lever E is depressed so 
that it and the parts connected therewith assume the position 
shown in dotted lines, the edge c of the sliding tube is caused to 
bear under or against the flange or rim d of the button D, so that 
the wick being inclosed by an air-tight, or nearly air-tight, casing, 
the flame is extinguished. (Sealed January 11, 1889). 


REDUCING VALVES. 


17,277. W.L. Wise, London, (Franz Heuser and Co., 
Hanover, Prussia.) tg in Pressure Regu- 
lating or Reducing Valves. (8d. 3 Figs.) December 15, 
1887..—The valve consists of a case made in two pieces a@ and b 
united together by means of flanges. Between the flanges is 
interposed the edge of a diaphragm d dividing the case into two 
compartments. The diaphragm is armoured by two metal plates 
e which grasp it, and also an elastic or hinge plate i secured 
between the flanges and serving to control the motion of the 
diaphragm. On the upper plate e is pivotted a rod g surrounded 
by a spiral compression spring, which can be adjusted by means 
ofacap v. A spring h beneath the diaphragm maintains an 
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upward thrust on it; k is an inlet passage commanded by a 
conical valve s taking into a seating 1, and fis an outlet. The 
valve ¢ has a screw stem on which is a nut m connected by a 
fork with diaphragm, so that as the diaphragm rises it moves 
the valve towards its seat and vice versd. The valve can be ad- 
justed by removing plug 0, and screwing it in the nut. The 
fluid to be regulated or reduced in pressure enters at k and flows 
pest valve s into compartment c, and if its pressure is greater 
han that of top spring, the diaphragm will move upwards, closing 
or partly closing valve s, and stopping or reducing the flow of the 
fluid. The pressure in compartment c is indicated by a mano- 
meter, and the cap v is turned until the required pressure is 
obtained. (Sealed January 4, 1889). 


18,251. C. L. Braithwaite, Jun, and I. Braith- 
waite, Kendal, Westmoreland. Improvements in or 
Appestaining to Apparatus for Reducing an Effluent 
Liquid to any Required Pressure below that of the 
Inlet Pressure and for Maintaining it at that Pres- 
sure, [8d. 2 Figs.) December 14, 1888.—This invention con- 
sists of a by which pressure of a liquid passing through it 
may be reduced to any desired ere A is the inlet, B the 
outlet, and C a piston valve working inchamber D. The valve C 
is formed with an extension C5 having a perforation C4, The 
chamber D communicates by passages E, E' with a chamber F, 
which also communicates by ports F! with a valve chamber G, 
connected by pipe H with outlet B. The discharge area of pipe H 
must be greater than the sectional area of the perforation C*. 
The ports F' are clored by the valve K. The piston K is perfo- 
rated so that the liquid in the chamber passes to its under side 
and keeps it in equilibrium. Supposing very little more liquid is 

















drawn from B than can leak past valve K, but not so much as can 
pass through hole C*¢, the pressure at the inlet exceeding that re- 
quired at the outlet, the pressure in the outlet would tend to rise 
to that in the inlet, but as soon as it exceeds the pressure for 
which the piston is weighted, this piston will rise and lift valve K 
until the ports F! are all, or nearly all, closed, so that only as 
much — passes valve K as is necessary to maintain the pres- 
sure in the outlet at that required. If rather more is drawn off at 
B the pressure will be reduced, and the piston and valve K fall 
and open more of the ports F'; but if the quantity exceeds what 
can pass through hole C* the pressure in chamber D will be 
lowered, until the pressure exerted «n piston C is less than that 
exerted by the liquid beneath it. The piston then rises and opens 
the passage between the inlet and outlet pipes, until the pressure 
in outlet pipe rises and again lifts piston and valve K, closing 
porte F' and causing the pressure in chamber D to balance the 
pressure below piston C. (Accepted January 23, 1889). 


MISCELLANEOUS, 


2116. J. 8. Raworth, London. Improvements in 
Cou gs. (Sd. 2 Figs.) February 11, 1888.—The 

objects of this invention are to allow each shaft to revolve freely 
in its bearings without such bearings being necessarily in an 
exactly straight line with those of the other shaft, and also to 
prevent jerky torsional strain. c isa face-plate, forming the fly- 
wheel, keyed. to the motor shaft a, and provided with two fixed 
eyes ¢, into which take two of the cylindrical ends of a cross k. 
To the driven shaft b is keyed a boss m, provided with a flange, 
firmly clamped between two rings n forming the other face- 
plate of the coupling. These rings carry two bolts o having eyes 
p which receive the other ends /' of the cross, and between these 
eyes and the ends of the cross are arranged gun-metal bushes /, 
in which the said ends are free to slide endways. The necessary 
grip of the rings n on collar is obtained by tightening nuts, 








the rings slipping under ex>essive strain or sudden jerks caused 
by water in the cylinders or other accidental circumstances. As 
the cylindrical ends of the cross k are free to move endways in the 
eyes ¢ and p orin the bushes /, there will be perfect automatic 








ati, 


adjust t of the between the shafts a and b, where 
the said shafts are not quite co-axial, as for instance where there 
is a difference of level between the centres of the two shafts. 
(Sealed March 12, 1889). 


2707. G.E. Coupe, Grantham, Lincoln. Improve- 
ments in Friction Dynamometers. (8d. 3 Figs.) Feb- 
ruary 23, 1888.—The object of this invention is to provide means 
whereby the changesof friction between the bands and the revolv- 
ing wheel are compensated for and the dynamometer maintained 
in a state of equilibrium. A isthe wheel driven by the machine 
to betested. B are ordinary endless bands consisting of flexible 
rings C provided with friction blocks D, and having screws E for 
adjusting the pressure of the blocks D upon the periphery of the 
wheel. A weight or weights F is attached to the bands B pw | 
to resist their rotation by the wheel. To the bands Bis secure 
at G one extremity of a flexible friction band H composed of 








wood blocks connected by links. This band passes partially 
around wheel A, its other extremity being provided with a weight 
or weights I, lighter than F and tending to assist the rotation of 
the bands by the wheel. Should the friction between A and the 
bands Band H increase from want of lubrication, and cause them 
to rotate with the wheel, the weight F will ascend and the weights 
I descend, and the arc of contact between H and the wheel will 
be diminished and restore the equilibrium of the apparatus, whilst 
should the friction between A and the bands decrease from too 
much lubrication, the weights F will descend whilst I ascend, and 
the arc of contact between band H and periphery of wheel A be 
increased, thus again restoring the balance of the apparatus. 
(Sealed March 19, 1889). 


2771. ¥F. S. Morris, London. Improvements in Lock 
Nuts. (8d. 11 Figs.) February 24, 1888.—The object of this 
invention is to provide a lock nut which will be more secure than 
those hitherto used, and also possess so much elasticity that it 
will take up any play occasioned by the elongation or stretching 
of the bolt to which the nut is applied, and any wear under the 
bolt-head and nut owing to the working of the fishplate. The nut 
has one or more grooves or slots arranged so that when the nut is 
screwed down the partially —— portions of the nut will be 
drawn together, and so cause the distortion of the thread in the 
nut and the quent pression of the thread on the bolt. 
The nut may also be formed with a spring tongue arranged to take 
up play. (Accepted January 23, 1889). 


3466. J. ¥. Johnson, Lonndon. (La Société Million- 
Guiet et Cie., Paris.) seer Lubricator for Lubri- 
cating the Wheels of Vehicles and other like Pur- 

8d. 2 Figs.) March 6, 1888.—The lubricator consists 
of a metal grease box arranged to secure an effectual and econo- 
mical lubrication of long duration. Lugs A are formed on the 
journal box or bush, in which are chambers B for holding the oil 

















or lubricant. These chambers are closed at one end by a screwed 
plug C forming a bearing for a spring r and exerting pressure on a 
small piston p acting on the lubricant in chamber B, and causin 

it to flow from the chamber through a channel D leading to helica 
or other suitable oil grooves E formed in the bearing surface. Any 
number of these grooves may be employed, and any number of 


chambers or lugs provided on one Lush or bearing. (Accepted 
January 30, 18€9). 


3275. J. P. Leather, Burnley. Improvements in 
or rela’ to Apparatus for Governing or Regu- 
lating the Pressure of Gas in Pipes or Mains, (8d 


3 ts 9 .] March 3, 1888.—In this invention a governor is provided 
which adjusts the pressure of gas at the outlet automatically, so 
that with increased consumption the pressure increases, and with 
decreased it decreases. An ordinary type of governor may be 
employed consisting of valve A with seat a, and suspended from 
a bell B working in water tank C, a pipe 6 connecting interier of 
holder with the gas at the outlet D of valve. The chains E' sup- 
porting the weights E, hang from arms G attached to levers, so 
that as the holder ascends, the weights hang further from or 
nearer to the axis of the lever, so that greater force is applied for 
raising the holder, but as the holder descends, the reverse action 





























takes place. When the inlet pressure of gas is variable, an 
inlet valve K is provided communicating with an outlet valve A. 
K is an equilibrium valve open at top and bottom and suspended 
in. water. L, B are two holders inverted in tank C. The holderL 
controls inlet valve K by rods k working in pipes 2. H is the main 
outlet communicating by pipe b with holder B. The inner holder 
L and valve K neutralise the effect of variable inlet pressure and 
make the position of the second or outer holder dependent only on 
the rate of consumption. The holder L is affected in one direc- 
tion by the pressure of gas at the main valve outlet D, and in the 
— direction by the pressure at the inlet of said valve, the 
valve K controlling the pressure at the inlet to the main valve, 
whereby such pressure is maintained in excess of the pressure at 
+ outlet by a constant amount. (Accepted January 23, 


3683. P. Oriolle fils, Nantes, France. An Im- 
proved Automatic Fire Extinguisher and Alarm. 
[8d. 3 Figs.) March 9, 1888,—The invention consists of a pipe A 
which communicates with a supply of water under pressure, and 
is provided with a rose X inclosed by a cup valve B held to its seat 
bya lever D having a set screw V bearing on a spring C on the 
back of the valve, whereby the pressure of the valve on its seat is 
regulated. The lever D engages at D' with pipe A, while its other 
end is held by a catch EK resting upon a distance piece G of 
fusible metal inserted between them, the catch being formed on a 
bridle ge engaging by a knife edge H witha fixed point. The 
piece G will melt under an undue elevation of temperature, 
allowing catch E to drop and slip off, and so release lever D and 





valve B, and allow water to freely escape from the rose X. The 
action of the apparatus is dependent upon the form and position 
of apes G, the catch E, and spring, whereby lever D holds the 
valve perfectly tight until the piece G is completely melted. A 
shield y protects the bar G from any accidental leakage of water. 
To render the — sufficiently sensitive to heat, the bridle 
piece is provided with a thin fin F of large area. An electrical 
alarm is used, one pole of the battery being connected to pipe A, 
and the other to a stud § carried by a stem passing through an 
insulating bush W in an arm formed on pi B The stud is held 
out of contact with the arm by an insulating head U bearing 
against lever D, but on the lever falling on the melting of G, a 

ring R establishes contact between the stud and said arm, thus 
closing the circuit. (Accepted January 16, 1889). 


13,410. R. Hornsteiner, Prague, Bohemia. Im- 
provements in Rope Gearing. [6d. 3 Figs.] September 
17, 1888.—This invention relates to a method of facilitating the 
transference of driving bands to and from fast and loose pulleys, 
by means of an additional groove acting intermediately between 
the loose pulley and the driving groove of the fast pulley. The 
riphery of the loose pulley is formed with its outer flange uni- 
— raised all round, the near flange being reduced to assist the 
transference of the band from one pulley to the other. The fast 
pulley is formed with two annular grooves, one of which is the 
same diameter and form as that of the loose pulley. The near 
flange of the fast pulley is cut away or reduced at one or more 
rtions of its circumference, so that when the rope is moved from 
he loose pulley towards the intermediate groove of the fast 
ley this reduced portion greatly facilitates its movements, and 
t readily slips over into the groove of the fast pulley. (Sealed 
Februry 8, 1889). 


UNITED STATES PATENTS AND PATENT PRACTICE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of t law cases in the United States, may be 
consulted, gratis, at the offices of EN@INRERING, 35 and 36, Bedford- 
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DIVING BOATS, PAST AND PRESENT. 
No. IL. 


Tue Cossack pirates of the Ukraine in the six- 
teenth century seem to have anticipated, after a 
rude but sufficiently practical manner for their own 
needs, the diving boat of to-day in the queer-look- 
ing submergible canoes hollowed out of tree trunks, 
by the aid of which they evaded the pursuit of the 
en war-galleys along the coast of the Black 

ea. 

With the exception of these pirogues there is no 
reliable account of the actual construction of any 
kind of submarine craft until the reign of James I., 
when Cornelis Van Drebbel, a Dutchman, invented, 
built, and tried his now historic boat. Although all 
the particulars of its constructions and working 





arrangements that have come down to us are but 


SLOTTING MACHINE. 
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meagre, there is trustworthy evidence of its exist- | 


ence and trial. It was propelled by twelve rowers 
and made the voyage under water, more than once, 
from Westminster to Greenwich. Since it carried 
passengers in addition to its crew it must have been 
a vessel of some capacity ; and it is said that King 
James himself was a passenger on one occasion, but 
as the British Solomon was never known to risk 
his sacred person unnecessarily, even when engaged 
in his favourite pastime of chasing the deer, we 
may reasonably hesitate to accept this statement 
without some qualification. There was light enough 
in the interior of the boat to read a book without 
the aid of acandle. Assuming of course that there 
were glazed apertures of some sort provided, this 
was quite possible, as the boat never sank deep 
enough to be out of the influence of daylight, its 
limit being from 15 ft. to 20 ft. on account of the 








danger of its going to the bottom altogether and 
remaining there for want of the necessary buoy- 
ancy to come up again. Drebbel’s chief secret, as he 
called it, lay in a chemical liquor, by expending a 
few drops of which he could immediately restore the 
vitiated air in the boat to a condition fit for re- 
spiration. The exact nature of this wonderful con- 
coction was only known to himself, and, when he 
died, to his heirs, who kept the secret so long pro- 
bably that it became worthless, as it never seems, 
by all accounts, to have been made public. It ap- 
pears to have exercised the minds of some members 
of the Royal Society—notably Wilkins, Bishop of 
Chester—after the foundation of that body in the 
reign of Charles II. ; and it afforded matter for 
conjecture, more or less sage, to foreign savans as 
well. Leibnitz made a bad guess when he ima- 
gined that it was composed of spirits of wine, which 
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would have an effect quite the contrary of purifica- 
tion in confined air; and Papin and others set it 
down as quackery. We know more ahout these 
things now-a-days, and need not be so hard upon 
the memory of a man who was admitted by capable 
judges, who came after him in his century, to be 
not only a clever engineer and mathematican, but a 
good chemist. His idea was that there was a cer- 
tain ‘* quintessence” in the air which alone fitted 
it for respiration, and this being consumed the 
remaining ‘‘ grosser body or carcase” was unable by 
itself to cherish the vital flame in the heart. If he 
had lived nearer our times he would have called his 
quintessence oxygen, and his renovating liquor 
would have resolved itself into some one or other 
of the chemical combinations now commonly used 
for purifying air. Drebbel’s boat, according to one 
writer, was to be seen lying on the bank of the 
Thames till near the commencement of the Civil 
War in Charles the First’s reign, and eight or nine 
years after its inventor’s death in this country. 

The celebrated Huguenot mathematician and 
scientist who, if he did not actually invent the 
steam engine, as the inscription on his recently 
erected monument in Paris claims for him, at all 
events made the attainment of the goal more easy 
to his successors, by his various discoveries and 
devices—and more particularly the safety valve— 
for the government and regulation of steam, was 
reluctantly induced by his patron the Landgrave of 
Hesse to take up the problem of submarine navi- 
gation where Drebbel had left it seventy years 
before. His vessel was modelled ostensibly on that 
of the Dutchman. Possibly in his time there were 
some data in existence, now unavailable, to work 
upon. Judging from the drawing anything more 
unlike a navigable construction could scarcely have 
been conceived, and only that we have Papin’s sober 
statement of its successful trial before the Land- 
grave and his court we might fairly doubt the 
capability of the contrivance to do aught but go to 
the bottom and remain there for good. The long 
and elaborate description of the drawing, moreover, 
does not elucidate sufficiently the details. The so- 
called diving boat was a wooden tub, or rather 
cask, of an elliptical or oval figure, 6 ft. high, the 
same in the greater, and 3 ft. in the lesser dia- 
meter. It was made to sink and rise by the ad- 
mission and expulsion of water, the operation being 
assisted or retarded, as required, by the oars, which 
were also used for horizontal propulsion. A hun- 
dred cubic feet of air, which was calculated to be 
enough for the consumption of the four men who 
formed the crew, for an hour, was stored in the 
boat ; and a fresh supply was sucked down when 
necessary, from the surface through a tube by a 
Hessian pump. Another tube carried off the foul 
air, and a manometer showed the exact degree of 
immersion. It was not intended that the tub 
should sink to any great depth. A copper cylinder 
6 ft. long and 3} ft. in diameter protruded from 
the side supported by exterior props. A man en- 
sconced in it could operate against an enemy’s 
vessel, the water being prevented from entering 
through the operating aperture in the cylinder’s 
side by air from a force pump in the body of the 
tub. Papin, preoccupied with his great idea of 
propelling a vessel by means of steam power, never 
seems to have attached much importance to the 
diving boat, which was only produced to humour 
his patron, and we hear nothing more of it after its 
public trial. 

The examples of diving boats in the eighteenth 
century are not very numerous. Inventors seem 
to have been more taken up with trying to improve 
the diving bell. There are two, however, towards 
the end of the cycle which are specially notable, 
the first on account of the catastrophe attending 
its trial, and the second from its having been the 
first submarine boat ever employed in warfare, if 
we except the Cossack pirogues wnich usher in this 
article. 

Day, the designer of the first boat, was a mechanic 
who picked up such notions of matters relating to 
the sea as he possessed in a shipyard at Great Yar- 
mouth. He was quite illiterate, with just sufficient 
glimmerings of what he imagined to be knowledge 
to make him very self-opiniated, and this was 
aggravated by a naturally sullen disposition. He 
became a monomaniac on the subject of submarine 
boats, and, according to his own account, had par- 
tially succeeded in accomplishing his hobby by 
remaining submerged for twenty-four hours in a 
Norwich market boat, adapted to his purpose, at 
a depth of 30 ft. in the Norfolk Broads, He had 





no money, however, to perfect his invention and 
was advised to apply to some betting man for aid. 

One Blake, who was selected as a likely indivi- 
dual to respond to his overtures, decided, after 
satisfying himself that there were sufficient elements 
for making a successful book on the result, to pro- 
vide the necessary funds. His eagerness was so 
great that he laid bets he would produce, within 
three months, a vessel capable of remaining under 
water for twelve hours at a depth of 100 ft. and 
rising again to the surface without extraneous aid 
and solely by the contrivances of its occupants. 
He lost his bets because Day was not ready within 
the prescribed time, but he was not ‘‘by losing 
rendered sager,” and continued to ‘‘ back his own 
opinions with a wager.” A 50-ton sloop was bought 
at Plymouth in 1774 and converted to Day’s require- 
ments under his personal superintendence. A 
chamber with capacity sufficient to contain air for 
one man’s consumption for the time specified was 
built inside the sloop which was to be sunk by 
flooding the rest of her with water as well as by the 
internal ballast and heavy external weights secured 
by tackle under her bottom. These last could 
be released from within the chamber, and Day ima- 
gined that the air therein stored would then give 
the vessel buoyancy enough to rise to the surface. 
He was warned by more practical men than himself 
that it would be next to impossible to build a 
chamber of the requisite size and strength for the 
purpose. When taken out for the final trial to 
Plymouth Sound, the ballasting and water com- 
bined proved insufficient to sink her, and the tender 
then fetched twenty tons weight more of rock. The 
deck planking was hurriedly torn up and the stones 
‘* chucked” in anyhow. Day shut himself up with 
much composure and the vessel disappeared. Blake, 
however, was somewhat uneasy, and his misgivings 
were increased a few moments after by an unusual 
commotion of the water. After twelve hours had 
elapsed without any sign of Day’s reappearance, 
Blake went for help. Every effort subsequently 
made to recover the sloop ended in failure. Such 
an ill-digested and crude design courted failure 
from more than one cause. The immediate one, 
no doubt, was the collapse of the faulty air chamber 
—materially weakened moreover by the violent 
mode of introducing the additional ballast—from 
the pressure of the water at a depth of twenty-two 
fathoms which would account for the more than 
ordinary disturbance of the water observed by 
Blake. 

During the American War of Independence 
David Bushnell, of Connecticut, invented a diving 
boat for employment against the British ships of 
war. It was like a walnut, somewhat flattened, 
and was sunk and raised by letting in and forcing 
out water. One oar served for sculling ahead or 
astern, and another, on the screw principle, placed 
above the operator, regulated the descent and 
ascent. When on the surface, an automatic tube 
supplied the air necessary for one person for half 
an hour’s submersion, and another expelled it when 
foul. The manhole was covered with a hinged hat- 
like covering provided with glazed eyelets, and a 
manometer and compass were illuminated by phos- 
phorus. The torpedo, containing 150 lb. of powder, 
clockwork and firing spring, was secured on the top 
of the boat. A wooden screw manipulated inge- 
niously through a tube from the interior was meant 
to be screwed into the bottom of a hostile ship. 
A line connected this screw with the torpedo, 
which, when released, floated up by its own buoy- 
ancy against the ship’s bottom. The boat was then 
to beat a rapid retreat and rise again to the surface 
when at a safe distance. The clockwork, when the 
time for which it was set had run out, unlocked 
the striker, causing the explosion. The whole 
arrangements were well conceived, and, as Wash- 
ington said, an effort of genius, but requiring too 
many things in combination for much result to be 
anticipated from them when employed against a 
watchful enemy. The boat, manned by Sergeant 
Lee, who had ben previously well drilled in its use, 
sallied out against Lord Howe’s flagship, lying off 
Governor’s Island near New York, and succeeded 
so far as to get under her without being detected. 
The screw, however, would not act, and the sergeant 
losing his head and his bearings, the attempt sig- 
nally failed, as did two subsequent ones. Some 
time afterwards the vessel conveying the boat u 
the Hudson River was chased and sunk by a Britis 
man-of-war, and thus closed the brief career of the 
first diving boat designed and used for aggressive 
belligerent purposes, 
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Sir William Siemens, F.R.S. By Wm. Pox, 
London: J. Murray, 1888. (402+xii. pages, 
and 8 plates. ) 

Tuts book is mainly a history of the life’s work of 
the greatest of a family of eminent men. A ‘‘ Life” 
may be written from many aspects: in this work 
there is only too little of the domestic life, i.e. little 
of his personal habits or thoughts, scarcely any of 
his sayings, letters, or speeches. The man is almost 
lost sight of in his work. What there is, is of sur- 
passing interest in enabling one to see what makes 
up a great and successful man. 

He was the seventh child of a family of fourteen. 
His father was a farmer residing chiefly in Hanover 
and Mecklenburg, fairly well off, but able to afford 
his family only a plain but substantial education, 
and had little scientific knowledge of those subjects 
in which his sons afterwards became so famous. 
Both parents died when William was seventeen, 
and for several years the family were in poor cir- 
cumstances. Up to the age of fifteen William seems 
to have shown no particular bent for mechanical 
engineering, and was at that age about to be ap- 
prenticed to a banker. But the eldest brother, 
Werner, then a young lieutenant in the Prussian 
artillery, an enthusiast in his own profession, and 
in mechanics generally, seems to have induced the 
family to change William’s proposed profession tothat 
in which his own heart lay, viz., to that of mechanical 
engineering ; and thenceforward, though himself 
then only twenty-two, undertook a general superin- 
tendence of his education. He was accordingly 
placed at an industrial school at Magdeburg. The 
appliances available for teaching ‘‘science” are 
stated to have consisted of only the following, viz. : 
(1) A battery composed of flannel and some pieces 
of copper piled up to a certain height so as to pro- 
duce a spark ; (2) an electric friction machine, such 
as may now be seen in an advanced nursery ; and 
(3) a long scale with a pulley, to show the accele- 
ration of a body by gravitation. Such was the only 
laboratory (up to the age of eighteen) of one of the 
greatest inventors of the age, and at nineteen he left 
pupilage. 

William’s early public life was rather chequered. 
Finding little prospect of advancement in Germany, 
the pressure of small means seems to have induced 
him to come to England at the age of nineteen to 
push some improvement in electro-metallurgy, and 
he was so lucky as to obtain about 1500l. for this 
his first public attempt in inventive work from the 
firm of Elkington, in Birmingham. This was rather 
a lucky stroke, as the process seems to have been 
only partially novel, and to have been soon super- 
seded by a cheaper one. The encouragement given 
by this confirmed William in devoting his life to 
mechanical invention. The pecuniary success of 
this early venture seems to have given the family of 
brothers extraordinary expectations of the money 
value of their inventions, and of their immediate 
acceptance by capitalists. They asked 36,000I. 
and 50,0001. respectively for the next two inven- 
tions they brought forward, viz., a chronometric 
governor, for producing uniform motion, and an 
anastatic (printing) process, both inventions of great 
merit: the prices asked were of course not ob- 
tained. Next came the inventions of a regenera- 
tive steam engine and a regenerative evapcrator. 
None of these were sold, so the Siemens family 
tried on slender capital the uphill task of pushing 
them themselves, and were nearly ruined in the 
attempt. : 

Then ensued several years of hard, discouraging 
work, a steady pecuniary loss to the family. In the 
long run this was not to be regretted, not even by 
themselves, certainly not by the world. In the 
school of adversity they learnt the bitter lesson of 
giving up an invention when clearly a (pecuniary) 
failure, and of bracing their energies to developing 
inventions that would be practically useful. 

Now comes an illustration of the small difference 
that goes to make success or failure. The regene- 
rative principle seems to have been the discovery 
of William : in the earlier applications above men- 
tioned it turned out a commercial failure, though 
scientifically of great promise. But in 1856 a younger 
brother, Frederick, proposed its application to fur- 
naces ; and this proved an application of enormous 
commercial value, and of great profit to the family. 
The regenerative furnace is now used all over the 
world ; it produces a temperature of about 4000 deg. 
Fahr. (far above previous furnace practice), and yet 
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emits a smokeless waste air cooled down to 300 deg. 
Fahr. (whereas previous furnaces emitted uncon- 
sumed smoke andeven flame), andcan be worked with 
cheap common fuel ; also this great heat is applied 
in form of flame of great purity which does not 
contaminate the substance operated on (a further 
great improvement). 

Next came (1862) a greatly improved process of 
making steel (rendered possible by the regenera- 
tive furnace), giving steel of good quality and in 
great quantity in the open furnace. This process 
has been of immense commercial value ; neverthe- 
less the Siemens Works at Landore, though turning 
out steel of excellent quality, and in great quantity, 
proved at one time a heavy loss. 

The largest business of the Siemens Brothers as 
a whole was, however, their electrical work ; they 
were intimately connected with the progress of 
electric science of the past forty years. A firm for 
electric work (then chiefly telegraphic) was started 
by the elder brothers in Berlin in 1847, and a branch 
opened by William in England in 1849, since which 
the brothers seem to have been engaged in incessant 
experimental work. Werner Siemens had intro- 
duced gutta-percha for insulating in 1846. In 
1858-59 their firms were connected with the laying of 
seven foreign submarine cables. Large works were 
started at Charlton (near Woolwich) in 1864, from 
which the following submarine cables were sent 
out: The Algerian 1864-5, part of Indo-European 
1868-70, Direct Atlantic 1873-74, Brazilian 1874-75. 
The projecting and carrying out of these cables is 
an interesting history. The Indo-European was 
projected, pushed, financed, made, laid, &c., by 
the Siemens Brothers in face of great difficulties 
of every sort, political, financial, climatic, seismic, 
local, &c. ; on one occasion an earthquake caused 
the entire loss of the Black Sea cable after it was 
laid. Two shipwrecks, one of the most tragic 
interest, occurred in laying the Brazilian cable. For 
the laying of the Direct Atlantic cable, William 
Siemens actually designed a special ship of 500 
tons, 360 ft. long, which proved a thorough success ; 
this, the design of a large ship by a landsman, is a 
crowning instance of his wonderful versatility. 

Jn 1867 the brothers published a joint discovery 
which gave an immense impetus to the production 
of powerful electric currents, viz , that thereis always 
sufficient magnetism present in soft iron to induce 
feeble clectric currents in coils of wire moved 
rapidly through their field, and that by arranging 
the motion, the two effects (magnetic and electric) 
may be made to mutually intensify each other, so 
as to produce very rapidly magnets of high power 
and electric currents of great intensity. Hence 
arose the new machine the ‘‘dynamo,” now well 
known all over the world. Messrs. Siemens brought 
out an improved pattern in 1873 which was used 
for producing the electric light in the experiments 
on lighthouse illumination at the South Foreland 
in 1876 7, and for the Lizard Light in 1878. 

The great inventions then of the brothers Siemens, 
and largely due to William, were: (1) The regene- 
rative furnace, (2) the open-hearth process for steel, 
(3) the dynamo; besides which they did very ex- 
tensive electric work, chiefly of submarine cables 
and lighting. 

William Siemens’ minor inventions, many of them 
of great practical use, are very numerous; it will 
suffice to mention a few. Chronometric governor, 
1844 ; anastatic printing, 1844; regenerative steam 
engine, 1847 ; regenerative evaporator, 1851 ; water 
meter, 1848 ; bathometer, 1859; pyrometer, 1871 ; 
gas fireplace, 1880 ; electric furnace, 1879. 

In addition to his work as a practical inventor, 
W. Siemens was a prolific writer of scientific papers 
(his published papers fill three volumes) and a 
leader of thought in many of the learned societies. 
One of his latest papers was his remarkable specu- 
lations ‘‘ On the Conservation of the Solar Energy,” 
which, though by no means accepted as true, is a 
paper of great interest. 

Reviewing the work of this band of brothers it 
may be fairly said that several of them were born 
laventors, and that William had mechanical genius 
of the highest kind. It is pleasant to read that the 
brothers formed a most united family and worked 
in harmony apparently without the jealousies which 
seem common to inventors ; indeed, to this is 
probably largely due the secret of their signal 
success in life, 

_ William Siemens died suddenly at the age of 
sixty-one in the full activity of a busy useful life, 
honoured far and wide by all classes in many lands. 
The funeral service was read in Westminster Abbey, 





an honour rarely accorded to an engineer. Can any- 
thing be more touching than his brother Werner’s 
remark at the close? ‘‘ Nun das ist vollendet! Ein 
so volles Leben! Ein so schéner Tod, und eine 
solche Anerkennung Ich-kénnte ihn beneiden!” 
Can anything be more appropriate than the legend 
on the memorial window in the Abbey, ‘‘ Laborare 
est orare’’? 





Force and Energy. A Theory of Dynamics. By GRANT 
ALLEN. London: Longmans, Green, and Co., 1888. 
(Pages xvi. +161.) 

This book presents what is well described by the 

author in his preface (quaintly styled ‘‘ Apology”) 

as a “new theory of my own” on the “nature of 
energy.” The work is highly didactic in style. It 
opens with definitions thus : 

1. ‘A power is that which initiates or termi- 
nates, accelerates, or retards motion,” &c. 

2. ‘*Powers are of two sorts, forces and ener- 
gies,” &. 

3. ‘* A force is a power which initiates or accele- 
rates aggregative motion, while it resists or retards 
separative motion,” &ec. 

4. ‘* An energy isa power which resists or retards 
aggregative motion, while it initiates or accelerates 
separative motion,” &c. 

Thus the author uses the terms force and energy 
with the same meanings as ordinarily applied to 
forces of attraction and repulsion respectively with 
the serious disadvantage of departing from ordinary 
usage. In many ways the author’s energy is 
somehow also like what is ordinarily called energy; 
thus the author writes of ‘“‘ two modes of energy, 
the potential and the kinetic,” &c.; of course 
many difficulties arise from these mixed energies : 
a third mode is discussed under the new name 
‘*Liberating Energies,” of which ‘‘a familiar in- 
stance is found in the energy which draws the cork 
of a champagne bottle.” 

Certain accepted generalisations are clothed in 
new words, thus: ‘* While forces persist, energies 
are conserved ;” and these are summed up in the 
new phrase, ‘“‘The Indestructibility of Power,” 
described as a ‘‘ wider generalisation.” 

Besides the new terminology there are some 
strange words which require explanation, e.g., 
kinesis, aggregate (apparently a neuter verb=con- 
gregate ?), subsume, posit, vegetal. 





Tabulated Abstract of Acts of Parliament relating to 
Water Undertakings, 1879 to 1888. Compiled by EDWARD 
Kynaston Burstat, M.Inst. C.E., M.1I,M.E., Engi- 
neer to the Oxford Water Works. Second Edition. 
London: Henry Frowde, 1889. 3 

We see with pleasure that a second edition of this 

useful little volume has been called for. The special 

feature of this edition is a set of rules and regula- 
tions for the conduct and guide of water under- 
takings. These rules are designed to prevent waste, 
misuse, undue consumption, and contamination of 
the water, and to provide for the guidance and con- 
trol of plumbers and other workmen employed in 
and about the fittings and apparatus connected with 
the supply and delivery of the water. The rules 
deal with (1) consumers’ service pipes, (2) fittings, 

(3) cisterns, (4) baths, (5) water closets, (6) urinals, 

(7) hose pipe, (8) discontinuance of defective 

fittings, (9) connection, extension, and alteration 

of fittings, (10) meters, (11) pipes and fittings pro- 
vided for inspection, (12) plumbers and workmen, 

(13) rewards for information, (14) interpretation, 

(15) notes, and (16) weight and description of 

fittings. The remainder of the volume is the same 

as in the first edition, except that the Tables are 
brought up to date. It forms a valuable guide to 
all interested in water supply, either as engineers, 
directors, or secretaries. 
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HEAVY SLOTTING MACHINE. 

Tue slotting machine illustrated on page 319 
was constructed by Messrs. Thomas Shanks and Co., 
of Johnstone, N.B. The stroke of this machine 
is 19in., and it will take work 66 in. in horizontal 
diameter. By altering the point of connection of 
the top end of the connecting-rod to the tool ram by 
means of the nut and block which slides in the slot 
in the ram, as shown, the range of the 19-in. cut can 
be altered through a vertical distance of 3 ft. The 
frame is in one casting, excepting the bracket at 
the back, which carries the cone aan shaft, and a 
remarkably fine casting it is. There is a thick 
strenghtening rib inside, so as to give extra rigidity 
between the table and the tool support. The Jon 
bearing surfaces of the tool ram will also be notice 
in this connection. The width of the bed slides has 
been increased to give rigidity with overhanging work. 
There are three sliding surfaces, as shown, the third one 
consisting of a projection bolted to the side of the main 
casting. The length of travel to the saddle over these 
slides is 3 ft. The saddle is traversed by two screws, 
so as to prevent twist when a heavy cut is being taken. 
The top table revolves on a conical projection, so as to 
take up wear and insure accurate circular work. It is 
flattened on two sides, as shown, and this enables it 
to be carried close up to the framing, so as to obviate 
the shifting of the work in some cases. There is an 
arrangement for shifting the crank-pin in the disc 
driving crank, when it is required to alter the length 
of the cut. This adjustment is effected by slacking back 
the nuts fastening the crank-pin in the disc when the 
crank-pin can be put nearer to or further from thecentre 
as may be required. The tool ram is balanced to excess 
by the large casting shown, that is to say the tendency 
of the ram is to rise. This prevents ‘“‘drop” caused 
by the jar when the cutting tool first comes in contact 
with the work. The balance is, however, near enough 
to enable the machine to be readily moved by the 
handwheel shown at the back. A quick return, equal 
to two to one, is also readily applied in consequence of 
the balance. No extra driving power is required for 
this as would be necessary were the ram unbalanced. 
To secure this quick return a combination of ordinary 
spur gearing and elliptical spur gearing is used. As 
may be gathered by the illustration, the driving wheel 
at the back of the crank disc is divided into two parts. 
In one half, which corresponds to the cutting stroke, 
the teeth are at equal radii from the axis of the shaft, 
and the driving pinion is also concentric. The other 
part of the gear, which corresponds to the return, is 
elliptical, and thus gives the quick upward motion. 
With a quick return stroke, it is of course necessary 
to have a quick feed, so that the motions of feeding up 
the work and raising the cutter for another stroke 
may synchronise. This is effected by the driving 
pinions which actuate the traversing motions being 
elliptical, so that when the pawl is engaged in 
the ratchet wheel, and the feed motion is being put 
on, the quick action takes place. This prevents the 
reversal of traverse being obtained by turning the 
pawl over and driving the ratchet wheel in the oppo- 
site direction ; for, were this done, the feed of work 
would be slow, whilst the return stroke of the cutter 
would still be fast, and therefore the tool would be 
cutting whilst the feed was being puton. The ratchet 
wheel is therefore made to revolve always in one direc- 
tion, and the change of traversing motion is obtained 
by mitre wheels sliding in the way usual with such a 
device. The different feed motions of traverse, cross 
traverse, and turning motion are thrown in or out of 
use by means of sliding pinions. To provide for 
different gradations of speed the main driving gear at 
the back end of the crankshaft has two sets of spur- 
wheels. These are machine cut out of the solid, and, 
with the cone pulley, give a wide gradation of speed. 








THE BRITISH GUNBOATS ‘* SPARROW” 
AND ‘‘ THRUSH.” 

Messrs. Scorr aND Co., Greenock, are at present 
building, and will launch at an early date, two single- 
screw composite gunboats for Her Majesty’s Navy. 
These vessels are named Sparrow and Thrush, and 
belong to a type similar in many respects to a numerous 
class known as ‘‘ police boats,” whose functions are to 
carry the British flag in far-away waters, and probably 
to impress and operate upon half-civilised nations in 
distant parts of the globe. When the fierce light 
which a Committee of Admirals can throw upon naval 
matters is made to reflect upon these vessels, — may 
be found deficient in the qualities that go to make up 
the efficient cruiser for home waters; but they are 
capable of fulfilling their own particular functions in 
time of peace. They have been designed largely for 
peace requirements, but should have also considerable 
offensive and defensive qualities. At the present time 
the Navy is burdened with a large number of this class, 
which has not received the attention it deserves and 
has been augmented year after year by the addition of 
vessels not in keeping with the progress of naval 
science, 

Such vessels have to keep the sea in tropical waters 
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for long periods, and have to remain away sometimes 
for seven or eight years from dockyards capable of 
giving them an extensive overhaul. They are not 
therefore built of iron or steel completely, but are of 
the composite type, having steel for the main structure 
and sheathed with two thicknesses of wood. The inner 
planks in the Sparrow and Thrush are 3 in. thick and 
the outer 2 in., while the bottom is covered with copper. 
These vessels, too, depend to a considerable extent 
upon their sails, and until recently have been designed 
more as sailers than as steamers ; but there is no neces- 
sity that this should be so, and Mr. W. H. White, the 
Director of Naval Construction, who designed these 
vessels, has recognised this fact, and has arranged a 
form which while suitable for good sailing, is capable 
of attaining from two to three knots more speed than 
the older vessels of this class. Though they will not be 
able to chase mail steamers successfully, or to run 
away from a commerce-destroying cruiser, such as any 
powerful maritime nation would send out, they will be 
capableof convoying and protecting our slower steamers 
or of capturing the ordinary cargo vessels of other 
wers. 

In the matter of protection, too, these ships are a 
considerable improvement on their predecessors of this 
class, The principle of protective deck, or as it is 
sometimes officially called submerged water-tight steel 
deck, is adopted. Covering the machinery, boilers, and 
magazines, slightly below the water-line, is a steel deck 
Yrin. thick. St slopes to the sides to 3ft. below the 
water-line, and is fixed to the frames by angle-bracket 
plates placed at 6ft. intervals. This deck extends for 
about 64 ft. of the length of the ship. All the openings 
have cofferdams round them. Protection is also afforded 
to the machinery, &c., by the arrangement of the coal 
bunkers on either side of them and above the protection 
deck. The vessel has seven water-tight bulkheads, the 
engines taking up one compartment, the boilers a 
second, and the magazines, &c., a third. 

The following are the principal dimensions of the ship: 

ft. in. 


Length over all 175 0 
Breadth _... See 31 0 
Depth moulded .. 14 6 
Draught forward ... 10 0 

a aft a 13 0 
Mean draught ll 6 
Displacement __... re 800 tons 


There are two decks extending from stem to stern, 
including the protective deck, and a poop and fore- 
castle. The otticers’ accommodation is partly under 
the poop and partly on the lower deck aft, and under 
the forecastle sleeping berths are provided for the 
crew. 

The engines are of the triple-expansion type and are 
intended to develop 1200 indicated horse-power. Steam 
is to be generated in two boilers of the Navy direct 
tubular type, 7 ft. 9in. in diameter and 17 ft. long, 
working at a pressure of 145 lb. per square inch. 
They have four corrugated furnaces. The tube surface 
is 1856 square feet, the grate surface 66 square feet, 
and the condensing surface 1660 square feet. The 
bunker capacity is to be 100 tons, equal to 2500 knots, 
at a reduced speed of 10 knots, 

The armament of the vessels is of the latest type. 
They will each have six 4-in. breechloading guns 
on centre pivot mountings. Two of these will be 
placed on the forecastle, two on the poop, and two 
in the waist of the ship. There will also be four Nor- 
denfelt field guns, two under the poop and two in 
the waist, and two 3-pounder quick-firing guns. The 
magazines are all under the protective deck, The two 
large ones are abaft the machinery, having on the out- 
side the engineers’ storeroom, while the after part of 
the same water-tight compartment is taken up with 
provisions. The small arms and machine gun magazine 
is forward. 

The vessels are to be rigged as three-masted 
schooners, They have a feathering screw so that they 
can be readily converted into sailing vessels without 
having the obstruction of the propeller. The stem is 
straight with a short bowsprit. The boats to be car- 
ried are—25 ft. cutter, 22 ft. steain cutter, 20 ft. 
cutter gig, 25 ft. whale boat, and a dingy. The vessels 
it will, therefore, be seen are of a superior type to the 
old ‘‘ police” boats. 





WARD’S SECTIONAL BOILER. 

THE steam generator illustrated on the present page 
is the invention of Mr, Charles Ward, of Charleston- 
Kanawha, Virginia, U.S.A. As shown by the 
engraving, it consists of twelve vertical pipes arranged 
in a straight line, six at each side of a central drum. 
Each pair of vertical pipes are joined by forty-eight 
slightly inclined tubes, each forming nearly a semi- 
circle. There are, therefore, six concentric sections of 
tubes, two only of which are shown in the illustration. 
The vertical pipes are joined to large horizontal pipes 
at the lower ends, and one set of them is connected at 
the upper end to a horizontal pipe in communication 
with the central drum. The following is the mode of 
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becoming heated in its passage, and deposits its mud 
at the bottom of the drum. It then enters the hori- 
zontal pipe G (called by the inventor a ‘‘ manifold”) 
and rises up the vertical pipes E, until it can escape 
through the curved tubes G G into the vertical pipes 
N. From these it proceeds into the drum L, where the 
steam is separated by a number of perforated dia- 
phragms on its way tothe pipe J. The water descends 
through the drum and repeats the circuit. The semi- 
circular tubes are connected to the vertical pipes by 
right and left-hand steel bushings, as shown by the 
detail view. 
The following are the particulars of this boiler : 
Heating surface er sq. ft. 
4 


Grate area ay oa ” 
Number of tubes J = 288 
Outside diameter of firebox ... 8 ft. 7 in. 
Height of casing Ty) Ss 
Diameter of drum - ee ae 
Height na oe © .5°6 55 
Total weight of boiler sve 8 tons 


This boiler is made in fifteen sizes, varying from 
660 square feet of heating surface to 2432 square feet. 





BROCHOCKT’S PORTABLE BRIDGES. 
During the last few years much ingenuity has been 





operation: The feed water is introduced to the central 
drum by a pipe ending in rose A ; it descends slowly, 





expended in the design of portable and sa | erected 
bridges for military and colonial purposes, Of these, 
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some have been built up out of single bars, whilst others 
have been constructed by joining together a number 
of panels of some indeformable shape, the triangle and 
braced quadrilateral being the most common. American 
bridges with pin connections have long been famed for 
the rapidity with which they can be erected, and M. 
de Brochocki has, we should imagine from the general 
arrangement of his bridges illustrated on the opposite 
page, been largely influenced by American ideas 
in this matter. In his designs the whole bridge i 

built up of a number of straight bars of moderate 
weight, which are connected together by pins as far as 
the main members are concerned, or more simply still, 
by ordinary hooks in the case of the subsidiary 
members. Five different types of bars are used 
in constructing a bridge on this system, each of 
which is of entirely different form to the other 
four, whilst all bars of any one type are inter- 
changeable. Both top and bottom booms are con- 
structed of similar pieces. This renders the bottom 
chord unnecessarily heavy, as it is required to resist 
tension only, but has the advantage of reducing the 
number of types of pieces making up the bridge. 
The cross-girders carry longitudinal stringers which 
support the roadway, and bear at their ends the pins 
on which fit the eyes of the chord and a bars, 
so that there are no loose pins to be lost or mislaid in the 
transit of the bridge to its site. Similar cross-girders 
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but of lighter section connect the top booms of the 
bridge together and assist in giving it torsional rigidity. 
The longitudinal stringers, previously nae acho con- 
sist of four angle irons connected together with lattice 
bracing. The wind bracing both top and bottom is 
extremly simple in form and details, consisting as it 
does of a St. Andrew cross made up of four bars with 
hooks at each end, one of which passes through a 
lug rivetted on the cross-girder and the other through 
a hole in the straining gear, clearly shown in Fig, 7. 
All four bars, it will be observed, are strained by 
tightening one nut only. To prevent lateral collapse 
the bars of the lattice are connected by diagonal 
braces to the cross-girders as shown in Fig. 6. The 
connection is made by means of hooks as in the wind 
bracing. 

The details of the bridges are varied according to 
the purposes for which they are intended, at the same 
time preserving the main features of the system. Our 
illustrations show three of these types, manufactured 
by the Société Anonyme Commentry Fourchambault, 
of Fourchambault, Nievre, one being a military bridge 
shown in Figs. 1 to 4, the second a highway bridge, 
Figs. 5 to 10, and the third a through railwa bridge 
with intersecting diagonals, Figs. 11 to 13. The span 
of the different bridges also varies, but as the strength 
of the different pieces is limited by the weight which 
can be readily handled, the maximum span is somewhat 
limited. It can, however, be increased about 60 per 
cent. by doubling the members most strained, which can 
very easily be done. In every case the erection of the 
bridge is easily accomplished without special pre- 
cautions, 

The highway bridge, referred to above, is constructed 
for spans up to 118 ft.; it has simple lattice bracing of 
isoceles triangular form, and the cross-girders are 
therefore comparatively close together, which makes it 
an easy matter to launch the bridge on rollers in the 
ordinary way. It has been constructed to meet the 
requirements of the French Government for highway 
bridges, and gives free passage to wagons and drays 
with loads not exceeding a total height of 13 ft. 8 in., 
nor more than 11 ft, 9in, broad, The roadway is 
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7 ft. Qin. wide, and there are two footpaths, each 
1 ft. 11fin. wide. It has been calculated for a uni- 
formly distributed load of 61.5 1b. per square foot, and 
for a string of wagons weighing 1325 1b. each if two- 
wheeled, or 1765 1b. each if four-wheeled. The weight 
of the bridge per foot run varies from 400 1b. to 455 lb. 
For the maximum span of 118 ft. the total weight of 
the ironwork of the structure is about 24 tons. Details 
of the section of the cross-girders, stringers, and upper 
and lower chords are given in Figs. 8 to 10. 

The second type of bridge for a single track standard 
gauge railway is illustrated in Figs. 11 to 13. It is in- 
tended for the heaviest traffic, being designed to meet 
the official regulations of the French Government. 
These provide for a locomotive weight of 113,000 lb. 
dsitributed over four axles, 4ft. 54in. apart. These 
bridges are made in spans ranging from 16 ft. 6 in. up to 
147 ft. Gin. The weight varies from 233 1b. to 369 lb. 
per foot run, the total weight for the maximum span 
of 147 ft. Gin. being about 75 tons. The sections of the 
cross-girders and stringers for this bridge are shown 
in the engravings. 





INDUSTRIAL NOTES. 

HowEvER opinions may differ as to what is termed 
the ‘‘sweating system,” few will dispute the value 
of the inquiry into it, its effects and the remedies, by 
the Lords’ Committee appointed at the instance of Lord 
Dunraven. That Committee of Inquiry will, at any 
rate, elicit the facts, and facts mes ry the basis of 
legislation if the measures proposed are to be of any 
service whatsoever. The sweating system, as practised 
more especially in connection with the tailoring 
trades in the metropolis, was dealt with in a powerful 
novel by the Rev. Charles Kingsley, in 1849, now forty 
years ago. From that day to this the evils of the 
system have been recognised and frequently denounced; 
but the system has grown, it has extended to many 
other trades; it is, indeed, almost universal, wherever 
domestic industries are carried on. It is an almost 
inevitable incident in connection with modes of manu- 
facture carried on under the domestic system, at the 





Fig.12. Section 





on €.0. 




















homes of the producers, or in small workshops attached 
thereto. The Factory and Worshops Acts may and do 
touch many of those small workshops, where children 
and young persons are employed, but they fail to 
reach the evil where it is most disastrous, and in cases 
—— adults only are employed they do not touch it 
at all. 

The nail and chainmakers of Cradley Heath and its 
district have suffered, and are suffering, from many of 
the evils incident to a domestic industry. Indeed, in 
some respects, there is a concentration of nearly all 
the evils associated with and arising from this mode of 
manufacturing industry. Wages are low; the hours 
of labour are | ee ; women and children are employed 
to an extent, and under conditions which remind us 
of their employment in mines at the date of the Com- 
mission of Inquiry in 1840-1841. And, then, the 
sanitary condition of the district appears to be almost 
worse than it was when the sanitary inquiry into the 
condition of the labouring population was instituted 
in 1840. A recent witness before the committee stated 
the death-rate of children in this district was, in 1888, 
equal to 10.0 per 1000, while the general death-rate 
was 18.2 per 1000. The child mortality is thus con- 
siderably over one-half the total death-rate, whereas 
taking the whole of England and Wales, it is under 
one-third. The condition of the dwellings is described 
as most dilapidated, the sanitary arrangements most 
defective, and the water supply foully tainted with 
sewage soil. The whole population is described as 
‘* overworked and under-fed.” Overcrowding ingeneral, 
decent sleeping accommodation is the exception, and 
utter wretchedness, misery, and privation is the usual 
lot of the people. 

Turning to the reports of the commissioners 
appointed to inquire into the sanitary condition of the 
labouring population, in 1840, we find asimilar state 
of things in convection with the nailmaking and 
cognate trades. The cottages generally consist of one 
room downstairs and two upstairs, with a nail-shop 
attached. Nailers’ children at ten years of age earn 
about 2s. per week. The price paid for making nails 
has been reduced to one-fifth within the last three 
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years, cut nails being now much used. The sanitary 
condition of the district is described as so bad that a 
serious outbreak of typhus fever occurred, attributable 
to the wantof proper drainage, the filthy habits of the 
people, and the cellar accommodation. The nailers, it 
is stated, did not pay much rent, their wages were low, 
and their condition was filthy and ragged in the ex- 
treme; the latter fact, it is said, may be attributed to 
the fact that girls are put to the nail-block before they 
have learned to sew. ‘The children never went to 
school, as on week-days the parents could not afford to 
lose their earniogs, and on Sundays they were so ragged 
that they were ashamed to send them to school. In 
many instances the whole family, male and female, 
sleep in one room, of not more than 12 ft. square, in- 
cluding father and mother and grown-up sons and 
daughters, to the number of from seven to nine, and 

. even more persons. Such was the condition of things 
in 1840, some fifty years ago; according to recent 
testimony matters have not materially changed for 
the better in the nail and chainmaking districts. 

The wail of woe from the Cradley Heath and sur- 
rounding districts is no new experience, though it is 
a sad one. Some thirty years ago a great strike took 
place in this district nominally in consequence of an 
employer insisting upon the workmen making good 
some damage caused by rattening. But the real cause 
of the strike and of the rattening was the deductions 
made from the poor wages of the workpeople, on one 
pretence and another, then so common in this industry. 

‘he strike assumed a demand for an increase of 
wages. After a prolonged struggle, the men obtained 
a substantial advance in wages, although at great cost, 
much suffering, and after many serious outrages. In 
1886 another prolonged struggle took place when the 
men regained a trifle of the wages lost during the pre- 
ceding ten years, At that time the men, women, 
and children were in a state of semi-starvation for 
nearly six months, The wages and conditions of 
labour in the Newcastle district, in the same branches 
of trade, are by no means so bad as in Worcestershire 
and Staffordshire, the reason being that the work in 
the former case is mainly done under the factory 
system, and the men have a fairly strong union, In 
1859-60 the Newcastle men nearly stripped their union 
in order to support the people in the Midland dis- 
trict; but the results were scarcely commensurate 
with the efforts made to succour them. It seems to 
be alinost 5 mayo to better the conditions of labour 
in these trades, except by the substitution of factory 
labour for the present system of domestic manufac- 
ture, certainly not permanently, 

As a set-off to the depressing condition of the nail 
and chainmaking industry, both the coal and iron 
trades are reported good in the Staffordshire district, 
in so far as the industrial population is concerned. 
But the manufacturers complain that the cost of pig 
iron is too high, and that the wages of the iron- 
workers are such that present prices are not sufficiently 
remunerative. Underhand puddlers are reported to 
be so scarce that two forehands have to work together; 
therefore more men are wanted to keep the furnaces 
going, but they cannot be found. Consequently 
ee iron continues to be very scarce, Four new 
urnaces have been started at the Berry Hill Iron 
Works, and even now they cannot satisfy the demand. 
At the Wenlock Iron Works, where usually they have 
been able to lay by stocks in winter to tide them over 
the summer, they have not been able to supply the 
current requirements. They have built four more 
puddling furnaces, and are still unable to meet the 
demand. 

At Middlesbrough the condition of the iron trade 
is reported to be very favourable; the shipments 
from the Tees are expected to reach 90,000 tons of pig 
iron in the month of March, In the Cleveland district 
the reports are equally good, both as to pig and finished 
iron, The demand is said to be such that makers are 
very cautious as to long contracts, lest a demand should 
arise for an advance of wages. It is reported that the 
Rotherham Forge and the Swinton Iron Works, both 
belonging to Messrs. John Brown and Co., of Sheffield, 
are likely to be restarted. At Warrington it is stated 
that the ironworkers persist in keeping ‘‘Saint Mon- 
day,” to the detriment of trade—many furnaces stand- 
ing idle for one or two days in the week. 





THE SURAM TUNNEL, TRANS-CAUCASUS 
RAILWAY. 
By Mr. Toomas Urquuart, 

Txose who have travelled over the Trans-Caucasus 
Railway between Batoum, Tiflis, and Baku, will 
have noticed the enormous physical obtacle to the 
development of transport over that railway (see Enar- 
NEERING, 1883, vol. xxxv., page 578, profile of the 
line between Tiflis and Roti), Between Baku and 
Mixailova, a station at the base of the mountain on the 
Asiatic side, the profile of the line presents no remark- 
able features, but between Mixailova and Beshatuhan 
on the European side of the mountain and over the 
Suram Pass the profile rises at the rate of 45 milli- 


metres per metre (1 in 22), with curves of 560 ft. 
radius for a distance of 19 versts. Thirteen trucks, 
being a load of 210 tons, require on this exceptional 
section, two Fairlie locomotives each of 65 tons ad- 
hesive weight, one engine in front, the other in rear 
of the train, so that hitherto the working capacity of 
the whole Trans-Caucasus Railway has been obliged to 
be measured by the transport capacity of this short but 
exceptional section of the line. 

When the tunnel is completed the greatest grades 
encountered when running west will be no more than 
1 in 100, with curves of a minimum radius 910 ft., 
and in running east lin 40. As it is assumed that this 
line will have more traffic from east to west, on account 
of the ever-increasing petroleum, Persian, and middle 
Asian export, it is considered that the still remaining 
grades of in 40, going east, will not prove a serious 
obstacle, as the import trade from the Black Sea side 
forms but a fraction of the export trade. From the 
above it may safely be assumed that the capacity of the 
Trans-Caucasus Railway will be materially increased, 
thanks to the use of the tunnel, even with the single 
line at present contemplated, at least by 100 per cent. 
The total length of the line will, on account of the 
tunnel and its approaches, be increased from 840 versts 
(Baku to Batoum) to about 849 versts, or 563 English 
miles. 

We now come to the tunnel proper, engravings of 
which form the subject of our two-page plate this week. 
Fig. 1 is a profile of the tunnel and its approaches ; 
Fig. 2 is a cross-section of the tunnel in its finished 
state. It will be noticed the tunnel is intended for a 
double line Russian 5 ft. gauge; the total length of 
tunnel is 3.73 versts, or 2.47 miles English. 

The tunnel is being made by the Russian Government, 
and is calculated to be completed on January 1, 1890, at 
an estimated cost, including approaches, of 10,000,000 
roubles = 1,000,000/, sterling. The work is subdivided 
amongst various contractors, The firm of Brandt and 
Brandan, Prussian engineers, have undertaken the 
piercing of a heading 8 ft. 9in. by 8 ft. 9 in. (Fig. 3) in 
the clear between supports for 360 roubles per lineal 
sashin (7 ft.), or 5/. 2s. per lineal foot, the Government 
supplying all workshops, steam and hydraulic power, 
machine tools, rolling stock, locomotives, &c., at 
their own expense. A premium of 150 roubles (15/.) 
per day is awarded to Messrs. Brandt and Brandan 
for each day saved in completing the heading under 
the contract stipulation, a mean lineal distance of 
9ft. 4 in. being considered a normal day’s work for 
each face; the effect of this award is that the work is 
continuous day and night. 

Profiting by the experience gained recently in the 
construction of tunnels in Southern Europe, the ap- 
pliances now adopted at the Suram Tunnel are 
naturally of the most approved construction. The 
drilling machines are on Brandt's hydraulic system, 
similar to those used at the Pfaffensprung Tunnel, St. 
Gothard Railway; these machines were fully illus- 
trated and described in ENGINEERING, Vol. xxxvi., page 
431. There are two machines at each end of the tunnel. 
There are four locomotives, specially made for this 
tunnel by Messrs. Struve, engineers, Colomna, near 
Moscow ; these engines are of Krauss’s type, having 
their boilers inclined so that the tubes are level not- 
withstanding the incline of the rails. They are 0.90 
metre gauge; two are 15 tons each and two are 10 tons 
each, all are fitted with Urquhart’s petroleum firing 
appliances. In order to obviate smoke in the work- 
ings, steam is got up to fifteen atmospheres out in the 
open, in the exceptionally large boilers, so that no 
necessity arises to start a fresh fire while in the 
tunnel, the accumulated heat in the brickwork of the 
furnaces serving to keep the steam up and preventing 
cold air getting at the tube ends, thus preventing 
leakage. 

The heading is driven at the bottom of the tunnel, 
known as the English system. The hydraulic ap- 
pliances, along with Brandt’s machines, are all 
arranged for 100 atmospheres pressure, which was 
the pressure used in the tunnels of the St. Gothard 
Railway, but owing to the rock being of a soft cha- 
racter, 30 atmospheres is sufficient ; the average work 
done in twenty-four hours is 20 ft., which is much 
greater than the progress made in the St. Gothard 
tunnels, The number of holes bored in each attack 
is seven, of an average — of 4ft. 10in., an average 
daily consumption of 106 lb. of dynamite being used at 
each face. Figs. 4 to 16 are sections of the headings and 
tunnels, together with illustrated sections of different 
systems of tunnelling ; Fig. 17 is a plau of the works, 
petroleum tanks, wells, &c. ; and Fig. 18 a plan of 
the workshops, 








WATER GAS. 

To THE Epiror oF ENGINEERING. 
Srr,—Along with most of my fellow engineers I haveseen 
the remarkable report on ‘* Water Gas,” which has during 
the past week appeared prominently in the daily papers. 
This report does credit to the enterprise of its originators 





and is another proof of the assimilation by Britishers of 
American ideas, 





This letter will merely concern the chemical and thermo- 
economic statements set forth in this report; @ priori, 
I may say, that the remarks I have to make are offered 
in no hypercritical spirit, but are intended to clear away 
misconception and arrive at a clear estimate of the value 
of what is popularly known as water gas—a misnomer, 
that in one instance led to an amusing inquiry from a 
person in Algiers, who wrote to me asking if I would 
provide him with means of making water gas, as although 
there was no coal in the neighbourhood there was an 
ample supply of water. 

It is stated in the report that the useful effect in using 
aolid fuel in ordinary circumstances is at the most 20 
to 25 per cent., but with gas 90 per cent. of useful effi- 
ciency can be attained. 

Now if we take the normal and actual calorimetric 
value to be equivalent to an evaporation of 14 1b. of 
water to 1lb. of fuel, the ordinary efficiency of solid 
fuel firing systems is as follows: 


7 x 100 
, 14 


The net possible useful efficiency of gas firing after 
allowing for the heat required to raisethe waste gases up 
the chimney (a thermodynamic work that cannot be 
neglected in calculation) is 


10.5 x 100 
14 


With water gas it is theoretically impossible without 
condensation of products of the oxidation of the hydrogen 
and the recovery of the heat held latent by the aqueous 
vapour (HO) to obtain more than 72 per cent of effi- 
ciency. 

The report states that the flame of water gas has a tem- 
perature equivalent to 5112 deg. Fahr., and that the flame 
of ordinary coal gas has a temperature of 2430 deg. only. 
The value of a volumes of different combustible gases 
is more correctly given as follows : 


= 50 per cent. 





= 75 per cent. 


Units. 
Water gas 2813 
Coal ,, - 5511 
Generator gas We 1470 


In the Table accompanying the report giving the units 
of heat of different gases it is represented that when the 
reactions evolving water gas are produced—27,440,000 
units are contained in the gas produced from a ton of fuel 
—but when producer gas is used only 17,920,000 units of 
heat are held by the gas; now were this latter statement 
correct it would prevent, on economic grounds, the appli- 
cation of this gas at all; assuming that 1 ton of coal oe 
a calorific value of 32,000,000 units, if this coal is converted 
into a gaseous condition by semi-combustion the gas 
evolved possesses thermo-chemically and as sensible heat 
the whole of the heat possessed by the coal less that lost 
by radiation and convection and that absorbed by chemical 
reactions. In a gas producer in which air per se is 
the agent of oxidation, the nitrogen, introduced by the 
air, carries with it in a sensible form the heat resulting 
from semi-combustion or the oxidation of the carbon to 
CO; the heat sensibly attached to the nitrogen is not 
lost, and can, toa greater degree than if the heat were 
latent asin steam, be recovered, unless the latter or steam 
were condensed; but this for all ordinary arrangements of 
combustion is impracticable. 

The report represents the heat value of ordinary coal 
gas per ton of fuel as equal to 6,720,000 units ; if we divide 
this figure by the number of cubic feet of gas it repre- 
sents ue 10,000), then 


6,720,000 
pat hind ated iy A 
10,000 aati 
or 67.20 equals the number of heat units of one cubic foot 
of ordinary coal gas ; we will compare this with the other 
values given in the Table. 

The value of the water gas is given as equal to 
11,760,000 ; this divided by 35,000(=the number of cubic 
feet it represents), gives as the value of one cubic foot 
33 60 units, or exactly half the thermic value of coal gas. 
It is only fair to add that besides the 10,000 cubic feet of 
gas given off in the closed retort practice, there is the 
residual coke, which possesses inter se the balance of the 
units, less that carried off in tar form. ; 

In the report the absence of nitrogen in water gas is 
made a strong argument initsfavour. This characteristic 
is in some applications a great advantage, but in making 
a comparison between the heat of combustion carried off 
as sensible heat by the products of combustion between 
ordinary producer and water gas, we should not forget 
that there is a considerable loss due to the heat absorbed 
and rendered latent by the steam resulting from the re- 
oxidation of the hydrogen, we shall see that this loss is of 
considerable value, and more than balances that debited 
to the nitrogen in producer gas. 

Taking the reaction represented by C+H20=CO+H, 
to produce water gas, and its complete combustion to be 
represented by CO + H2+2 0+8N=CO,+H,0+8N, and 
acknowledging producer gas to be evolved ‘ov ary Md 
the following sequence of reactions:* 2 NJO+C=8 N+ 
CO,, and 8 N+CO,+C=8 N+2 CO, then the combustion 
would be effected as follows: 8 N+2 CO+2 O+4 N=12 
N+2 CO, 

Assuming that in each case, as an example, 12 grms. of 
carbon are used, and are used first to produce water gas, 
and afterwards the same weight ie used to produce car- 
bonic oxide, and assuming that both kinds of gas are con- 
sumed and their products of combustion are allowed to 
escape at a chimney temperature of 500 deg. Cent., then : 


* For facility of calculation, N, is taken instead of 
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Co? H,0 
500 (i194.32x 0.217)" [2-+16 20.481] * 
[112 0.244]) =22-767 units of sensible heat 
18 x 606.5=10.917 latent heat of steam. 


Total 33.684 units lost. 


Now, taking the combustion of producer gas for the 
same weight of fuel, then 


500 ( Co? N 
ow \[12 + 32 x 0.217] + (84 x 0.244) 
= 15.122 units lost as sensible heat. 
The ratio of heat units lost to the total units produced by 
the combustion of the two gases will be as follows : 
Water Gas: 
28 grms. CO to CO, = 67.284 units. 
2 » HH , HU= 657.924 ,, 





125.208 ,, 
Ratio of loss will therefore be 
33.684 x 100 
ee ee oe ; 
195.208 per cent 


Producer Gas: 
28 grms. CO to CO, = 67.284 units. 


Ratio of loss will therefore be 
15.122 x 100 
67.284 


Hence we see the advantage is slightly in favour of ordi- 
nary producer gas. The real advantages possessed by 
water gas as a fuel in comparison with producer gas may 
be estimated as follows : 

It contains in a given volume a greater calorific value, 
so that in its application there is a less proportion of the 
heat lost by radiation. Whether combustion is produced 
for thermodynamic or purely heating purposes, the greater 
the periodic rate of its production and transmission for 
useful effect, the less the loss by radiation; and as I have 
already pointed out, the greater the piston speed of a 
motor, the less the heat lost by jacket or cylinder 
side radiation; the same law holds good in a greater 
degree in furnace work; here the internal chamber 
having a possible heat of say 2000 deg. Cent. is — 
divided from the atmospheric air by a refractory wall, 
the inner side of which is at or near the combustion 
temperature of steel melting, and the outer side at 
th3 temperature of the atmosphere. Hence the import- 
ance of acceleratiog such a high temperature process as 
much as possible, and the more concentrated thermic 
character of water gas, is a decided advantage and one 
that I have long recognised. 

Another advantage that I have always insisted on is 
the fact that water gas is comparatively free from sulphur 
compounds (vide ENGINEERING, page 460, 1886), metal- 
lurgists will recognise the value of this feature. 

For steam-raising processes the fact of a boiler beingin 
a sense a calorimeter, with its combustion flues surrounded 
with water, reduces the loss by radiation to an insigni- 
ficant degree, and the non-luminous character of the 
water gas and the fact just mentioned, preclude the 
economic application of water gas for this purpose. 

But for all purposes where concentration of calorific 
effect is a desideratum there is an adequate raison d'étre 
for the application of water gas. I have already shown 
its deoxidising or reducing value, vide ENGINEERING, 
January 15, 1886. 


= 22.4 per cent. 


B. H. Tuwalre. 
37, Victoria-street, Liverpool. 





CENTRIFUGAL PUMPS. 
To THE EpiTor oF ENGINEERING. 

Srr,—In reply to Mr. Schénheyder’s letter in your issue 
of March 22, I would say that the divisor 2 in the formula 
is intended for high lifts and large pumps. As far as I 
can judge it should vary from 1.5 to 2, using the lower 
— or lifts of 3 ft. to 4 ft., and the higher for lifts up 
to t. 

I would further point out that the resistance of water 
against the vanes of a centrifugal pump is not similar to 
friction in pipes, but that the water exerts an actual 
pressure against them similar to the pressure against the 
piston of apump. This explains the advantage of using 
curved instead of radial vanes. If the resistance was 
only friction, the radial arms ought to be the best, as 
they have the smallest surface, but for moving against 
pressure the curved arms have the same advantage over 
radial arms as a ship with a sharp bow has over one with 
a square bow. It is well known that the power required 
for propelling a ship increases in proportion to the depth 
to which she is loaded, that is in proportion to the pres- 
sure of water against her. look forward to some 
careful experiments on centrifugal pumps similar to those 
carried out for Messrs. Simpson and Co., by Mr. Mair 
and Professor Unwin, with various kinds of high-duty 
pumps, as the present experiments are too contradictory 
for obtaining any reliable formula. 

Yours, &c., 
ALFRED HANSSEN, 

2, Trossachs-road, East Dulwich, S.E. 





THE LOCOMOTIVE QUESTION IN NEW 
SOUTH WALES. 
To THE Eprror oF ENGINEERING. 

Srr,—You have favoured your readers with a pretty 
long account of this matter from time to time, and it is 
evident to me that Mr. Midelton is experiencing the 
usual unfair opposition and unjust criticism which all 
reformers and men of progress have to bear, I have not 





yet seen anything from Mr. Midelton in reply, but I feel 
sure that he will at the proper time defend himself, and 
show that he is not only right in what he has done for 
New South Wales, but that he is capable of proving it to 
all unbiassed minds. I know all the railway mechanical 
men in Australia and New Zealand, and I may say that 
my long experience here enables me to form a fair opinion 
of each of them, and the only conclusion I can come to is 
that Mr. Midelton is unfettered by traditions, the most 
progressive, sound, painstaking mechanic of them all, and 
his views have invariably proved to be right ; he has made, 
so to speak, two blades of grass grow where one onl 
grew before, that is to say, he has made one engine—call 
it English, American, or what you like—haul the loads it 
formerly took two engines to haul, and that is not the 
only good thing 4 a good many which he has done for 
the New South Wales railways and tramways, as every 
one here knows. 

I can assure you and your correspondents, especially 
‘“©One who Knows,” that Mr. Midelton has been most 
unfairly criticised, cruelly treated, and page aap me re 
both here and at home; I consider he is hy we and his 
opponents are wrong. I know he has had todo battle with 
the most unreasonable and determined hostility from Mr. 
Scott from the first day he was appointed his assistant in 
1882 ; that Mr. Scott made no less than fourteen “‘ charges” 
against Mr. Midelton in 1885, which caused his suspension 
frum the service for fourteen months—the mental misery 
a fair-minded man would experience under such circum- 
stances would be intense—but not one of these charges 
were established, nor did Mr. Scott ever go to the proof. 
Mr. Midelton was reinstated, given a higher position and 
pay, and he is now the mechanical head of the railways 
and tramways for the second time, and all who knew the 
condition the latter was in when he took charge, now 
know the immense good he has done to the Govern- 
ment and the department. It was admitted that 
‘“‘there was a combination against Mr. Midelton 
which was highly reprehensible,” and there is evidence 
now I think of a little of that combination being 
left. I should advise ‘‘One who Knows” to be 
careful about his statements, because he evidently does not 
know the truth of the matter. Mr. Midelton did design 
the Eveleigh workshops, and at the time Mr. Scott was in 
England, and Mr. Midelton was acting locomotive engineer. 
Mr. Midelton did not confine the test of the engines to 
the distance asserted; he willingly offered to run from 
Sydney to Bourke and back, 504 miles eack way, and his 
engines have been working the express goods, Sydney to 
Junee, for over twelve months, making at times 40 miles 
an hour; the opposing engine has been anything but a 
success. I ask your readers to be generous enough to 
suspend their ‘‘ judgment” in this case, because the *‘ de- 
fendant” will plead when he sees that the “ plaintiff” has 
finished his case, and not before, and I think you will 
find that no professional brother was ever treated so 
unfairly and dishonourably in the course of your expe- 
rience, I inclose my card and beg to remain, 


ANOTHER WHO Kxows, 
Sydney, February 21, 1889. 





THE SOCIETY OF ARTS ENGINE TRIALS. 
To THE EpiToR OF ENGINEERING. 

S1r,—I read with interest your account of the discussion 
on the above subject, and should like, with your permis- 
sion, to make a few remarks thereon. 

Mr. Preece can hardly have been in earnest when he 
proposed to express a mechanical unit of work in terms of 
an electrical one; for, of course, he is aware that the 
mechanical unit of energy is the basis for all others, and 
that the value of the electrical unit must ultimately be 
expressed in terms of the erg. 

n speaking of the incandescent particles of carbon he 
must have overlooked the fact that the gas and air, being 
intimately mixed in the cylinder of a gas engine, the com- 
bustion is complete, and as it is generally acknowledged 
that the temperatures are not high enough for carbon to be 
set free by dissociation there will not be any incandescent 
carbon, no more than there is in an ordinary Bunsen 
burner flame. 

Nevertheless there may be a considerable transfer of 
heat by radiation, for it is well known that the radiation 
increases with the density of the heated gases and, nearly 
continuous spectra have been obtained from highly com- 
pressed incandescent gases. 

But it appears to me that, even supposing the radiation 
to be considerable, there will be very little heat transferred 
directly to the cylinder by radiation; and for the follow- 
ing reasons. The distribution of the temperature of the 
gaseous mass in the cylinder may be supposed to be 
roughly as follows: 

In the centre of the mass the gases are at a very high 
temperature, and radiating heat in all directions. Sur- 
rounding this is a mass of the same gases kept at a much 
lower temperature by contact with the cold inclosing 
metal surfaces. 

These gases are the very best absorbent of the high 
temperature radiation of the central mass, and so will stop 
all the radiation due to the difference in temperature 
between them. This absorption would of course raise the 
temperature of the outer gases were it not for the fact 
that they are kept comparatively cool by contact with the 
cold surfaces. 

Diffusion convection and mass motions (due to the 
motion of the piston) will help to maintain a layer of the 
cooler gases of sensible thickness near the cylinder walls, 
and thus all the high temperature radiations will be 
absorbed and the radiation to the cylinder walls will be 
that due to the cooler gases next them. But it is probable 
that the heat transferred by contact of these gases will be 
much more than that due to their radiation. 

The temperature will rise gradually and progressively 





from the surface towards the centre, and the temperature 
indicated by the expansion curve at any point will be a 
mean temperature. 

Mr. Atkinson’s idea seems to me a very wild one, and 
it is a matter of surprise that it should be propounded by 
a practical man above all others. It is assumed that he 
knows that when heat is transferred from one body to 
another, it passes from the body at the higher tempera- 
ture to that at the lower. It follows that the heated 
lamiua which he supposes to exist would have to be at a 
higher temperature than the inclosed gases. The report 
of the trials gives the temperature at the end of the ex- 
pansion stroke as 2020 deg. Fahr. for the cycle engine, 
and although, as has been described above, the gases close 
to the walls are cooler than this mean temperature would 
indicate, they cannot be, say, much under 1000 deg. Fahr. 
at this point. I would like to ask Mr. Atkinson what 
would become of his cylinder lubrication with the surface 
of the metal at 1200 deg. to 1500 deg. Fahr. ? 

A very simple calculation would show any one who 
cares to make it that the conduction through the cylinder 
walls of a 6 horse-power cycle engine, with a difference of 
temperature between their outer and inner surfaces of 
200 deg. Fahr., would be at the rate of about 4650 thermal 
units per minute ; or, the conduction in ressth of a minute 
(which is about one-half the time required for an expan- 
sion stroke) would be 4.65 thermal units=3590 foot- 
pounds. But 3590 foot- pounds is the energy which passes 
into the jacket water per revolution. 

It follows that, since conduction must always be going 
on, the temperature difference must be less than the above, 
and the temperature of the inner surface of the cylinder 
will be much less than 316 deg. Fahr. 

It is hardly necessary to say that, with such a tempera- 
ture, there will not be any transfer of heat from the walls 
to the gases even during the exhaust stroke. 

Combustion, like every other chemical reaction, must 
take time, and if an engine makes its stroke in less time 
than that required to complete the combustion it is to be 
expected that some of the gases will not be burned before 
the exhaust opens. 

Before drawing any conclusions from the figures repre- 
senting the amounts of heat which pass away in the jacket 
water would it not be better to pay some attention to 
special constructions which may cause that comparison to 
be utterly misleading? As an illustration take the Otto 
and Atkinson engines tested. In the former not only is 
the whole of the chamber which contains the heated gases 
surrounded by a water jacket, but the exhaust takes place 
through a narrow passage likewise surrounded by water, 
and some Otto engines have the casing in which the 
exhaust valve is placed also water-jacketted. (It would 
be interesting to know if this was the case in the engine 
tested. ) 

On the contrary, not only is the end of the cylinder of 
the cycle engine not jacketted, but the exhaust valve is 
attached to it, and the exhaust gases do not pass through 
a ener surrounded by water. 

nder such conditions it is of course inadmissible to 
compare the quantities of heat carried away by the water 
as representing the relative amounts of heat received by 
the cylinder walls during the explosion. I do not like to 
trespass further on your space at present, but if you wish 
to encourage a discussion of this subject in your columns I 
should be glad to raise other points which might be of in- 
terest. ours faithfully, 

J. H. Hamirton. 
Lovaine-place, Newcastle. 








ENGLISH RAILWAY WORK. 
To THE EDITOR OF ENGINEERING. 

S1r,-—As I am constantly receiving applications from 
your subscribers in all parts of the world for copies of m 
report to the New Zealand Government on the English 
railways (‘* Notes on the Railways of Great Britain”) 
which you were good enough to notice so fully and favour- 
ably in ae! leading columns (June 29, 1888), I shall be 
glad to be allowed to mention that a limited number of 
copies can be obtained from a London publisher, Mr. E. 
A. Petherick, 33, Paternoster-row. 


Iam, &c., 
Wellington, N.Z. CuHaRLES Rous MARTEN. 





AUTOMATIC CONTROLLING VALVES FOR 
HYDRAULIC PUMPING ENGINES. 
To THE Epiror oF ENGINEERING. 

Srr,—In your issue for March 29, page 312, we notice a 
communication from Messrs. Smith and Stevens on 
** Automatic Controlling Valves for Hydraulic Pumping 
Engines,” in which the method of using oscillating 
hydraulic cylinders for compensating purposes is ascribed 
to M. Heurtbise, of Paris. We beg, however, to state 
that this method was first applied by us in conjunction 
with Mr. Cramer, civil engineer, of Berlin, and that we 
obtained Patent No. 24,851 for it in Germany. The in- 
formation reached M. Heurtbise through our director, Mr. 
Blum, and the former has therefore no claim of originality 
in the matter. 

Hoping you will be able to find room for this in your 
next issue, We remain, &c., 

BERLIN-ANHALTISCHE MASCHINENBAU-ACTIEN- 
GESELLSCHAFT. 





SensiTIvE Frame Burners.—Mr. Thomas Fletcher, of 
Warrington, has lately brought out a gas burner so sensi- 
tive that a cough or a clap of the hand will extinguish it. 
It is of the Bunsen type, and can be used for heating pur- 
pores, as well as for experiments on sensitive fl .mes, 
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ROTARY STEAM SNOW SHOVELS. 

Tue idea of a rotary shovel to clear the snow from 
railway cuttings is not altogether new, but difficul- 
ties in carrying out the plan practically defeated all 
attempts to use it on railways, until about five years 
since. Then James S. Leslie, a mail clerk on the 
Northern Railway of Canada, took up the notion, and 
worked it out in such a successful manner that rotary 
shovels have now become a prime necessity on most 
of the lines in the Northern States and Canada, In 
the fall of 1884 the construction of the first experi- 
mental snow shovel was commenced in the Cooke 
Locomotive Works, of Paterson, New Jersey, and the 
completed machine was tested that winter. Its value 
was soon proved, but as itis an expensive and formid- 
able machine, it took a year or two to induce railway 
managers to generally adopt it, and it only came 
into ordinary use this last winter. One was set to 
work on the Southern Pacific Railway in the Sierra 
Nevada in 1885, and the next year three rotaries were 
employed on the Union Pacific, east of Ogden. The 
Oregon Railway employed them for two winters before 
the last, and the invention proved of especial value 
during one heavy storm which lasted ten days, the snow 
being blown down the mountain side, so that it filled 
the cuts full in half an hour. This trouble extended 
for 35 miles, and to get through the trains had literally 
to be’ convoyed by a rotary, following it within 50 
yards. In the winter of 1884-5, this section of the line 
was hopelessly blocked for three weeks, and cost an 
enormous amount to open it and keep it open after- 
wards, In the same year ata similar place the Northern 
Pacific Company is said to have very seriously dis- 
abled over twenty locomotives as the result of one 
storm, whilst for 60 miles the rails were, in places, quite 
spoiled where the engines had slipped in attempting 
to push forward the old-fashioned wedge plough. In 
the winter of 1887-8, there were four rotaries working 
on the Northern Pacific. The first that arrived was 
rushed to the front to open the switchback ; this was 
then used to pass the trains over the Cascade summit, 
which had been blocked for nine days when the rotary 
arrived. In nine hours the rotary was through the 
whole length, although at every reverse the machine 
had to be taken to the foot of the mountain and turned 
round before she could attack the next switch, Just 
after this section was opened rotary No. 2 arrived, 
whereupon one machine was put at each end of a train 
of three locomotives, so that this turning and loss of 
time was not necessary. The trains were worked in the 
same way, with an engine at each end, head first, and 
the switchback gave no further trouble for the rest of 
the winter, although the gradient is 296 ft. rise to the 
mile, alight train requiring two locomotives, whilst a 
heavy one is divided, two ‘‘ decapods” (engines with 
ten driving wheels) taking the heavy part, and two 
‘*Consolidations” (with eight driving wheels) taking 
the lighter part. It is said that 2 ft. of snow often fall 
on this ‘‘ divide” within an hour, and storms have been 
known to last at this rate for ten hours. The third 
Northern Pacific rotary intended for the Rocky Moun- 
tain division, never got there that winter, the fearful 
storms in Dacota proving all that it could handle, 
whilst the fourth, intended for Dacota, was similarly 
occupied in the more eastern State of Minnesota. 
During the whole winter, however, no locomotive 
was disabled, or man hurt, on either of these two 
divisions, whereas the previous winter 32 locomotives 
had been disabled, and several of them totally wrecked 
in opening the lines after they had been blocked for 
weeks together. 

The rotary snow shovel consists of a wheel 9 ft. in 
diameter set in a casing with a flaring square front, 
10 ft. wide and the same in height, which leads the 
snow into the wheel. The wheel has an outer and an 
inner series of knives pivotted on radial arms, the knives 
being set so as to slice off about an inch of snow and 
feed it into the machine. Behind these knives and on 
the same shaft is a fan wheel composed of radial blades, 
the whole revolved with considerable velocity, so that 
after the snow is sliced off the centrifugal force of the 
fan blades causes it to fly off where the opening is 
erage for it at the top of the casing immediately 

ehind the revolving knives. This opening has a 
movable hood so that the stream of snow may be 
directed to either side of the road. The fan wheel 
and knives are carried on a steel shaft, connected by 
bevel gearing with a pair of 17 in. by 22 in, horizontal 
engines fitted with link motion like an ordinary loco- 
motive. They are supplied with steam by a loco- 
motive boiler, all mounted on an eight-wheel truck, 
the axles and wheels being unusually strong, and the 
whole being inclosed in a strong wooden house built 
solidly on to the car frame. The engine is in charge of 
a pilot who stands on a platform immediately en 
the bevel wheels, and in front of the smokebox of the 
boiler, This man can watch the different obstructions 
out of a conning projection on the roof of the car and 
direct by signals both the driver of the rotary engines, 
and of the a locomotive behind it, which keeps 
it up to the snow banks. Besides this he has charge 


of the ice-breaker and the flanger which clear the 


ROTARY SNOW SHOVEL. 
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rails after the main body of the snow has been re- 
moved by the rotary knives and fan. The ice-breaker 
is a stout blade of steel hanging before the front 
wheels of the leading truck, and so attached to the 
truck frame that it maintains a fixed position about 
half an inch above the rail; it planes off the com- 
pressed snow and ice to this distance above the 
rail, The flanger again, which is attached to the 
rear part of the same truck, removes the snow and 
ice from both sides of the track, inside of the rail and 
lin. below its surface for a distance of 12 in. from 
the rail, soas to clear the space in which the wheel 
flanges run. Both the ice-breaker and the flanger 
can be raised from their positions bya steam cylinder, 
worked by the pilot, when points or crossings are 
approached, 

The Canadian Pacific Railway purchased the right 
to use this rotary shovel, and last fall constructed six 
of them at their Montreal works ; these have worked 
very satisfactorily in their British Columbia division 
during the past winter. The Intercolonial, after 
several blockades in the early part of the winter, have 
had two, from the Polson Iron Works at Toronto, 
lately put upon the line. This device so far has given 
great satisfaction, and seems the only one as yet 
introduced that really answers the purpose. In snow 
from 5ft. to 10 ft. deep it can be propelled, and will 
leave a clear track behind it, at the rate of eight miles 
an hour. 





GREENOCK AND GOUROCK RAILWAY. 
(Concluded from page 301.) 

THE next station to describe is that at Gourock ter- 
minus; but before dealing with the buildings it is 
necessary to write of the quay and pier on which they 
are situated, 

The main thoroughfare of Gourock, called Shore- 
street, running from the one end of the bay to the 
other, formerly lay close to the beach, but the frontage 
outside of this street has been reclaimed for the pur- 
poses of the railway. The space has been filled up 
with the excavation from the tunnel and the cuttings 
on the Gourock contract, the quantity of material used 
in this way being fully 400,000 cubic yards. The area 
of foreshore mm, we 4 is 184 acres. The length of 
frontage along the reclaimed portion of the bay is 
3200 ft., of which 750 ft. is sloped rubble pitching, as 
shown on Fig. 75 (page 330). The concrete quay wall 
extends in length 960 ft., and is illustrated by Figs. 
76 and 77. Fig. 78 is part plan at the connection 
between the quay wall and the timber quay. Fig. 79 
is an elevation. The remainder is of open timberwork 
partly with a concrete wall behind (Fig. 80), and 
partly with sloped pitching behind (Fig. 81). 

The pitching is of ordinary squared rubble and is 
2 ft. deep, laid on a bank of rubble hearting. All the 
stones for this were got in the contract. The pitching 





is surmounted by a heavy concrete cope 4 ft. by 2 ft. 











on the top of which is a concrete parapet wall. The 
cope and wall were built of concrete in situ of fine 
gravel and Portland cement, in proportions of four to 
one, and finished smooth. 

The concrete quay wall was designed to be con- 
structed entirely as shown in section in Fig. 77, but 
about 150 ft. in length of this wall required to be con- 
structed according to section shown by Fig. 76 owing 
to the very soft muddy bottom. The mode of con- 
struction avoided any temporary cofferdams, the sheet 
piling being driven in lengths of about 50 ft., after 
which the excavation was taken out from between the 
sheet piling to the required depth by Priestman 
dredgers. It was necessary to form a temporary cross- 
end of timber at each length, and this cross-end was 
taken out after the concrete was put in position. 

After the excavations were taken out in each length 
the concrete was placed in position with hoppers 
worked from a 10-ton steam crane. The method 
adopted is sufficiently interesting to call for more than 
a passing reference, Temporary staging was erected 
along the line of the quay wall on which ran the piling 
machines. The piles were bolted together in sets of 
threes, shod and ringed, and driven in lengths of about 
15 ft., with a key-pile to each length. Following the 
piling machines was a large travelling stage on which 
was set the appliance for mixing the concrete, as also 
the 10-ton steam crane. The material for the concrete 
wall was taken in trucks to those stages, from whence 
it was wheeled in barrows into the mixing machine. 
On the stage there was a store capable of holding enough 
cement for the day’s work. Two fixed hoppers were 
placed in the shed on the top of the stage, and into them 
the cement, stones, and sand were placed in their proper 

roportions by measure. When they were filled the 
9 were unfastened and the water turned on from 
a tank overhead, while the material was being mixed 
through a machine having several plates of iron ar- 
ranged thus: 


These extended from the fixed hoppers to the hopper- 
box attached to the crane, and as the material fell 
from the one to the other it got thoroughly mixed. 
The hopper-box on the crane was capable of holding 
about two cubic yards. When it was filled the hopper- 
box was lowered bythe crane and the concrete deposited 
into the required position. The concrete was made 
up of 1 part of Portland cement, 14 parts of clean sharp 
sand, and 44 parts of clean ballast or broken stones, 
broken to pass through a 2-in. ring. There were also 
in this part of the wall rubble stones placed at inter- 
vals amongst the concrete. The proportion so used was 
one cubic yard of stone to four of concrete. 

The concrete foundation wall was brought up to the 
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top of the sheet piling—to ordinary low-water mark. | has four rows of piles in the width, the quay being 
On the top of the foundation wall the quay wall was| 40 ft. wide. Behind it there is a concrete wall to re- 
built as shown on sections (Figs. 76 and 77). The) tain the material banked up. The concrete wall is 
concrete for this wall was of the same proportions as | built on a similar principle to the other walls already 
that in the foundation wall, but there were no rubble| described. All the piles of the timber quay are of 


stones, and the whole face was left smooth on the | 


surface. The cope, which is 3 ft. 9 in. by 1 ft. 9 in., was 


madesimilar to that on the topof the pitching. Counter- | 


forts are built at intervals of 65 ft., and into them 
cast-iron bollards are placed. Details of the bollards 


are shown by Figs. 93 and 94. On the face of the quay | 
wall greenheart fender piles, 12in. by 12in., are placed | 


at 20ft. centres (Fig. 79). The details are shown by 
Figs. 82 to 84. The bottom of the fender piles are in- 
serted 3 ft. down into the sheet piling, for which pur- 
pose the top of one of the sheet piles had to be cut in 

















greenheart and vary from 12in. to 16in. square. The 
front piles average 15 in. square. The centre piles are 
13in. square and the back row 12in., and they vary in 
length as shown in section. Each row of piles is placed 
at 8-ft. centres on the face line of the quay. The 
bottom walings, longitudinal beams, and the diagonals 
are of greenheart and are 12in. by 6in. They are all 
checked from ]}in. to 2in. at the connecting points. 
The centre struts and upper longitudinal beams and 
cross-joists are all of pitch pine and are from 12 in. by 
Gin. to 14in. by 7 in. scantlings. The cleading is 
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each case. At the top of the fender pile an elm cv 
12in, by 12 in., is fixed to the wall and checked be- 
tween the piles. The fixtures are indicated by Figs. 
84 and 85. Elm fenders, 12in. by 5in., are bolted 
to the front of the greenheart piles. For use when 
the tides are very high, high fender piles are placed 


at intervals along the quay in pairs (Fig. 79). The, 


details may be seen from Figs. 86 and 87. These 
fender piles are placed at 15 ft. centres. The sheet 
piling varies in length from 42 ft. to 55 ft., and the 
front piling is 12 in. thick and that at the back 9 in. 
Along the top of them there is bolted a waling 12 in. 
by 6 in. 

As already indicated, a portion of the foundation 
wall required to be materially strengthened owing to 
the soft nature of the ground (Fig. 76). Pitch pine 
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3{ in. thick of pitch pine creosoted, and on the top isa 


| layer of Portland cement concrete formed on a gradient. 


| Over this is laid on asand bed 4in. causeway sets. 

Gully gratings are placed through the causeway and 
|cleading at intervals to carry off the surface water. 
Elm fenders 15 in. by 5in. are fixed to the front with 
g-in. screw bolts. Choke pieces, 12in. by 9in., are 
placed between the front piles immediately below 
| high-water mark and are bolted to a 12-in. by 6-in. 
| longitudinal timber, which in turn is similarly secured 
|through each pile. Choke pieces, 15in. by 74in., are 
| also placed between the front piles at the top of the 
| piles and are bolted to the 14in. by 7in. joists. On 

the top of the choke piece is fixed the elm cope 14 in. 
| by 74in. Itis protected bya 4-in. malleable iron plate 
| fitted into the elm cope (Fig. 88). High fender piles 


bearing piles, 10in. by 10in., were driven at 4-ft. | are also provided here at intervals of the same height 
centres in the whole area of the foundation. The as those at the quay wall. They are placed 16ft. 


piles were 31 ft. long, the top being kept 8ft. above 
the bottom of the wall. The piles were driven after 
the excavation had been taken out by the digger, and 
the whole mass filled up with concrete in the same 
proportions as the other parts of the wall; but it was 


centres. The details of these are shown by Figs. 89 


|and 90. Cast-iron bollards are placed at intervals and 
|are fitted on to the top of the front piles. Figs. 91 


and 92 show details of these. The batter of the timber 


| quay is the same as that of the quay wall—one in 


thought desirable to dispense with the rubble. The | fifteen. 


batter in the face of the wall is one in fifteen. 


A sete of the open timberwork—150 yards in 


The timber quay is illustrated by Figs. 78 to 81 and | length—at the Kempoch Point, is backed with rubble 


by the perspective view above these figures. It 





and hearting (Fig. 81). It was not originally in- 


tended to have any of the wall carried out in this 
manner, the section (Fig. 80) being that proposed for 
all the work. When the Bill was before Parliament 
the Clyde Lighthouse Trustees, under whose jurisdic- 
tion this portion of the river comes, required the com- 
pany to form their quay in this way for a distance of 
150 yards, the object presumably being to prevent 
back surge from the wall having any effect on passing 
steamers. This section required 6-in. sheet piling to 
be driven at the toe of the pitching between the 
third row of piles from the front, and the piles had to 
be cut 5ft. below low-water mark, which operation 
was done by divers. Concrete was put in with covered 
boarding over the top of the rubble to low-water mark. 
Above that there is rubble pitching. The pitching, 
instead of having a smooth surface asin the other case, 
is left with a large proportion of the stones jutting u 
to break the force of the waves, It wasalso considere 
necessary to put in a number of longitudinal timber 
runners 12in. by 6 in. along the centre rows of piles 
to assist in breaking the waves. The piling of the rest 
of the timbering is of similar scantlings and construc- 
tion to that already described. A concrete foundation 
was placed at the top of the pitching to receive the 
station buildings. This foundation is shown on Fig. 81. 
The quay at this part is 65 ft. wide from the front to 
the buildings. A cattle slip is constructed on this 
portion of the quay. 

The large area reclaimed from the Gourock foreshore 
already described, gave very suitable ground for laying 
out an extensive station for passenger and goods traflic. 
At the point where the railway enters on the foreshore 
at the east end of Gourock Bay, lines of rails diverge 
from the main line on both sides, giving accommoda- 
tion to goods yards on the side next the town and on 
the side next the sea for goods traffic which is ex- 
pected to be derived from shipping. On the outside, 
too, an engine shed is to be built 150ft. long by 35 ft. 
broad, capable of holding six engines. This erection 
is situated at the extreme east end of the works. 
There is also here a 50-ft. engineturntable. Half way 
along the bay the connections to the passenger station 
begin to diverge into the various platforms and to the 
loading bank for horse, carriage, and fish traffic, and 
for a number of long sidings for empty carriages. The 
entire length of lines of rails required for the pas- 
senger and other traffic on the reclaimed ground is 
7850 yards. 

The passenger station is situated at the west end of 
the bay or, more properly speaking, at Kempoch Point, 
the head land between the bay and the open Firth. 
Fig. 95 is a plan of the passenger station. It shows 
four platforms, the lengths of which are 910 ft., 730ft., 
640 ft., and 380 ft. respectively, and the widths vary 
from 43 ft. down to 10ft. 6in, at the end. Altogether 
they are of unusual breadth to provide for the extra- 
ordinary influx of traffic which is expected from the 
coast. The lines are laid out to enable trains to leave 
or arrive at either platform, with the exception of the 
short platform, 380 ft. long, nearest the quay, which 
will only require to be poo on special occasions. The 
platform walls are built of brickwork surmounted with 
a granolithic cope, 2ft. 6in. by 5in. thick. They are 
3ft. above the rails and are on a uniform level with 
the top of the quays. The offices are placed at the 
west end of the station and comprise all the necessary 
accommodation for an important station. There are 
ladies and gentlemen’s first-class waiting-rooms, each 
with large lavatory accommodation, ladies’ third-class 
room and lavatories, general waiting-room, two large 
refreshment rooms, with kitchen, booking-office and 
hall, station-master’s room, marine superintendent’s 
offices and large urinal, w.c., and lavatory accommo- 
dation. The buildings, which have a frontage to the 
passenger quay of about 775 ft., are built partly of red 
facing brick from Ruabon, North Wales, and half- 
timber work, the brickwork being carried to the height 
of 8 ft. The half-timber work is filled in between with 
pe finished a rich cream colour, the woodwork 

eing stained dark oak. The window sashes are 
painted an ivory white. Elterwater sea-green peggies 
have been used for the roofs, and their colour forms a 
pleasing contrast with the red brickwork and cream 
colour of plaster. The buildings when completed will 
form one of the most attractive and picturesque 
features on the Firth of Clyde. A special feature in con- 
nection with the station offices is a verandah 7 ft. 6 in. 
wide, extending their entire length (about 250 ft.). 
This will afford protection from the weather to the 
various apartments, which is desirable on account of 
the exposed situation of the buildings, and will also 
form a promenade for passengers while waiting on 
steamers. All the principal apartments communicate 
with the verandah by means of glazed doors, and the 
partition between it and the various rooms is glazed to 
a considerable extent, so that while in the apartments 
one may get an uninterrupted view of the river, the 
front of the verandah being entirely glazed. In the 
verandah is a system of double swing doors, which can 
be so arranged as to prevent draughts. Seats in the 
form of settles are provided along the whole length of 
verandah, 





Accommodation is provided on the inside of the 
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station buildings for porters, guards, and stores for the 
station and the company’s steamers. At the north- 
west corner of the buildings is a fog signal tower 
carried to a height of about 60 ft. to topof vane. The 
lower portion is built of red brick, the upper stage 
being constructed of half timberwork. 

This tower will be a conspicuous feature, standing 
as it does at the extreme point of the promontory on 
which the quay is constructed. On it is fixed the 
fog bell, worked by a gas engine. It has been erected 
for the benefit of the Clyde Lighthouse Trustees. A 
post of malleable iron lattice-work is erected in front 
of this on the quay, and on it there are placed the lights 
in connection with the same authorities. The station is 
entered from the Gourock town by a carriage drive 
and a covered footway at Kempoch Point, which is the 
most central part of Gourock. In the designing of 
the Gourock, Fort Matilda, and Inverkip - street 
station buildings, Mr. Graham, the engineer, has had 
good assistance from Mr, James Miller, architect, 

The greater portion of the platform is covered with 
light iron roofing fitted with glass on Pennycook’s 
system. The roofs are carried on columns, and 12 in. 
by Gin. rolled joisting. The spaces between the plat- 
forms and immediately over the rails are left open. 
The roofs are formed of ridge and furrow across the 
station between the rolled jointing, and are supported 
by light T bar steel couples, the spans averaging about 
18 ft. The steelwork for the roof is being erected by 
Messrs. Alex, Finlay and Co., Motherwell. 

At the west end of the passenger station a loading 
bank is provided for horse, carriage, and fish traffic. 
The latter is expected to be considerable, as the 
smaller steamers which carry fish can come alongside 
and the freight can be lifted by cranes from the boats 
into the railway wagons and by them taken to the 
various city markets. At the west end of the bay, 
next the town, a goods yard and shed and loading 
bank accommodation are laid out. This is for town 
traffic, and space is left for extensions. For the goods 
traffic from shipping nothing has been fixed definitely ; 
but there is abundant room left for laying out lines of 
rails and building sheds for a large traffic. It is an- 
ticipated that shed accommodation, fitted up with 
hydraulic cranes, as well as hydraulic travelling cranes 
on the pier, will be required at no distant date. 

Where the railway enters the bay—on the old line 
of Cove-road—a public foot-bridge will be constructed 
over the railway. It will be 7 ft. wide, and at either 
end a stair will be provided. It will be of light 
lattice-girder work similar to the foot-bridges in use 
at the stations on the system. Another public foot- 
bridge is provided at the east end of the quay wall, 
principally for the accommodation of yachtsmen whose 
craft are in the bay. This is a lattice-girder bridge 
of two spans of 81 ft. and 89 ft. respectively. Imme- 
diately adjoining it on the quay there has been con- 
structed a stair to give access to small boats. 

Thére are two signal-boxes, each 30 ft. long, for 
working the traffic at Gourock. Between Shore-street 
and the railway ground a neat malleable iron railing 
has been erected the whole length of the street, which 
is about 800 yards. Shore-street has been widened 
to a minimum width of 50ft., which is on an average 
of 8 ft. more than it was formerly. Alongside of 
this a footpath has been formed 5 ft. wide, with 
kerb and channel of whinstone. To carry the sewage 
of the town through the embankment into the sea, 
cast-iron sewer pipes were laid, one 3 ft. in diameter 

<and two 2 ft. in diameter. Some parts of the pipes 
required to be carried on bearing piles, owing to the 
softness of the ground on which they had to be laid. 





{Greenock | Gourock | Total 
Contract. | Contract. Quantities 
| 








Excavations, including tunnels 
(cub. yards) - as Bs 
Masonry in retaining walls and 
abutments (cub. yards) ° 


76,000 427,000 , 608,000 


| 85,800 15,600} —_ 51,300 

Ashlar (cub. ft.) .. | 846,400) 170,800; 617,200 

Brickwork (cub. yards aan 9,100 29,700 38,800 

Number of bricks used .. —_..| 2,548,000 | 8,316,000 10,864,000 
| 680 43,700 | 44 


“Concrete (cub. yards) ,880 
000 


*Timber, greenheart (cub. ft.) .. 680 69,000 69, 

© 4 pitch pine 2 me | 3,000 223,500 226,500 
Tron (tons) .. oe =e ae 52C 884 | 1,404 
Steel ,, os * Se nal 242 370 612 








* Principally in ‘quay wails, 


- he permanent way throughout is laid with single- 
headed rails weighing 90 lb. to the yard, a type now 
adopted for all the main lines on the Caledonian 
system. These rails are 32 ft. long, with twelve sleepers 
to the length of rail. The sleepers are creosoted and 
are 9 ft. long by 10 in. by 5in. The chairs are of the 
usual pattern used on the system and 35 lb. in weight, 
and all the other fixtures are those adopted by the 
company. The rails for the sidings at Ce 
80 1b. to the yard in 24 ft. lengths; but the fixtures 
and the sleepers are similar to those used for the 
90 lb. rails. The principal quantities are given in the 
above Table. 

The gree and curves of the line are very favour- 
able, The heaviest gradient on the line is 1 in 107, 





ourock are | P® 





which extends for a distance of about 42 chains. The 
gradient in the Newton-street tunnel is 1 in 684, and 
the other gradients vary from 1 in 200 to about 1 in 
400 The quickest curve on the railway is a short 
one of 154 chains radius, the other curves being 20, 25, 
40, and 45 chains radii. j 

All the signalling arrangements have been carried 
out by the company’s own workmen under the direc- 
tion of their signal superintendent, Mr. Steven, and 
the block and other telegraphs have been executed by 
Mr. Dunn, the telegraph superintendent of the com- 

any. 
r Mr. George Graham, chief engineer to the com- 
pany, was the engineer for the works, and they have 
been carried out under the immediate superintendence 
of Mr. William Melville, his principal assistant. The 
whole of the work, as also the methods of carryin 
them out, reflect the greatest credit on those gentle- 
men, as well as upon the contractors, Messrs. Hugh 
Kennedy and Sons, and Messrs. Watt and Wilson. 
The contractors for the iron and steel work were 
Messrs. Arrol Brothers, Glasgow, and Messrs, Good- 
win, Motherwell. 

It only falls to be added that the railway is ex- 
pected to be opened for traffic shortly, and that the 


distance from Giasgow to Gourock, 264 miles, will} Go 


be traversed by express trains in from 35 to 40 minutes. 
From the pier at the latter place swift steamers will 
run to the various watering-places on the Firth. Of 
these vessels we hope to speak in a future article. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday’s warrant 
market was characterised by the same buoyant tone that 
has been almost continuous since the beginning of Feb- 
ruary. The satisfactory condition of trade generally, the 
heavy local consumption of hematite iron and Scotch 
special brands, and occasional reports of the placing of 
new contracts of various kinds—all tend to keep the price 
of iron moving upwards, It may be taken as a good sign 
of steady trade that the advances are free from violent 
fluctuations. Last Thursday the price of Scotch iron 
went up 3d. per ton further, the close being 44s. 84d. per 
ton cash. That is 1s. 2d. higher than last year’s best 
price, and within 14d. of the highest quotation within the 
past twenty-four months, though still 2s, 1ld. per ton 
under the price to which warrants were run up during the 
speculative buying in January, 1887. From the lowest 
price this year, 40s. 10d. on February 4, there was a rise, 
over a period of eight weeks, of 3s. 104d. per ton, or an 
average of nearly 6d. per week. Thursday’s settlement 
prices at the close were-—Scotch iron, 44s. 9d. per 
ton; Cleveland, 383. 3d.; hematite iron, 48s. 14d. per 
ton. The tone was again firm in Friday’s market; 
and the price of Scotch iron advanced to 44s. 10d. per 
ton, being 14d. higher than the previous day’s best price. 
Some heavy vg at the price mentioned brought down 
the quotations 2d. per ton, the closing price being 4d. 
under Thursday’s. The closing settlement prices were— 
Scotch iron, 44s. 9d. per ton ; Cleveland, 38s, 3d. ; hema- 
tite iron, 48s, 14d. per ton. Several circumstances com- 
bined to cause a continuance of the firm tone in the 
warrant market on Monday, when there was a decided] 
strong feeling both forenoon and afternoon. Scotc 
warrant iron went up in price to 44s, 114d. per ton, and 
the closing price, though not at the best, was 24d. per ton 
over last week’s close. Cleveland iron went up in price 
64d. per ton, chiefly from large withdrawals from store, 
and a similar rise was made in the price of hematite iron. 
The settlement prices at the close were—Scotch iron, 
44s. 104d. ; Cleveland, 38s. 9d.; hematite iron, 48s. 74d. 
per ton. The inquiry for Scotch iron was again brisk 
yesterday. Some brands that are scarce have been firm- 
ing up in price beyond the usual proportionate difference 
over other irons; and the disadvantage of having big 
stocks is being seen daily in the price of ordinary war- 
rant iron. The rise in price yesterday was 14d. per 
ton, but Cleveland rose 3d., and hematite iron 44d. 
per ton. Up to 45s. 14d. per ton for Scotch iron was 
reached in the afternoon, but before the close there 
was a slight downward reaction. The closing settle- 
ment -_ were—Scotch iron, 45s. per ton; Cleve- 
land, 39s. ; hematite iron, 49s. per ton. Several makes 
of special brands were advanced in price from 6d. 
to 1s. per ton, and others were raised last Friday. The 
market, though again firm, was rather irregular this fore- 
noon, but 45s. 1d. per ton was again reached before the 
close for Scotch iron. At the close in the afternoon sellers 
were asking 45s. 04d. per ton, 39s. 24d. for Cleveland, and 
493, 3d. for hematite iron, Part of the stiffening in prices 
is due to the repeated intimations of advances in the price 
of manufactured iron. Thereisa better demand for Scotch 
iron from Canada, and the local consumption is great, 
with the result that not only is the stock in Connal and 
Co.’s stores being decreased gradually, but the makers’ 
stocks are growing less. No change has taken place in 
the number of blast furnaces in actual operation, which is 
still eighty-two, as against eighty-seven at this time last 
year. Last week’s shipments of pig iron from all Scotch 
rts amounted to 6695 tons, as compared with 6024 tons 
in the corresponding week of last year. They included 
1222 tons for the United States, 100 tons for South 
America, 170 tons for India, 1170 tons for Australia, 200 
tons for Germany, 110 tons for Holland, 100 tons for China 
and Japan, smaller quantities for other countries, and 
2685 tons coastwise. he stock in Messrs. Connal and 
Co.’s public warrant stores stood at 1,031,927 tons yester- 


day afternoon, against 1,032,037 yesterday week, thus 
showing for the week a decrease of 110 tons, 


Shipments of Machinery, &c., from the Clyde.--Last 
week’s foreign and colonial shipments of machinery, &c., 
from the Clyde included the following: Marine engines 
and other machinery, chiefly for Huelva, Calcutta, and 
Bombay, of the value of 26,600/. ; blooms, plates, bars, 
and other steel manufactures, valued at 50107. ; pipes and 
other castings, malleable iron plates, bars, sheets, tubes, and 
miscellaneous iron manufactures, of the value of 27,0001. ; 
sewing machine parts for Spain, Manilla, and France, 
valued at 32001. 

The Steel and Malleable Iron Trades.—Every branch of 
the local steel trade is in full activity, and shipbuilders 


their orders implemented. The demand is strong fer 
boiler plates, and the price is very firm. The following 


&| are about the prices quoted by the Steel Company of 


Scotland :, Angle bars, 6/, 123. 6d. per ton ; rivet bars, 
7l. 53.3; ship plates, 7/. 12s. 6d. ; sheets, 8/.; boiler 
plates, 8/. 103. per ton—all less the usual discount of 
five per cent. There is also considerable activity in 
the malleable iron trade, and prices are very firm all 
over. On Monday some of the makers of finished iron 
announced an advance of 5s. per ton in the price of bars, 
and it was thought that the advance would become 
general in the course of a day or two. The Glasgow Iron 
mpany’s iron plates are now quoted at 7/. 10s. per ton, 
being an advance of 10s, on the last price. 


Crucible Steel Castings.—Messrs. Archibald Baird and 
Son, Glasgow, and the Clyde Steel and Engineering 
Works, Hamilton, are extremely busy with the manufac- 
ture of crucible steel castings, especially those of a high- 
class quality, such as are required by engineers, &c. 
They have just advanced their prices 2/. per ton, 


Shipbuilding Contracts.—The Campbeltown Shipbuild- 
ing Company have received an order from Messrs. P. H, 
Dixon and Co., of Glasgow, to build a steel screw steamer 
of about 2600 tons deadweight, which is to be fitted with 
triple-expansion engines. This is the second order placed 
by the same’ firm with the Campbeltown Company this 
year. They also ordered a vessel from a Port-Glasgow 
firm, Messrs. Murdoch and Murray, within the past few 
days. The M‘Gregor Steamship Company, of which 
Messrs. Colville, Lowden, and Co., Glasgow, are the 
managing owners, have given out contracts for a couple 
of vessels of 1200 tons each. One of them is to be built 
by Mr. Knight, of Ayr, and the other by Messrs, Work- 
man and Clark, Belfast. 


Clyde Shipbuilding Trade: Launches in March.—Durirg 
last month seventeen vessels were launched from Clyde 
shipbuilding yards, of a total of 22,338 tons. They in- 
cluded the Strathclyde, 3400 tons, built by Messrs. 
Alexander Stephen and Sons, for Messrs. Burrell and 
Sons, Glasgow; the Dryfesdale, 2250 tons, built b 
Messrs. C. Connell and Co., for Messrs. Robert M‘Kill 
and Co., Glasgow; the Kinloch, 2000 tons, built for 
Messrs. James Gardner and Sons, Glasgow, by Messrs. 
A. M‘Millan and Son, Dumbarton. The other steamers 
included in the month’s output ranged down to 400 tons, 
and there were likewise three stern-wheel steamers that 
were shipped in pieces to South America. Amongst the 
sailing vessels launched during the month there were 
ships of 2600 tons, 2000 tons, and 1700 tons, 


East of Scotland Engineering Association.—The fort- 
nightly meeting of this Association was held last night 
in Edinburgh, Mr. J Bennett, President, in the 
chair. Mr. Stephen Smith, B.Sc., read a short note on 
“The Resistance of Trains,” in which he advocated the 
adoption of a pointed back to the trains, so that advantage 
might be taken of the back pressure of the air. Mr. 
Forrest H. Lightbody next read a ‘‘ Note on Joisting.” 
The formula and tables usually given in handbooks applied 
directly, he said, only to certain limited conditions rarely 
met with in Scotland, and he submitted formule directly 
applicable in all cases, and giving results slightly different 
from Tredgold’s. 


Greenock Water Works.—The annual statutory inspec- 
tion of the Greenock Water Works tvok place yesterday, 
the visitors being the water trustees and the owners of the 
sugar houses and other factories, on the line of the conduit 
who get power from the falling water. The works were 
pt to bein excellent condition. Loch Thom, which is 
the principal reservoir, was found to have a depth of 
water reaching to 534 ft. In the course of the day it was 
stated that the revenue of the Water Trust for the past 
two years had been, respectively, 21,7007. and 21,800/. 


Falkirk Water Works.—The ceremony of cutting the 
first sod in connection with the new water works for 
Falkirk and Larbert district took place yesterday on the 
Faughlin Burn, about twelve miles from Falkirk. The 
works, together with the cost of the land, will involve an 
outlay of probably about 60,0007. 


Royal Society of Edinburgh.—An ordinary meeting of 
this Society was held on Monday evening—Sir William 
Thomson, President, in the chair. Several important 
communications were made by Professor P. G. Tait, Sir 
William Thomson, and Mr. A. Crichton Mitchell. The 
President exhibited and described in detail several new 
forms of magneto-static current and voltmeters, and an 
electro-static voltmeter, with multiple voltaic pile, facili- 
tating graduation. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Chesterfield and Midland Institute of Mining Engineers. 
—A special meeting of the members of this Association, 
in lieu of the ordi meeting in April, was held at the 








University College, Nottingham, on Saturday, for the 
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purpose of taking into consideration the proposals of 
the joint committee with respect to the Federated In- 
stitution of Mining Engineers. Mr. Lewes, of Derby, 
presided. Mr. Mills said he and Mr. Jackson had 
been deputed by ths Institution to represent them 
at the various meetings of the committee of the 
federation, the outcome of which were the proposals 
which were laid before them. These were that the 
federation should be called ‘‘The Federated Institu- 
tion of Mining Engineers,” and that the objects of the 
federation should be the appointment of committees for 
experimental research and communication with the Go- 
vernment in case of contemplated legislative action of a 
scientific character that interested or affected mining; that 
the counsel should be empowered to frame various bye- 
laws for the purpose of carrying out the objects of the 
federation ; that discussion should be opened in each dis- 
trict on each paper, and, if considered necessary, a 
special discussion should be called by the president 
of any district, and where an important discussion 
was likely to arise, the author of the paper should be 
invited to attend. It was suggested that the publications 
of the Institution might be in two forms; first, transac- 
tions comprising important papers having permanent 
interest ; and secondly, a cheaper form of publication. 
The chairman moved a resolution to the effect that the 
Chesterfield Institution should join the Federated Insti- 
tute for one year, commencing July next, subject to that 
being ratified by the next annual meeting of the Institu- 
tion. Mr. G. E. Coke seconded the resolution, which 
was agreed to unanimously. The further consideration 
then took place of the Rev. G. M. Capell’s paper dealing 
with mechanical ventilation of collieries, and giving a 
description of a new form of inclosed mine ventilation, 
with an appendix by Mons. H. Bouchet, the Paris In- 
spector-General of Mines, and the meeting terminated. 


Sale of the North Pier at Scarborough.—The promenade 
pier situated on the north bay at Scarborough has been 
sold by auction. The pier has had a somewhat chequered 
career. The highest receipts for tolls have been 600/. ina 
year, and the lowest 253/. (last year). It was knocked 
down for 12401. to Mr. Walter Hudson, St. Ronans, 
Putney, London, S.W. 


Important Development of the South Yorkshire Coalfield.— 
A fresh step has been taken towards developing the vast 
unexplored coalfield in the Doncaster district. A new 
shaft is being sunk near Conisborough by the Denaby 
Main Colliery Company. The seams of coal which it is 
intended to work are exactly the same as are worked in 
South Yorkshire. The thick seam coal will, in all 
probability, be met with at a depth of from 650 to 670 
yards. The depth at which the coal will be found is not 
now a serious drawback, for at South Kirby the same 
seam is worked at a depth of 634 yards. What may be 
termed the Doncaster coalfield has long been talked about 
as likely to be developed, borings to test the thickness 
having been conducted at Bentley, and it is understood 
that one large estate of 5000 acres has been leased. Above 
the Barnsley beds are the Melton field, 4 ft. in thickness ; 
the Abdy seam, 3ft. ; and the Kent thin and thick seams. 


Iron, Steel, and Engineering Trades.—The iron market 
continues to show a firm and upward movement, and all 
the mills are now running fulltime. It is stated that one 
or two mills which have been idle for years will be re- 
opensd. During the past fortnight the rise in the prices 
of hematite irons has been very marked, and Bessemer 
billete have in consequence risen 5s. per ton, making 5/. for 
ordinary and up to 8/. per ton for special makes. Tyres 
are making on the spot 8/. 5s., axles 8/., and springs 11. 
An order for the wheels and axles of 1000 railway wagons 
has been placed with a Sheffield house. Engineering 
houses throughout the whole district are exceedingly busy 
both on home and foreign work of every description, and 
the improvement bears every evidence of being of a per- 
manent character. 


Colliers and the Wages Question.—Although the South 
Yorkshire miners’ delegates have voted for the demand- 
ing of another 10 per cent. advance on colliers’ wages, a 
demand which has been formally made this week, there is 
a considerable difference of opinion on the question 
amongst the men themselves. Although the output of 
coal is on the increase, it has led to undue competition, 
and prices are necessarily very low. The employers have 
not yet signified what course they intend to adopt, but 
they resent one portion of the policy adopted * the 
Miners’ Conference, the dictating to them as to how they 
shall conduct their business by restricting hours of labour, 
&e, Though the employers appear to take the matter 
calmly, it is by no means certain that they will grant the 
concession. The price of coal has not been so far affected 
by the proposal of the men. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
large attendance on *Change, and buyers were anxious to 
urchase, but there was really very little business done. 
rices of pig iron have advanced considerably during the 
week and prospects are more encouraging than ever. 
here is at present great difficulty in fixing quotations. 
Many makers decline to quote at all just now, and the 
lowest that any sellers will take for early f.0.b, deliveries 
of No. 3 Cleveland pig g.m.b. is 39s. per ton. Offers to 
purchase were plentiful at 38s. 6d. and 38s. 9d. Makers 
will not do business under 40s. and report this figure 
paid. Grey forge is 37s. 9d. to 38s. per ton. On Monday 
night Messrs. Connal and Co, the warrant storekeepers’ 
had in stock at Middlesbrough 247,709 tons of pig iron, 
being a decrease of 2818 tons on last week. In Glasgow 


they hold a stock of 1,031,957 tons. Exports of iron from 
Middlesbrough continue very large, and we may expect to 
see them still heavier as the year advances. Prices of 
manufactured iron and steel are all much stiffer than last 
week. Common bars are now 5/. 15s. ; cast-iron railway 
chairs 2/. 17s. 6d.; steel plates 7/. 10s.; and iron ship 
plates 6/. 5s., less 24 per cent. 


Dispute at Darlington Steel Works.—After some dispute 
at these works last year, it was mutually agreed that a 
sliding scale should be drawn up by Mr. David Dale, as 
arbitrator, and this came into operation six months since. 
There was no advance under the sliding scale at the end 
of the year, and we understand that there will only be a 
very moderate advance as the result of the working for 
the first quarter of the year. The reason given by the 
mcaertas the scale not being better, is that there were 
orders at low prices taken last year which the stoppages 
by strikes, which then took place, had not allowed to be 
worked off, and thus it will take a longer time to come on 
to the better paying work. Although the ascertainment 
had not been made, and it was not known whether there 
would be an advance now, the hot bank men (about twenty 
in number) gave in their notices for an increase of a shilling 

erday, which we understand to be 25 per cent. advance, 

hese notices having expired the men refused to go to 
work on Monday. Inthe mean time there had been several 
attempts at arrangement. The president of the men’s 
union disagreed with the action that had been taken by 
them and the example of turning out was not followed by 
the other menin the works. The men were offered 24 per 
cent. advance, independently of what the ascertainment 
of the prices might bring out on the scale, but they refused 
this as also still more favourable terms, and on Monday 
the works were carried on without them by means of the 
foreman and others taking their turn on the hot bank, 
This, however, is only a temporary arrangement and can- 
not be long continued, and unless some settlement is 
speedily come to it is probable that the whole works will 
be laid off and a thousand or more hands thrown out of 
employment. The manager (Mr. While) has offered to 
refer the matter to any arbitration the men may select. 


The Coal and Coke Trades.—The fuel trades are some- 
what unsettled. We understand that the Northumber- 
land coalowners have received on application for an 
interview on behalf of the miners who desire an advance 
of 10 per cent. in their wages. It may be remembered 
that the recent conference of miners at Birmingham re- 
commended that application should be generally made for 
such an advance. The Durham miners are going in for 
an advance of 20 per cent. 


The Make and Disposal of Pig Iron.—The Cleveland 
Tronmasters’ Association have just issued from their 
offices at Middlesbrough, their customary monthly returns 
showing the make and disposal of pig iron in the North 
of England. Of 155 blast furnaces built, 101 have been in 
operation and have produced 236,000 tons of pig iron, being 
an increase on the previous month of 28,969 tons. The 
total stocks now stand at 432,867—a decrease on the month 
of no less than 26,218 tons. Shipments for March reached 
87,314 tons. This is an increase on February of 29,888 
tons, and of 7849 tons on March last year. The statistics 
are regarded as highly satisfactory, and cannot fail to 
have a beneficial effect upon the market. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—There has been a good demand for all descrip- 
tions of steam coal. The best qualities have made 14s. ; 
second-class coal, 13s. to 133. 3d. ; and best Monmouth- 
shire, 123. 3d. per ton. Bituminous coal has been in 
steady demand at late rates. There is a fair current of 
orders for patent fuel. Spanish iron ore has continued 
in good demand. The manufactured iron and steel trades 
show activity, the local works being busy, while prices 
have generally an upward tendency. Heavy section steel 
rails have made 41. 10s. to 41, 12s. 6d., and light section 
ditto 4/. 17s, 6d. to 5/. 15s. per ton. 


Pembroke Dockyard.—It is expected that a second line- 
of-battle ship of the first class will be laid down at this 
dockyard, as soon as the Government measure for increas- 
ing the Navy has received the approval of Parliament. 


Cambrian Railways (Steamboats).—A Select Committee 
of the House of Lords, presided over by Lord Henley, 
considered on Thursday and Friday the Cambrian Rail- 
ways (Steamboats) Bill. The object of the measure is to 
authorise the Cambrian Railways Company to use steam 
vessels, or enter into arrangements for carrying on a com- 
munication by means thereof, between Aberdovey, Abe- 
rystwith, Portmadoc, and Pwllheli, and Wexford, Ross- 
lare, Waterford, Wicklow, and Arklow, to convey 
between such pote passengers, minerals, merchandise, 
and goods. e Bill was opposed by the Waterford 
Steamship Company, and the Steamship Owners’ Asso- 
ciation. After hearing a considerable mass of evidence 
the Committee declared the preamble of the Bill proved. 


Kidwelly.—A meeting of the promoters of tin-plate 
works, proposed to be er at Tycock, Kidwelly, has 
been held at the Pelican Hotel, Kidwelly. A large num- 
ber of shares were taken up. The company will be known 
as the Gwalia Tin-Plate Company (Limited), Kidwelly. 
Mr. A. V. Bright, now of the Gwendraeth Works, has 
been appointed manager of the new undertaking. 


The lag str in the West.—The annual meeting of the 
Western Counties and South Wales Telephone Company 
was held on Wednesday at Bristol, Mr. C. Nash in the 
chair. The directors’ report stated that the capital ex- 
penditure for the year amounted to 27,885/., making a 
total of 113,176. to the close of 1888. The gross revenue 
for 1888 was 32,206/., against 23,5977. for 1887. After 





providing for the dividend on the 6 per cent. preference 





shares, the accounts admitted of a dividend of 4 per 
cent. per annum on the ordinary shares. The chairman, 
in moving the adoption of the report, said there had been 
a considerable increase in the business of the exchanges. 
At Newport the business had more than doubled ; at 
Bath and Exeter it had increased over 50 per cent. ; at 
Cardiff, 40 per cent.; at Plymouth, 30 per cent.; 
at Port:mouth, 25 per cent.; and at Bournemouth and 
Torquay, 20 per cent. for the year. As to the future of 
the company, he must say that their districts were far 
from covered at present, and there was a great deal of 
ground they might jae eae | occupy. The trunk exten- 
sion from London, Birmingham, and other places in the 
north might have the effect of adding considerably to the 
company’s subscribers, as well as bringing a considerable 
number of messages. The report was adopted, and the 
dividends recommended were declared. 


Gas in the West.—The Torquay Gas Company has re- 
duced the price of the gas supplied by it to 3s, 3d. per 
1000 cubic feet as from January 1, 1889. The price of gas 
at Teignmouth is now 4s. 2d. per 1000 cubic feet; at 
Barnstaple, 3s. 9d. per 1000 cubic feet; at Devonport, 
23. 6d., and 2s. 4d. for the public lights ; at Exeter, 3s. 3d. 
and 3s. ; at Exmouth, 4s. ; at Ilfracombe, 4s. 2d.; and at 
Plymouth, 1s. 9d. per 1000 cubic feet. 


Plymouth Great Western Docks.—The large four-masted 
iron sailing ship Lancing, outward bound from London, 
which had to put into Plymouth owing to defective steer- 
ing qualities, was taken alongside the west wharf at the 
Great Western Docks on the afternoon of Thursday week, 
having 3500 tons of cement in casks on board, and draw- 
ing 244 ft. of water. About 1500 tons of the cement were 
unloaded by the Saturday night, and the vessel placed in 
the graving dock. On the Monday morning Messrs, 
Willoughby Brothers commenced enlarging the rudder, 
and closing » the propeller — in the stern of the 
vessel (the — having been formerly a steamer) 
which caused the defective steering. They complete 
their work by the Friday. The vessel was then moved 
back to the west wharf, the 1500 tons of cargo, unleaded 
and placed in store, were reshipped by the following even- 
ing, and the Lancing was again ready for sea. The Lanc- 
ing is about 369 ft. in length, and cuuld not have been 
docked had the Great Western graving dock not been 
lengthened. 


Grangetown Bridge.—The construction of a bridge over 
the Taff at Grangetown, Cardiff, was commenced about 
eight months since. The first thing to be done was to 
construct a temporary bridge for which piles had to be 
driven down from 15 ft. to 20 ft. The length of the per- 
manent bridge from one abutment to the other will be 
about 480 ft. There is to be a large pier in the centre, with 
asmaller one 0a each side. The spans from the abutmenta 
to the smaller piers will be 130 ft. each, and from those 
again to the central pier abovt 100 ft. A swing bridge 
will be fixed on the central pier, so as to allow a water- 
way of about 80 ft. on each side. The first portion of the 
permanent work attempted was the abutment on the 
western side. Here the contractors encountered diffi- 
culties owing to the shifting nature of the soil. The 
western abutment, the foundation of which goes down 
about 30 ft. below the surface, is now however nearly com- 
pleted, as is also the foundation for the small pier on the 
western tide. The excavations for the eastern abutment 
are now being made, and as the soil here appears to be 
firmer than on the other side, it has not been necessary 
to drive so many piles. Mr. G. Crowe is the resident 
engineer under Mr. Harper. Messrs. Logan and Heming- 
way are the contractors for the masonry, 


The Bute Docks.—At the recent half-yearly meeting of 
the Taff Vale Railway Company, a proposed working 
agreement between the company and the Bute Docks 
Company was generally approved, subject to the details 
of the arrangement being worked out later on. It now 
appears that the two companies have provisionally agreed 
to carry all their receipts to a common fund, and that 
after payment of working expenses and fixed charges, the 
balance remaining shall go—29 per cent. to the Bute 
Docks Company, and 71 per cent. to the Taff Vale Com- 
pany. These terms will have, of course, to be finally 
approved by the proprietors of the two undertakings 
before they are to be definitely carried into effect, 








Lar3z Progectep Evecrric InstaLLaTions.—Copen- 
hagen and Christiania are contemplating the adoption of 
the electric light on a larger scale. The Danish capital 
will probably be the one to first move in the matter, and 
in both instances it is the corporation themselves that are 
taking up the thing. The Copenhagen corporation owns 
and works the two principal gas works of the town, and 
they have hitherto, at least indirectly, discouraged the 
adoption of the electric light. One of their engineers at 
the gas works has recently returned from a visit to various 
large towns, London, Hamburg, Berlin, &c., and is now 

reparing a detailed plan. The portion of the town most 
ikely to go in for electric light would require one large or 
two smaller central stations, but the corporation means to 
erect only one station to begin with, so as to be better 
able to feel their way. The proposed station will have a 
capacity of 10,000 lamps, and it is the intention to build 
it so that this capacity can be doubled when required. 
The fact of the pe gevage themselves having taken the 
matter in hand will, no doubt, put a stop to one or two 
ere g: projects of some importance, of which there has 
ately been some talk. In Christiania the question is not 
so far advanced, although there, too, detailed plans may 
soon be expected. In Stockholm, finally, the gas works 
have for the last year or two been negotiating with the 
town about the conditions for their erecting one or more 





large electric stations, but the corporation appears to 
move very slowly in the matter. 
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NOTICES OF MEETINGS. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS.— 
Monday, April 8th, at 7.50 p.m., in the Lecture Hall of the Literary 
and Philosophical Society, Newcastle-upon-Tyne. Discussion on 
ge _ boas in Marine Boilers,” by Mr. J. B. Dodd. 

‘ e ‘. ” 

Hamiton, roper Capacity of Air Pumps,” by Mr. J. H. 

YSICAL Society.—April 13th, at 3p.m. ‘A Lecture Experi- 
ment Illustrating the Effect of Heat 2 the Magnetic Suscepti- 
bility of Nickel; and an Experiment showing an Effect of Light 
on Magnetism,” by Mr. Shelford Bidwell, FR 8S. “On the Dark 
Flash seen in some Lightning Lrg hs,” by Mr. G. M. 
Whipple. “ On Quartz as an Insulator, by Mr. C. V. Boys, F.R.S. 


9| early days of spectrum analysis attention was con- 


‘Ona Refraction Goniometer,” by Mr. A. P. Trotter. “ Appa- 
ratus to Illustrate Crystal Forms,” by Professor R. J. Anderson, 


-D. 

INSTITUTION OF NAVAL ARCHITECTS.—Session 1889. In the Hall of 
the Society of Arts John-street, Adelphi. Wednesday, April 10th, 
morning meeting, at 12 a.m.: 1. Annual report of Council. 2. 
Election of officers and the Council. 3. Address by the President. 
The following papers will then be read and discussed: 1. ‘* On the 

esigns for the New First-Class Battle-Ships, by Mr. W. H. White, 
Director of Naval Construction, Vice-President. Thursday, April 
llth, morning meeting, at 12a.m. 1. ‘‘The Protection of Buoy- 
ancy and Stability in Ships,” by Sir Nathaniel Barnaby, K.C.B., 
Vice-President. 2, ‘‘ The Protection of Merchant Steamers in Time 
of War,” by Captain C. C. P. FitzGerald, R.N., Associate. 3. “‘ The 
Italian Cruiser Piemonte,” by Mr. P. Watts, Member of Council. 
4. ‘* Water Tube Boilers for War Ships,” by Mr. J. I. Thornycroft, 
Member of Council. Evening meeting, at 7 ~~. 1, “On Experi- 
ments, on Bursting a Boiler made to Admiralty Scantlings,” by 
Mr. John Scott, C.B., Member of Council. 2. ‘* The Ether-Pres- 
sure Theory of Thermodynamics applied to Steam,” by Mr, J. 
Macfarlane Gray, Member of Council. 3. ‘‘ Marine Boiler Incrus- 
tations and their Formation,” by Professor V. B. Lewes, Associate. 
Friday, April 12th, morning meeting, at 12a.m. 1. “An —— 
ratus for Providing a Steady Platform for Guns, &c., at Sea,” by 
Mr. B. Tower, Member. 2. “‘ The Corrosion and Fouling of Steel 
and Iron Ships,” by Professor V. B. Lewes, Associate. 3. ‘On 
the Part played in the Operations of Propulsion by Differences in 
Fluid Pressure,” by Mr. R. E. Froude, Associate Member of 
Council. 4. ‘‘ Remarks on Professor Greenhill’s Theory of the 
Screw Propeller,” by Mr. R. E. Froude, Associate Member of 
Council. Evening meeting, at 7 p.m. 1. “ On the Connection 
between the Curve of Stability and the Metacentric Curve or 
Locus of Pro-Metacentres,” by Professor P. Jenkins, Member. 
2. ‘** Compass Adjustment in Iron Ships,” by Mr. W. W. Rundell. 
3. “* On Boat Lowering,” by Mr. A. F. Hill, Associate. The annual 
dinner of the Institution will be held on Wednesday, April 10th, 
at the Holborn Restaurant, High Holborn, ata quarter past seven, 

Tus Sanirary InstituTe.—Friday, April 5th, at 8 p.m., lecture 
on “General Powers and Duties of Inspectors of Nuisances— 
Method of Inspection,” by Mr. J. F. J. Sykes, B.Sc., Diploma 
Public Health, M.B. Tuesday, April 9th, at 8 p.m., lecture on 
‘*Nature of Nuisances, including Nuisances the Abatement of 
which is Difficult,” by Mr. J. F, J. Sykes, B.Sc., Diploma Public 
Health, M.B. Thursday, April 11th, at 5 p.m., when a lecture will 
be delivered by Alfred Haviland, M.R.C.S.E., late lecturer at St. 
Thomas’s Hospital, on ‘‘ The Bagshot Sands in Relation to Health.” 
Friday, April 12th, at 8 p.m., lecture on “‘ Sanitary Law—General 
Enactments, Public Health Act, 1875, Model Bye-Laws,” by Mr. 
A. Wynter Blyth, M.R.C.S. The next congress and exhibition of 
this Institute will be held in Worcester at the end of September ; 
arrangements are in progress and will be published shortly. 
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RECENT SPECTROSOOPIC 
RESEARCHES. 

Tue address which Mr. William Crookes, F.R.S., 
delivered before the Chemical Society at the 
annual meeting on Thursday, March 28, dealt 
with the subject which has occupied his atten- 
tion for the last eight years, namely, the spectra 
of the rare earths and the bearing of these re- 
searches upon the question of the nature of the 
elements. Mr. Crookes bases the boldest specula- 
tions upon the splitting up of some of those elements, 
as will be remembered by all who read his presiden- 
tial address to the Chemical Section of the British 
Association meeting at Birmingham, where he dis- 
coursed upon the ‘‘ Genesis of the Elements.”* In 
his presidential address to the Chemical Society last 
year, on ‘‘ Elements and Meta-Elements,” Mr. 
Crookes pursued this subject further. The present 
address summarises the experimental evidence. It is 
essentially spectroscopic ; and although everybody 
acknowledges the wonderful services which spectro- 
scopy has rendered to science, yet many chemists 
prefer to maintain an attitude of reserve with regard 
to those hypotheses, until stronger and more general 
foundations have been supplied. 

Spectroscopy is now thirty years old. In the 


centrated upon the flame spectrum ; the bodies were 
vaporised and rendered luminous by the heat of a 
Bunsen burner or of the oxy-hydrogen jet. This 
procedure in the hands of Bunsen and Kirchhoff, 
the fathers of spectrum analysis, gave us the new 
elements calcium and rubidium ; afterwards in Mr. 
Crookes’ hands thallium, and in those of Reich and 
Richter, indium. Then followed the spark spectra, 
produced by means of the induction coil reinforced 
by the interpolation of a Leyden jar. The spark 
renders luminous minute portions of matter, solid, 
liquid, or gaseous, and yields sharp, well charac- 
terised spectra. With their help, Leeoq do Bois- 
baudran discovered gallium in 1875. ext was 
introduced the systematic study of the absorption 
spectra, seen when a beam of light is passed through 
transparent solids or through solutions. One of the 
earliest observers in this branch was Dr. Gladstone, 
who as early as 1858 read a paper upon the absorp- 
tion of light by various metallic salts before the 
Chemical Bociety, and gave the first description of 
the absorption spectrum of didymium. The further 





development of spectrum analysis has gone hand in 
hand with the investigations into the rare earths. 
The vast range of applicability of the spectroscope 
for biological, technical, and also meteorological re- 
searches, could only be hinted at by Mr. Crookes 
in his recent address. There is no doubt that 
the spectroscope is still inadequately appreciated 
by professed men of science, but we must not 
forget that science takes gigantic strides. Some 
time hence, when great men worthy of those 
passed away and of those living, have mastered the 
harmony of nature and grouped and unified the 
precepts of the many branches of science, the ordi- 
nary mortal will be more able to follow. 

The rare earths are the constituents of some very 
rare minerals like cerite, gadolinite, euxenite, 
samarskite, &c., occurring in Sweden and Green- 
land. They are all closely related to alumina, and 
the members of the different groups are so similar 
to one another that their separation and isolation 
offers the greatest obstacles. When during these 
operations repeated determinations of atomic weight 
yield the same result, it is concluded that an 
element or a molecular group has been isolated. 
Whether the former, or the latter, can only be 
decided by continued researches in another direc- 
tion, for it is clear that one particular operation can 
only divide the components into two groups; for 
instance, a body is either precipitated under certain 
conditions or not. The wained chemical processes 
resorted to for these purposes are summarised 
under the name of fractionations. The precipitate 
caused by ammonia, let us say, will inclose a certain 
quantity of the matter which ought to have re- 
mained in solution; the precipitate is therefore 
redissolved, reprecipitated, and this process not 
repeated several times only, as done in ordina 
laboratory practice, but hundreds of times. Suc 
fractional precipitations, decompositions, or crystal- 
lisations promise a final result. The spectroscope 
may be called to help at any stage, or better at the 
conclusion of certain operations, and to settle the 
identity of a substance. 

In his address now under notice, Mr. Crookes 
spoke first of the didymium group. Up to 1878 
didymium passed as an element. In that year 
Delafontaine extracted from samarskite a didy- 
mium differing in its spectrum from the old Di, 
and he separated from it a new metal decipium. 
Lecoq de Boisbaudran announced samarium as a 
constituent of Di; and Dr. Auer von Welsbach, of 
Welsbach light fame, succeeded in cleaving Di 
in a certain direction into neodidymium giving 
pink salts, and praseodidymium giving green 
salts, with quite different spectra. The question 
seemed to be settled. But on subtracting these 
two spectra from the old Di-spectrum, there 
are two bands left. In Mr. Crookes’ labora- 
tory, didymium has undergone a cleavage in 
another direction, tending to show that the 
old Di must be regarded as an aggregation of many 
closely-allied bodies ; and Kruess and Nilson have 
come to the same conclusion. The latter identified 
a certain line, also studied by Demargay, as a line of 
Soret’s X or holmium ; and finally condemned the 
whole group of these ‘‘ elements,” didymium, sama- 
rium, holmium, terbium, erbium, dysprosium as 
compounds. As the isolation of these bodies, even 
by fractionation, appeared doubtful, they suggested 
in 1887 what Mr. Crookes had done before, to take 
advantage of the isolation that nature has already 
begun in certain cases. But no further communica- 
tion has been received since then. Mr. Crookes 
had, meanwhile, adopted another method of com- 
parative investigation. He examined the variation 
of the different bands of a standard solution of 
nitrate of didymium, as seen through a series of 
cells varying in thickness from 1 to 25 millimetres ; 
he then kept the thickness of the layer of liquid 
constant, diluting the solution more and more ; the 
results proved identical. Kruess and Nilson believe 
that these bodies contain almost as many con- 
stituents as their spectra bands. If there be 
any truth in this ‘‘one band, one element” 
theory, which Mr. Crookes favours, one of the many 
converse inferences is certainly not justified, i.e., 
a certain body is present, therefore its band must 
be present. Some bands vanish with an excess of 
acid ; Dr. Brauner mixed solutions of didymium 
and of samarium without observing the bands of 
the latter until a certain proportion was reached, 
when they displaced the bands of the former. 

A similar fate of dismemberment has befallen 
erbium. It has been resolved into at least six con- 








* See ENGINEERING, vol. xlii., page 268. 


stituents, scandium, ytterbium, terbium, the new 
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erbium, holmium, and thulium, the three latter of 
which give absorption spectra. One more, often 
suggested, philippium, was resolved by Sir Henry 
Roscoe into a mixture of yttrium and terbium, and 
Mr. Crookes’ researches confirm this to a certain 
extent; about an eighth constituent, dysprosium, 
great uncertainty prevails still. 

In these investigations incandescence spectra 
were studied; those mentioned as yet were ab- 
sorption spectra. The incandescence spectrum is 
the spectrum of the light of a solid raised to incan- 
descence ; almost the only known example of this is 
thespectrumof erbia. This spectrum shows luminous 
lines on a faintly continuous background. But erbia 
also gives a reflection spectrum, composed of black 
lines sharply defined and much more luminous upon a 
continuousspectrum. Thislatter spectrum, obtained 
by illuminating erbia by the electric or other bright 
light, is scarcely known. 

Another type of spectra, the phosphorescence 
spectra, can be produced in various ways; for 
instance, by exposing fluor-spar to the light (sun 
or electric) and examining the spectrum of the 
light given off afterwards. Mr. Crookes observes 
phosphorescence by ‘‘ molecular bombardment ” 
in his radiant matter tube, in which the in- 
duction current acts upon the substance placed 
in a very high vacuum. Under these radiant 


matter tests a considerable number of bodies: 


become phesphorescent. Different glasses phos- 
phoresce with different colours. Phenakate phos- 
phoresces blue; the emerald, crimson ; the diamond, 
being exceptionally sensitive, brilliant greenish 
white ; the ruby with a brilliant red tone quite 
independent of the colour of the stone, as the almost 
colourless specimens and the highly-prized variety 
of the true ‘‘ pigeon’s blood ” all phosphoresce with 
substantially the same colour. The substances 
undergo a previous preparation, either by being 
ignited very strongly and recooled, or—particularly 
the less pure earths-—by being treated with strong 
sulphuric acid, and being heated to remove the 
excess of acid without decomposing. When the 
current has acted for awhile in the radiant matter 
tube and the substance become warm the bands 
lose in sharpness, but they regain their sharpness 
on cooling. 

The yttrium group, the old yttrium, is also a very 
complex substance ; it is a question of controversy 
between Lecoq de Boisbaudran, Cléve, De Marignac, 
and Crookes, the latter expressing himself in favour 
of five or six constituents. These researches ac- 
quainted us with the peculiar action of different 
earths on the phosphorescence spectra. Lime by 
itself gives a continuous phosphorescence spectrum ; 
if admixed with yttria the phosphorescing energy 
does not extend over the whole spectrum, but con- 
centrates itself on strengthening the yttrium bands, 
these bands becoming broader, but also less defined 
as the lime increases. With samaria lime behaves 
similarly ; in the case of lanthana the phosphores- 
cence changes from red to yellow. If these bodies 
are present as impurities the lime intensifies their 
action. On the other hand the presence of one body 
may obliterate the bands of another. Lime itself, 
whilst intensifying the samaria bands, causes a 
samaria line to vanish. Aluminaagain is very active 
in inducing new lines in the spectra of the rare earths; 
by itself alumina yields a spectrum, part of which, in 
Mr. Crookes’ opinion, is due to a body resembling 
samaria. The phosphorescence frequently con- 
tinues after the cessation of the exciting cause—with 
certain sulphides for hours, with uranium glass and 
sulphate of quinine for a fraction of a second only. 
To examine this afterglow, which may differ from 
the phosphorescence, Mr. Crookes constructed his 
phosphoroscope ; it resembles Becquerel’s apparatus 
of the same name, but acts electrically instead of 
by means of the direct light. 

The reversion spectra of Lecoq de Boisbaudran 
form another modification of the phosphorescence 
spectrum. The induction spark is made to strike 
into the solution of the salt; the one electrode 
enters into the liquid, the other is a platinum wire 
above the liquid. When such a spectrum of a 
solution with a metallic base is produced, it is 
customary to make the outside wire the positive 
pole. If the current is reversed, the metallic rays 
due to the free metal, or to one of its compounds, 
are scarcely or not at all visible, at all events so 
long as the exterior, now negative, electrode is not 
coated with a deposit. Lecoq de Boisbaudran now 
observed the formation of spectrum bands, nebulous 
but sometimestolerably brilliant, having their origin 
in a thin layer of a beautiful green colour, which ap- 





peared at the surface ofthe chloride insolution, when 
the solution was the positive pole. Mr. Crookes de- 
scribes this test as beyond the range of practical 
analysis, owing to the difficulty of eliciting the 
phenomena. He himself, experimenting with M. 
de Boisbaudran’s own earths, and following his 
personal instructions, could not obtain more than a 
feeble glimmer of what M. Lecoq had described. 
Too much depends upon the strength of the spark, 
the concentration and acidity of the solution, and the 
dispersive and magnifying power of the spectro- 
scope. And in a lesser degree the same may be 
said to apply to all spectroscopic tests, The flame 
of a Bunsen burner has a tolerably steady tempera- 
ture, and the flame spectra agree with one another. 
But the induction spectra vary considerably, and 
are hence distinguished as spectra of the first, 
second, &c., order. Other difficulties have 
already been pointed out. The spectroscope is 
a wonderful instrument, it defies immeasur- 
able distances and the infinitesimal; it is useful 
to every worker and invaluable in the hands 
of masters like the scientists mentioned. But 
the interpretation of its evidence is a difficult task ; 
and what the one is positive about seeing, because he 
expects to see, perhaps, another cannot discover at 
all. During a discussion at the British Association 
meeting at Montreal, Professor Schuster remarked 
that whether one did see certain lines and coinci- 
dences might also depend upon one’s humour. 
The spectroscope resembles the telephone in that 
respect. Mr. Preece related the other day at the 
Institution of Eleetrical Engineers that he alone did 
hear the bugle in the telephone, which the others 
would not hear, although the signal had not been 
given at all. 

The spectrum of iron is said to comprise 450 lines, 
about whose identification with the dark lines of 
the sun spectrum opinions differ widely. The 
spectral lines are arranged according to certain laws 
whose investigation occupies many scientists. The 
four hydrogen lines may be interpreted as the 
harmonics of one wave ; the groups of lines of cer- 
tain groups of metals like potassium, rubidium, and 
calcium, shiftmoreandmorefrom the violettothe red 
with higher atomic weights. We need more experi- 
mental data, exact maps like those of Professor 
Rowland, and both mathematicians and scientists 
to discuss the results. Everybody will admire Mr. 
Crookes’ work, though everyone may not assent to 
his conclusions. He is certainly justified in holding 
that a compound may act as an element with a 
definite atomic weight, that if it resists many 
attacks of decomposition it may yield to another, 
and that hence it would be inadvisable to call bodies 
like neodidymiumand praseodidymium elements. He 
suggests the name meta-elements. But he has gone 
much further. Besides compounds, he says, we 
have hitherto recognised merely ultimate atoms, or 
aggregations of such atoms to simple molecules. 
But it becomes more and more probable that 
between the atom and the compound we have a 
graduation of molecules of different rank, which 
may pass for simple elementary bodies. Gving 
back to the ‘‘fire-mist” or the ‘‘ ur-stoff,” we 
see an infinite number of ultimate particles 
gradually accreting out to ‘‘ formless stuff,” and 
moving with inconceivable velocities in all direc- 
tions; those particles which have approximately 
the same rates and mode of movement will begin 
to heap themselves together by virtue of that 1ll- 
understood tendency by means of which like and 
like come together. This leads to the formation of 
nodal points in space, between which occur approxi- 
mately void intervals. Those constituents of each 
group whose rate of vibration is not in accord with 
the rate of the bulk will be thrown off to join some 
other group. In time a condition of stability will 
be established between the various groups, and we 
may call these the molecules of our present system of 
elementary bodies. The atomic weight of any sub- 
stance, as we find it now, is only the average weight 
of the particles ; all particles with the rate near 
35.5 congregate round the chlorine nucleus, 
others form the bromine nucleus of 80, others 
the iodine nucleus of 127. The nuclei may them- 
selves be groups of meta-elements whose atoms are 
not all absolutely alike. We should thus come to a 
much more complicated structure of the elements 
than has hitherto been assumed, and also to a much 
larger number of such elements. And here we 
encounter a real difficulty. The periodic law 
which Mr. Newlands advanced in 1865, and which 
Mendeleieff rediscovered and Lothar Meyer en- 
larged, is a matter of fact to all chemists ; it regards 





the properties of the elements as periodic functions 
of the atomic weights, divides the elements into 
(eight) groups and series, settles and predetermines 
their properties and places, and also limits their 
number, Only seventy-nine elements are possible 
according to Dr. Wundt. Thus this very funda- 
mental law is threatened if we admit the elements 
of Messrs. Kruess, Nilson, and Crookes. Mr. 
Crookes thinks, or thought last year, that the diffi- 
culty falls away when we read ‘‘ elementary group” 
for ** element ;”’ others do not. 





THE ASSOCIATED BLACKSMITHS’ 
SOCIETY. 

Tus Society was established in 1858. It was 
originally an exclusively Scottish society, its opera- 
tions being confined to Scotland alone. Latterly, 
it has opened branches in other parts of the king- 
dom, and is thus extending its action and influence 
on the lines of what are called the ‘‘ Amalgamated 
Societies.” In England the blacksmiths, generally 
speaking, belong to the Amalgamated Society of 
Engineers, but in London, and possibly elsewhere, 
there are local societies composed entirely of black- 
smiths—the term usually given to workers in iron, 
at the forge and anvil, except in cases where the 
shoeing of horses is mainly carried on, in which 
case they are called farriers. Although the Asso- 
ciated Blacksmiths’ Society is not so old as some of 
the societies connected with the iron trades, yet its 
history is a very creditable one; its reports are 
exceedingly well arranged, and the information 
contained therein is tolerably complete. 

Numerical Strength.—The total number of mem- 
bers at the close of 1858 was 300 ; this number had 
increased to 458 at the close of 1859. During the 
latter year it had five members out of work and four 
on its sick fund. The total strength of the Society 
numerically at the undermentioned dates was as 
follows : 


1867 2034 
1877 2295 
1887 1628 


No explanation is given of the decrease in 1887, 
as compared with the three previous periods, but, on 
looking at the unemployed column, it would appear 
that many havet emporarily ‘‘ gone out of limits” 
by reason of non-payment of contributions owing to 
the state of trade, many of whom presumably were 
those who had drawn the most as unemployed 
benefit. If this be the proper explanation, the fall- 
ing off will be merely temporary, as the members 
will pay up when trade revives. 

Financial Operations.—The total income of the 
Society in 1858 was 5221.; in 1859 it had only 
reached 5441, At the three decennial dates selected 
the total income in the year was as follows : 


1867, 1877. 1887, 
£ £ £ 


3033 3419 4039 
Per member 1. 4s. 3d. 11. 5s. 7d. 2. Os. 6d. 


This latter represents contributions alone; tke 
balance was made up of entrance fees and interest 
on the amounts invested, or at the banks. 

The total expenditure of the same dates was as 
under. 

1867. 
£ 


3701 4285 4100 
Per member 1/, 16s. 5d. 11.178. 4d. 2. 10s. 5d. 


It will be seen that the expenditure exceeded the 
income in each of those three years. Unfortunately 
the same thing has happened during the last four 
years since 1883. 

Benefits— Details of Expenditure.—The Tables per- 
taining to expenditure are so complete that the 
relative amount under each head can be seen at a 
glance. The following brief Tables will show the 
amounts and proportions in each case. 

A. Unemployed Benefit.—In 1859 the total num- 
ber out of work is stated to have been five, the pro- 
portion being 1.1 per cent. At the decennial 
periods the numbers, the ratio, and the cost were 
as follows : 


1877. 1887. 
£ £ 





1867. | 1877. | 1887. 





| 
ooe| 
an 
oa 
ra 


Total out of work re 66 46 207 
Per cent. of members ... ; 3.2 20 | 12.7 
Total cost es es ..| 19252. | 20062. | 19910. 
Average per member ... 18s. 11d.) 17s. 6d. | 248. 6d. 


It so happens that in neither case does the above 
indicate the greatest strain on the funds for this 
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benefit. In 1866 the total number out of work was 
144, the percentage being 6.5, the cost being 28991., 
or ll. 6s. 24d. per member. In 1879 the total num- 
ber out of work was 236, the percentage being 11.1, 
and the cost 3525/., or 11. 13s. 3$d. per member. 
In 1885 the total number out of work was 373, the 
percentage being 15.9, and the cost 4089/., or 
ll. 15s. per member. In the three years 1884, 
1885, and 1886, the proportion of members out of 
work was enormous, and the drain on the funds 
was proportionately great. This has resulted in a 
decrease of wages, averaging 2s. per man per week, 
since 1884, and the conditions of employment are 
more uncertain and fluctuating than they were 
during the four previous years. 

B. Sick Benefit.—Commencing with one only on 
the funds in 1858, and comprising four in 1859, 
the total and cost at the other decennial dates were 
as follows : 


1867. | 1877. | 1887. 





Total on sick benefit ... 49 | 60 78 
Percent. of members ... 2.3 2.6 4.8 
Total cost 8047. | 10397. | 10711. 


J 
: 


Average per member ... 7s. 10d. 9s. 1d. | 13s. 2d. 
| 





An increase of sickness follows lack of employ- 
ment inevitably, and naturally, hence the funds of 
a society giving both these benefits are drained from 
two sources at the same time ; and the demands on 
the sick fund continue for some time after trade 
revives, as from 1876 to 1880, and from 1883 to 
1889. 

C. Accident Benefit.—The total amounts paid on 
account of this benefit have been as follows : 


£ 
1860 23 
1867 86 
1877 93 
1887 Nil 


It is a singular fact that since 1883 no claims for 
accident benefit have been paid by this Society. 
It would appear that the Employers’ Liability Act 
of 1880 has so far had the effect of reducing acci- 
dents in this trade to nil. 

D. Superannuation.—This benefit did not come 
into operation until 1876 ; in which year 20/. were 
paid. In 1877 the amountso paid was 401. ; and in 
1887, 1851. But in 1884, 1885, and 1886 the amounts 
so paid respectively were over 200I. in each year— 
in 1885 it rose to 2201. No accurate judgment can 
be expressed upon the operation of this provision 
at present, as it only began to take effect in 1876— 
some twelve years ago, but the average number now 
in receipt of this benefit is seventeen, as against 
two in 1876. 

E. Funeral Benefit.—In the first year of the 
Society’s existence 10/. was paid under this head ; 
and in the second year 20/. The subsequent pay- 
ments at the dates selected have been as follows : 


1867. 1877. 1887. 
£ £ £ 
Amounts ... 205 315 198 
Per member 2s. 2s. 9d. 2s. 44d. 


The payments under this head are not subject 
to the fluctuations, or to the rapid increase of other 
benefits. 

Working Expenses.—The total expenditure of the 
Society, other than those items before enumerated, 
are included under this head, such as salaries, de- 
legations, committees, rent, fuel, and light, rates 
and taxes, printing and stationery, postages, tele- 
grams, and parcels, &c. In the first year of the 
Society’s existence the total amounted to 891. 

At the decennial dates selected the amounts were 
as follows : . 

1867. 1877 1887. 
£ £ £ 
Totalamounts ... 680 793 655 
Average per member 6s. 8jd. 6s. 11d. 8s. O4d. 
An examination of these figures will show that the 
Society is conducted with that prudence and eco- 
nomy which are the characteristics of Scottish 
business life. 

Balances at the End of each Year.—In 1858 the 
total balance was 3711., at the close of 1859 it was 
only 365/. Since that time the balances have been, 
at the dates mentioned, as follows : 


1867. 1877. 1887. 
£ £ £ 
1698 6118 2107 


The highest amount was reached in 1883, when it 
stood at 7422]. ; the lowest in 1868, when it was 
down to 14001. 


during the thirty years ending 1887 has been 
85,2341. The total expenditure during the same 
period has been 83,1271. ; balance in hand at com- 
mencement of 1888, 21077. The following repre- 
sent the aggregate payments : 


£ 
Uneraployed benefit, thirty years 31,633 
Sick benefit ea ae te 24,213 
Funeral benefit 4,798 
Accident ,, a ee ms por 2,347 
Superannuation benefit, twelve years... 1,563 
Total for benefits... aa aa 64,554 
Total for working and other ex- 
penses $e tia wi 18,573 
Aggregate total... ae : 83,127 


The proportion put down for ‘‘ working and 
other expenses” may appear large, but if it were 
possible to analyse it a very large deduction would 
have to be made and placed to purely trade account, 
that is to say, to the objects for which the Society 
was originally founded. 

The wages of members of the Society in the 
Scotch towns, where the Society has branches, 
averaged, between 1857 and 1865, 1l. 3s. per week 
of 60 hours’ work. In 1866 wages rose to ll. 5s. 
per week of 57 hours’ work ; this continued until 
1873, when wages rose to ll. 7s. per week of 
51 hours’ work. In 1879 the hours were extended 
to 54 per week, with a shilling rise in wages, to 
1l. 8s. per week. In 1883 their wages increased to 
1l. 10s. per week, but in 1885 wages went back 
to - old level of 1l. 8s. per week, for 54 hours’ 
work, 








THE WEATHER OF MARCH, 1889. 
SPRING commenced with low temperature and 
falls of snow, which in Scotland attained a thickness 
on the ground of from 10 in. to 15 in., and a con- 
siderable thickness in the north of England. The 
middle of March was stormy and changeable ; the 
latter part of the month very mild. The mean 
pressure and temperature of the atmosphere at ex- 
treme positions of the British Islands to which the 
Isle of Man is central were as follows : 

















Mean Difference | Mean Difference 
Positions. | pressure. {from Normal.| Tempers from Normal. 
| in. in. | deg. deg. 
North -| 29.81 above 0.08 | 40 above 1 
South | 30.02 ot a below 2 
West -| 29.98 pes ol ey above 1 
t -| 29.92 ae 40 below 1 
Central .. 29.94 » 09 | 42 nil 
| 


The distribution of rainfall in frequency and 
amount may be roughly represented by the follow- 
ing results : 





{ 





| Difference 
Places. Rainy Days. Amount. trom Normal: 
in. in, 
Sumburgh .. 25 2.58 below 0.34 
Scilly .. ° 17 8.11 above 0.73 
Valencia 20 3.22 below 1.02 
Yarmouth .. 15 1,22 » 055 











The daily general directions of the winds over 
these islands give a resultant from W. by N., the 
normal resultant being W. by S. The easterly 
winds were not so frequent as usual at this season. 
Atmospherical pressure was above the average, and 
the mean temperature was about normal. The 
rainfall was rather deficient in amount. At 8 A.M. 
on the 9th, 2.06 in. of rain were measured at 
Loughborough, and 1.10 in. at York. Atmo- 
spherical pressure was greatest, 30.6 in., on 
the 16th; least, 28.9in., on the 20th. The 
highest temperature, 66 deg., was reported at 
Aberdeen on the 24th; the lowest, 8 deg., at 
Braemar on the 3rd. At 8 A.M. on the 3rd, while 
the temperature at Scilly was 43 deg., at Shields it 
was only 15 deg.; on the 18th, Belmullet had 
50 deg., while Sumburgh had only 29 deg. The 
notations of the weather indicate 6 clear days in 
the east and central, 3 in the north; 21 overcast 
days in the north, 12 in the central district. On 
the 8th, at 8 a.m., a centre of atmospherical dis- 
turbance was at the entrance of the English Channel; 
on the 9th it passed north-eastward over England 
to the North Sea, on the 10th it progressed north- 
ward to latitude 62 deg. off Norway. During these 
days heavy rains, amounting in many parts to 
nearly 3in., occurred over the south-west and 
midland counties of England, and floods of great 





Summary.—The aggregate income of the Society 


having been previously covered with snow, allowed 
the water to run freely into the valleys. Bristol expe- 
rienced its great flood of the century. Taunton was 
under water. Bridges were swept away. Nottingham 
and the vale of the Trent were inundated. The 
flood period was succeeded by milder temperature 
and more spring-like weather until the 19th, when 
the barometer went down very quickly forrain and 
storm ; at 6 p.m. the centre of low pressure, 29.1 in., 
was off the west of Ireland advancing eastward, and 
by the 20th, 6 p.m., had reached the Wash, advanc- 
ing south-eastward then southward to France and 
Germany, where: it began to fill up on the 21st. 
On this day a storm of wind and snow of extra- 
ordinary violence broke over Westmoreland, where 
a great quantity of snow fell on thehills. During 
the five weeks ending April 1st the duration of 
bright sunshine, estimated in percentage of its pos- 
sible amount, was 27 for the United Kingdom, 
Channel Isles 40, south Ireland 32, south-west 
England 30, west Scotland 27, east England 26, 
central and north-east England 25, south and 
north-west England, also east and north Scotland, 
24, North Ireland 23. 





BRITISH WAR SHIPS. 

In our last issue we dealt with the financial 
aspect of the Navy Estimates, giving the amounts 
required under the different votes, and also refer- 
ring briefly to the shipbuilding aspect of the ques- 
tion. At.the present juncture our shipbuilding 
programme has especial interest. The vessels laid 
down under stress of popular agitation by Lord 
Northbrook’s Board are all but finished, a large 
number being down for completion at the begin- 
ning of this month. The present First Lord of the 
Admiralty appears to have manceuvred to have a 
fair start for himself, so that he might have a “‘ pro- 
gramme,” too, for he has laboured chiefly to get the 
ships in hand completed rather than lay down new 
construction ; always a wise policy. 

Under these circumstances we are glad of an 
opportunity for placing before our readers some 
particulars of the most recent ships added to the 
Navy. The details are mostly taken from the 
Admiralty official publication, the department deal- 
ing very liberally with the public this year in the 
matter of information under this head. 

We will take first as examples of dockyard work 
the much discussed battle-ships Nile and Tra- 
falgar, which some people are calling, absurdly 
enough, ‘‘improved Dreadnoughts.” The Tra- 
falgar was laid down at Portsmouth—the Nile was 
built at Pembroke—in January, 1886. The total 
estimated cost of ship—we take the revised esti- 
mates—is 819,794/., excluding guns; the latter 
being set down at 53,2441. Of this 180,000/. is for 
dockyard labour, 410,000/. for materials, 97,895/. 
for propelling machinery, and 43781. for auxiliary 
machinery not included in the contract for propel- 
ling machinery. The estimate for gun-mountings, 
torpedo carriages, and gear, is 48,1091. If we add 
the proportion of incidental charges which, it is 
estimated, should be debited to the ship, viz., 
79,4121., we get a total cost of 800,000/. odd 
given above. Although the general particulars of 
this vessel are now pretty generally known we may, 
perhaps, add them here with advantage, for con- 
venience of reference. 

The Trafalgar—together with the Nile, her sister 
ship—was designed under the aupervision of chief 
constructors Messrs. F. K. Barnes and Morgan, 
during the period when Sir Nathaniel Barnaby was 
absent from his office through illness, and before 
Mr. White was appointed. As a matter of fact, 
Admiral Hood was really the parent of the design, 
the professional staff having practically entered 
a protest against it. The displacement at load 
draught is to be 11,940 tons, and the weight of 
hull 8520 tons. The length of the ship is 345ft., 
the breadth 73 ft., and the mean load draught 
27 ft.6in. The machinery is by Humphrys, Ten- 
nant, and Co., the contract horse-power being 
12,000 indicated with forced draught and 8000 
with natural draught. The propelling machinery 
is to cost 97,8951., whilst auxiliaries not in the 
main specification will cost 4378/. The maximum 
speed at load draught is estimated at 16.5 knots 
with the higher power developed, and 15 knots 
with natural draught : not at all a bad performance 
for a ship only 4.7 times as long as she is broad. 
The maximum coal capacity is 1200 tons, which will 
be equal to 6600 knots at 10-knot speed. The 





extent and depth resulted therefrom, the ground 
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is to be four 67-ton guns, six 4,7in., and seventeen 
smaller quick-firing guns. The Trafalgar will cost 
819,794I. with 53,244]. additional forguns. Of this 
180,0001. is for dockyard labour, 410,000/. for 
material, and 150,382/. for contract work. She 
will be practically completed this coming financial 
year, 1889-90, but the Nile will want another 
27,5541. spent upon her in the dockyard, besides 
something for contract work at the end of the next 
year in order to render her complete.* 

The Camperdown, Anson, Howe, Rodney, and 
Hero are the other dockyard ships on the estimates, 
and are to cost respectively in order as named: 
769,5461., guns 55,9021. extra; 724,765/., guns 
55,9021. ; 710,695/., guns 55,9027. ; 770,472/., guns 
54,1801. ; 450,028/., guns 23,547]. The following 
are some of the leading details of these ships. 

The Camperdown, built at Portsmouth, to be com- 
pleted in 1889 ; displacement, 10,600 tons ; weight 
of hull, 6900 tons ; length, 330 ft. ; breadth, 683 ft. ; 
mean load draught, 27 ft. 10 in. ; machinery by 
Maudslays ; indicated horse-power, forced draught, 
11,500 ; natural draught, 7000; propelling machi- 
nery to cost 109,757/. ; auxiliary machinery, 36461. ; 
maximum speed, 16.75 knots; natural draught, 
15.4 knots; maximum coal capacity, 1200 tons, 
equals 7700 knots at 10-knot speed. 

The Anson, built at Pembroke, to be completed 
at Portsmouth in 1889. She is a sister ship to the 
Camperdown, the details of design and performance 
being similar to those given for the latter ship. 
The engines are by Humphrys, the cost for pro- 
pelling machinery being 109,453I., and for auxiliary 
engines, not included in the specification for pro- 
pelling machinery, 3902/. 

. The Howe is another first-class battle-ship of 
the same type, her displacement, however, being 
300 tons less, which is accounted for by 5 ft. shorter 
length and 4 ft. less beam, although the draught 
is }in. more. The engines are to develop the 
same power and are also by Humphrys, the cost 
being a trifle less. She is also to be finished this 

ear. 

. The Rodney was built at Chatham, and is com- 
pleted. She is a sister ship to the Howe. 

The Hero is also completed. She is a second- 
class battle-ship, and was built at Chatham. Her 
displacement is set down at 6200 tons, the weight 
of hull being 4200 tons. Her length is 270ft., 
breadth 58 ft., and mean load draught 23ft. Her 
machinery was constructed by J. and G. Rennie, 
and was to indicate 6000 horse-power with forced 
draught and 4500 with natural draught ; the cost 
of propelling machinery was 56,5201., and of 
pelt te machinery 2900/.; the maximum speed 
is set down as 15.5 knots, with natural draught 
14.25 knots; the maximum coal capacity is 620, 
which is equal to 3800 knots at 10-knot speed. 

After the battle-ships we have three armoured 
first-class cruisers in the list of dockyard work. 
These are the Warspite, Aurora, and Immortalité. 

The Warspite was built at Chatham and is com- 
pleted. Her total estimated cost was 627,1641., 
guns 25,9081. additional. The displacement at load 
draught is set down at 8400 tons, of which the hull 
weighs 5200 tons. Her length is 315 ft., breadth 
62 ft., and mean load draught 26 ft. 9}in. The 
machinery was by Penn, and cost 113,786l. for pro- 
pelling engines and 3708/. for auxiliaries. It was 
to indicate 10,000 horse-power with forced draught 
and 7000 horse-power with natural draught. The 
maximum speed was to be 16.75 knots with forced 
draught, and 15.5 knots with natural draught. The 
maximum coal capacity is 1130 tons, which is equal 
to 6800 knots at 10-knot speed, 

The Aurora was built at Pembroke, and was 
arranged to be completed by the beginning of this 
month. She is a smaller vessel than the Warspite, 
being 5600 tons displacement. ‘The engines are by 
J. and G. Thomson, and are to indicate 8500 horse- 
power with forced draught, and 5600 with natural 
draught, the price being 63,1711. for propelling 
machinery. The maximum speed is to be 18.5 
knots, with natural draught 17.0 knots. She has 
a coal capacity for 8400 knots at 10-knot speed. 
Her total cost with guns is 326,1101. 

The Immortalité is a trifle smaller again. She 
has been built at Chatham, and is also set down to 
be finished this month. Her displacement is 5000 
tons. Her machinery, of the same power as that 
of the last-named vessel, has been constructed at 
Earle’s, and was contracted for at 55,4991. for pro- 
pelling engines. A sum of 3275l. is also to be 


* Stores for first fitting are not included here. 





spent on machinery at the dockyard. Her speed 
and coal capacity are similar to the Aurora. 

We now come to the new construction of which 
we have heard so much lately, and are likely, it 
would seem, to hear a good deal more before long. 
We have firstly a first-class battle-ship with turrets 
of 14,150 tons displacement, or 2190 tons larger 
than our hitherto biggest ships designed, the Nile 
and Trafalgar. This vessel will be laid down at 
Chatham. Portsmouth will have one and Pembroke 
two barbette ships of the same size. A battle-ship 
of the second-class, the design of which is not 
decided upon, will also be laid down at Ports- 
mouth. As the designs of these vessels are, or 
were at the time the estimates were prepared, 
still in an embryonic state we may leave them 
for the present. It is a pity Portsmouth had not 
two similar ships, as we should then have been able 
to judge which yard can work the cheaper ; suppos- 
ing such things were to be put in printed figures, so 
that a comparison could be made. It is perhaps too 
much to hope, but the people at the Admiralty are 
getting wonderfully confiding of late, thanks to the 
open and truly liberal policy which appears to be 
i root in the so long uncongenial soil of White- 

all. 

We now pass to the protected vessels, the first 
of which is the Blake; but as she will be in the 
Estimates again next year we will leave her for the 
present rather than swell our already extended 
notice. One improved Mersey is to be laid down 
at Chatham, another at Devonport, and a third 
at Portsmouth. The Vulcan, now building at 
Portsmouth, will be completed in 1891, whilst the 
Forth is on the list to be ready at the beginning of 
this month. She is a protected second-class cruiser 
built at Pembroke. Her total estimated cost 
is 229,4511., with 18,2691. additional for guns. 
Her displacement is 4050 tons; weight of hull, 
2070 tons; length, 300 ft.; breadth, 46 ft. ; 
mean draught, 19ft. 6in. The machinery is by 
R. and W. Hawthorn,'and is to indicate 5700 horse- 
power with forced draught and 4000 with natural 
draught. The price of propelling machinery is 
49,883]. The maximum speed is 17 knots, with 
natural draught 16 knots. The coal capacity is for 
8750 knots. 

The Severn, a ship of similar size, is complete. 
Her machinery is by Humphrys, and is to indicate 
6000 horse-power with forced draught and 4000 
horse-power with natural draught. The price 
of propelling machinery is 62,451l., and the total 
estimated cost of the ship 246,655/., with 18,2691. 
additional for guns. 

The Thames, built at Pembroke, is also complete, 
and is a similar ship to the last. Her engines are 
by Penn, and like those of the Forth, are to indi- 
cate 5700 horse-power with forced draught, and 
4000 horse-power with natural draught. Their 
contract price is 55,8821. 

The Melpomene, completing at Portsmouth, is a 
protected second-class cruiser of smaller size, being 
2950 tons displacement, the weight of hull being 





displacement. She is to be completed this month, 
and has been built at Chatham. The machinery is 
by Humphrys, and is of the same power as the 
last named. The contract price is 56,4101. The 
speed is to be a quarter ofa knot higher, and the 
total cost about 20001. less. 

The Medusa, built at Chatham, and to be com- 
pleted this month, is another ship of similar dimen- 
sions and power to the last. Her engines are also 
by Humphrys and are to cost 55,6127. Following 
these vessels we have six more protected second- 
class cruisers to be laid down this year. These we 
shall, however, meet again in future estimates, and 
want of space forbids us referring to them more 
fully on the present occasion. 

The list of protected dockyard-built ships is com- 
pleted by five third-class cruisers; H.M.S.’s Bar- 
ham, Barrosa, Barracouta, Blanche, and Blonde. 
The first-named was laid down at Portsmouth in 
October, 1888, and is to be completed by next 
March. The displacement at load draught is 1830 
tons, the weight of hull being 1050 tons. The 
length is 280 ft.; breadth, 35 ft.; and mean draught, 
13ft. 3in. The machinery, which is being con- 
structed by Hawthorn, Leslie, and Co., is to indi- 
cate 6000 horse-power with forced draught and 3500 
with natural draught, which will give the speeds of 
19.5 and 17.5 knots respectively. The machinery 
will cost 31,3591., to which must be added 3651. for 
auxiliary engines not included with propelling ma- 
chinery. The maximum coal capacity is 140 tons, 
which will enable the ship to steam 2600 knots at 
10-knot speed. The armament, excluding machine 
guns and torpedoes, will be six 4.7 in. and four 
3-pounder quick-firing guns. The total cost of the 
ship without guns will be 96,524/., and the guns 
48841. 

The Barrosa is to be completed at Portsmouth, 
where she has been built, by next September. She 
is a shorter ship than the last-named, although of 
the same breadth and 9 in. more draught. The 
displacement is 1580 tons; weight of hull, 853 tons; 
length, 220 ft. ; breadth, 35 ft.; mean draught, 
14 ft. The machinery is far less powerful than in 
the Barham, being only 3000 indicated horse-power 
with forced draught, and 1900 indicated horse- 
power with natural draught, giving speeds of 16.5 
and 15 knots respectively. The maximum coal 
capacity is 160 tons, which will carry her 3400 knots 
at 10 knots an hour. The armament will be the 
same as in the last-named ship. The propelling 
machinery is by Palmers, of Jarrow, and will cost 
24,915l., with 2851. additional for auxiliary engines 
not in the main specification. A sum of 870I. is also 
to be spent on machinery in the dockyard. The total 
estimated cost is to be 86,8931. without guns, the 
latter being the same as last named. The parti- 
culars given of the Barracouta are identical with 
those of the Barrosa, excepting that the former will 
be built at Sheerness, and is not to be completed 
until 1890. The total cost of the Barracouta 


(will, however, be greater than the Barrosa, chiefly 
‘attributable to an extra charge of 2300I. for hull. 
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* The incidental charges are only estimated at 6287. for Blanche. 


1480 tons. She is to be ready in September next. | 
Her length is 265 ft., breadth 42 ft., and mean | 


The Blanche and Blonde are similar ships, and 
are being built at Pembroke. The machinery for 


draught 17 ft.6 in. The machinery is by Palmers, | these two vessels is to be by Earle’s Shipbuilding 
of Jarrow, and is to indicate 9000 horse-power with Company, and is to cost 22,928/., with an extra 


forced draught, and 5500 with natural draught, and | 


is to cost 52,064/. ; 11851. is also to be spent on 
machinery in the dockyard. The maximum speed 
is 19.75 knots with forced draught, or 17.75 knots 
with natural draught. The coal capacity is 400 tons, 
equal to 8000 knots at 10-knot speed. 
cost is 163,075l. and 10,7971. for guns. 





The total | 
‘dimensions, displacement, power, and speed, and 
The Medea, of the same class, is 150 tons less | 


tum of 2851. for auxiliary engines not in the specifi- 
sation for propelling engines for each vessel. The 
cotal cost of the Blonde, which is about 1801. less 
than the Blanche, is 85,792/., and 48841. for guns. 
It will be of interest if we make a closer comparison 
between these three ships, designed for identical 


this is done on Table I. annexed. 
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The vessels already dealt with complete the 
list of dockyard -built armoured and protected 
vessels, and we now pass to the unprotected 
ships. The first of these is the Racoon, an 
unprotected third-class cruiser laid down at De- 
vonport in 1886 and completed in 1888. The 
displacement at load draught is 1770 tons and 
weight of hull 798 tons. The length is 225 ft. and 
breadth 36 ft., the mean load draught being 183 ft. 
6in. The machinery was constructed by Harland 
and Wolff, and was to indicate 4500 horse-power 
with forced draught and 3000 horse-power with 
natural draught, the corresponding estimated speeds 
being 17.5 to 18 knotsand 16 knots. The maximum 
coal capacity is 325 tons, which will give 5300 knots 
at 10-knot speed. The armament, excluding machine 
guns and torpedoes, is to be six 6-in. guns and 
eight quick-firing guns. The cost of hull is, labour, 
30,2741., materials 13,6437. The engines are set 
down at 29,467/., with 1102/. for auxiliaries not in- 
cluded in the specification for propelling machinery, 
and 1832I/. for dockyard work. The cost of guns 
is 9432/., the total cost of the ship and guns being 
set down at 120,5061. 

The Serpent is a similar ship built also at Devon- 
port, and with engines by the same contractors. Her 
total cost, with guns, is 121,050/.; the additional 
amount over that charged for the Racoon being 
largely made up by incidental charges, which are 
17,2621. in the first-named vessel and 17,896/. in 
the Serpent. 

The Beagle is an unprotected sloop, laid down in 
May, 1888, and to be completed next month. The 
displacement at load draught is 1170 tons, the 
weight of hull being 605 tons. The dimensions 
are: Length 195 ft., breadth 30 ft., mean draught 
12 ft. 5in. The machinery has been constructed 
by Rennie, and is to indicate 2000 horse-power on 
forced draught, and 1400 horse-power with natural 
draught ; the corresponding speeds being 14.5 and 
13 knots. The coal capacity is 160 tons, which is 
equal to 3000 knots at 10-knot speed. The principal 
armament is eight 5-in, breechloading guns. The 
total cost of this ship with guns is to be 67,6321. ; 
which sum is made up as follows: Hull, 26,3401. ; 
machinery, in dockyard, 5131., contract 17,000I., 
and 315l. for auxiliary machinery not in the main 
specification ; fittings and equipments, 53631. ; stores 
for first fitting, 2444]. ; gun mountings, torpedo car- 
riages, and gear 3639]. ; estimated proportion of 
incidental charges, 65781. ; and guns, 54401. 

The Nymphe is a like vessel built at Portsmouth, 
but of 30 tons less displacement. The machinery 
has been constructed by the Greenock Foundry 
Company and is of similar power to the last named. 
The contract price is 15,587/., to which must be 
added 981. for auxiliaries not in the main specifica- 
tion. The total price with guns is 71,9841. 

The Daphne is similar to the Nymphe. She is 
complete and has been built at Sheerness, costing 
73,4041. with guns. The engines are also con- 
structed by the Greenock Foundry Company and 
cost 15,5921. The total cost is 72,5651. with guns. 

The Basilisk is 30 tons more displacement and 
Jin. more draught than the last named, otherwise 
of the same dimensions, being a similar vessel to 
the Beagle. The engines are also by Rennie and 
are also to cost 17,0001. Thissloop is building at 
Sheerness and will be completed in December next. 
Her total cost is 72,5651. 

The Buzzard is of the smaller displacement (1140 
tons) and draught. Her engines are by the Barrow 
Shipbuilding Company and are to cost 16,5251. The 
vessel was built at Sheerness and completed last 
year. Her total cost with guns is 85,2141. 

(To be continued. ) 








NOTES. 
Frencn Meratiuraicat Inpusrry. 

THE production of pig iron in France last year 
was 1,688,976 tons, as compared with 1,567,622 tons 
in 1887 ; 1,516,574 tons in 1886; and 1,630,648 
tons in 1885, In these totals refining pig figured for 
1,306,930 tons ; 1,211,730 tons ; 1,200,731 tons; and 
1,257,074 tons respectively; while casting pig figured 
for 382,046 tons ; 355,892 tons ; 315,843 tons; and 
373,574 tons. The quantity of malleable iron made 
in France last year was 833,839 tons, as compared 
with 771,610 tons in 1887 ; 766,556 tons in 1886 ; 
and 782,431 tons in 1885. The total of 833,839 tons 
representing the iron production of France in 1888 
was made up as follows: Bars, 723,633 tons ; rails, 
538 tons; and plates, 109,668 tons. The corre- 
sponding totals in 1887, 1886, and 1885 were : Bars, 


668,415 tons, 662,164 tons, and 659,002 tons ; rails, 
598 tons, 907 tons, and 4735 tons; and plates, 
102,597 tons, 103,485 tons, and 118,694 tons. The 
quantity of steel made in France last year was 
525,646 tons, as compared with 493,294 tons in 
1887, 427,579 tons in 1886, and 553,839 tons in 
1885. The total of 525,646 tons representing the 
steel production of France in 1888 was made up as 
follows: Bars, 264,223 tons; rails, 175,598 tons ; 
and plates, 85,825 tons. The corresponding totals 
in 1887, 1886, and 1885 were: Bars, 217,655 tons, 
124,689 tons, and 152,459 tons ; rails, 202,909 tons, 
254,650 tons, and 355,550 tons ; and plates, 72,730 
tons, 48,240 tons, and 45,830 tons. 


Tue Exscrric Licut In Essex. 

Electric lighting appears to be making progress 
in Essex. At Chelmsford, the local gas company 
recently offered to go on lighting the town for 7101. 
per annum; and Messrs. Crompton and Co., 
Limited, of the Arc Works, Chelmsford, tendered 
for the lighting of the borough by electricity (with 
the exception of thirty-eight lamps on its outskirts, 
which they proposed to supply with oil light) for 
7001. per annum for five years. Subsequently the 
gas company reduced its tender to 604/. per annum 
(or about 2001. per annum less than it has been 
hitherto receiving); but the town council has 
decided to accept the tender of Messrs. Crompton 
and Co., Limited. 


THe Frencu First-Crass Torpepo Boats. 

M. Lisbonne gives, in L’ Illustration, some further 
particulars of the ill-fated 35-metre torpedo boat, of 
which the French Government finds itself the 
unfortunate proprietor of fifty-onespecimens. The 
designs were made by the Société des Forges et 
Chantiers Claparede, and were approved by the 
naval authorities in November, 1885, and thirty 
were ordered immediately. The principaldimensions 
of the boats are: Length between perpendiculars, 
114 ft. 7in.; extreme breadth, 11ft.; depth of 
hold, 8ft. 2}in.; draught of water at centre, 
2ft. 114in. ; with a displacement of 53tons. They 
were intended to have a speed of 20 knots, and in 
order to insure quick delivery, the contract for the 
thirty was divided amongst several firms, most of 
whom, however, raised objections as to guaranteeing 
the speed of 20 knots, as the boat was of a new 
type. These objections have proved to be well 
founded, as none of the boats yet delivered have 
reached this speed. When Admiral Aube became 
Minister of the Admiralty in January, 1886, he 
proceeded to order eleven more boats of this type, 
raising the number to fifty-one. The curve of 
stability was got out for these boats before they 
were approved, and it appeared to be more than 
sufficient, but, as M. Lisbonne remarks, such small 
boats are the plaything of the waves, and the 
stability of the boats, as calculated for smooth 
water, is not a safe proof of their seaworthiness. 
The boats are said to be of a bad shape forward, 
and it is now proposed to alter this, but whether 
they can be rendered efficient in this way remains 
to be seen. 

ENGINEERING AT CABUL. 

The Ameer is beginning to appreciate the value 
of English skill in managing his dominions, and 
before long artisans at Cabul will be working under 
the supervision of three Englishmen he has en- 
gaged to establish workshops at his capital. The 
chief is Mr. Payne, who has been to Cabul more 
than once, and appears to enjoy the confidence of 
Abdurrahman Khan, to whom he acts as consulting 
engineer. On this occasion he is taking back with 
him a mechanic from Birmingham and another from 
Liverpool, together with a doctor from London. 
The luggage of the party includes such little trifles 
as a 100 horse-power engine, the plant for a mint, 
and part of the plant for making rifles and ball 
cartridge. Other consignments of machinery will 
follow, and very likely other Englishmen as well. 
Although at the outset instruction is to be applied 
chiefly to warlike ends, it is satisfactory to know that 
a start of some kind has at length been made, and 
that there is a chance of Afghanistan being gradually 
opened up to trade and enlightenment. Already 
the Ameer has with him Dr. Griesbach as a mining 
expert, and before long we may expect to hear of 
some attempt being made to develop the mineral 
resources of the country. These are of a very rich 
and varied character ; but at the present moment 
are hardly known to the Afghans, and are certainly 
not worked by them. Perhaps itis too much for the 
present to hope to see an extension of the Indian 








railway system to Cabul, but now that Afghan 





traders are becoming pretty familiar with the line, 
local dislike to its extension is dying away, and the 
question might be advantageously pressed on the 
Ameer by the Indian Government. 


THe Paris ExHIsitIon. 

The British Section still appears to be the most 
advanced in the Exhibition, the work in the other 
parts of which generally is somewhat behindhand. 
It is difficult to think that the French sections will 
be anything like ready by May 6. The General 
British Court will certainly be tolerably complete. 
In the Machinery Hall there has been great delay, 
in consequence of the building not being sufficient! 
advanced ; and, indeed, much of the work whic 
ought to have been done months ago by the French 
authorities is not finished yet. What appearance 
the Machinery Hall will present on the day of 
opening it is difficult to say; at all events, this 
country will be as far advanced as anybody else. 
The fact that part of the building of the Liberal 
Arts had to be reconstructed will make this section 
also somewhat backward. As the end of the building, 
where the British exhibits will be, is not entirely 
completed, it is impossible to believe that this can 
be ready for the opening. In the Food Products 
and Agricultural galleries a great deal of work in 
completing the buildings has to be done by the 
British Committee, but there is no reason to doubt 
that these will be in time. The part of the build- 
ing where the Retrospective exhibits will be placed 
is being pushed on, and is almost fit for their re- 
ception. On Sunday last the completion of the 
structure of the Eiffel Tower was celebrated by the 
firing of guns from the top, and the hoisting of flags. 
A sailor, who swarmed up the flag-pole at the top 
to reeve the halyards for the flag, must have the 
satisfaction of knowing that he has been further 
from the surface of the earth, on a building made 
by man, than any other human being since the 
world began. The French authorities have at last 
decided upon juries and awards. The latter will 
be printed diplomas of various values ; the former 
will commence their labours on June 1, and must 
be prepared to hand in reports to the juries of 
groups by July 15, who, in their turn, must report 
to the grand jury not later than the middle of 
August. The awards will be distributed in Sep- 
tember. The total number of jurymen for all 
classes is not to exceed 900. 


A CHALLENGE FoR THE AmeERIcA Cup. 

When the Scotch yacht Thistle got such a beat- 
ing from the American schooner Volunteer in the 
race last year for the America Cup, many wiseacres 
shook their heads dolefully and pronounced that it 
was a forlorn hope to expect that the trophy would 
ever be won back by British yachtsmen, and that it 
was therefore useless to try. Such people were 
very indifferent judges of the unconquerable pluck 
and determination of the Briton. Lord Dunraven 
has exemplified this by despatching to the New 
York Yacht Club a challenge to race his new 60-ton 
cutter Valkyrie against any American yacht of 
similar dimensions forthe cup. The Valkyrie has 
been designed by Mr. G. L. Watson, Glasgow, one 
of our foremost yacht designers, who has profited 
by the experience in sailing the Thistle, and parti- 
cularly the Yarana, built last year by Messrs. 
Henderson, Partick, from his designs, and which 
won the most prizes of the year. There were, 
indeed, many who thought Yarana might have been 
sent across the Atlantic to champion the British 
crafts, but a better course has been adopted. Mr. 
Watson has designed the Valkyrie for Lord Dun- 
raven, and she is now being built by Fay, of South- 
ampton, for the special purpose of racing for thecup. 
She resembles the Yarana in many respects. The 
dimensions given in the challenge are as follows : 
Length for builders’ tonnage 85 ft., length on load 
water line 70 ft., breadth 15.9 ft., extreme breadth 
16 ft., depth of hold 11.6 ft., register tonnage 
56.76 tons. She is therefore much narrower pro- 
portionately than the Thistle. The new craft will 
have a shallow forefoot, although, being shorter, she 
will not be quite so shallow as the Thistle. The 
bow will have a rake like the latter vessel, and her 
counters, of the same length, will look lighter, 
the beam being less. The sail plan will be larger 
than the Yarana. The Valkyrie is to have steel 
frames and steel flooring planked with teak above 
and American elm below. One of the principal 
features of the craft will be the arrangement of the 
keel so that she may either sail with centre-board or 
ordinary keel. The lead keel has been cast with a 
slot in it, through which a centre-board can be 
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inserted ; while she will therefore be a keel boat as 
perfect in design and construction as experience 
can make her, she will be able to avail herself of any 
advantages which a centre-board can give. In thus 
setting aside prejudices, Lord Dunraven merits 
commendation, and shows how desirous he is of 
gaining the trophy. Naturally speculation is great 
as to which vessel will represent America in the con- 
test. Lord Dunraven would like the opposing craft 
to be similar in size tothe Valkyrie. The Volunteer 
would require to give the new British craft a long 
time allowance on account of her larger tonnage, 
but in the absence of any new yachts the Americans 
have such boats as the Titania, Shamrock, and 
Katrina, all centre-boards, and varying very little 
as to dimensions. They are shallow in draught, 
have big spars and little ballast. America may, and 
probably will, build a special boat, in which case 
the race cannot take place till October or November, 
when the boisterous weather prevalent may give a 
chance to the British type of build. Lord Dun- 
raven in his challenge asks for five races instead of 
three, and that the races should take place in New 
York Bay outside Sandyhook, so that there will 
be no interference on the part of excursion 
steamers. The prospects of keen sport are good. 
The Valkyrie, it may be added, will start racing in 
the Thames in May, and will appear at Harwich, 
Dover, Clyde, Belfast, Lough, Kingston, &c., so 
that there will be abundant opportunity of testing 
her capabilities. 








THE FORTH BRIDGE RAILWAY. 

Tue following is the tw se oe quarterly report of 
inspection by Major-General Hutchinson, R.E, and 
Major Marindin, C.M.G., R.E., of the works in pro- 
gross for the construction of the bridge over the River 

‘orth. 
Railway Department, Board of Trade, 
1, Whitehall, London, S.W. 
February 28, 1889. 

Sir,—We have the honour to report, for the informa- 
tion of the Board of Trade, that in compliance with the 
instructions contained in the order of the 26th October, 
1882, and in accordance with the provisions of the Forth 
Bridge Railway Act, 1882, we have made our twenty- 
fourth quarterly inspection of the works in progress for 
the construction of the bridge over the Firth of Forth at 
Queensferry. The work has not been so much interrupted 
by bad weather as during the quarter ending November 
30, 1888, and the pregress made during the quarter just 
ended is considerable, as will be shown by the following 
memoranda, 

TEMPORARY WorKS. 

The addition to plant has been but small, and consists 

of some hydraulic rivetters and hand derrick cranes. 


PERMANENT WorkS.—SOUTH QUEENSFERRY. 

South Cantilever.—The second bay is practically com- 
plete. With the exception of the flange plates of the top 
members and the flooring of the internal viaduct, the 
third bay is built, and rather more than one half of the 
rivetting has been executed. The bottom members of 
the fourth bay are built out to 514 ft. from the vertical 
columns, and rivetted for about 490 ft. The vertical webs 
and bracing of the top members are built out to 511 ft. 
from the vertical columns, and rivetted for about 380 ft. 
The struts are built to the level of 220 ft. above O.D. 
The ties are built down to within 40 ft. of their junctions 
with the bottom members. The vertical ties, with the 
cross-girder between them at the centre of this bay, are 
built, and the girders and bracing of the internal viaduct are 
extended to the end of the bay, a distance of 536 ft. from 
the vertical columns. 

North Cantilever.—The work done on this cantilever is 
rather more advanced than that on the south cantilever, 
the bottom members having been completed as far as the 
end of the fourth bay and the building of the junctions 
commenced. The top members have been extended past 
the junctions at the end of the fourth bay, and have 
reached a point 550 ft. from the vertical columns, 410 ft. 
being rivetted. The rivetted work at South Queensferry 
now amounts to about 12,300 tons, an addition of 1700 
tons during the quarter, as comparedZwith 1830 tons 
during the previous quarter. 

Cantilever and Viaduct Piers.—The masonry of the 
cantilever pier has been raised to the level of 213 ft. 
above O.D. 

IncH GARVIE. 

South Cantilever.—With the exception of a portion of 
the flange plates of the top members and the flooring and 
wind-fence of the internal viaduct, the whole of the second 
bay is complete, and nearly the whole rivetted. The 
third bay is completely built except the flange plates of 
the top members, the flooring and wind-fence of the in- 
ternal viaduct, and a small portion of the strut bracing; 
more than half the rivetting has been executed. The 
bottom members of the fourth bay, with one-half of their 
bracing, have been built out to 514 ft. from the vertical 
columns, and rivetted for about 470 ft. The fourth struts 
have been built to 215 ft. above O.D., and the fourth ties 
to within 40 ft. of their junctions with the bottom mem- 
bers. The vertical webs and bracing of the top members 
have been extended to 506 ft. from the vertical columns, 
and rivetted for about 300 ft. The vertical ties, and the 
cross-girders between them, at the centre of the bay, are 








built, and the girders and bracing of the internal viaduct 

ave been extended to 486 ft. from the vertical columns, 

North Cantilever.—The work executed on the second 
and third bays is similar to that on the south cantilever, 
but on the third bay the top junctions at the end are only 
just commenced, and only about one-third of the rivettin 
is complete. The bottom and top members’of the fourt' 
bay are built out to 480 ft. and 430 ft. respectively from 
the vertical columns, and rivetted for 460 ft. and 360 ft. 
respectively. The total amount of rivetted work at Inch 
Garvie is about 14,200 tons, an addition of about 1800 
tons during the quarter as compared with 2400 tons during 
the previous quarter. 


NortH QUEENSFERRY. 

South Cantilever.—With much the same exceptions, as 
at the south cantilever at Inch Garvie, the third bay is 
completely built, and about three quarters rivetted. The 
bottom members, with their bracing, are built to 514 ft. 
from the vertical columns, and rivetted for about 500 ft. 
The vertical webs and bracing of the “y? members are 
built to 550 ft., and rivetted for about 383 ft. The girders 
and bracing of the internal viaduct are built out to 536 ft. 
from the centres of the vertical columns. The fourth 
ties are built down to within 40 ft. of their junctions 
with the bottom members. The fourth struts are built 
up to the top junctions, which are nearly complete. The 
vertical ties and cross-girder between them in the centre 
of the fourth bay are built. 

North Cantilever.—The work executed on this cantilever 
is nearly similar to that on the south cantilever, the 
bottom and top members being built out to 470 ft. and 
506 ft. respectively from the vertical columns, and rivetted 
for about 3:0 ft. in each case. The fourth struts are built 
to 215 ft. above O.D. The total quantity of rivetted steel- 
work at North Queensferry amounts to about 12,500 tons, 
an addition of about 1500 tons during the quarter as com- 
pared with 2170 tons during the previous quarter. 


GENERAL REMARKS. 

Masonry and Concrete.—Up to the present date about 
630,000 cubic feet of granite have been delivered, and 
628,000 cubic feet have been set. About 113,500 cubic 
— of rubble masonry and concrete work have been 
built. 

Steel-work. First, Second, and Third Bays.—The whole 
of the steel is drilled and fitted. 

Feurth Bays.—With the exception of a small portion of 
the top and bottom junctions, the whole of the steel has 
been drilled and fitted. 

Fifth Bays.—All the main members, the troughs for the 
internal viaduct, and a portion of the top and bottom 
members have been drilled. 

Sixth Bays.—The same remarks apply as in the case of 
the fifth bays. 

Nearly the whole of the steel required for the permanent 
and temporary work has now been delivered. 

The weather during the last quarter has on the whole 
been favourable, the open winter having permitted the 
work to be carried on with but little interruption from 
frost and snow. 

The greatest wind pressures recorded were: 15 lb. on 
the large gauge at Garvie Castle, January 19, 1889 ; 19 Ib. 
on the small gauge at Garvie Castle, November 26, 1888; 
25 lb. on the small revolving gauge at Garvie Castle, 
January 19, 1889; 30 lb. on the small] gauge at Garvie 
Castle, February 4, 1889. 

The average number of men employed per diem during 
the quarter has been 3250, and the number employed on 
February 25, 1889, was 3170. 

In conclusion, we are happy to be able to report that 
we see no falling off in the character and execution of the 
work, which so far as we are able to judge, continues to 


be very good. 
We have, &c., 


C. S. Hutcuins, Major-General, R.E. 
F, A. Marinp1n, Major, R.E 
The Assistant Secretary, Railway Department, 
Board of Trade. 





LAUNCHES AND TRIAL TRIPS. 

Messrs, Simons AnD Co., Renfrew, Jaunched complete 
on the 19th ultimo a patent stern-well hopper dredger, 
named the St. Andrew. The chief feature of this dredger 
is the bucket-ladder working through an opening in the 
stern instead of the bow as is usual. The advantages thus 
gained rey to speed and steering qualities, be- 
sides allowing the forward part of the dredger to be made 
of greater strength to withstand heavy seas. The hop- 
pers have a capacity of 500 tons of material, and the 
buckets will raise that quantity in little over an hour. 
The ladder will dredge to a depth of 43 ft. under water 
level. The engines, made by the builders, are two pairs 
of compound surface-condensing, and along with two steel 
boilers, are placed forward. The vessel is propelled by 
twin screws. Thedredging and steaming trials took place 
last week on the Clyde with results considerably in excess 
of the specification, and after these had been completed 
the vessel proceeded to the River Medway, where it is to be 
employed. 


A new steamship was launched from the yard of the 
Burmeister and Wain Shipbuilding and Engineering 
Company, Limited, at Copenhagen, on Tuesday, March 26. 
She is built on account of the Danish Steamship Com- 
pany, Dannebrog, and the following are the principal 
dimensions: Length, 250 ft.; breadth, 344 ft.; and 
depth, 19 ft. The new steamer, which has been christened 
Rosenborg, will be fitted with triple-expansion engines. 





On Thursday the new steel screw steamer Trewellard, 
built by Messrs. John Readhead and Sons, West Docks, 
South Shields, was taken to sea on her trial trip. The 








rincipal dimensions of this steamer are 290 ft. by 39 ft. 
= 20 ft. The engines are of the triple-expansion type. 
having cylinders 23 in., 374 in., and 614in. with 39 in. 
stroke, steam being supplied at a pressure of 160 lb. per 
square inch by two large steel boilers ; the engines and 
boilers also being made by Messrs. John Readhead and 
Sons. On the trial the engines worked very smoothly and 
satisfactorily, being in every way up to the expectations 
of all concerned. Several runs were made on the mea- 
sured mile and along the coast, and the mean speed 
attained was 114 knots per hour. The Trewellard has 
been built to the order of Messrs. Edward Hain and Son, 
St. Ives, Cornwall, and is the sixteenth vessel built by 
Messrs, Readhead for this firm. 

On Friday, the 29th ult., Messrs. Russell and Co. 
launched from one of their two yards at Port-Glasgow, a 
four-masted sailing ship named Glencaird, of 2600 tons. 
The length of the vessel is 313 ft. ; breadth, 42 ft. ; depth, 
24 ft.6in. She is owned by Messrs. W. T. Dickson and 
Sons, Liverpool, and is a duplicate of the Sir Robert 
Fernie, built a short time ago by the same firm. 





The new steamship Sundsvall was launched from the 
yard of the Elsinore Iron Shipbuilding Company, 
Elsinore, Denmark, on Friday, March 29. It is built 
on account of Mr. H. M. Gehrckens, Hamburg, and is 
constructed entirely of steel. The principal dimensions 
are: Length, 190 ft.; breadth, 274 ft. ; and depth in the 
hold, 13 ft. 74 in. The engine is a compound engine with 
surface condenser, and is intended to indicate 480 horse- 

wer. The Sundsvall is intended for the Hamburg, 

tockholm, Sundsvall, and Gefle trade. After the launch 
the keel was laid for a new steamer of 2400 tons. 

On Friday, March 29th, the Blyth Shipbuilding Com- 
pany, Limited, of Blyth, launched from their works a 
cargo steamer built to the order of Messrs. Dent and Co., 
of Newcastle and Blyth, and named the Crown. The 
leading dimensions of the vessel are as follows: Length, 
260 ft.; breadth, 36 ft. 6in.; depth, 19ft. 4in. The 
engines are triple-expansion and will be supplied by the 
North Eastern Engineering Company, Wallsend, with 
cylinders 20in., 33in., and 53in. by 36in. stroke, and 
160 lb. pressure. 

Messrs. A. Hall and Co. launched from their yard at 
Footdee, Aberdeen, on Saturday, March 30th, a barque of 
the following dimensions: Length, 242 ft.; breadth, 
37 ft. ; and depth of hold, 21 ft. 6 in., with a gross tonnage 
of 1411 tons. She has been built entirely of steel, her 
masts and yards being of that metal. She is named 
Inverurie, and has been built for Messrs. George Milne 
and Co. for the Eastern trade. It may be added that the 
shipbuilding trade in the ‘‘Granite City” is very active. 





There was launched into the Forth at Leith on Saturday 
a steel screw steamer built by Messrs, S. and H. Morton, 
Leith, for Messrs. Marcus Cohn and Son, Konisberg, for 
the Baltic trade. The vessel, which is named Kopernikus, 
is 180 ft. long, 28 ft. breadth, and 15 ft. depth, and is in- 
tended to carry 800 tons. The builders will also supply 
the engines, which are of the triple-expansion type, the 
cylinders being 134 in., 22 in., and 30 in. in diameter 
respectively, with a piston stroke of 30 in. 





On Saturday, March 30th, there was launched from the 
shipbuilding yard of Messrs. John Readhead and Sons, 
West Docks, South Shields, a steel screw steamer named 
the Trevoran, of the following dimensions: 290 ft. by 
39 ft. by 20 ft. The vessel will be fitted with triple-ex- 
pansion engines, also being constructed by Messrs. Read- 
head, having cylinders 23in., 374 in., 614 in., and 39 in. 
stroke, and supplied with steam from two large steel 
boilers at a working pressure of 160 lb. per square inch. 
The vessel has been built to the order of Messrs. Edward 
Hain and Son, St. Ives, Cornwall. The Trevoran isa 
sister ship to the s.s. Trewellard, whose trial trip was run 
on Thursday last. 


There was launched this week from the shipbuild'ng 
yard of Messrs. Schlesinger, Davis, and Co., Walls- 
end, a handsomely modelled iron screw steamer built 
to the order of the Ipswich Steam Shipping Com- 
pany, Ipswich, and named the Ring Moor. Her principal 
dimensions are as follows: Length between perpen- 
diculars, 142 ft.; breadth moulded, 21 ft.; depth 
moulded, 10 ft. 8in. The vessel will be rigged as a fore- 
and-aft schooner and will be fitted, by Messrs. Ernest 
Scott and Co., Close Works, Newcastle, with triple-expar - 
sion engines and steel boiler of sufficient power to drive 
her at a speed of 10 knots when loaded. 





PanaMA CANAL.—It is estimated that further capital 
to the extent of 18,900,000. is required to complete the 
Panama Canal. In this estimate the port of Colon figures 
for 520,0002. ; sluices for 2,280,000/. ; plant and materials 
for 1,000,000/. ; derivaticns and deviations, for 3,850,000/. ; 
excavations, for 7,250,000/., &c. No provision is made in 
the aggregate estimate of 18,000,000/. for interest on share 
and obligation capital pending the completion of the canal. 

CATALOGUE.—The new edition of the catalogue of 
Messrs. John Tullis and Sons, of John-street, Bridgeton, 
Glasgow, commences with a paper read by the head of the 
firm before the Millers’ Convention. This paper contains 
a lot of capital hints on the use and treatment of leather 
belts, while the body of the catalogue has very numerous 
examples of the different ways in which belts can be 
arranged to drive shafts which are not parallel, or are too 
close to be driven in the ordinary way. In addition to 
leather belts there are illustrations of Y and square leather 
ropes, cotton, and hair belts, 
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MISCELLANEA. 
ark Eiffel Tower has now attained its full height of 


The Novoe Vremya states that from next year sixty 
locomotives and 1600 wagons are to be ordered annually 
for the Russian railways. 


Mr. Thomas Soper has resigned his position as one of 
the chief engineers at the Admiralty to become assistant- 
manager at Messrs. Humphrys and Tennant’s engineer- 
ing establishment. 


According to the report of the Massachusetts Railroad 
Commission there are twelve times as many persons killed 
and injured at level crossings in that State asin the whole 
of Germany, though there are nearly twice as many of 
these crossings in the latter country. 


The Sukkur Bridge, the opening of which we announced 
in our last issue, has cost 400,000 rupees less than the 
estimate, and been completed six months sooner than had 
been anticipated. These results show ina striking manner 
the advantage of the cantilever system. 


The Sheldrake, one of the ‘‘S ’ squadron of twin-screw 
gunboats, of 735 tons, and 4500 horse- power, and carrying 
two guns of heavy calibre, was launched at Chatham on 
Saturday afternoon. The vessel is to be immediately pre- 
pared for despatch to zea. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom, for the week ending March 
24, amounted, on 16,022 miles, to 1,190,961/., and for 
the corresponding period of 1888, on 15,948} miles, to 
1,105,456/., an increase of 73? miles, or 0.4 per cent., and 
an increase of 85,505/., or 7.8 per cent. 


A new type of torpedo boat has been adopted by the 
Admiralty, and the boats to be laid down during the 
coming financial year will be of this pattern. They will 
be 135 ft. long by 14 ft. beam, and will have a turtle-back 
=— Gunpowder will be used for expelling the tor- 
pedoes, 


In order to obtain a barometer somewhat more sensitive 
than a mercury column without going to the extreme 
dimensions necessitated by the pes sae. Se of water, the 
Scientific American proposes to use a fluid formed by dis- 
solving iodide of mercury in potassium iodide. This fluid 
has a specific gravity of from 2.25 to 3.01, according to the 
proportions used. 


Mr. R. Price Williams has been retained by the Tas- 
manian Main Line Railway Company to give evidence 
before the legal tribunals in Tasmania in reference to a 
long pending dispute with the Government in relation to 
the working of the line, Mr. Williams is accompanied in 
his visit to Tasmania by Mr. Fooks, Q.C., who has also 
been retained by the above-named railway company. 
The action is likely to be one of considerable interest. 


The Railroad Gazette gives a short account of a trip on 
the new Webb compound, which has been acquired by 
the Pennsylvania Railroad Company for experimental 
purposes. To give the engine a perfectly fair trial this 
company have engaged an English. driver. The account 
states that the engine handled its load easily even on 
steep inclines, and states that owing to its arrangement of 
firedoor very little smoke was produced. The design of 
the tender is also commented on very favourably. 


The United States Government are about to erect an 
army gun factory at Watervliet Arsenal, which will con- 
sist of a building having a total length of 566 ft. 2 in. 
The main aisle, which extends the full length of the build- 
ing, is 75 ft. wide and 50 ft. high to the eaves of the roof, 
the height to the ridge being 75 ft. The boiler-house will 
be 71 ft. by 48 ft. 4 in., and the chimney is to be 125 ft. 
high. The buildings are to be constructed of granite and 
bluestone, and will be completed by November Ist. 


The following rule has been made by the Board of 
Trade extending the time limited for lodging objections 
to revised classifications and schedules which have been 
submitted to the Board of Trade by the railway companies 
under the Act: “‘In the case of every revised classifica- 
tion of merchandise traffic and schedule of maximum 
rates which has been submitted to the Board of Trade by 
any railway company previous to the date hereof, the 
period within which notices of objection may be trans- 
mitted to the department, in accordance with their 
rules, is hereby extended to June 3, 1889.” 


During the past year the number of electric lights in 
Chicago has been almost doubled, and now reaches the 
figure of 43,136 as against 22.756 in January 12, 1888. 
The increase is made up of 2663 arc and 17,717 incande- 
scent lamps. The principal central stations belong to three 
companies, viz.: The Chicago Arc Light Company, the 
Merchants’ Company, and the Edison Company. The 
first named commenced operations in 1887 with 830 arc 
lamps and has now 1560. The Edison Company was 
Inaugurated in August last year with 9000 incandescent 
lamps, which have since been increased to 12,000. The 
Merchants’ Company run about 1000 lights. 


The Hero, tender to the Excellent, at Portsmouth, has 
returned to harbour after having undergone a series of 
experiments with a new torpedo boom fitting, the inven- 
tion of Captain Wilson, V.C., of the Vernon. The pre- 
sent service fitting consists of a hook and socket arrange- 
ment, the disadvantage of which is that it is liable to S 
come disconnected se rolling of a ship in a seaway. 
The new fitting may be described as an attachment to the 
ship’s side in the form of an inverted L. The end of the 

m, which is flattened for the purpose, is pulled in 
under the projecting ledge, and secured in position by guy 
ropes, the mere weight of the boom and nets serving to 


Keer the heel fixed, The contrivance is extremely simple, 


the absence of the necessary boisterous weather to 





cause the vessel to pitch and toss the trials were not re- 
garded as final. 


For some time past a surveying party has been at work 
in the country between the Lower Congo and Stanley 
Pool with the object of planning a railroad to connect the 
woes waters at either end. The Congo is blocked by 
the Yellalla Falls and other cataracts. At present traffic 

ast the obstructions is conducted by caravans, but it has 
en keenly felt that this break in the line of communica- 
tion is a serious bar to rapid progress. Hence the pro- 
jected railway, and it augurs well for the future of the 
Congo State and for the spread of civilisation in the in- 
terior of Africa that the surveying party is able to make 
a favourable report. By turning about 30 miles away 
from the river, they have found a route along which they 
estimate that the 200 miles of railway required might be 
carried out in two or three years, at a cost of about a 
million pounds. 


An American paper describes a steel pavement which 
is said to cost less than granite sets and to wear longer ; 
how far these claims are well founded may be judged from 
the following description : The blocks are made of steel 
strips 24 in. wide by 1 in. thick with a rolled channel on 
the side exposed to the traffic and containing notches 
about 4 ft. apart. The weight of these strips is said to 
be 11 1b. per yard, which, however, hardly tallies with 
the dimensions given, and they are laid across the street 
at a distance apart of 5 in. centre tocentre. To insure 
that they shall not slip sideways they are bolted together 
and fastened to wooden sills. The support for the new 
pavement is composed of a firmly constructed bed of 
gravel, whilst a compound of pitch and cement is poured 
between the steel strips, filling the interstices up level 
with the tops of the strips and give a comparatively smooth 
surface to the roadway. 


On Tuesday evening a number of the friends of Mr. E. 
Windsor Richards met at the Great Northern Hotel, 
King’s Cross, for the purpose of presenting to that gentle- 
man a magnificent diamond brooch for Mrs. Richards, 
as a token of their esteem and of their appreciation of his 
having been made a director of Messrs, Bolckow, Vaughan, 
and Company on the occasion of his giving up the 
position of general manager of that company to become 
general manager of the Lowmoor Iron Works in Yorkshire. 
Among those present were Mr. E. P. Martin, of Dowlais, 
Mr. James Riley, of Glasgow, Mr. Benjamin Walker, of 
Leeds, Mr. Kean, of Birmingham, &c. In the course of 
the evening, complimentary allusions were made to the 
successful management of the great undertaking of 
Bolckow Vaughan, and Company by Mr. Richards, and 
wishes were expressed for his continued success in his new 
and less arduous position at Lowmoor. 


The seventh examination for candidates for the offices 
of municipal engineer and surveyors to local boards, car- 
ried out under the auspices of the Association of Muni- 
cipal and Sanitary Engineers and Surveyors, was held at 
the Institution of Civil Engineers, Westminster, S. W., 
on Friday and Saturday, the 29th and 30th ult. The 
written portion of the examination was taken on the first 
day, while the greater portion of the second day was 
occupied by the viva voce. Eighteen candidates presented 
themselves for examination. The examiners were: 
1. Engineering as applied to municipal work, L. Angell, 
M.J.C.E., borough engineer, West Ham, past-president. 
2. Building construction, Clement Dunscombe, M.I.C. E 
city engineer, Liverpool, member of council. 3. Sanitary 
science, P. Boulnois, M.I.C.E., borough engineer, 
Portsmouth, vice-president and superintending examiner. 
4. Public health law, C. Jones, A.M.I.C.E., surveyor 
to the Local Board, Ealing, W., past-president. 


Messrs. Thomas Piggott and Co., of Spring hill, Bir- 
mingham, have just secured an order for about 1200 tons 
of their patent wrought-iron welded water mains for the 
conduit of water for a new water works in South America. 
The length of this pipe line is 114 miles, and 14 in. in dia- 
meter is the size required, but each 14 in. pipe can be 
nested with others of very slightly larger diameter, so as 
to make the whole nest ship at weight and not measure- 
ment. Itis interesting to notice that welded pipes, freight 
included, came out in this case much cheaper than rivetted 
pipes, owing to it being possible, as there are no projecting 
rivet heads, to nest them more closely. The competition, 
therefore, was with cast-iron pipes at about the same price 
per foot run, but a saving of nearly 3000 tons in weight, 
made in transport alone an economy of some j 
Besides this there would only be about one-balf the num- 
ber of joints to make. These considerations practically 
and speedily decided the matter in favour of the newer 
system. 


By the courtesy of Mr. Valentine Blanchard, we have 
had an opportunity of inspecting some photographs 
printed on a new preparation of paper which that gentle- 
man is introducing. The paper has a matte surface, and 
the image is formed in silver which is subsequently re- 
placed by platinum ; thus the process is similar to ordinary 
silver printing. The colour which can be produced is a 
very rich velvety black, while the whites are very pure, 
comparing favourably with platinotype prints, The aim 
of the introducer has been to obtain the black of en- 

avera, which contains a slight amount of red ; very rich 

rowns can be produced, however, presumably by the 
silver image not a completely converted into a plati- 
num one. The special points claimed for this new 
paper, are simplicity in working, no special precautions 
or apparatus being required, a much richer black bein 
obtainable than hitherto with great variety of tone, an 
that negatives of any quality suitable for silver printing 
are available. 


On Friday last a paper was read before the Junior 
Engineering Society on “Injectors” by Mr. Sydney 


- 


Boulding, Grad. Inst. M.E. By the aid of models and 





sections some of the leading types of modern injectors were 
described, including the influx, Hall’s, Madan’s, exhaust 
steam, Gresham’s, and the Hancock inspirator. The 
author proceeded toreferto the principal causes of failure 
of the working of injectors, and alluded to the great im- 
portance of attention being given to their proper attach- 
ment to the boiler. The wearing of the nozzles and tubes 
was discussed, and specimens of these parts of the injector 
were exhibited, showing the peculiarities of the pitting 
and scouring which occur through the action of the jet. 
The application of the principle of the injector to other 
purposes than that of the feeding of boilers was finally 
treated, amongst the more recent of which were noticed 
Gresham’s steam sanding apparatus for locomotive driving 
wheels, Morton’s ejector condenser, and Hancock’s ejector, 
which latter had been successfully applied to the charging 
of centrifugal pumps. 


The directors of Robert Boyle and Son, Limited, venti- 
lating engineers, London and Glasgow, have resolved to 
pay an instalment on account of dividend at the rate of 
12 per cent. per annum, free of income tax, for the half- 
year ending March 31 last, which has been the most 
prosperous since the formation of the company. The 
directors attribute this success to the great and increasing 
demand for the latest improved form of the self-acting air- 
pump ventilator. The company have at present some very 
important ventilating contracts in hand and in prosrect, 
the managing director, Mr. Rubert Boyle, having just de- 

arted for the United States where the Pennsylvania 
Railroad Company propose to apply the system on their 
lines, the air pump ventilator being already adopted in a 
number of important public buildings in America, Mr. 
Boyle, after establishing agencies in Mexico, also in San 
Francisco, Salt Lake City, and other western towns, pro- 
ceeds to Canada to make an examination of the House 
of Parliament, Ottawa, for the purpose of preparing a 
scheme for the ventilation of that building. 


Messrs. W. H. Allen and Co., of York-street Works, 
Lambeth, have just completed the lighting of a large 
passenger vessel, built by Messrs. Laird Brothers, Birken- 
head, for the Compania Bud Americana de Vapores. The 
Vessel, named the Imperial, is one of 2000 tons burthen, 
propelled by engines of 4000 horse- power, and is specially 
built for the trade between Callao and Valparaiso. The 
electric light has been provided for every part of the ship, 
from the masthead to the coal bunkers, and employs over 
230 glow lamps of the Edison-Swan type. ‘The signal 
lights are considerably stronger than can be provided by 
the best oil lamps, and are so fitted that oil can be sub- 
etituted if needful at a moment’s notice. Special brackets 
are provided for loading purposes. In the engine-room, 
bunkers, and holds, plugs have been inserted so that the 
current may be tapped, and a powerful light concentrated 
in apy given spot for temporary purposes. The electroliers 
for the saloon have been designed to suit the fittings and 
furniture, and are adapted both for oil and electricity. 
The lamps exposed to rough usage are inclosed by damp- 
proof bell glasses, and these are protected by strong wire 
cages. Cockburn’s slate switches and fuze boxes have 
been used throughout, each state-room being separately 
connected. The conductors branch into six circuits from 
a six-way slate switch-board, and a second board, with 
the main fuzes, and fitted with a voltmeter, is placed on 
the return circuit. All the wires are inclosed in wood 
casings. The ‘‘ Kapp” dynamo is compound-wound, and 
capable of feeding the whole of the lamps at the low speed 
of 280 revolutions per minute. It is driven direct by an 
Allen twin engine at a steam pressure of 160]b. The 
engine and dynamo are so fitted as to work without 
vibration, and no sparks are visible at the brushes. The 
installation has been superintended throughout by Messrs. 
Allen’s electrician, Mr. J. W. Kempster, and gave 
every satisfaction on the trial. 








Wimporne Minster Water Suppty.—A rapid and 
very successful issue has resulted in sinking an artesian 
tube well for the water works of this town by Messrs. Le 
Grand and Sutcliff, of London. Operations were com- 
menced on March 11, and in eighteen days the well was 
entirely completed to the total depth of 130 ft. The 
Reading beds extended down to 91 ft., and 40 ft., was 
penetrated into the chalk, in the last few feet of which 
strong springs were tapped, which rose till they over- 
flowed 2 ft. above the surface at the rate of 80,000 gallons 
per diem. The actual yield of the well as computed by 
pumping tests is over 250,000 gallons per diem, or more 
than three times the present requirements of the town. 





Drepeine SAND AND Sitt.—In Les Annales des Ponts 
et Chaussées, M. Boulle describes a form of dredger in 
which the removal of sand or silt is effected by an 
injection of compressed air instead of by suction. The 
machine consists of a tube passing through the water 
to the bottom to be dredged, and a compressed air in- 
jector placed at the bottom and at right angles to another 
pipe. The injector surrounds the main tube, and is 
fitted with a number of small mouthpieces producing 
a flow of a mixture of water, silt, and air up the main 
tube. In a trial at Saumur, on the Loire, the main tube 
was 4 in. in diameter, and sand wae dredged from a 
depth of 15 ft., lifted 5} ft. above the water level, and 
finally transported to a distance of 50 ft. The compressor 
was of 15 horse power, which drew in 3.53 cubic feet of 
air per second, and by it raised 130 cubic yards of sand 
burdened water per hour, the sand constituting from 
three-tenths to four-tenths of the whole volume. At 
Havre a 9 in. tube was used, and the depth was from 
26 ft. to 30 ft. Using acompressor of the same power as 
at Saumur, 390 to 520 cubic yards of silt and water were 
lifted per hour, the silt forming one-quarter of the whole. 
The dredger is most efficient in soft silt, sand, or gravel, 
but stones weighing 22 lb, have been removed by it, using 
the 9 in, tubes, 














338 


ENGINEERING. 





[Apri 5, 1889, 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 23, 1889. 
Wiruin the past two weeks five or six rich deposits 
of copper ore have been opened, and explorers are 
ushing into new fields where copper supplies are 
fikely to be found. While production is not likely to 
increase on this side, facilities for supplying much more 
copper will undoubtedly be increased, The exports of 
copper for the past week were nothing. So far this 
year 2,373,345 lb. compared to 13,433,888 Ib. last 
year. Last week’s exports of 429,680; since January, 
99,144,611 lb. Shares are very irregular in all markets, 
Sales in local markets for the week, 325,000 lb. The 
tinplate market has shown decided improvement for 
early deliveries, This is due to the improved condi- 
tion in English iron and coal markets. The iron trade 
is quiet, and prices are dropping, a result due to the 
refusal of buyers to place orders so early in the season. 
There is a large amount of iron and steel-producing 
capacity throughout the country idle, or not fully em- 
ployed, and this condition stimulates the hope among 
a good many that lower prices will be announced. 
The weekly production of pig iron is about 145,000 
tons, of which 100,000 tons are bituminous iron. 
As compared to a year ago the output has increased 
25,000 tons. With all this increase there is no sign of 
an accumulation. A good many furnaces have large 
supplies on hand, but they are already sold. Southern 
furnaces are doing very well, but the effort to advance 
rices for summer deliveries has not succeeded. 
Vestern iron and steel buyers are preparing to carry 
larger stocks than they did last year. Heavy purchases 
will be made as soon as bottom prices are reached. 
Steel rails are selling in a moderate way at about 
27 dols. to 27.50 dols. in eastern mills, Last week’s 
transactions foot up about 40,000 tons. There remains 
to be sold about 100,000 tons of the new allotment. 
The new allotment will be announced on or near 
April 1. Iron and steel rods are selling at about 
42 dols. Old rails are quoted at 23 dols. to 23.50 dols, 
American foundry iron is selling at 18 dols, and 17 dols, 
for No. 1 and No. 2 respectively. Forge iron com- 
mands 15 dols, and 15.50 dols. Out of the 13,661 coke 
furnaces in the Connelsville region only 1290 are idle. 
During the month of February 22,725 cars of coke 
were » Pome from the region. There is a very heavy 
demand for coke throughout the country, and more 
coke ovens are now being built and projected than in 
the history of ironmaking in thiscountry. Additional 
natural gas wells are being developed, and a great deal 
of interest is felt in the development of natural gas in 
new localities. Pipe companies are being organised in 
the Western States to pipe gas distances ranging from 
10 to 50 miles. Two or three lines contemplate piping 
much longer distances. 





WATTMETER FOR ALTERNATE CURRENTS. 

THE wattmeter we illustrate on this page is manu- 
factured by Messrs. Ganz and Co., of Budapest. It 
will be seen at a glance that in its general features it 
resembles the electro-dynamometer of Messrs. Siemens 
Brothers, as modified by Sir William Siemens for use 
as a wattmeter.* The present instrument has, how- 
ever, been specially designed for use with alternate 
currents, and the self-induction has been reduced toa 
perfectly trifling amount. 

The instrument consists of two coils, one of which is 
fixed and the other movable. The fixed coil is traversed 
by the current, the energy of which is to be measured, 
while the movable coil is part of a circuit of high resist- 
ance which is traversed by a current which varies with 
the electromotive force of the circuit, to which the 
wattmeter may be appliea. When each of these coils 
is traversed by a current they act upon each other, and 
the movable one tends to place itself in the same 
plane as the fixed coil. The amount of the force 
tending to rotate the movable coil is measured by 
connecting it to a spiral spring. As soon as the 
currents flow the coil rotates, winding up the spring. 
The other end of the spring is then rotated to 
increase its tension until the coil is brought back to 
the zero point. The amount by which the end of the 
spring has been rotated, is then a measure of the attrac- 
tion between the two coils. In the annexed sketch 
the fixed or outer coil is represented by AB, the 
former representing the outer layer or wrapping of afew 
turns of thick wire, and the latter the inner layer of a 

reater number of turns of fine wire. The current can 
B directed through one or both of these part coils at 
will by means of plug switches on the base of the in- 
strument. The ends of the coils are connected to the 
terminals n, m, and A, while the exterior circuit ends 
at Nand M. By inserting the plug } the part-coil A 
is brought into circuit, and by inserting the B a at 
c both coils A and Bare brought intocircuit. The hole 
d is for the accommodation of the plug, which is out of 
use. The movable coil is represented by C, and is 
rectangular in form. Two thin and pliable silver wires, 
connected to the terminals P and R, serve to suspend 





* See ENGINEERING, vol, xxxvi., page 463, 





the coil and to conduct the current to and from it, 
leaving it at the same time perfectly free to move. A 
helical spring, having its axis in line with the axis of 
the coil, is fixed at one end to the upper part of the 
coil, and at the other end to a torsion screw furnished 
with an index. The coil itself also carries an indicator 
of aluminium. These two fingers can move round a 
common graduated circle. When the instrument is at 
rest the two indexes stand at the zero of the scale, and 
the planes of the two bobbins are vertical and at right 
— to each other. 

he additional resistances which are placed in cir- 
cuit with the movable coil are contained in a separate 
box, These resistances consist of bobbins wound with 
double wire to prevent the formation of an electric 
field, that is, the wire constituting the resistance is 
doubled upon itself before being wound, in order that 
a current may always traverse the bobbin in opposite 
directions, producing two equal fields of opposite sign 
which neutralise each other. The resistance of the 
first bobbin is determined in such a way as to present, 

















when in series with the movable coil of the instru- 
ment, a resistance which is taken for unity in the con- 
struction of the additional resistances. his unit is, 
in practice, from 250 to 500 ohms, The first value is 
taken when the wattmeter is to be employed with 
moderate electromotive forces, whilst the second serves 
for greater differences of potential. The remaining 
bobbins offer resistances equal to the unit adopted or 
toa multiple of it. The box is provided with a switch 
to reverse the direction of the current in it, and a 
second switch to break the circuit of the resistances. 

The resistance of the movable coil represents scarcely 
1 per cent. of the total resistance of the shunt circuit 
of which it forms a part, Its coefficient of self- 
induction is so small, in proportion to the total re- 
sistance of the circuit, that it can practically be 
neglected. 

n using the instrument the fixed coil is inserted in 
the main circuit, while the movable coil with its addi- 
tional resistances, is made a shunt between two points 
of the circuit. The indications of the instrument show 
the electric energy expended in that part of the 





circuit beyond the shunt, 


ON COMPOUND LOCOMOTIVES.* 


By Mr. R. Herpert Lapace, of London, late Loco- 
motive Superintendent, Argentine Government Railway. 
(Concluded from page 315.) 

Commercial Advantage of Compounding.—There are now 
(November, 1888) about 360 engines, including tram 
engines, on the Worsdell and V. Borries system, either at 
work, or in construction, or ordered: the statement in 
Table I., page 314 ante, shows where they are, and gives a 
description of the class of engine. In 1886 there were 
only between 50 and 60 engines at work ; there has thus 
been an increase of six times in a couple of years, 

The economy in fuel over the ordinary engines ranges 
from 14} to 20 per cent., and in some cases still more, as 
seen from Tables II., VIII., IX., and XII, 


TABLE X.—Comparative Consumption of Coal by Com- 


pound and Ordinary Locomotives for Three Months 
ending May 21, 1886, on the Great Eastern Railway. 























Distance Run | Coal Consumed. 
1886, ne er | ne pe 
Number and Four Suk 12 
Class of Engines.| Weeks iS EZia. |ae 
Ending | £3 | £3 g2P Ess eas 
Lt te SisSsisen 
E2 | g2 BRE gem cas 
11 compounds ..| March 26] 36, 87,7944) 9,849 30.2 | 29.1 
ll » _«+| April 28) 84,8484) 35,8573) 8,979! 98.8 | 98.0 
11 ai .| May 21| 88,1173) 89,1023) 9,939, 29.2 | 98.4 
Totals and averages ..| 109,469} 112,7643 28,767) 29.4 | 28.5 
Gordinary ..{ March 26] 18,610 | 19,3554! 5,724 34.4 | 33.0 
horas ..| April 23) 23,761 | 24,8623) 7,162| 33.7 | 32.9 
eo --| May 21) 22,800 | 22,938)) 6,661) 33.4 | 32.5 











Totals and averages ..| 64,671 | 66,656}/19,547, 33,8 | 32.8 


Mean saving bycompounds ..  .. | 4.4 | 4.3 


} 





TABLE XI.—Comparative Consumption of Coal and Evapo- 
ration of Water by Compound and Ordinary Locomotives 
working Passenger Train from London to Norwich on 
the Great Eastern Railway. 


Oct. 4, 1886. Oct. 18, 1886 
Compound. Ordinary. 
No. 704. No. 565. 
Coal consumption, total 2780 lb. 3444 Ib, 
aK ay per mile.. 24.3 ,, 30.2 ,, 
Water evaporation, total 2196 gals. 2853 gals. 
” ” per pound 
coal.. - = oe 7.9 Ib. 8.2 Ib. 
Feed water, average per five 
minutes aig oe os 112.5 gals. 126.4 gals. 
Feed water temperature 64deg. Fahr. 65 deg. Fahr, 
Average steam pressure per 
square inch “ a 138 1b. 122 Ib. 


Load, London to Ipswich 14 vehicles 15 vehicles 


», Ipswich to Norwich ”» ” 
The pound st d freely, ther very favourable. 
The ordinary engine steamed moderately, weather rather un- 
favourable. 

TaBLE XII.—Comparative Consumption of Coke in Ordi- 
nary and Compound Locomotives on the Manchester, 
Bury, Rochdale, and Oldham Tramways. 

Coke consumption per mile by ordinary 





engine nF ie ss ae as 10.3 to 10,9 Ib. 
Coke consumption per mile by com- 

pound engines .. iS A re 6S... Sh? 
Saving per mile by compound engine .. S)., 24.;, 
Percentage saving 21 per cent. 


” ” ee 
The time occupied in running each day is 12} hours, and the 
distance run daily is 48 miles, which is done in seven trips of 
6.7 miles each, with 40 minutes’ relief between each trip. The 
amount of oil served out is the same for both engines, namely, 
two pints of lubricating oil and a quarter of a pint of valve or 
cylinder oil. 


TaBLE XIII.—Comparative Cost of Repairs of Ten Ordi- 
nary and Two Compound Locomotives working between 
Hanover and Minden on the Prussian State Railways. 

Ten Ordinary. TwoCompound, 
Nos, 1111-20. Nos, 1121-22, 
— run up to last repairs, 


ne - es . 883,884 miles 185,609 miles 
Cost of maintenance, total 122,048s, 24,1633, 
~ Me per mile run 1.66d, 1.56d. 
Saving by compound engine “< 6 percent, 

The ordinary engines work at 146 lb. pressure and the compounds 
at 1761b. Both classes are doing the same kind of work, and both 
have been running about four years. The cost of maintenance in- 
cludes general repairs and renewal of tyres. The compounds save 
15 to 20 per cent. of fuel and water as compared with the ordinary 
engines, 

In the locality where the goods engine illustrated is 
working, coal costs at least 2/. per ton; presuming an 
ordinary engine runs 30,000 miles in a year at 25 Ib. per 
mile, which is about the a for such an engine, 
it will have burnt 335 tons, which at 2. per ton cost 670/. : 
the compound effecting a saving of 20 per cent, will 
accordingly save 134/. ina year. It is found that a com- 
pound locomotive of less weight can haul as heavy 4 
train at the same speed as an ordinary locomotive, pro- 
viding the adhesion is sufficient, with the economy of 
from 144 to 20 per cent. ; and as the cost of the compound 
is no greater for such an engine, the 20 per cent. or 1341, 
saved in a year is a net saving per engine, not taking into 
account the cost of haulage on the 20 per cent. reduction 
of fuel and water. As there is so much less fuel and 
water used in the boiler, it is natural that there must be 
less wear and tear of firebox and tubes, and less deposit, 
&c. ; it is co uently to be presumed that the boiler of 
the compound will last longer than that of the ordinary 





* Paper read before the Institution of Mechanical 
Engineers, 
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engine, Then again it is found that there is no more 
actual wear on the compound engine, as previously ex- 
plained; and both the high and low-pressure cylinders 
develop approximately the same horse-power, conse- 
quently there can be no more wear on one side than the 
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other. Compound express engines working the heaviest 
service, which run about 3000 miles per month, are found 
by Mr. V. Borries to do some 15 per cent. more mile 

between shop repairs than the ordinary engines of the 
same size and class ; and the intercepting valve shown in 
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TABLT XIV.—Sream DistrisutTion In CompounD Goops Locomotive oN Entre-Rios GOVERNMENT RAILWAY. 



















































































High-Pressure Cylinder. Low-Pressure Cylinder. 
| a ve ie 28 a eC 
Fi -~ Lead. Cut-Off in Percentage Release in Percentage Lead, lcut-on in Percentage Release in Percentage 
be Stull. dbare. | of Stroke. troke. 4 full. vee of Stroke. of Stroke. 
7 qi oa | | as oh aa zs Seat HRS =e ‘rhea Sans 
Front Back |Front| Back | Differ- Front | Back | Differ- | Front! Back | Front} Back | Differ- Front) Back | Differ- 
Port. Port. | Port. | Port. ence. | Port. | Port. ence. | Port.| Port.) Port.| Port.| ence. Port. | Port.| ence. 
in, in. p.c. | p.c. |per cent p.c. | p.c. per cent| in. in. p. c. | p.c. |percent) p.c.| p.c. | p.c. 
0 0 74 | 70 | 4 89 | 88 vs ee a Yer 774 | 734 4 | 94 | 93 1 
0 0 70 67 | 8 88 | 86 = | 6 )-e 74 70 4 | 93 92 1 
Forward| & | & 60 | 57 | 3 83 | 81 2 | 0 0 66 | 62 4 | 90 | 89 1 
gear. | vs ts 60 | 48 | 2 7% | 37 he | vs | 564 | 54 2 | 87 | 86 1 
| hy ree 40 | 41 | 1 74 | 73 tb tae bt | cee, ae t poe | a 1 
| Sas tte 80 | 32h] 2} 68 | 63 0 | by | bs 40 | 42 2 | 80 | 79 1 
| ve v | 2 | 28 2 60 | 60 o | $ } 273 | 29 14 | 75 | 74 1 
Mid. | .. ) ee Pate | | rhs 0 | 
ae pt 20 | 284 | 8} 61 | 64 S| & | fe) Behe 6 65 | 67 2 
1s bh 30 | 39 9 68 | 70 2 | 4 | x | 20 | 80 10 72 | 74 2 
ae b4 40 49 9 74 | 76 2 | 6s Pee 30 | 41 11 79 | 79 0 
Back ve vis 50 56 | 6 79 | 77 Oo |bs | Fs 40 49 9 824 | 83 4 
gear.* - vs | 60 | 6 | 4 835 | 84 } we te 50 | 57 7 86 | 86 0 
0 & |e 3 | 2 88 | 88 0 0 ts 63 | 67 4 894 | 89 4 
0 Oo | % a 2 90} | 90 4 0 v0 70 72 2h aa 92 4 
| 





* For backward gear the full gear notch is the only one cut in the sector. 


TABLE XV.—Sream DIstrRiBuTION IN CoMPOUND TANK LOCOMOTIVE WITH WALSCHAERT VALVE GEAR ON 
ALSACE AND LORRAINE RaAILway. 


Throw of eccentrics 7.87 in. Angle of advance 0 deg. Length of connecting-rod 88.19 in. 



































6 HIGH-PRESSURE CYLINDER. | Low-PRESSURE CYLINDER. 
= 14.76 in. in diameter by 19.69in. stroke ; outside lap, 1.30 in. ;/21.65in. in diameter by 19.69 in. stroke ; outside lap, 1.15in.; 
= inside clearance, 0.26 in. ; width of ports, 11.42 in. | inside lap, 0.00 in. ; width of ports, 16.54 in. 
| 
> l 
£ eee Shishi Percentage of Stroke. | ee: | | ee Percentage of Stroke. 
i Trav i —_— 
g | valve, | Lend. | Opening =| Tealves | Heed. | Opening ee 
Port. Cut-Off. | Release. pression. | | | Port. | Cut-Off. | Release. | pression. 
: . : cree | | Pea nis Lrg 
in. in. in. per cent. r cent. r cent, | in. | im. in. er cent. | per cent. per cent. 
2.48 0.12 1.18 724 Pergo |e gs | «6 240 | 0.08 1.26 |» 774 =| (944 94 
2 82 0.08 1,52 76 89 94 2.76 0.04 1.61 7S 93 93 
2.34 0.12 1.04 68 88 944 2.22 | 0.08 1.08 74 93 93 
, 2.60 0.08 1.30 72 88 934 | 2.52 | 0.04 1.38 76} 924 92} 
3 2.07 0.12 0.77 oat 84 92 | 1.97 | 0.08 0.98 65 91 91 
= 2.26 0.08 0.96 63: 84 91 | 2.19 0.06 1.04 69 894 89. 
1.83 0.12 0.53 47 784 &9 | 1.71 0.06 0.96 63 £64 86 
z 1.95 0.08 0.65 51h 78} 88 1.87 | 0.08 0.98 58 86 86 
g 175 0.12 0.45 39 74 864 1.57 | 0.06 0.83 44 84 84 
&s 1.79 0.08 0.49 43 74 85 1.65 0.08 0.91 494 83 83 
& 1.60 0.12 0.29 284 67 81 1.44 0.06 0 59 83 77 77 
1.61 0.08 0.31 30 67 80 1.48 0.08 0.67 37 77 77 
1.52 0.12 0.22 20 60 764 1.32 0.06 0.35 21 70 | 70 
1.50 0.08 0.20 194 594 744 1.38 0.08 0.47 26 a 71 
1.44 0.12 0.14 11 50 67 1.26 0.06 0.24 94 57 | 57 
1.42 0.08 0.12 8 484 65 1.30 0.08 0.31 11 61 | 61 
1.44 0.12 0.14 124 52 72 1.22 0.04 0.16 104 61 61 
1.42 0.08 0.12 9 bo 67} 1.28 | 0.12 0.28 11 eit otf 
1.52 0.12 0.22 22 64 79 1.28 0.04 0.28 20 71 71 
1.50 0.03 0.20 19 59 Hs 1.36 0.12 0.43 22 70 70 
: 1.61 0.12 0.31 334 72 84 1.38 0.04 0.47 33 784 784 
3 1.60 0.08 0.29 29 os 80 1.48 | 0.12 0.67 84} ae ee 
o 1.73 0.12 0.43 43 76: 87 1.48 0.04 0.67 44 824 82} 
E 1.71 0.08 0.41 38 71 83 1.61 0.12 0.87 444 81 | 81 
¢ 1.87 0.12 0.57 53 81 90 1.63 0.04 0.89 Br 854 854 
5 1.85 0.08 0.55 47 764 87 1.77 0.14 0.98 54 85 85 
3 2.09 0.12 0.79 64 86 ot 1.85 0.04 0.98 66 90 } 90 
aa 0.08 0.77 58} 81 8 2.03 0.14 0.98 644 89 89 
ca 0.12 1.10 73 90 95 2.17 0.04 1.02 76 924 924 
264 0.08 1.06 664 86 924 2.34 0.16 1.20 734 92 92 
20 0.12 1.3t 774 914 96 2.40 0.04 | 1.26 79 94 94 
0.08 1.30 724 88 93} 2.58 | 0.16 | 1.44 77h 93 93 





























Fig. 5 (page 290 ante) works for about two years with only 
the renewal of the spring rings on the valve spindle. 

It is customary, when not otherwise specified, to make 
the size of the high-pressure cylinder of the compound 
the same as that of the cylinder of an ordinary locomo- 
tive. Such engines are found to haul from 5 to 10 per 
cent. heavier trains, while saving about 10 per cent. of 
fuel. The tender may be left the same size, thus allow- 
ing the engine to run further with the same water and 
fuel. There is therefore an extra weight due to the in- 
creased size of the low-pressure cylinder, piston, and 
receiver, and the combined intercepting and starting 
valve; less one steam pipe in the case of outside cylinders, 
and the difference between a single and a double exhaust. 
Compound engines for new railways, where it would not 
be necessary to take into account existing engines and 
tenders, could be built at less weight and less cost for the 
same power, owing to their greater efficiency. Compar- 
ing, for instance, the compourd goods locomotive illus- 
trated in Fig. 1 with the ordinary engines weighing full 
about 364 tons ; as there is a saving of from 144 to 20 per 
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cent. of fuel, the grate area and heating surface may be 
reduced in proportion, and also the boiler slightly ; and 
the boiler not being so large will bear a somewhat higher 
ressure, while the weight of water in it will also be less. 
hese items make a considerable difference, for the boiler 
alone weighs about 8? tons, and the water it contains 
about 2 tons 8 cwt., making a total weight of 11 tons 
3cwt. ; of which about 14 tons may be saved with the 
compound. Again the motion work, springs, &c., may 
be made somewhat lighter, as the strain on the compound 
is not so great as on the ordinary engine. Without 
taking this into consideration, however, there is a saving 
in metal of about ?ton in the boileralone. The tender of 
the engine illustrated in Fig. 1 weighs about 13 tons 3cwt., 
and the water about 7 tons 6 cwt. when full, making 
204 tons; 20 per cent. off is about 4 tons2cwt. Here 
again there is a saving of say 2tons of metal in favour of 
the compound. Thus the saving of metal in the engine 
and tender amounts to about 3tons. The cost of the 
compound for the same power is thus brought to about the 
same as that of the ordinary engine, or rather less. The 
engine and tender being lighter and requiring less coal 
and water, there is a consequent saving in the hauling. 

In Fig. 21 (page 313) is illustrated a compound passenger 
engine now working the Scotch express on the North- 
Eastern Railway between Y ork and Edinburgh, being one 
of Mr. Worsdell’s compounds specially designed for this 
service. The cylinders are 18 in. and 26 in. in diameter 
with 24 in. stroke, and the driving wheels 6 ft. 8Zin. in 
diameter. 

In Figs. 22 and 23 is shown the smokebox end of a com- 
pound passenger engine on the Santa Fé and Cordoba 
Great Southern Railway, having outside cylinders with 
the steam chest above, for which the steam distribution 
is given in Table XVI. : 

n Table I. are given the number, class, and principal 
dimensions of some of the compound o—— on this system 
on various railways. Tables II. to XII. show the actual 
saving on some of these lines, 

In Tables VIII. and IX. are shown the results of the 
comparative trials on the Buenos Ayres and Rosario Rail- 
way with the compound passenger engine, No. 34, built by 
| Messrs, Beyer, Peacock, and Co. from the designs of Messrs, 
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James Livesey and Son, This engine is one out of six ordi- 


nary passenger engines that were being built, of exactly the | 
same class, and was compounded for the purpose of giving | 


the system a trial. The weight of train and conditions 


TABLE XVI.—Sream DistriguTion in CoMPounpD 


exigencies of the country it is destined for. These modi- 
fications he has found, after a number of years’ experience 
as locomotive superintendent in that country, to be of 
importance; but their enumeration might prove tedious. 


LocoMOTIVE ON THE Santa Fg AND CoRDOBA GREAT 


SourHerRN Raliway. 
Angle of eccentrics, forward 60} deg., backward 61} deg. Boiler pressure 170 lb. 





HiGu-PRESSURE CYLINDER. 

16 in, in diameter by 24 in. stroke. Clearance in 
0.94 in.; bottom, 0.81 in. Slip of die, top, 
bottom, 0.69 in. Stroke in mi 
lap, 1.12in. Inside clearance, 0.25 in. 
12.87 in. Length of lifting link, 14.06 in. 


See Figs. 19 
and 20. 


Maximum 
Opening of 
Steam Port. 


Notch in 
Sector. 


5 


| Cut-off, 


gear, 2.63 in. 
Width of ports, 


Percentage of Stroke. 


Low-PRESSURE CYLINDER. 
link, top, |23 in. in diameter by 24 in. stroke. Clearance in link, top, 
0.81 in.;| O.3lin.; bottom, 0.94 in. Slip of die, top, 0.81 in. ; 
Outside} bottom, 0.62in. Stroke in mid gear, 2.56in. ; outside 
lap, 1.12 in.; inside lap, 0.00in. Width of ports, 
17.00in. Length of lifting link, 14.64 in. 





Percentage of Stroke. 
Maximum 

Opening of 
Steam Port. 


Travel 
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* For backward gear the full-gcar ncich is the only one cut in the sector. 


of running were the same in both cases. The result has 
been that six more compounds of the same class have been 
ordered. 

In August, 1888, a special report was received that this 
compound engine, No. 34, had then been in constant 
service for a period of fifteen months, and had run about 
62,000 milee, and the results had been very satisfactory. 
During that time the engine had been chiefly employed 
with the mixed and passenger trains between Buenos 
Ayres and Baradero, the speeds being respectively 25 and 
30 miles per hour, exclusive of stoppages, while the loads 


hauled were in the mixed trains fifty axles as a maximum | 


and in the passenger trains twenty-six axles as an average. 
During the four months of February to May, 1888, the 
total mileage was 16,935 miles, the average consumption 
of coal 23.09 lb. per mile, and of oil 8.76 lb. per 


100 miles, the boiler pressure being 160 lb. per square | 


inch. The compound was found to run as steadily at all 
speeds as the non-compounds; the starting valve worked 
exceedingly well, and allowed the engine to get away with 
its load quite as ea-ily as the non-compounds; and the 
compound worked its trains with punctuality. Aftera 
p2rformance of 62,000 miles it appeared to be in remark- 
ably good order. ‘The brass slide valves of both cylinders, 
as we!l as the cylinder valve faces, were found with a 
good true and smooth surface; they had not required any 
repair or re-surfacing, while their wear was small for the 
mileage run, namely, the flange of the high-pressure 
valve, g in. thick when new, had worn down to jt in. full 
at bottom and # in. at top; and that of the low-pressure 
valve, originally lin. thick, had worn down to { in. thick. 
This was altogether a superior result to that obtained with 
any of the five non-compounds, and was thought to be due 
in a great degree to the use of the steam lubricator worked 
from the footplate; but the author considers it is to be 
attributed to the fact of the pressure under which the slide 
valves work being much less than in an ordinary engine 
with the same boiler pressure. The piston rings had once 
been replaced. The eccentric sheaves were still in good 
order, as were also the cast-iron liners. The wear of the 
connecting-rod large end brasses and coupling-rod bushes 
had not been in any way extraordinary. All other parts 
of the motion had given good results, and the engine 
wheel tyres were still in good order. The boiler main- 


tained steam fully with tho blast-pipe nozzle 4.94in. in | 


diameter. 


Four compounds are now being built by Messrs. Kitson 


from the designs of Mr. E. Harry Woods for the North- 
Western Argentine Railway of metre gauge; this is also 
owing to the satisfactory results of the two already at 
work on the line. 

Table XIII. gives comparative cost of repairs; and 
Tables X{V. to XVI. show steam distribution in dif- 
ferent compound locomotives. 

Indicator diagrams from various of these compound 
engines are shown in Figs. 24 to 30. Those in Figs. 24 and 
25 are from a passenger engine on the North-Eastern 
Railway, and those in Figs. 26 and 27 from a goods 
engine on the rame line. Figs. 28 and 29 are from a pas- 
senger engine, and Fig. 30 from a goods engine, on the 
Hanover State Railways. 

In designing the engine illustrated the author has in- 
troduced in the details sundry modifications to meet the 


| The author desires to thank Mr. Worsdell and Mr. V. 
Borries and other engineers for information and statistics 
which have been of great use to him in compiling this 

| paper. 

| THE PHYSICAL SOCJETY. 

|_ AT a meeting of the Physical Society on March 23, 

| 1889, Professor Reinold, President, in the chair, the 

| following gentlemen were elected members: Sir James 
| N. Douglas, Sir Douglas Galton, Messrs. FE. W. Biggs, 

C. Capito, A. C. Cockburn, R. E. Crompton, J. M. 

Gorham, G. C. Giimpel, W. H. Massey, E. Moynihan, 

F, J. Mudford, R. W. Paul, and C. E. Spagnoletti. 

Professor J. V. Jones read notes : 

** On the Use of Lissajou’s Figures to Determine a Rate 
of Rotation, and of a Morse Receiver to Measure the Periodic 
Lime of a Reed or Tuning Fork.” In determining resist 
ance absolutely by the B. A. or by Lorenz’s method, it is 
important to know the speed of rotation at the instant 
when the deflection of the galvanometer needle is observed. 
To determine this an arm carrying a mirror is caused to 
oscillate by a pin placed eccentrically in the end of the 
spindle, and a Lissajous figure is obtained by using 
another mirror mounted on a vibrating reed driven electri- 
cally. Equality of period is obtained when the resulting 
elliptical figure is permanent, and the frequency of the 
reed is determined subsequently. In making the experi- 
ments it is found convenient to control the speed of the 
disc by braking it either with the finger or a piece of 
wood. Thereed consists of a rectangular steel rod 100cm. 
long and section 1.51cm. by .60cm., and the length of 
the vibrating segment can be altered by sliding it through 
aclamp. To permit of this change without altering the 
electrical contacts the latter are formed by two independent 
springs, one of which is always in contact with the rod. For 
determining the frequency of the reed a second pair of con- 
tacts are operated by the vibrator, and the currents 
recorded by a Morse receiver, whilst simultaneously the 
paper receives marks from a pen controlled by a standard 
clock. The limit of accuracy of this part of the experi- 
ment is found to ba one-tenth per cent. due to changes 
in the reed’s frequency. Thisis a serious defect, and the 
author of the paper asked for advice as to the precautions 
necessary to obtain reeds of constant pitch. Professor 
| Ayrton, whilst recognising the extreme importance of 
determining speed accurately, suggested that the incon- 
stancy of the reed may be due to the impulses being given 
at the end instead of at the middle of its swing, and 
recalled an experiment shown before the Society by Pro- 
fessor Perry and himself, in which the pitch of an electri- 
cally driven fork was varied greatly by altering the adjust- 
ment of the contact screw. ehuvieg to Dr. Thompson’s 
modification, where two tuning forks drive each other, it 
was pointed out thit the method requires the synchronism 
of the two forks to be very exact. Mr. Blackley inquired 
whether any doors were opened or closed during the ex- 
periments, as the pitch of a reed is affected by the s‘za of 
its resonance chamber. He also stated that the p'tch of 
reeds driven pneumatically could be maintained con- 
stant to 1 part in 10,000, and mentioned that two forks 
nearly in unison influence each cther’s period when near 


| together, 














Referring to the two forks mentioned by Professor 
Ayrton, Professor S. P. Thompson said it was advanta- 
geous to mount such forks on sounding boxes, for when 
placed at a suitable distance apart they then exert con- 
siderable mutual control. The sketch put on the koaid 
by Professor Jones led Dr. Thompson to suppose that a 
perfect method of driving forks had been devised, for two 
springs were shown touching opposite sides of the bar, and 
such an arrangement might be used to complete the cir- 
cuit only when the reed is in the middle position. He 
also believed that forks give greater constancy than single 
reeds, and mentioned tome recent improvements in which 
one prong of an electrically driven fork is made of phos- 
phor bronze. Mr. T, H. Blakesley, reasoning from ideas 
suggested by Mr. Strch’s experiments on vibrating mem- 
branes, concluded that the periods of forks placed at 
3 wave length apart would not influence each other. In 
reply to a question from Mr. F. J. Smith, Professor 
Jones thought there could be no ‘“‘creeping” of the reed 
through the clamp. He also stated that he had been led 
to use a reed from the results obtained in Delaney’s system 
of telegraphy and the fact that Lord Rayleigh considered 
electrically driven forks satisfactory. 

Dr. Hofford read extracts from the following papers : 

** On the Clark Cell as a Source of Standard Currents,” 
by Professor R. Threlfalland Mr. A. Pollock. The authora 
find, contrary to ordinary ideas, that Clark cells can be 
used to send currents of considerable magnitude without 
the electromotive force being appreciably chenged, and 
have constructed cells which give .001 ampere steadily for 
half an hour. This result has been obtained by increas- 
ing the size of the cell, so that each electrode is about 
5 square inches in area, and the internal resistance is 
about 6ohms. For the ordinary small test-tube cell, the 
resistance of which may be about 1500 ohms, the current 
ought not to exceed .00001. On closing the circuit the 
potential difference drops almost instantaneously to its 
steady value, and when the circuit is opened rises equally 
rapidly to very nearly the original electromotive force. 
The cells completely recover in time. If the curent sent 
be too large the potential difference falls for a time, and 
afterwards rises and tends towards a fixed value. 

‘© On the Application of Clark’s Cell to the Construction 
of a Standard Galvanometer,” by Professor R. Threlfall. 
A large cell, as above mentioned, together with a known 
platinoid resistance, are used to standardise a reflecting 
galvanometer, constructed with a single movable coil 
sliding in guides so as to vary the constant in known pro- 
portions. Two controlling magnets are carried on oppo- 
site sides of a sleeve sliding on a central tube incloring 
the long fibre and a small hollow copper cylinder in oil as 
damper. The tangent law was found by calculation to be 
practically correct up to 15 deg., and the scale is curved 
so as to read tangents on a scale of equal divisions. To 
give this result the approximate polar equation to the 
curve is shown to be r= /f (1+207 62+ .026964), In 
standardising the instrument a known current is sent 
through it from the Clark cell, and the controlling magnets 
adjusted till the spot comes to a fiducial mark on the 
scale. By varying the position of the coil currents rang- 
ing from .001 to .4 amptre can be measured. 

“© On the Measurement of High Specific Resistances,” by 
Professor Threlfall, The chief points dealt with are the 
means for producing thin plates of material of known 
dimensions, the form and methods of magnetising the 
needles, and the arrangement of suspension found 
necessary when great sensibility is required. For pro- 
ducing the plates, two plane platinised brass slabs are 
used and kept at a known distance apart by micrometer 
screws, whilst the material is melted betweenthem. The 
screws are then withdrawn and the resistance determined 
by comparison with a megohm, using different electro- 
motive forces in the two cases so as to obtain about equal 
deflections. As regards the galvanometer, after many 
unsatisfactory attempts to use one made according to the 
Messrs. Gray’s pattern, the coils of that instrument were 
mounted in the ordinary way, and used with an astatic 
combination of magnetised steel dics. Extreme care was 
taken to obtain discs exactly similar, and a pair of electro- 
magnets were made to magnetise them in situ, so as to 
obtain great astaticism. For suspending the magnets, 
quartz fibres were found greatly superior to silk, the zero 
of the instrument being very indefinite even with a silk 
fibre 30in. long. Considerable difficulty was experienced 
in attaching the mirror to the needle on account of the 
distortion produced by ordinary cements. Slow-drying 
white paint was ultimately used and found satisfactory. 

“On the Measurement of the Resistance of Imperfectly 
Purified Sulphur,” by Professor Threlfall and Mr, A. 
Pollock. The apparatus used is described in the previous 
paper, the galvanometer of 16,000 ohms being arranged to 
give one division for 2x 10-12 amperes. A mean of the re- 
sults obtained gives about 11 x 10!% ohms per cubic centi- 
metre as the specific resistance. In performing the 
experiments many precautions were required to prevent 
air current and magnetic disturbances, and paraffin keys 
were found to give much better insulation than ebonite 
enes. In conclusion, the authors enumerate the chief 
points to which attention should be paid in designing and 
using very sensitive galvanometers. They consider it 
desirable to use quartz fibres at least 6 ft. long, to provide 
very fine adjustment for the controlling magnets, whose 
supports should be independent of the suspension arrange- 
ments, and believe the whole should be placed in a thick 
soft iron cylinder. ' a 

Mr. Boys, speaking of attaching mirrors to wires, said 
he found a very onal speck of shellac varnish to be ve 
satisfactory. As regards quartz fibres, Professor Threl- 
fall’s method of producing them differed materially from 
his, and the fibres were much thicker. He considered it 
quite unnecessary to use fibres anything like 6 ft. long, 
and thought 15 in. quite sufficient where the weight to be 
supported was not large. 
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RECORD. 
Comprtep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER TH# ACT OF 1888. 

The number of views given in the Specification Drawings ts stated 
piyen yb term pete where none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

ies of Specifications may be obtained at 88, Cursitor-street, 
-Lane, E.C., either personally, or by letter, enclosing 
ae OOS One a Pe ~ BR Lack, Esq. 
is, ¢ given after the abstract, wnless the 
sealed, when the date of sealing is given. 

Any person may at any time within two months from the date o; 
‘A aiartecnent of ie eaumlanne of ¢ conglete i ion, 

notice at the Patent Office of opposition to the grant of a 
atent on any of the grounds mentioned in the Act. 


STEAM ENGINES, 


916. T. Lockerbie,London. Improvements in Slide 
Valves. (Sd. 8 Figs.) January 20, 1888.—The object of this 
invention is to obtain the maximum of port area with the mini- 
mum travel of valve, and to reduce or relieve the pressure of 
steam usually brought to bear on the back of ordinary slide 
valves. The illustration represents a cross-section of a trian- 

ar slide valve and c ber taken through the usual cavity 
or the exhaust to escape. A is the sliding portion, and B one 
of the set of ports in the rigid face. B! are corresponding sets of 
ports in the two adjustable side pieces C in which are formed sets 
of Laem, communicating with the main steam and exhaust 
passages D through the ports E. Fare two sets of bolts passing 
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through stuffing-boxes in the sides of the chamber to prevent 
escape of steam. These bolts are regulated from the outside and 
are used for taking the pressure of the steam off the back of the 
adjustable side pieces C, and as the faces wear the bolts are 
slacked to enable the faces to come together so as to insure their 
pos steam-tight only, but not with such pressure as to cause 
considerable strain on the valve spindle, and friction on the valve 
faces. Gare two sets of adjusting pins acting on guides forming 
parts of the side pieces C, and are used to keep the faces of the 
es Ein proper position and steam-tight. (Sealed December 
> 


1621. C.H. Benton, London. An Improvement in 
Valve Gear for Steam and other dad Pressure 
es, (8d. 1 Fig.) February 3, 1888.—This invention 
relates to a similar form of valve gear as that referred to in Letters 
Patent No. 5880 of 1886, and consisting of a lever mounted on the 
main crank, and joined to two links, one of which gave motion to 
the valves, and the other was joined to the engine frame, and 
caused the main lever to oscillate about the crank. The object of 
this invention is to obtain a reversing gear. For this purpose the 
vibrating link is in the form of a slotted link, practically infinite 
in length—that is, a slot is cut in the end of the main lever, and 
this slotted end is guided by CD ye joined to the engine frame. 
As the crank revolves the slot end runs to and fro upon the 
pin, and the necessary motion to move the valve is thus obtained, 
or the pin may have guides and the lever travel to and fro in 
them. To obtain the reversing gear it is only necessary to pro- 
vide means to shift the pin from one side of the line of motion of 
the piston to the other side of the line of motion. The distribu- 
tion thus obtained of the motive fluid is exactly the same in 
whichever direction the engine may be made to rotate. (Sealed 
February 22, 1889). 


10,374. F. Kranich, Darmstadt, Germany. Im- 
provements in High-Pressure Rotary Motors. (6d. 
9 Figs.) July 17, 1888.—Within a casing is journalled a shaft W 
on which is keyed a wheel e having in its lg ery recessed 
chambers formed by walls or cross paddles A integral with the 
wheel, and two lateral wings g, 9, having inclined ports k. Around 
the periphery of wheel e is a stationary ring c, having entrance 
ports d communicating with annular chamber b! to which the 
motive fluid is passed. On each side of wheel eare stationary 
annular plates / perforated by exhaust passages k! corresponding 








to the passages & but inclined so as to form an angle thereto 
lying in the cylindrical plane of the wheel e or tangential thereto. 
The frameof the machine is so formed as to permit the exhaust 
motive fluid from the outlets of the passages k! to pass to the main 
outlet. The motive fluid entering the chambers in the periphery 
of the rotary wheel rotates it by impact owing to the inclined 
position of the ports d, and in issuing from the chambers when 
the passages k and k! coincide causes a further rotary force to be 
= to es _— 4 a pew 4 ped direction on 
e issuing motive flui thes! of the said passages. 
January 4, 1889). . m . 


10,943. G. and J. Stones, Smethwick, Stafford. 
Improvements in Variable Automatic Cut-Off 
M m for Fluid Pressure Engines, (6d. 4 Figs.) 
July 28, 1888.—In this invention a wedge, operated by a governor, 
is used in conjunction with adjustable cams, to effect the openin 
and closing of the valve to be controlled. Upon the shaft 1 is fix 

& main cam-plate 8 provided with projecting cams 4. 65 is a cut-off 
cam-plate, revolving on shaft 1, and provided with cams 6. It is 
Connected to cam 8 by screws, so that it may be turncd through 








partof a revolution relatively to cam-plate 3, The cam-plates 3 
and 5 are formed with curved slots 8 and 9 respectively. 10 isa 
curved wedge extending through the slots 8 and 9, and connected 
at ite smaller end to a sleeve 11, capable of sliding on shaft 1, under 
the action of a lever 12, actuated by the sliding sleeve 13 of the 
governor. When the governor is in action the wedge 10 is caused 
to move through the slots 8 and 9 to a pute or lesser extent, 
whereby the cam 5 willbe moved relatively to the cam 8, and the 
position of the cut-off cams 6 will be automatically adjusted in re- 
lation to the cams 4, which effect the opening movement of the 
valve or valves. 14 is a valve rod connected to a piston valve, 
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working in a cylinder, so as to control the passage of motive 
fluid. The valve rod is bent and formed with shoulders 
and furnished with anti-friction wheels, and operated in turn 
by the cams on the cam-plates 3 and 5, By the rotation 
of shaft 1 the rod 14 will be alternately moved to the right 
by the cams 4 to admit of motive fluid passing through the port 
of the cylinder, and to the left by the cams 6 to cut-off the 
supply of such fluid, which operations are effected sooner or 
later ding to the position of the cams6 relatively to the cams 
— cad to the speed of theengine. (Sealed January 
b % 





13,457. J. C. Robertson, Morrisdale Mines, Pa., 
U.S.A. Improvements in Rotary es. (8d. 3 
Figs.) September 18, 1888.—A is a cylindrical case in which isa 
rectangular opening F and two openingsG at the bottom, H is a 

channel extending from the openi F to openings G. Bet 
the openings G is a rotary piston K provided with a peripheral 
groove L, and having in one side an abutment M flush with the 
periphery of the piston, and one of whose sides is inclined as at N, 
the opposite side being curved as at O, provided with an opening 
. In opposite sides of the piston are openings R communicating 
with the opening P. U is a circular case in which is pivotted a 
rectangular valve. The channel H communicates with the valve 
case by an opening Z. The engine is at its initial position = 
, 





annular passage on each side of the centre and so equally balance 
the pressure of the acting flu'd in all directions. e inlet pas- 
sage H communicates with the boss F through the passages z, and 
the branch I conducts the exhaust steam or other acting fluid to 
a condenser, so as to maintain a vacuum within the casingC. The 
steam passes from apertures w in the periphery of the disc into 
the nozzles G, which are so arranged as to direct the fluid in a 
tangential direction as indicated by the arrows, and the nozzles 
are made of such form as to gradually increase in area from the 
apertures w to the orifice or mouth of the nozzle, so as to allow 





the acting fluid to expand whilst passing through them, the nozzles 
being proportioned both as regards area and length to suit varying 
initial pressures of the acting fluid. To prevent radiation of heat 
as between the revolving interior part of the engine and the fixed 
outer casing, thedisc A may be inclosed within an air-tight casing, 
fixed to and rotating with the disc. The disc may be fitted to 
rotate on a vertical shaft, and the nozzles G may be formed on 
the inner face of the disc, in which case the direction of the fluid 
a the reverse to that described above. (Sealed March 19, 
1889). 


STEAM BOILERS. 


504. B. H. Thwaite, pavenpest. Improvements in 
Steam Generators. (8d. 10 Figs.) January 14, 1888.—The 
application of this invention to a steam generator of the Lanca- 
shire and Cornish type consists in providing, in the water space, 
two segments of a tube, radiating from the centre of flue, the two 
segments being disconnected at the top and bottom, so that the 
water can flow ascensionally through the segments between the 
segmentsand the flue. The segmentsare kept in their concentric 

ition, by zinc angle pieces, fixed around the flues. The heat 
rom the sides of the flues induces a rapid ascensional flow of 
the water around the flue sides, removing by attrition any 
deposited calcarious material. The flow of water after its 
ascension through the space between the segments and the 
sides of flue, descends on the outside of ric segments 
tothe lower part of generator. Instead of cylinder segments 
a U-shaped zinc trough may be used, the upper side of which 
is covered with a perforated plate, the invert or trough being 
also perforated to allow the water to flow into the space between 








the longer end of valve bears against the sides N of abut 





the shorter end of valve being between the inlet A' and the open- 
ing Z. When asuitable fluid is admitted through A!', ite pressure 
causes the valve to effect a steam-tight joint with the peripheral 
groove of the piston. The fluid travels in this grooveand main- 
tains its pressure against the abut t, causing the piston to 
rotate. As the piston nears its initial position, the curved face O 
raises the longer end of the valve from the bottom of the groove, 
uncovering the opening P, when the exhausted fluid rushes 
through the openings R into the spaces in the case, and exhausts 
through the openings G. As the longer end of the valve travels 
over the curved face of the abut t, the opening Y of the valve 
case is closed so as to cut off the supply of fluid totheengine. The 
opening Z permits condensed steam to escape from the valve case 
down channel H. (Sealed January 4, 1889). 


16,016. G. W. Cisco, Montvale, N.J., U.S.A. Im- 
aa in Balanced Slide Valves. (8d. 15 Figs.] 

ovember 6, 1888.—This invention relates to valves in which the 
friction is greatly reduced, steam leakage obviated, and in which 
avery small proportion of the steam power will be lost from con- 
densation of the steam. The valve seat A is bolted to the cylinder, 
and is formed with steam ports a, a2, and exhaust port a!. Steam 
enters through two openings a*, a4, opposite the ports; so 
that it passes directly to the cylinder. B is the valve having slots 
b, b!, 08, corresponding to those in the valve seat. The inner 
portion is cut away to form steam rooms 03, b4, 55, which are 
closed at the sides by plates b8, b7, provided with openings. C is 
a bonnet or plate for holding the valve in place, and E is a block 

















secured to the valve by bolts, and moving in Guetes formed 
in the bonnet. One side of the valve chest is removable to 
allow of easy access to its interior. The bonnet is held in place 
by flanges B2, and a plate rests on flange c!. The valve stem is 
held in position by the bolts Gand hI, h?, and wedge I; b!4 are 
grooves, down and out through which the oil passes to lubricate 
the valve. Should the valve become worn 60 as to allow the 
escape of steam, bolts c*, passing through the flanges B*, aud 
bearing upon the valve, are turned down enough to take up the 
wear and render the valve steam-tight; a4 are channels cut in 
the sides of the bottom of valve chest, through which the con- 
— steam may escape as fastas made. (Sealed February 22, 
1 


17,299. A. Morton, Glasgow, Lanark. Improve- 
ments in Steam and other Motive Power Engines. 
(6d. 8 Figs.) November 28, 1888.—This invention relates to re- 
action engines, and consists of a rotating disc A keyed on a shaft 
B and inclosed within an air-tight casing C. The disc A has four 
hollow arms E, extending in a curved direction from its boss F to 
the periphery, the outer ends of the arms being formed with a 
nozzle G. Apertures % are formed in the boss to afford a free 





ing circulation trough and flue sides. In a vertical generator 
is placed in the central combustion chamber a refractory flue or 
retort leaving an annular space between it and the flue sides. 
The flow of combustion first ascerds through the central retort 
and then descends through the annular space to an annular flue 
under the nest of generator tubes, surrounding central flue. 
This annular flue is provided with a series of air-inlet tubes, 
having air regulators, by which combustion can be effectually 
completed. The products of combustion pass up through nest of 
generator tubes, and then through a series of radially arranged 
air heating tubes, by which the sensible heat of the prcducts of 
combustion is recovered. The products of combustion, with 
their temperature lowered, then escape to the chimney. The air 
flowing through the recuperative air tubes meets the gas as it 
leaves the upper end of central retort, and the combustion flows 
downwards between the central flue and the main flue. (Seal-d 
February 22, 1889 


1200. H. Field, Southall, Middlesex. Fusible 
Plug for Steam Boilers, (8d. 3 Figs.) January 26, 1888.— 
This invention consists in the use of a piece of fusible metal tube 
adapted to fit between a cone and a tapered seat. A isa seat 
screwed into a boiler wo X, and having a circular hole formed 
with a shoulder, the hole being tapered from the top edge. Bis 
a cone tapered to coincide with the hole in A, and provided with 
a threaded hole b to receive the screwed end ¢ of the hand screw 
C, on which is loosely mounted a collar abutting against the 
shoulder. A short length of fusible metal is passed over the 
screw c, and the cone B screwed thereon until the taper end 
of the cone just enters the end of the fusible tube which rests 






on the collar. In this position the hand screw with the fusible 
tube and the cone is passed through the seating A from the inner 
side. The hand screw is then turned round to draw the cone B 
down into the seat, expanding the fusible tube, and forming a 
fusible ring between the cone B and the seat A, when it is jambed 
tightly down into its closed iti The ry frictional 
resistance between the cone B, tube, and seat A, to insure the 
handscrew drawing the plug down, is obtained by means of the 
loose collar on the handscrew C. When the ring melts, the cone 
B will drop through seat A, and allowa clear passage for the steam 
toissue. (Seated March 12, 1889). 


10,777. N. B. Clark, Washington, U.S.A., and F. P. 

» Bal Md., U.S.A. Improvements in 
team Boilers and Furnaces therefor. [lld. 20 Figs.) 
July 25, 1888.—The general idea of the boiler is that the shell is 
composed of segmental parts above and below, with their flat faces 
towards each other, the upper and lower members being con- 
nected by water tubes around which the hot gases circulate. The 
o— gases of combustion are utilised to heat the air fed to 
the furnace by ng through narrow channels in the heat inter- 
changer, the air being forced through alternate channels to the 
fire. The boiler sections consist of segmental portions 1 forming 
an arched shell. The shells are connected to flat tube sheets by 
a stay such as perforated plate 8. The arches 1 are also connected 
to side plates 5 which, with inner plates 6, form the walls of a 
water leg or box. The lower edges of plates 5 are secured to the 
heads of segmental water shells 12 running at right angles to the 
segment 1, and are held to tube-plate 9. The space 13 contains a 
number of small water tubes 14, and a shield a little distance 
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above the tubes may be used to prevent priming. 20 are the steam 
pipes. Tocleanthe tubes 14, perforated tubes 26 extend across 
the boiler, and can rotate in bearings by means of a handle. 
They have swivelled connection with pipes 27, controlled by valves 
28, by which a jet of steam or water is thrown against the sur- 
face of the tubes. One end 33 of arch 1 may be spherical, and 
























































SEEESEE 


the other end a portion of an arch ata right angle to the arch 1. 
The door 88 and deflecting a form part of the trunk which 
leads the hot gases from the boiler to the interchanger. The grates 
are supported on tubes 50 connected to the feed pump, so that a 
continuous stream of water is driven through them, and the bars 
52 are kept comparatively cool. (Sealed December 28, 1888). 


11,617. C. Ward, Charleston, W. Va., U.S.A. Im- 
provements in Water Tube Steam Boilers. (6d. 
4 Figs.) August 11, 1888.—The cylindrical ashpit A has a hollow 
ring B supporting grate barsc. Tubes F connect the ring B with 
a drum G, around the interior of which runs a pocket, into which 
the feed water is delivered by a conduit. From the pocket the 
water current descends the adjacent row of the tubes F into the 
hollow ring B, and leaving its sediment therein, ascends the un- 
occupied tubes of the samesystem, and is discharged into the lower 
space of the drums. The angular bottom of drum connects with 


97 








hanging tubes H, and the purified current descends sub-tubes h, 
open at both ends, and being now highly vaporised, it ascends the 
uptake tubes A' and isagain discharged intothe drum. It then 
descends the pocket R, running around the drum, the water and 
impurities draining into and through the tube 7, and the dry and 
pure steam, ascending the annular chamber S, is conveyed to the 
engine. Above the grate door is a hollow arch connected with 
the ring B and also with the system of water tubes above. The 
two casings K and Lare separated to form a non-circulating air 
chamber N, which acts as an uptake for the gases of combustion. 
(Sealed January 11, 1889). 


MISCELLANEOUS. 


2105. B. J. Springuel, Hug, and A. Bollinckr, 
Brussels. Improvements in Means and Apparatus 
for Removing Liquid Produced by Condensation. 
(8d. 3 Figs.) February 11, 1888.—The apparatus consists in the 
arrangement of a receiver connected with the medium, wherein 
condensed liquid is generated or deposited by a flexible metallic 
tube and suspended from one of the arms of a balanced beam, 
whose other arm supports a counterweight sufficient to balance 
the said receiver when not quite filled with liquid. As soon as 
the condensed liquid has filled the receiver it descends suddenly. 
By this movement a valve with a straight spindle, with which 
the receiver is provided, is opened, and the condensed liquid con- 
tained therein is ejected very rapidly. If the pressure of steam 
in the ap) tus is very low the valve is so situated that when the 
receiver descends itsspindle comes in contact with a fixed stop on 
the bedplate below, whereby the valve is opened ; but if a certain 
pressure exists in the apparatus the valve is arranged on the top 
of the receiver. (Sealed February 22, 1889). 


5711. F.A. Hine, Tenafly, N.J., U.S.A. Improve- 
mentsin Eliminators or Apparatus for Separating 
Grease and other Substances from Steam. (6d. 
4 Figs.) April 17, 1888.—This invention relates to the treat t 


reverses, whereby the heavier foreign particles, &c., are deposited. 
The main impurities are arrested by the projections a. The 
portion F of outlet B is provided with similar ridges, inclined 
toward the outgoing current, whereby any finer particles re- 
maining in suspension are caught and returned to well E; the 
ridges creating cross-currents and counter currents of the steam 
upon the surface. The ridges also prevent flowing of the liquid 
on the metal surface tow: oF gery of exit. For this purpose 
a lip or bead bis also provided at the lower end of partition 
D, which carries the liquid particles off to the sides of chamber 
C to point c, whence they gravitate to the bottom. G isa liquid 

uge to indicate contents of well, from which the accumulation 
s removed by a valve H and pipe connected thereto. (Sealed 
November 2, 1888). 


12,960. J. T. Smith and D. Henderson, San Fran- 
cisco, U.S.A. Improvements in Automatic Oilers. 
(8d, 6 Figs.) September 7, 1888.—This invention relates to an 
automatic oiler, and consists of a cup A with a cover B and a 
tube C extending through the bottom, its upper end rising within 
the cup sufficiently to prevent any sediment entering it. The 
tube C is made long enough to reach the point to be lubricated. 
A copper or other metallic disc D is swaged so that one side is 
convex and the other concave, a hole being made through the 
centre. This disc is let into the lower chamfered end of the tube, 
and the end with the disc inside is then set into a swage. The 





convex side of the discis grooved radially, so that the oil may flow 
out therethrough. Within the tube is placed a porous substance, 
and above this is a short left-hand spiral spring E also filled with 
porous substance. The upper end of the tube is screw-threaded 
internally, and a nut F is fitted to be moved up and down these 
threads by a shank or stem G. Oil will not flow out of the cu 
when the shaft is stationary, but the revolution of the shaft 
causes a slight suction through the opening whereby the oil flows 
through, at a rate determined by the closeness of the packing or 
the amount of compression. The nut F is slotted in two or three 
places a on the edge, to allow the oil to passintothe tube. (Sealed 
Desember 28, 1888). 


13,238. A. Thomson, Alloa, Clackmannan. Im- 
provements in Mechanical Stokers, (8d. 4 Figs.) Sep- 
tember 13, 1888.—Coal is fed into the furnace by hopper 23, the 
passage at the bottom being adjustable by means of plates 25 
attached to hopper, and a hand screw 26. The coal is pushed in- 
wards by a pusher 27, sliding on a plate 28 fixed to the top of 
furnace front into a distributing plate 29, which can be adjusted 
outwards or inwards to vary the opening between it and the boiler. 
Two oppositely inclined parts project from the inner edge of 
plate 29 which guide portions of the coalstowardsthe sides. 3lisa 
second pusher sliding upon the plate 7 to which thestationary 
firebars are bolted. The pushers 27, 31, are worked by a rocking 
shaft 32 carried in bearings in cheeks 33 fixed to the furnace 
front. On one end of shatt 32 is fixed a lever made to reciprocate 
by a link 35 connecting it to a crank-pin adjustably fixed to a 
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boss on the inner end of the shaft of wheel18. Two levers 37 are 
fixed to shaft 32, and are jointed to lateral projections on pusher 
81, these levers being in one with levers which work the pusher 
27. The ends of these levers act bet projecti the insides 
of pusher 27, and a front plate 89 connected to pusher by a screw 
40, the position of which determines the effective action of the 
levers on the pusher. Between the pushers are two doors, the 
upper of which can be set in any desired position to admit more or 
less air over the fire, and the lower one is for giving access to the 
interior of the furnace. The firebars 5 are alternately stationary 
and reciprocating, the moving bars being operated by arms 10 on 
a shaft 11, the shaft 11 being worked by means of a lever 16 and 
rod 17 ted toa wheel 18 driven by apinion, (Sealed De- 








of live or exhaust steam, so as to separate ‘oil, grease, grit, or 
condensed portions of the steam therefrom. The apparatus con- 





sists of a shell or casing having a well in the lower Pps and 
provided with an inlet A and an outlet B, C being the receiving 
chamber separated from the outlet by the partition D constitut- 
ing a downward inter-prolongation of the outlet pipe. B th 


cember 28, 1888). 


17,156. J. Whittle, Chorley, Lanc. An Improved 
Automatic Condenser, Economiser, and Feed Water 
Heater for Steam Engines, [6d. 2 Figs.) November 26, 
1888.—In this apparatus b is an exhaust pipe leading from the 
cylinders of a steam engine, and which passes into the lower closed 
end of a tube a, its open end being surmounted by an iron dished 
bonnet csupported on brackets. Above this bonnet is a perforated 
plate d, and the cold water supply pipe, perforated or fitted 
with a water spreader fand a regulating valve g. his the cold water 
cistern fitted with a pipe ¢ for the escape of any steam which may 
not be condensed. & is an automatic water regulator, fitted with 
an overflow pipe J to prevent the level of the condensed water 
rising to the top of pipe db. In this regulator floats a hollow ball 
m connected by rod n toa lever o fixed on the spindle of the valve 
f; The ball can be balanced by a weight fixed in a slot in the 
evero. The boiler feed pipe leading to the pump or injector is 
fixed in the lower part of tube a, and the pipe b is fitted with an 
escape pipe for running off greasy water, &c. As exhaust steam 
from the engine issues from the top of pipe b it meets with the 
descending shower of cold water from the spreader f, causing it 
to b d d, the condensation being further insured by 





D is the well E located at the point at which the deflected current 





ry .t 
the check given to both the steam and the water by the perforated 


plate d, at the same time also raising the temperature of the water. 
As the water rises the float m rises with it, and diminishes the cold 
































water supply, and as it falls more cold water is admitted. (Sealed 
March 19, 1889). 


18,152. G. Spencer, Newton, Chester. Improve- 
ments in Steam Reducing Valves. [6d. 1 Fig.) Decem- 
ber 12, 1888.—According to this invention, a piston B works in a 
cylindrical part of the casing A, and D is a spindle secured to the 
upper part of the piston. Eis ascrewed sleeve surrounding the 
spindle, and fitting into an internal screw in the upper part of 
casing. F is a lock nut; a spiral spring abuts against the 
underside of the sleeve, and against an enlargement on the 
spindle. I isthe valve, J the high-pressure steam inlet, and K 

¢ low-pressure outlet. L is the opening of an air valve, and M 
isa blank flange employed to cover the hand hole N, through 
which the valve and piston may be withdrawn and inserted. The 





flange M may alternately be fixed over the inlet J instead of over 
the opening N when it is desired to admit steam at a right angle 
to the exit, in which case N becomes the inlet. The valve, which 
is of the mushroom or similar type, being connected to the steam 
pipes, steam enters through the inlet, and the sleeve E is rotated 
so as to compress or relieve the spiral spring until the desired 
reduced pressure of steam is observed by a steam gauge on the 
side K of the valve. The nut F is then run down to secure it in 
that position. The screwed sleeve may be rotated by means of a 
spanner fitting upon the hexagon head O of the sleeve. The spiral 
spring may be substituted by a weighted lever, as in a safety 
valve. (Accepted January 30, 1889). 

18,169. G. F. Redfern, London. (0. H. Castle, Indiana- 
oot Ind., U.S.A.) An Improved Steam Engine 
Governor. (8d. 5 Figs.} December 12, 1888.—The stem D is 
connected to a reciprocating valve, and extends through and 
above the hollow shaft B, upon which turns and slides a sleeve E. 
This sleeve E is threaded to receive a nut F. The sleeve I, pro- 
vided with lugs j, turns freely on shaft B. The balls Lare pivotted 
to links K, and are attached to —_ sides of sleeve E by flat 
springs M. The sleeve I is rotated by bevel wheels and a pulley 
from the engine. A bracket S is pivotted at X to lugs¢. _Onearm 
of this bracket carries a spring U, whilst the other is provided with 
aset screw V impinging against the end of a lever W. The end 
of the spring enters a groove in a collar Y secured to the stem D. 
The balls tend to move outwards and downwards, and this tendency 
is resisted by the springs M and the sliding sleeve E, 80 that the 





balls move outwards in a nearly horizontal path, and the springs 
being put in tension, the sleeve and the valve stem are drawn 
down, thus closing the valve. The maximum speed at which the 
valve is closed is regulated by the screw V, the bracket S, and 
spring J. The lever W is so placed as to allow the screw to rest 
against its end, the resulting tension of the ig U, which sup- 

rts the weight of the valve stem D, and collar, holding the 
latter against its seating in the nut F. By adjusting V the tension 
of U can be varied for the different speeds required. Should the 
belt be broken, an idle pulley G resting thereon will drop, carry- 
ing with it the rod, until the lug 5 on a collar fastened to the 
rod strikes the lug 7 and moves lever W upwards against the 
frame, or downwards against the collar Y if the position of the rod 
is reversed. (Accepted January 30, 1889). 


UNITED STATES PATENTS AND PATENT PRAOTICE. 

Descriptions with illustrations of inventions patented in the 
United tes of America from 1847 to the present time, and 
reports of trials of t law cases in the United States, may be 
consulted, gratis, the offices of ENGINEERING, 35 and 36, Bedford: 





street, Strand. 
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THE THEORY OF THE STEAM 
ENGINE. 
(Continued from page 295.) 

Ir is of such vital importance that this question 

of internal work be thoroughly mastered that we 
will treat it in a somewhat different manner to 
obtain the necessary equation, without which 
questions of thermodynamics become only so much 
guesswork, 
_ We will now consider only one pound of fluid 
instead of two separate pounds, and let us suppose 
(see Fig. 4, which for convenience of reference we 
republish from page 294 ante) it to change from the 
state 1 (i.e. P,, Vj, ¢,) to the state 2, the heat being 
applied in such a way that the pressure and volume 
vary as shown by the line 1 ¢ 2, and now let us 
compress it back and abstract heat from it in such 
a way that the change is shown by 2d 1. 

Now the last part of the process is an exact 
reversal of that represented by 1d2; the heat 
must be abstracted during 2 d1 in exactly the 
manner that it would be supplied to produce 1 d 2, 
and external bodies must at every instant apply 
to the fluid exactly the pressure which in the 
expansion 1d 2 the fluid would apply to them. 





Soon! 
Hi 


|_— ' 
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This will no doubt be admitted as self-evident, and | its original state as regards pressure, volume, and 
we from it see that | temperature, and that being so, it is impossible to 
Heat abstracted from fluid during 2d1=heat which | CONnce:ve that any change can have taken place in 
would be added to produce the change 1 @2. |its internal energy ; we have not now to consider 
External work done on the fluid during 2 d 1=external | even two pounds of fluid at the same P, V, and t; 
eanin- WAS samy RAAL GCS eN Sitng 2 ain. | tet ha eeneely Mo mune pound pense este 
ternal energy it would require to be su Soli ed with | tinguishable from what it was when it commenced 
during 1 d 2. | the cycle, and we say then that on the whole no in- 
0 ternal energy can have been added to or subtracted 
' from it. 

Now before going any further we may say that 
jif the preceding reasoning be rejected, then for 
| those who reject it there is not, nor is there ever 
‘likely to be, a satisfactory theory of the steam 
|engine; any one who can conceive a pound of 
|steam or any other fluid at a given pressure, 
| temperature, and volume, as containing in itself 
|a different amount of energy from what it has 
| when again brought to the same pressure, tem- 
LP, | perature, and volume ; any one, we say, who can 

| conceive such a thing may at once leave the perusal 
ere « of these articles, because it is on this base that all 
x | our reasoning willstand. Let it be noticed we say, 
Now consider the whole process, or, as it is called, lin itself, that is, utterly independent of the whole 
cycle of changes, what is the total effect ? i 
First, on the fluid itself. 


=internal work done during 1 d 2, 


© 








x. 





t remainder of the universe, as was the internal 
This has returned to! energy of our system of balls and elastic string; 
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a puu.d uf steam at the top of a boiler has more 
energy that it had when at the water level, because 
of its position higher up, but this extra energy 
depends on the earth, and if the earth was anni- 
hilated it would vanish; but the pound of steam 
would still have energy if the whole universe 
except itself and its containing vessel were anni- 
hilated, and this energy it could exert by, say, 
stretching of its containing vessel, if that be ima- 
gined elastic. Now it is this energy we mean by 
internal energy, and which we say cannot be con- 
ceived as altered when the pound of fluid, steam, 
or whatever it be, returns to its original pressure, 
volume, and temperature. 

Proceeding now with our consideration of the 
total cycle we have, 

Secondly, the effect on external bodies. During 
the change of state represented by the line 1 ¢ 2, 
Fig. 4, there has been done on external bodies an 
amount of work represented by 1 c 2 b a, and during 
2 d1 these bodies have returned an amount 2d 1 
ab; the total effect is that we have done on them 
work 1c 2d; this is in fact a kind of indicator 
diagram, differing slightly however from an ordinary 
one, as we shall see further on. 

We have then for the whole cycle : 

Heat expended =external work done only 
=le2d. . . . ) 


For the part 1 ¢2: 


Heat expended on fluid=internal work of process 
le2+lce2ba , . ’ 


For the part 2d 1: 


Heat given out by the fluid=internal energy 
given outduring2d1+2dlab. (3) 


and we have seen that this 
=internal work of process 1d2+2d1ab. 


The heat expended of (1) is of course the difference 
between that of (2) and the amount restored as 
given by (3), whence we get, equating these : 
led 2=internal work of 1c 2-internal work of 
ld2+le2ba-2dlab, 
and hence, 


Internal work of 1 c 2=internal work of 1 d 2. 


Now we have not in all our work made the 
slightest restriction on what the shape of the curves 
1ec2and1d 2 are, nor on the nature of the fluid 
dealt with, while we have conclusively shown that 
the energy which must be expended on the internal 
changes of a pound of fluid to bring it from one 
given state to another given state, does not depend 
in any way on the manner in which the change 
is brought about, but is dependent only on what 
the two states, initial and final, are, and of course 
on what kind of fluid it is. We propose now to go 
on, and show how, by means of this principle and 
the equation, 

Heat expended =internal work + external work, 
quite 90 per cent. of the ordinary questions relating 
to the expenditure of heat and liquefactions, &c., 
in a steam engine can be solved. These principles 
represent our sole tools so far as theory is con- 
cerned, and thus any results we can obtain by 
their use will certainly not be open to any objection 
as to their assuming the steam engine to be a 
Carnot engine, or that steam is a perfect gas, 
because we have not said anything about either 
Carnot or a perfect gas, although we may state 
that it is to Carnot that we are indebted for the 
conception of the cyclical process such as we have 
just been considering. 

We will proceed now to consider one particular 
kind of fluid, viz., H,O (we putit thus not because 
we shall trouble about its chemical composition, 
but because we shall consider it in two states, as 
water and as steam, or a mixture of the two; thus 
when we wish to speak of it without indicating 
exactly the particular state it is in, we may use 
H,O as a convenient expression including all 
states), and that being so we must inquire what we 
know about this particular fluid ont its behaviour 
under the action of heat. 

Fortunately our knowledge is fairly full (although 
not full enough for all purposes), and for this we 
have to thank Regnault, and, under Sir William 
Fairbairn, Messrs. Tate and Unwin. 

We will examine first what Regnault has told us, 
and we will first put the case in an extremely simple 
form, examining afterwards how the actual experi- 
ment agrees with our simple hypothetical one. 

Let Fig. 5 represent a cylinder containing 1 Ib. 
of water at 32 deg. Fahr., on top of which is a 
piston of area A square inches, and loaded so as to 








produce with its own weight a total load P lb. on 
the surface of the water, or a pressure of p lb. per 


square inch, p being equal to a" To the cylinder 


we will apply heat, then the effect will be a gradual 
rise of temperature of the water to some tempe- 
rature ¢t°, the piston remaining practically still 
(there will, of course, be a very slight rise due to 
the expansion of the water, but this is negligible). 


‘ 
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Fig. 5. iP 
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After a certain time, however, we observe that the 
temperature no longer rises, but instead of an 
increase of temperature the water begins to turn 
into steam and the piston to rise ; a point in this 
second stage is shown by the second view in Fig. 5. 
This stage lasts till every drop of water has turned 
to steam, at which instant the condition of things 
is that shown by the third view on Fig. 5; the 
cylinder then contains 1 lb. of steam at the pres- 
sure p and temperature ¢°, i.e., the temperature 
which has been constant all through this second 
stage. Now before the temperature ¢° was reached 
there was no steam at all, consequently ¢° is the 
lowest temperature at which steam of pressure p 
can exist ; also, the volume at the instant when 
the last drop of water is evaporated is the least which 
a pound of this pressure steam can occupy, because if 
we want to decrease the volume keeping p constant 
we can only do so by exactly reversing the process 
we have just gone through, i.e. by abstracting heat 
and allowing the steam to gradually condense. If 
we continue to add heat the temperature begins to 
rise again and the piston goes on rising to an in- 
definite extent ; the steam then at the end of the 
second stage is at its least temperature and least 
volume, or the same thing, greatest density, and in 
this state it is said to be saturated, and there being 
no moisture present we say it is dry saturated. In 
the state shown in the second figure, or at least 
if the water there shown resting quietly at the 
bottom be mixed up with the steam, the whole is 
sometimes spoken of as wet steam, and would be 
called a pound of wet steam, but seeing there is 
not a pound of steam at all, but a mixture of 
saturated steam and water, we will not use this 
term but will always speak of it as a mixture, we 
shall then not need to use the term dry saturated 
steam, but saturated steam only. 

We have said that at the end of the second stage 
a third process or stage begins, the temperature 
rising and volume increasing under the continued 
application of heat ; the steam is then at a tempera- 
ture higher than that of saturated steam and is 
hence called superheated steam, and it is with 
regard to this state that our knowledge is deficient 
—we know little about superheated steam. 

Next we may state shortly the characteristics of 
the three stages we have seen to exist : 

1. Water remains water, piston still, temperature 
rising. 

2. Water turning to steam, piston rising, tempe- 
rature stationary. 

3. Steam superheated, piston rising, temperature 
rising. 

al the results we obtain from Regnault’s ex- 
periments are as follows, for any given pressure : 

1, The temperature ¢° at which stage 1 ends. 

2. The heat necessary for stage 1. 

3. The heat necessary for stages 1 and 2 toge- 
ther. 

Whence of course we deduce the heat for stage 2, 
and we denote these quantities by certain names 
and will represent them by certain letters. 

The total heat supplied for stages 1 and 2 is called 
the ‘‘ total heat of evaporation at ¢° from 32 deg.,” 
recollecting that we commenced at 32 deg. Gene- 
rally we drop the last four words, but we must 
never forget that they are understood. We denote 
this heat by H. 

The heat supplied for stage 2 is called the 





‘latent heat of evaporation” at ¢, or shortly the 
latent heat, and we denote it by L; the heat of 
stage 1 has no special name but is denoted by h, 
and if not otherwise specified H, L, and are ex- 
pressed in thermal units. 

Now in obtaining the first two results above named 
there is no theoretical difficulty for the first, since 
the temperature ¢° remains constant all through the 
second stage ; we have only to insure that we have 
the conditions of the second stage, i.e., steam in the 
presence of the water from which it was formed, 
and this we can do by raising steam in a boiler con- 
taining much more water than we want to evaporate. 
We then measure a series of pressures and cor- 
responding temperatures, and we have the first set 
of results, and these results are set forth in the 
usual tables of pressures and temperatures, and we 
may notice here that we do not require to know 
the volume of a pound of steam to determine the 
temperature, so long as we know that the steam is 
saturated, not superheated. 

We have said there are no theoretical difficulties, 
but it must not be understood that we assert the 
experiment to be an easy and simple one; such 
would be far from the truth ; great care and thought 
have to be taken to get results which are accu- 
rate, but the consideration of these is outside the 
scope of our present articles. 

The second set of results, viz., the necessary 
heat supply for stage 1, is also theoretically easy to 
obtain, and we shall not go into the process at all, 
simply stating the result, which is that h can for 
nearly all practical cases be reckoned as ¢ — 32 ther- 
mal units, but is accurately rather more, the exact 
value being given in a table to be found, we pre- 
sume, in all treatises on this subject. If the specific 
heat of water were uniform each degree rise of 
temperature would require one thermal unit and the 
rise from 32 deg. to ¢°, t—32 thermal units, but 
actually the specific heat increases as ¢° increases, 
and so h is more than t—32, 

For the third result, however, we have not such a 
theoretically simple process; first we must supply our 
heat from a furnace or lamp of some sort, and how 
can we measure what quantity of heat is produced, 
and then again how much of this goes into our water 
or steam ? The answer is that we cannot do either, 
and we are thus met at once by a decided obstacle ; 
to get over it we have recourse—as we had in our 
cyclical process—to the consideration of the connec- 
tion between a process and its inverse. In the simple 
case we have illustrated let us at the end of stage 2 
begin to exactly reverse our process, taking away heat 
from the steam and so causing the steam to condense 
and the piston to descend again; by taking heat 
away as we formerly added it, we can exactly reverse 
the whole process and return to 1]b. of water at 
32 deg., and it is plain that in so doing we shall take 
away exactly the same amount of heat that we 
originally put in. Now we can measure the amount 
of heat taken away in the reverse process, and 
hence we obtain the value of H which we require. 
We must particularly notice, however, that the 
process must be an exact reversal, otherwise our 
reasoning is of no value. 

Now to examine what Regnault actually did ; for 
our purposes the sketch (Fig. 6) represents his 
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apparatus. A is a boiler heated by a lamp, B is 
the steam pipe carried through the water in coils 
so as to insure that the steam leaving the boiler 
shall neither contain any water nor be superheated, 
i.e, that it shall not be at a higher tempera- 
ture than the general contents of the boiler. 
is a copper vessel in which the steam condenses ; 
actually in Regnault’s experiments C consisted of a 
pair of globes, but for simplicity we have taken it 
to be acylinder, and will suppose it to be of such a 
size that from a b toc d contains just 1 1b. of the 
steam being experimented on at the time considered. 
C is immersed in a known weight of water ata 
known temperature. : 

We will now consider the moment at which the 
steam pipe and calorimeter C haye just become 
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THE SPANISH TORPEDO BOAT TRIALS. 
TABLE III.—Parrticutars or Torpepo Boat Exectric Licut INSTALLATIONS. (See page 346.) 
| fe Arc LIGHTs. INCANDESCENT LIGHTS. 
| | ° gaa —_ “Sains ee 
j 2 _ . 
iain 3 Ps ie “i 3 | £ | 8 | Number of Lamps. oni 
| - : s ° i 3 i 
Boats. | a. | namo. ee. = ES é 2 2 } Se boaipes ioe ‘on - REMARKS, 
| = - 2 i . 
| s cele) (2i2i3i| i 2/2 lg! 4 
= 2 6S a 6S : <= } 
| e EslElSlE 2leiajeigizia is | | 
| | 2 ja l2isl<eialeiei<laje a | 
H es Ib. fH seape Ss ht a es } ee ad al aj 

Ord | § April 19, 1888 | Victoria | Brotherhood |Mangin| 15.4 |1000| 60 | 33 1980/1000 55 | 15 | 825] 20 18 | Edison | None . At 1000 revolutions the speed was somewhat 

rdonez 7m pe eee aa ns -- | 900} 55 | 33 1815/9000; 53 | 13 | 689] .. | ..  20-candle| aa § | forced, but at 900 everything worked well. 

Haleo May 5, 1888 | Victoria | Brotherhood |Mangin | 13.23 900} 42 | 24 1008) .. | .. | .. | .. | -. |.. | Swan | None \ Between 900 and 1000 revolutions the light was 

sc ale { * oe ea = -+ {1000} 53 | 36 |1900} 950) 48 | 18 | 864) 20 | 18 | 20-candle| ee | good. 

Acevedo .. mt | | ae) FR Wa Be Ee ee ee Pes None Approximately the same results as the Ordonez. 

Azor = ee | Nas a | None The engine in this boat had to be sent away for 

| | | repair. It was erected again during the last 
| | | daysof the experiments, but only the electric 
| | lighting was set to work, the results being 
| about the same asin the Halcén. The search 
| ret aed | light does not work well on account of 
| | | | damage. 

Rayo -°..| May 15,1888 | Parson Parson Mangin | 15.4 | .. |55 | 29 ame -« | 50 | 20 |1000) 20 | 20 | None The Ley ey of revolutions could not be taken. 

| G ght. 

Destructor | May 12, 1888 Edison Tower a 15.4 | 900| 62 | 50 |3100) .. Pl eet ee 2 | oe Has official data, Good light. 

| which do not agree | 
| | with practical re- 
| | sults 

Retamosa May 12,1888 | Victoria | Brotherhood a 15.4 | 900, 50 | 30 |1500| .. None Fair light. The incandescent light did not work, 

the circuit being damaged. 

Ariete --| May 18, 1888 Parson Parson re 15.4 | None Shortly after the arc light began to work the 

| | wire sheath of the armature broke owing to 
| | | rusting of the wire, and remained fixed 
| | between the poles. The coil having been 
mended was fitted on the last days of the ex- 
periments, and worked well. Results similar 
| to those of Rayo. 

Barcelé wthues Pee ares wre we - None In consequence of the work done to the boiler in 
| | Cadiz the circuit had not been fitted again, 
| nor had it been examined. 

{ H i 




















~“Ke a result of the minute examination made in perfecting the insulation in respect of dynamos and instailations, it appears that all those on board the torpedo boars are in so bad a state that it is 
not to be expected they should be found in good working order when they are required, as there are many causes conducive to the deterioration of electric lighting plant on board this class of ship. 


filled with steam before any has condensed, and see 
what happens to the pound of steam between « b and 
c d; this pound is a pound of saturated steam, and 
it is at its surface c d pressed on by other steam so 
that the pressure is p lb. per square inch ; it is 
then exactly in the state of the end of stage 2 in 
our simple case, because it is perfectly plain that 
the material of the piston does not affect the process. 
Instead of the surface c d pressing against metal, it 
presses against steam, but there is no question of 
interchange of heat between the piston and the 
pound of steam a bc d, both being at the tempera- 
ture ¢, and so we say the cases are identical to com- 
mence with. Also they are identical right through, 
the pound a b cd having heat abstracted from it, 
will condense, the surface c d of the steam piston 
pressing it down till it is all water, and then its 
temperature will fall till it reaches 32 deg., if that 
be the temperature of the outside water; actually it 
does not fall to 32 deg., but to some other tempe- 
rature t°), and so we have only reversed a part of 
the process, but we can deduce the result of the 
total very easily. 

We have spoken of a pound of steam for the sake 
of definiteness, but of course the actual weight does 
not affect the reasoning. We have shown that all 
the steam condensed is condensed by a process the 
exact reverse of that which would be necessary to 
raise it from water at t’) to water at ¢°, and to then 
evaporate it at this constant temperature ¢° and 
corresponding pressure p; of course in the actual 
case, before the steam abcd has cooled to water 
at ¢°5, the surface c d of what we have called the 
steam piston will have changed to a water surface, 
but it will still press on the top of the pound with 
a pressure p. Also in the globular calorimeter ac- 
tually used, the area of the steam piston surface c d 
changes as the pound or ounce, or whatever weight 
of steam it may be in the globe, is condensed, but 
the pressure per square inch does not change, and 
it is this, not the total pressure, which determines 
the state of the steam. 

We have then proved that the amount of heat 
which Regnault measured as given out by 1 Ib. of 
steam to the water in the calorimeter, in changing 
from saturated steam at pressure p, temperature ¢° 
to water at t°,, is exactly the total amount neces- 
sary to raise 1 lb. of water from ty to ¢°, and to 
evaporate it at that temperature under the pressure 
p lb. per square inch. Our next task will be from 
this to see how we may deduce the value of H and 
L. We have seen that Regnault determined the 
heat necessary to raise 1 lb. of water from some 
temperature t’, to the temperature ¢t, and to then 
totally evaporate it at that temperature ; now let us 
see how we should denote this amount of heat 
which we will callQ. We have 


Heat necessary to raise 1 Ib. 
from $2deg. tot’ and then 
evaporate it 

But 

Heat necessary to raise 1 lb. 

from 32 deg. to t°, 
Or approximately, t. — 32. 


total process, and therefore | 

Q = H ad ho . | 

Knowing then Q and h, from experiment we deduce | 

the value of H, and obtain a table of values; we can | 
also represent H by a formula, viz. : 

H = 1091.7 + .305 (¢ — 32) British thermal units. | 

The increase of total heat of evaporation per degree | 
rise of temperature of evaporation being constant, 
we must here guard against a possible source of | 
error. The statement we have just made means, to 
take a definite example, this : 

The heat required to raise 1 lb. of water from 
32 deg. to say 213 deg. and then evaporate it under 
the corresponding pressure of 14.99 lb. per square 
inch, is .305 thermal units more than that required 
to raise it from 32 deg. to 212 deg. and evaporate 
it under the pressure of 14.7 1b. per equare inch ; 
to raise it to 214 deg. and evaporate under the 
corresponding 15.29 lb, would be .305 thermal units 
more again and so on, but we have not the least right 
to say that to change a pound of saturated steam 
from 212 deg. and 14.7 lb. pressure to 213 deg. and 
14.99 lb. pressure requires the expenditure of 
.305 thermal units, nor to take the reverse case, 
that in changing back the steam must give out 
.805 thermal units. We are not going at present 
to say it is not so, but merely to state most 
decidedly there is nothing in our experimental re- | 
sults to warrant us in saying that it is. We insert 
this warning because we have seen it stated by a 
writer professing to treat of this subject, in dis-_ 
cussing the subject of expansion, that the steam | 
can only give out the difference of total heat, as if | 
this were an axiom. Now Regnault’s experiment 
has nothing at all to do with steam of one kind 
changing to another kind ; it is essentially one in 
which, for each separate experiment, steam of one 
kind only is produced, and therefore, leaving | 
entirely out of view the question of the truth or| 
otherwise of such a statement, it is at any rate clear | 
that it will require some kind of a proof before | 
being accepted. 

We have seen now, then, that we have obtained 
the values of h and H for any given temperature. 
There only remains to find L, and this being for 
stage 2 (evaporation), is simply the difference 
between the total H and the heat for stage 1 (rise 
of temperature of water) h. We have then 


L=H-A, 











| 
| 


= H British thermal units. | 


= ho British thermal units. | 


Evidently Q is the heat for the remainder of the | 


If h were exactly t- 32 we should have, by sub- 
stituting for H, 
L=1091.7 +.305 (¢—32)—(¢—32) 
=1091.7 — .695 (¢— 32) ; 
but, allowing for the value of h increasing, we have 
a better formula : 
L=966—.71 (¢-—212), 
exact at 212 deg., and near enough at other tem- 
peratures. 
(To be continued.) 





SPANISH TORPEDO BOAT TRIALS. 
(Continued from page 298.) 
I. Torrepo Freina. 

THE practice with the Whitehead consisted in 
firing thirty-five torpedoes with the torpedo boat 
anchored, and forty torpedoes with the boat mov- 
ing between two buoys placed 65.6 ft. apart. The 
number of hits scored was 75 per cent. 





TaBiz II. 
cs ne 
torpedo [bE lesle$| x ' 
Ba 32 FEE @ Nature of Serious Damages. 
\Bs es FI 
27 63") = 
Ordonez .. 12 | .. | 1 |Through throttle valve not being closed 
| the torpedo went ashore. 
Acevedo .. 10) 
Barcelé 8 
Retamosa . .| 
Ariete ..| 10 | 
} |Faulty in construction. The covering 
Rayo ... 10! ..|1)| of the flooding chamber being rolled 
Azor .., 8| 1|..)| up, due to the push and thrust of 
| propellers. 
Haleén ..: 11) .. | 1 |Throvgh the torpedo being prevented 
| from escaping from the tube. 
75] 2| 8] 





' 


The trifling damages were due to dents caused 
principally in picking up the torpedoes, the absence 
of a screw, or bending of a rod, small matters which 
can be quickly put to rights. 

‘‘The torpedo boats were fitted with two bow 
tubes, and of the above shots, six were fired simul- 
taneously, i.e., both torpedoes at once, as would 
be the case in a real attack, and these shots gave 
excellent results; further considering that the 
number of hits was 75 per cent., there is no doubt 
that if the torpedo boat takes up its position pro- 


'perly, and fires its two torpedoes simultaneously, 


one of them will attain its object, ie., strike the 
enemy’s ship.” 

Good results were also obtained with the White- 
heads when discharging them from the torpedo 
boats steaming against a head sea at the rate of 
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PORTABLE ENGINE FOR ELECTRIC LIGHTING PLANT. 
CONSTRUCTED BY MESSRS. CLAYTON AND SHUTTLEWORTH, ENGINEERS, LINCOLN. 





14 miles per hour, and also from one of the boats 
with the sea on the beam and rolling from 25 deg. 
to 30 deg. It was also found that the time neces- 
sary to place the two spare torpedoes in the tubes 
occupied from 8 to 16 minutes, depending on the 
amount of room there is on the deck room, and on 
the amount of rolling. This operation, the report 
states, should always be executed out of sight of 
the enemy ; this actually means that the measure- 
ment of the fighting capacity of the torpedo boat 
for any one attack is the number of tubes it is a 
vided with, and not on the number of torpedoes 
carried, which of course includes the spare ones. 
The writer of the report expresses his entire satis- 
faction in the Whitehead (Schwartzkopff) torpedo 
as supplied to the Spanish Navy, and deprecating 
any change, he goes on to say : 

‘* It is my opinion, considering the giddy nature of 
the spirit of change which characterises the present 
time, and which is ever on the look-out for innova- 
tions, any such which strive to break down the 
unity of the torpedo material which we now possess, 
and which is equal tothat of other nations, should 
be received with calmness and reserve. . . . I con- 
sider that after such large sums of money have been 
spent on the purchase and construction of the 
weapon, on studying it, and practising with it, no 
change involving an alteration of type should be 
carried out, before it has been iemonstrated ex- 
perimentally that the type to be substituted for 
that now in use is at least 25 per cent. more advan- 
tageous.”” 

These remarks, though they were more especially 
called forth by the question of adopting steel White- 
heads in lieu of the phosphor-bronze Schwartz- 
kopffs, are worthy of attention on the part of our 
naval advisers, 


II. Setarncn Licurs anp Exectric Lientine. 

The utility or otherwise of the electric search 
light for torpedo boat work was tested in a very 
practical manner in the ~—— manoeuvres, the 
result of which proved not only its utter inutility 
for search purposes, but that its employment became 





(For Description, see Page 348.) 

















a source of danger to the boat using the light by 
reason of its showing her position to the enemy, 
rather than vice versd ; and the result of a conference 
of the commanders of the various boats engaged in 
these night exercises was that the electric search 
light was entirely done away with on bcard these 
ships. The writer of the report states his preference 
for blue lights, Drummond rockets, &c. The Table 
No. III. (see page 345) gives particulars of the 
electric lighting of the different boats of the division. 

The experience gained with the electric search 
light when used from torpedo boats, therefore neces- 
sarily not placed high enough above the water, as 
set forth in the report, demonstrates the immense 
difference between its use in harbour and at sea. 

It was found that in harbour, when the beam of 
light was thrown on the fortifications, breakwater, 
and other objects at distances from 984 yards to 
2780 yards, they were clearly seen, even from the 
torpedo boats adjoining the one which was experi- 
menting with the light. While at sea, and at the 
same distances, the land showed quite confused, 
nor was it possible to distinguish details. Throw- 
ing the beam of light out towards the sea for the 
purpose of discovering ships, the sea had the 
appearance of a brilliant fog; the low position of 
the light makes the beam extend over the water a 
long way, lighting up the water in which the boat is 
travelling, and even the broken water made at the 
bows and passing the sides of the boat; further, 
the light is reflected from the deck, which is lighted 
by a luminous atmosphere which prevents anythin 
being seen in the sector explored by the light, an 
still more so over the rest of the horizon, which is 
plunged in such obscurity that nothing can be seen. 

The electric light failed to discover a torpedo, 
landwards or seawards, though the position was 
approximately known. The electric light fixed the 
position of the boat using it. 

The fitting of the electric search lights prevented 
an object being rapidly focussed, and its movements 
being followed if the object moved rapidly. 

The writer of the report attributes the difference 
of power in seeing objects illuminated by the electric 





search light in harbour and at sea as due to the in- 
fluence exercised by familiarity with the region 
examined, and our experience agrees entirely with 
this view. 

III. Gun-Firine. 


This exercise was confined to the demonstration 
of the (gun) power of the torpedo boat for attacking 
similar vessels, and the experience of these parti- 
cular experiments is only an additional confirmation 
of the well-known fact that in a seaway the 
capability of the torpedo boat to harm a hostile 
vessel of the same class by means of her gun and 
rifle equipment, is extremely limited. 

We however consider it necessary to give a brief 
summary of these experiments, if only as showing 
what a bad record of shooting is possible from 
quick-firing and machine guns when the conditions 
are particularly unfavourable, and possibly the 
gunners serving the weapons are in want of this 
particular kind of practice. 

1. Target: 5.25 ft. high by 1.97 ft. wide. Range: 328 
yards for first three shets; 437 yards for re- 
mainder, 

Weapon: Remington carbine. ; 

Torpedo Boats, oa Te ired. Marksmen, Hi 


oe 


Ordonez... : 9 5 
Acevedo Re 31 9 4 
Barcels ... fs 45 9 3 
Retamosa wen 45 9 2 

149 36 14 


10.64 shots per one hit, or nine hits per cent. 
2. Target: Quarter cask. 
Range: 547 yards. 
Weapon: Nordenfelt four-barrel 1-in. machine gun. 
Remarks: Torpedo boat anchored, and rolling 15 deg. 


to 20 deg. Very slow rate of firing. 
bia Boat. Shots Fired. Hits. 
rdonez 1 0 


0 
8. Target: Section of torpedo boat, 65.6 ft. long, 4.45 ft. 

wide, 8.28 ft. high. Bunker in middle, 6.56 ft. 
long, 2.78 ft. wide, 2.62 ft. high. Bunker carryin 
one ton of coal. Both section and bunker covere 
with sheet iron 0.192in. thick. Two loaded tor- 
pedo heads placed one on each side of bunker. 

Range : 656 yards. 

Weapons: One Hotchkiss 37 mm. Q.F. shell gun. 
Four Nordenfelt 1-in. machine four-barelled guns. 


pa 


aA, Ue 8. 
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MACHINE FOR TURNING LOCOMOTIVE CRANK-PINS. 
DESIGNED BY MR. THOMAS URQUHART, GRAZI AND TSARITSIN RAILWAY, BORISOGLEBSK, SOUTH RUSSIA. 
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(For Description, see Page 348.) 
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‘ 
electric search }i 
owing to tor 
hee 
on ive minutes. : 
> a Weapon. Shots Fired. — Hits. 
Rigel 1 Hotchkiss 10 , a 1 
§ 34 lead 
Barcelo... 2Nordenfelts 130 t 96 steel P 
§ 120 lead 
Retamosa 2 ‘a 244 (124 steel j 
4. Target: Same asin No. 3. 
Range: 383 yards. 
Weapons: 1 Hotchkiss 37 mm. quick-firing shell 
gun ; 2 Nordenfelts 1-in. machine four-barrel guns. 
Pe : Torpedo boats rolling 5 deg. ; 
Sag Weapon. Shots Fired. gl Hits, 
Rigel... 1 Hotchkiss 33 Shell  f 
7 § 212 lead 
Retamosa 2 Nordenfelts 418 asl 62 
The torpedo boat Rigel joined the division for 


this particular exercise only, as she was armed 
with a Hotchkiss gun. 

In considering this experiment No. 4, the report 
favours the Hotchkiss gun because it secured one 
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Remarks: Took place at night ; target lighted upby | hit per 4.7 shots fired ; and the Nordenfelt only 
ght of Halen; not very effective | one hit per 6.7 shots fired. It seems to us, however, 
pedo boats rolling from 20deg. to! that in a gun action between two torpedo boats, it 


is wholly a question of the damage capable of being 
inflicted in the same time by the respective 
weapons, i.e., if the Hotchkiss ten shells would be 
likely to effect more serious injury to the opposing 
,torpedo boat than the Nordenfelt sixty-two solid 
| steel shots, then the former weapon would be the 
|more effective, otherwise though the Nordenfelt 


hits, yet if it inflicts the greater injury it is the | 
better weapon. 

An examination of the target gave the following | 
results : 

1. The plates of greater thickness than 0.192 in. 
show neither breaks nor cracks, 

2. The projectiles went clean through the plates, 
| showing that their force was much greater than the 
resistance of the plates. 

3. Six shots entered the coal bunker but did not 
traverse it, and the projectiles were found in the 
mass of coal at the following distance from the 
point of impact ; 








ft. 
1. Steel projectile ... 2 
2. 99 99 1.34 
3. ” ” 1.9 
4. Lead oe 1.31 
5. on eats leas i 1.04 
6. Hotchkiss shell... Scraps found in the 


coal, but distance they 

had penetrated could 

not be fixed. 
Note.—A mass of coal, when completely compact, offers 
|@ very sufficient resistance to the passage of the pro- 





gun may expend more ammunition for each of its | jectiles. 


4. Seven shots traversed two plates each of 
0.192 in. thick and 2.78 ft. apart, the holes where 
they went out being of irregular shape, showing 
that the shot had some difficulty in getting through. 

5. The leaden projectiles were quite flattened 
when traversing the plates. 

6. Supposing a water-tight compartment in the 
section of the target, 21.3 ft. long, it would have 
received five dangerous shots. The mean diameter 
of the circular holes caused by these five shots was 
1.7 in., and the quantity of water that would get in 
would be easily kept in hand by the ejector be- 
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longing to this compartment, which is capable of 
discharging 40 tons of water per hour. 

The speed of the torpedo boat would be favour- 
able to the non-entry of the water, unless the holes 
made were in the bows, in which cases the velocity 
would favour it. 

7. The Remington projectiles only made impres- 
sions on the target. 

The report advocates the use of coal in a compact 
mass as a means of protection for the engines and 
boilers, even to the extent of suppressing unneces- 
sary machinery and limiting the radius of action of 
the boat, and so to gain buoyancy for the carrying 
of more coal for this purpose. 

(To be continued.) 


=— 


PORTABLE CRANK-PIN TURNING 
MACHINE. 

Manvy of our readers who have had to deal with a 
number of locomotives no doubt have experienced the 
inconveniences resulting from one-sided and unequally 
worn crank-pins, especially in outside cylinder loco- 
motives. Many cases of broken crank-pins, broken 
coupling rods, heating and knocking of working parts 
are attributable to this well-known defect. 

The Grazi-Tsaritein Railway, South-East Russia, 
runs through a prairie country, having sand, ballast, 
and, in most places, much drift sand to contend with. 
The goods locomotives are of the six and eight-coupled 
wheel class, having wheels about 4 ft. in diameter. The 
one-sided and unequal wear of crank-pins (all engines 
having outside cylinders) was formerly a source of great 
trouble, it being impossible to hang a set of coupling 
rods on their respective pins without leaving much play 
in the bearings. The consequence was a continual 
violent knocking of the outside gear, and if the bear- 
ings were tightened up, heating became inevitable ; 
followed, perhaps, bythe breaking of either rods or pins. 

The self-acting portable crank-pin turning machine 
illustrated on page 347, was designed by Mr. Thomas 
Urquhart and made at the Borisoglebsk Works, where 
it has now been in use over two years, completely 
obviating the inconveniences referred to. Two such 
tools at the central works of a line of about 500 miles, 
equipped with 143 locomotives, are quite sufficient to 
mainiain all the crank-pins in order, as the sets of 
wheels come in for turning up and other repairs. The 
unworn collars of the crank-pins are used as a basis to 
set the portable machine tool upon, so that each crank- 
pin may be turned up upon its original centres, thus 
insuring truth in radius as well as the correct angle 
between the cranks. No filing or polishing is neces- 
sary, the pins being machine finished. Crank-pins 
trued up by this useful tool work quite as smoothly as 
new ones, and in order that no crank-pins shall be 
issued from the shops having pins of a diameter under 
what is required with an adequate margin of safety, 
a Table has been got out determining the minimum 
safe working diameter of crank-pin for each class of 
engine. <A copy of this Table is annexed : 











will be seen the arrangement of the engine does not 
follow Messrs, Clayton and Shuttleworth’s usual plan, 
the cylinders being mounted on the barrel of the boiler 
instead of over the firebox. This plan is adopted to 
enable a belt of considerable length to be employed. 
The dynamo is carried on beams which project beyond 
the smokebox, and which are trussed to increase their 
strength. These beams also form the bed for the 
engine. 

Messrs. Clayton and Shuttleworth have constructed 
a considerable number of these engines for the equip- 
ment of breakdown gangs on Continental railways, to 
enable work to be carried on at night without interrup- 
tion. They are also well adapted for contractor’s 
purposes. 





SMITH’S PATENT COMBINED EXCAVATOR 
AND STEAM CRANE. 

Wirnin the last year or two, since the more 
general introduction of steam excavators, several de- 
vices have been put before the public as machines 
which are capable of working in a similar manner to 
the steam navvy, and which at the same time may be 
utilised for other purposes. The combined crane and 
excavator shown by the engraving on page 343 is one 
devised and patented by Mr. Thomas Smith, of Rodley, 
near Leeds. 

The machine may be readily adjusted for either pur- 
pose for which it is made; if to be used as an exca- 
vator the bucket and its attachments are connected, 
and when required for the purpose of lifting weights 
alone this arm is entirely removed. The general 
arrangement is as follows: Upon the jib of the crane 
is raised a triangular structure consisting of channel 
iron bars, meeting at a point at a considerable distance 
above the foot of the jib. This junction of the bars 
becomes the trunnion upon which is caused to turn the 
arm of the excavator, which consists of two channel 
beams passing up the side of the jib and guided by the 
same. To these beams are secured the bucket for 
effecting the cut and holding the material. The hoist- 
ing chain of the machine is attached to the bucket by 
means of a bridle, and then it passes over the jib-head 
pulley to the barrel. Upon the machine being set in 
motion the hoisting chain draws the arm and bucket 
radially around the trunnion formed at the back of the 
jib, thus effecting the cut. To prevent the bucket 
from working in or out of cut, the arm is secured by 
means of chains to a barrel mounted on the trunnion 
shaft. This barrel is provided with a wormwheel or 
other gearing, driven by means of a pitch chain from 
the engine shaft and made to revolve in either direc- 
tion, thus effecting the cutting, or adjustment of the 
bucket, at will. 

The operation is as fellows: Suppose the bucket 
and arm to be at the bottom of the excavation the 
driver pulls the hoisting lever, which is connected with 
a powerful friction clutch. This starts the upwards 
and radial movement of the arm and bucket effecting 
the cut ; then immediately after, by means of another 
lever being put in gear, the racking motion pushes the 


TABLE SHOWING MINIMUM DIAMETER OF CRANK-PIN BEARINGS PERMITTED ON THE GRAZI-TSABITSIN 
Rattway, SourH-East Russia. 


All Crank-pins are Steel. 


Mini 


Type of Engine. pres 
on- 

necting- 
Rod 


Bearing. 

m. 

Mixed passenger and goods engines, Borzig and) {| 78 (1.9)* 
schneider, four wheels coupled. $V) (8.07 in.) 
Six- wheeled coupled goods engines, Borzig, Schneider, ) { 71 (2.5) 
and Russian Company. ; VY (28in.) 
Eight-wheeled coupled, Kessler and Russian Com-) { 77 (2 5) 
pany. ) U (8.03 in.) 
Right. wheeled coupled, Sharp Stewart { (Goin) 
. ; { 70(2.5) 

ss . Alexandrov locomotives 1) (2.76 in.) 





-)| ¢ 
| 110 (1.8) | 67 (1.3) 


-) | (8.86 in.) | (2.09 in.) | (19.37 in.) (295 in.) 


bea 5, ge ———_-—__—_— 
Diameter of Cylin- | 
ders with 10 mm, | 


, | Maximum} 
added for Wear, | Boller | Total 
a | Pressures’ Force on 
| | in Atmo-| Piston 
| | | Areain | spheres | in Kilo- 
Large | Small | piameter| Square | above At- |grammes, 
Coupling Coupled “in mm, | Centi- {mosphere.| 
Bearing. | Bearing. | 


mum Diameter. 


| metre. 
| 





' 
| 
| 
mm. mm § mm, sq. cm, 
95 (1.3) 67(1.9) | 450 | _ 1590 
(3.74 in.) (2.24 in.) | (17.72 in.)| (246.5 in.) 
100 (1.3) 67(1.8) | 470 |; 1735 | 
(3 94 in.) (2.24in.) | (18.51 in.)} (268 in.) 
| 67(1.8) | 51 2043 
4.25 in.) | (2 24 in.) | (20.08 in.)| (317 in.) 
518 | 2107 
(4.32 in.) | (2.24 in.) | (20.40in.)) (826 in.) | 
98 (1.3) 53 (1.8) | 492 1901 | 


14,310 
\(31,548 1b.) 
| 15,615 
|(84,420 1b.) 
| 18,387 
'(40,535 1b.) 





963 
(41,805 lb.) 


9 
9 
9 
9 
8 , 
‘(33,528 1b.) 





* The small figures in brackets show the tension in tons per square inch of area left of solid metal, more being left (double) for the 
bearings subject to a bending moment, namely, the large coupling bearing. 


The results from the use of this convenient and in- | 
expensive tool are : (1) Perfect smooth running of the | 
engines ; (2) a great saving in material and labour; ' 
(3) ? reduced internal resistance in the locomotive | 
itself, 








PORTABLE ENGINE FOR ELECTRIC LIGHT 
PLANT. 

THE engine which we illustrate on page 346 was | 
constructed by Messrs. Clayton and Shuttleworth, | 
of Lincoln, for driving a portable electric light plant. | 
The dynamo is not shown, but its position is indicated | 
by the circle A, which represents its driving pulley. It 


bucket into the excavation. When the cut is finished 

the engineman, by means of another lever, turns the 

jib carrying the bucket until it is over the tip 

wagon, into which the load is allowed to fall by 

— a trigger, which fastens the door or movable 
ottom of the bucket. 

The cranes are of the ordinary locomotive steam 
travelling crane type, mounted on four wheels set to 
a gauge of 4ft. 84 in., so as to run on ordinary per- 
manent way. There is also an extra set of wheels 
set to a base of 7 ft. which it is generally found advan- 
tageous to use when the machine is being worked as an 
excavator, on account of the increased base and steadi- 
ness afforded, 





ENGINES OF THE STEAM YACHT “ LADY 
TORFRIDA.” 

WE publish this week a two-page engraving showing 
a perspective view of the triple-expansion engines of 
the steam yacht Lady Torfrida, constructed for the late 
Sir William Pearce, Bart., by the Fairfield Shipbuild- 
ing and Engineering Company, Limited, of Govan. It 
will be remembered by many of our readers that 
nearly five years ago--in our issue of July 6th, 1884— 
we published engravings of the steam yacht Lady 
Torfrida, then belonging to Sir William Pearce. This 
yacht was sold by Sir William some two years ago, 
and asecond yacht, bearing the same name, was built 
in her place. It is to this second yacht that the 
fine engines, we now illustrate, belong. We shall pub- 
lish other illustrations of these engines in an early 
number, and for the present, therefore, we postpone 
giving descriptive particulars. 





ARMOUR FOR SHIPS. 

At the twenty-first ordinary meeting of the session of 
the Institution of Civil Engineers, held on Tuesday, 
April 9, Sir George B. Bruce, the President, being in the 
chair, the paper read was on ‘‘ Armour for Ships,” by Sir 
Nathaniel Barnaby, K.C.B. 

The author described and illustrated by drawings the 
applications of armour to ships in the French Navy 
between 1858 and 1888. He directed attention to the 
increasing thickness of armour to meet the growth in the 
gun, to the corresponding reduction in the area of surface 
covered, and to the eventual disuse of side armour for pro- 
tecting the batteries. Thereupon the development of 
quick-firing shell guns was rapidly extended, and high 
explosives, such as gun-cotton, melinite, bellite, lyddite, 
&c., were introduced, and were being perfected as burst- 
ing charges for shells. On the assumption that thin 
armour was, and would remain, effective against such 
projectiles, armour of 4in. and 5in. in thickness was 
again being demanded, by sailors, for the defence of the 
sides of the ship in front of the batteries. Believing that 
such armour would be costly, ineffective, and even dan- 
gerous, and that it would tend more than ever to reduce 
the number of ships which could be brought into action, 
the author drew attention at the outset to what he con- 
ceived to be a wrong policy for this country. He observed 
it was certain that, apart altogether from these quick- 
firing guns, it would only be necessary to put up targets 
of thin armour, and expose them to the fire of heavy pro- 
jectiles in order to show the frightful wreck, behind 
the target, which occurred years ago, and which led 
to thicker, and ever thicker armour. But there would 
be this difference in favour of the gun, that the projec- 
tiles were heavier and stronger, the velocities higher, 
and the explosives more powerful. He showed that 
without going beyond the ships now building, an expen- 
diture of 1,000,000/. per ship had been reached. On 
examining all such large ships, whether British or foreign, 
it would be discovered that they were most seriously 
exposed to the attack of the powerful weapons now in 
rapid course of development. ‘Che naval authorities had 
to decide whether they would concur in still further en- 
largement in individual ships; or would endeavour rather 
to meet these weapons by combining the forces of smaller 
ships. The author considered there was no difficulty in 
taking the latter course, and that it had many advantages. 
The principle of subdivision was consistent with perfect 
seaworthiness, with speed as high as that of the largest 
ships, with the control of weapons which could be used 
with fatal effect upon the most powerful ships of the 
enemy, and with such powers of endurance as would 
enable the smaller vessels to receive injuries from the 
largest ships without necessarily fatal results. If it should 
be said that this dispersion of force entailed a risk of de- 
struction in detail, by encounters with units of greater 
force in the hands of an enemy, that argument simply 
went to show that organising skill would be required to 
insurethe presence of the united forces where they were 
needed. Referring to the concentration of material value 
in a few ships, thus preventing the construction of many 
ships, he remarked that in the line-of-battle ship of fifty 
years ago the value of the material for a single command 
was about 100,000/., and the value per man in the crews 
of such ships not more than 150/. In the ironclad of 
12,000 tons of to-day, the value of ten of the former 
lins-of-battle ships was intrusted tv each captain, 
and not less than 2000/. to each man in the crew. 
In order to put forward, in a concrete form, his 
view as to the type of fighting ship most suitable for 
the present needs of the British Navy, he had brought 
forward a design. It was for a ship of 3200 tons dis- 
placement, costing one-fourth of the so called first-class 
battle-ship of to-day. A sufficient number of ships of 
this type could probably be built and armed in two years. 
It might be said that nothing could be done upon such 
dimensions, and at such cost, to entitle the ship to be 
called a battle-ship. But the seventy-four gun line-of- 
battle ship of fifty years ago had only a total displacement 
of 3000 tons ; and the eighty-gun ship of the same period 
3500 tons. This design came between the two, and would 
only cost as much as three seventy-four gun ships. If 
the British Government determined to spend money upon 
invulnerable ships, the difficulty in getting enough ships 
would be perpetually growing. There was no obstacle, 
except in finding the money, to make an invulnerable 
ship. Ships could be built and navigated which no 
torpedo, or ram, or gun that could be worked from any 
ship now in existence, could fatally wound. In such a 
ship every man might be absolutely protected, high 
explosives notwithstanding. But there would be 89 
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few of them that commerce and the colonies might 
be lost for want of ships, and there would only be 
the satisfaction that the sailors had been protected 
in such ships as existed. The question was, ought Eng- 
land at the present moment to move still further onward 
in increasing the size and cost of heavily-armoured 
ships, requiring four or five yearstocomplete? Or, ought 
this country rather to endeavour to increase rapidly the 
number of protected ships, capable, by reason of their 
speed and armament, of taking part in any engagement 
with an enemy, however powerful? In this exposition of 
the uses of armour, it was apparent that fighting ships 
must continue to use it. When armour was employed in 
the form of a comparatively thin horizontal plating, ex- 
periment seemed to have shown that steel, low in 
carbon, was the best material. When it was employed in 
the form of a wall, either upright or inclined, and com- 
paratively thick, the value of a hard face became very 
marked. The variousmodes of manufacturing thick armour 
for upright, or nearlyupright, defences were described, and 
illustrations were given of the comparative resisting power 
of compound and of forged steel plates; also of two armour- 
plates of great excellence, manufactured at Sheffield, one 
of them compound, having a steel face and an iron back, 
and the other of forged steel throughout. The superiority 
of the compound plate was very marked. The author 
also drew attention to the improvement effected by the 
uss of the hydraulic press in ths mannfacture of thick 
armour-plates. To many minds it seemed that the hope 
of the future, for peaceful sea traders, lay rather in 
abasing than in increasing the individual superiority of 
the special ship of war. No efforts should be spared to 
raise the character and strength of the fast mercantile 
ship?. But it must be admitted that there was no pro- 
spect of a diminution in the use of armour in regular 
fighting ships. The evident tendency was towards its 
introduction into every fighting ship. Referring to the 
aspect of the question from the side of the attack, 
the author remarked that when the large unarmcured 
structures in the French ships were considered, the 
seriousness of the new attack became evident. And 
it was the artillerist who must be first impressed. It was 
of more consequence to be able to inflict damage in action 
than to be able to avoid it. The best defence was to be 
found in a vigorous attack. It must be understood that 
the powerful ships in modern navies were not protected, 
so far as their batteries were concerned, by the armour 
which the French thought necessary. They were un- 
armoured from their lower decks upwards. The author 
asked: Was full advantage to be taken in the British 
Navy of these high explosives in any war which might 
break out within the next two or three years? Writing 
before the Government proposals had become known to 
him, he would agree cheerfully to any suggestions by the 
Government as to the size of the new ships and as to the 
use of armour for them, if they were laid for approval 
before some competent technical committee for a month. 
If the author were reponsible for the steps which must be 
taken by the Administration, he would insist upon 
having the soundest independent judgment which could 
be obtained. He felt satisfied that if such a body as 
the Council of the Institution had been consulted in 
1868, 1871, and 1875, when naval ordnance was in a 
crisis and under serious debate, it would not have hap- 
pened that the question of breechloading would have 
been kept closed from 1866 until 1879. He believed 
that if such a body had been consulted in 1859, it would 
have appreciated ena the significance of the four iron- 
clad ships then building in France, and the Government 
—— would have been wisely modified. The attitude 
of the engineer towards questions of war material differed 
from that of a member of a political administration, and 
from that of naval and military officers. he engineer 
was mainly interested in the question of the develop- 
ment of the powers of the weapons of war, and he was 
constantly thinking how they might be extended, and 
how the maximum of power might be got out of 
a given expenditure. The tendency with the Adminis- 
tration was to estimate the comparative value of avail- 
able resources of rival Governments, and not to look 
beyond the immediate future. It might be seen from the 
speech of Sir John Pakington, when introducing the 
Navy Estimates, on the 25th of February, 1859, and when 
the French ironclad sea-going ships were being built, how 
easy it was to undervalue new forces. This Administra- 
tion undertook the building and conversion at that time 
of sixty-seven wooden line-of-battle ships and frigates; and 
they were all in the hands of the dockyard authorities, in 
various stages of production, a few months afterwards. 
But not one of them was suitable for the circumstances 
of the time. Many of them were never finished. 








Irtrum ANTI-FricTIon Metau.—Messrs. Applegarth 
and Stone, of Mansion House Chambers, 11, Queen Vic- 
toria-street, London, E.C., are introducing into this 
country the iridium anti-friction meta], which has under- 
gone some very successful tests in America, where Pro- 
fessor Thurston has compared the behaviour of a brass 
made of this alloy with one of the Pennsylvania Railroad 
Company’s standard phosphor-bronze bearings. The tests 
extended over eight hours, the mean speed of revolutions 
being 400 per minute. The pressure at starting on each brass 
was 200 lb., which was increased by an additional 200 lb. 
at the end of every two hours. The behaviour of the two 
alloys was, it is stated, practically identical. Theiridium 
metal contains no iridium, the term apparently being 
used simply to indicate that the material is a hard alloy, 
though it has a low melting point, and can be cast round 
journals in place in the same way as Babbit metal. If 
desired, however, it can be cast and machined in the same 
Way as ordinary gun-metal. 





WATER GAS. 
To THE EpiToR OF ENGINEERING. 

Srr,—I have read with interest the letter from Mr. 
B. H. Thwaite, under the above title, in your issue of the 
5th inst., and trust you will allow me space to reply to it, 
the subject of water gas having for a long time engaged 
my attention. 

As had already been done in the report on water gas, 
to which attention is drawn, Mr. Thwaite compares water 
gas with what may be called Siemens gas. The calcula- 
tion, as given in the letter, is slightly in favour of Siemens 
or producer gas, but actually (owing to an error which 
has slipped into the calculation) it isin favour of water 
gas. Mr. Thwaite calculates the loss that would arise 
from the products of combustion of 12 grammes of carbon, 
formed respectively into water gas, and Siemens gas, 
escaping at a temperature of 500 deg. Cent. into a chimney. 
The reaction for water gas is C+ H,O=CO+2H, and its 
complete combustion with air is represented by CO,+ 
H20+8N as given by Mr. Thwaite. In the case of 
Siemens gas, carbonic acid gas is first producad diluted 
with nitrogen from the atmosphere thus: C + air = 
CO.+8N, and this in passing through incandescent 
fuel takes up another equivalent of carbon thus: 
(CO, +8N)+ C=2C0+8N. The complete combus- 
tion of this gas in air is represented by 2CO+8N+2 
(O +4N)=2 C02 + 16N, or for as mvch CO as contains 
an atom of carbon by (CO + 4 N)+(0+4 N) = CO,+8N. 

Then according to Mr. Thwaite’s calculation for water 
gas, there will be 33,684 units of heat lost, and correcting 
his calculation for Siemens producer gas the figures stand 


Cc oO 8N 
500 [us + 32 x .217) + (8 x 14 x oa) b 


that is to say, 112 x .244, instead of 84 x .244, asin Mr. 
Thwaite’s equation, or 18,438 units of heat lost instead of 
15,122. Assuming with Mr. Thwaite that the units of 
heat produced by the combustion of the two gases are for 
water gas 125,208, and for Siemens gas 67,284 units, the 
ratio of loss in the case of the former will be 


33,684 x 100 _ 26.9 per cent. 
125,203 
(not 25 per cent. ), and in the latter 
18,438 x 100 
= -. =27.4 per cent, 
67,284 ” 


(not 22.4 per cent.), being 0.5 per cent. in favour of water 
gas, that is to say, a saving of 10 cwt. per 100 tons of fuel 
urnt. 

This theoretical result is not cheering; but the monetary 
results obtained with water gas and with Siemens gas re- 
spectively, in actual practice for furnace work, is the 
point which chiefly concerns iron and steel manufacturers, 
and these results alone influence them in adopting water 
gasornot. The prospectus referred to by Mr. Thwaite 
does not furnish specific particulars on this important 
question ; but in a paper read by Mr. Wilson last year at 
the spring meeting of the Iron and Steel Institute he gave 
some indications, which being afterwards supplemented 
by figures of cost of water gas, enabled Mr. Frederick 
Siemens to write you a letter published in your issue of 
August 10 last. In that letter Mr. Frederick Siemens 
showed that to melt two tons of steel with water gas on 
the open-hearth, and to make 140,000 cubic feet of 
producer gas of inferior quality (this inferior producer gas 
to be afterwards more particularly referred to), the cost 
amounted to 18s. 3d., and that with the Siemens ordinary 
producer gas 2 tons of steel are melted on the open hearth, 
and 140,000 cubic feet of surplus producer gas of good 
quality are provided at a cost of 10s. 6d. These figures 
show an advantage of 74 per cent. in favour of Siemens 
gas, and considering the high prices taken by Mr. Siemens 
for coals and labour, it is probable that the advantage 
obtained in practice would be nearer 100 per cent. than 
74 per cent, ; or, in other words, to do a certain amount 
of work in regenerative gas furnaces with water gas, 
would cost twice as much as to do the same work with 
Siemens gas. 

But there is another consideration which should not be 
omitted in any comparison between Siemens gas and water 
gas, and that is that the former is produced for a definite 
purpose, and only so much is made as is required for that 
purpose. With the water gas apparatus, on the contrary, 
for two-thirds of the time during which it is at work an 
inferior gas, called in the report producer gas, must 
necessarily be made, whether required for use or not; if 
this inferior gas cannot be utilised, it must be allowed to 
run to waste, and in that case the cost of water gas will 
at once rise to three times the stated cost of 4d. per 1000 
cubic feet, or 1s. per thousand. 

At the Leeds Forge, where hand forge work has to be 
done, requiring a high temperature to be concentrated on 
a small surface—in fact, a blow-pipe heat—water gas will 
be useful, and doubtless yields the economy stated in the 
prospectus, as compared with town gas, which it has re- 
placed for that purpose. Water gas is also applicable for 
gas engines, as deposits in the passages and valves will be 
avoided by its use. But, allowing everything in its favour, 
what will practical men say of a process in which the plant 
can only be used for a third of the time in the production 
of water gas, whilst for two-thirds of the time it is 
employed it produces what, in many cases, will be a waste 
product? We surely are far from perfection here. 

Your obedient servant, 


London, April 10, 1889. Gas. 





SOCIETY OF ARTS ENGINE TRIALS. 
To THE EpiTor OF ENGINEERING. 
S1r,—-Mr. Hamilton in his letter to you, says that the 
“idea” Iraised during the discussion of Professor Ken- 
nedy’s paper seems to him a ‘‘ very wild one.” Well, I 








must confess that I feel a certain amount of indifference 
as to what any one thinks about my theoretical ideas, 
so long as they realise the practical result, as they 
have done, of enabling me to make “the most econo- 
mical heat engine of any kind that has ever been made.” 
However, having started a new idea in connection with 
gas engines, I think it is due to engineers to fully ex- 
plain it so far as I can without unduly trespassing on 
your valuable space, so I shall be glad if you will kindly 
insert this letter. 

My “‘idea” is that at the time of the initial ignition, 
and shortly afterwards, whilst the highest temperatures 
are in the cylinder, some of the heat is deposited (so to 
speak) on the surfaces of the containing walls, that some of 
this heat finds its way through the walls, not all of it as 
is more generally supposed, but that a material portion of 
it is given back to the gases during their continued expan- 
sion, thus assisting in keeping up their temperature and 
pressure. To enable this to be understood it is necessary 
to realise the character of the surfaces, and here is where 
the ‘‘ practical man” comes in. There are two totally 
distinct kinds of surfaces exposed to the hot gases, 
dull surface and bright surface. The dull surface is in 
admirable condition for absorbing radiant heat, also for 
giving it out again; the bright surface, on the contrary, 
will scarcely absorb any radiant heat, but is in good con- 
dition for transmitting heat by contact. The dull surface 
only is exposed to the highest temperatures, whilst the 
bright surface is only afterwards gradually exposed. 

In experiments on transmission of heat through metallic 
plates, M. Peclet found that copper would transmit two 
and a half times as much heat as iron, but he added that 
to do this ‘* the surfaces of the conducting material must 
be perfectly clean.” He also found that when the metallic 
surfaces became dull, the rate of transmission through all 
metals became very nearly the same, thus showing that a 
mere dulness on the copper surface reduced the trans- 
mission in the ratio of 5to 2. Mr. Hamilton had better 
think over this, as well as try to realise the commotion 
which takes place in a gas engine cylinder at the time of 
ignition, before he begins to talk about cool layers of gases 
in a gas engine cylinder during the early part of the 
expansion. 

e misunderstands me if he thinks that I said the com- 
bustion was complete in my engine. All I did say (and 
what I am perfectly convinced of in my own mind) was 
that the combustion in my engine at the point E in Pro- 
fessor Kennedy’s ideal diagrams is as complete as in the 
Otto. 

Without trespassing further on your space, I might 
suggest to any one interested, to consider this surface inter- 
change of heat in connection with steam engines. Theorists 
have long been wanting some idea to account for the 
enormous rate of condensation in re-evaporation, 

I am, Sir, yours faithfully, 
JAMES ATKINSON, 
Managing Director, the British Gas Engine and Engineer- 
ing Company, Limited, Gospel Oak, London, N.W. 





To THE Epiror oF ENGINEERING. 

Srr,—It is quite clear that Mr. Hamilton does not fullow 
my proposition, which is, that the unit of mechanical 
power, now Called a horse-power, shall be increased from 
33,000 foot-pounds to 44,000 foot-pounds per minute, and 
be called a ‘*‘ kilowatt.” I donot propose to introduce any 
new electrical unit. The watt is distinctly the mechanical 
unit of power. A gramme raised a centimetre per second 
is the unit of power in the C.G.S. system, as the pound 
raised 1 ft. per second is the unit of power in the British 
system ; but the C.G.S. unit is so small that we require 
10,000,000 (107) of these units to make a practical unit 
and this is called the watt. It is not, therefore, an elec- 
trical unit. One thousand of these watts, or one kilowatt, 
is equal to 14 horse-power. The watt is a unit of power 
that knits together in one connected and scientific whole, 
all the relations of motion, heat, light, and electricity. 1t 
is assumed to be an electrical unit because 1 ampire flow- 
ing through 1 ohm for one second, expends one watt ; 
but this relation is the grand connection between electrical 
and mechanical units. The watt was introduced by elec- 
tricians, and this, perhaps is another reason which has led 
to the belief that it was electrical. I advocate its use 
because it is scientific and coherent. The horse-power is 
neither. It cannot be used without co-efficients and it is 
not a horse-power. It means 33,000 foot-pounds raised per 
minute, and this means nothing, and is not connected with 
anything except mental disturbance. 

Yours faithfully, 
G.P.O., London, April 10, 1889. W. H. Preece. 





Roya InstituT1ion.—The following are the lecture 
arrangements after Easter: Dr. Jean Paul Richter, three 
lectures on the Italian Renaissance Painters : their Asso- 
ciation, their Education, and their Employments (with 
illustrations) ; Professor E. Ray Lankester, four lectures 
on Some Recent Biological Discoveries; Mr. Eadweard 
Muybridge, of Pennsylvania, two lectures on the Science 
of Animal Locomotion in its Relation to Design in Art 
(illustrated by the zoopraxiscope) ; Professor Dewar, five 
experimental lectures on Chemical Affinity ; Mr. Joseph 
Bennet, four lectures on the Origin and Development of 
Opera in England (with musical illustrations) ; Professor 
Ww. Knight, of St. Andrews, three lectures on (1) the 
Classification of the Sciences, Historical and Critical; 
(2) Idealism and Experience, in Philosopby and Litera- 
ture ; (3) Idealism and Experience, in Art and Life, the 
Tyndall Lectures). The Friday evening meetings will be 
resumed on May 3, when a discourse will be given by Sir 
Henry Roscoe, M.P., on Aluminium: succeeding dis- 
courses will probably be given by Professor Dewar, Pro- 
fessor Silvanus P. Thompson, the Rev. 8. J. Perry, Pro- 
fessor D. Mendeleef, Mr. A, Geikie, Mr. C. V. Boys, and 
other gentlemen, 
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HENDERSON’S COLLAPSIBLE LIFEBOAT. 
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THE engravings on the present page illustrate the, 
collapsible lifeboat invented by Mr. Charles Hender- | 
son, Glasgow. One of the boats was exhibited on a} 
staging at the side of the River Kelvin, within the 
grounds of the Glasgow Exhibition, and, by means of 
davits, demonstrations were given at stated hours of 
launching, embarking, and collapsing the boat. The 
capabilities of the craft were thus clearly shown. Mr. 
Thomas Gray, C.B., secretary, Captain Price, and 
other officials of the Board of Trade, and surveyors 
of Lloyd’s, attended together and saw the loat 
launched in one minute. Prior to this inspection the 
boat had been formed and collapsed over 500 times, 
and had been launched over 50 times, on each occasion 
with passengers on board varying from 20 to 64 in 
number. 

The chief feature of novelty is in the method of 
collapsing. Fig. 1 is a longitudinal section of a boat 
26 ft. long, 8 ft. beam, and 3 ft. 3 in. deep, having 
buoyancy for 60 passengers, while Fig. 2 is a plan of 
the boat, erect and collapsed. The keel is formed of 
wood and metal combined, as illustrated in Fig. 10. 
The frames are made of wood and angle steel gal- 
vanised, secured to the gunwale by metal joints 
(Figs. 13 and 14). They are fastened to the keel, as is 
shown in Fig. 10, by means of the hook ends of vertical 
stays supporting the seats of the boat from the keel. 
The fastening permits of the fore and aft motion 
necessary for the collapsing of the boat. The frames 
are united together at the bottom by connecting-rods 
(Fig. 1). This figure also shows flexible — 


frames fore and aft, the extremities being attac 

to the gunwale and the apex to the end of the keel. 
These Y frames are formed of wire rope with wooden 
thimbles to prevent chafing on the canvas. The ordi- 
nary frames are divided into two equal groups and 
arranged to slide along the keel in an aft or forward 





direction (Fig. 5). The bottom of the forward and 
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aft frames are connected by wire rope, the former to{ are firmly locked in position by the automatic “—_ 
the sternpost and the latter to the stem (Fig. 5). On) shown in Fig. 12. Connection is formed between 7 
the stem and sternpost being raised to the vertical | bottom of the frames and the centre of each yg A 
position in the act of forming the boat, these wire means of the vertical stays already referred to. 4 
ropes draw the bottom of the frames along the keel | gunwale is of wood and angle steel galvanised, 7 

until an upright position is attained, when the frames | to the head of each frame by a joint (Fig. 13). To 
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COMBINED HAND AND STEAM STEERING GEAR. 
CONSTRUCTED BY MESSRS. NAPIER BROTHERS, ENGINEERS, GLASGOW. 


obtain the necessary sheer a portion of the gunwale 
at either end of the boat is made double, the upper 
part being so hinged as to permit of the extremity at 
bow and stern being raised 18 in. higher than the 
horizontal line. The stem and sternpost are formed 
of wood, having at the lower end a strong gun- 
metal hinge, which allows of their being folded 
down to the horizontal position when the boat is col- 
lapsing. The upper end of each is furnished with the 
necessary lowering and erecting gear, consisting of 
two pulleys and inclined plane, with locking catch, 
Figs. 7 and 8. The gearing includes two chains, 
secured by one bolt which passes through the apex of 
the gunwale (Fig. 9). The lower chain is led over a 
pulley from the head of the sternpost to the keel 
amidships, through an eyebolt there and from thence 
is continued to the top of stem, all as indicated in 
Fig. 1. This, when the boat is in position, forms a 
supporting stay for the centre of the boat on the prin- 
ciple of a suspension bridge. When the stem and 
sternpost are being raised in the act of forming, the 
chain, being over the pulley, serves the purpose of 
raising that portion of the gunwale fore and aft forming 
the sheer of the boat. The upper chain passes over 
the upper pulley in the stem and sternpost as 
shown in Fig. 7, this being for the purpose of erecting 
the boat. 

To collapse the boat the apex of the gunwale at each 
end is slightly raised so as to free the locking catch 
and allow the stem and sternpost to be folded down. 
The locking catch securing the forward and aft groups 
of frames in a vertical position being relieved, they are 
tripped as in Fig. 5, and soon the gunwale, &c., 
attains the horizontal position in Fig. 6, the frames 
assuming the position shown in plan Fig. 2. To raise 
the boat the upper chain on stem and sternpost is 
drawn, and it is 7 enough to allow five men to 
engage in the work. By pulling these the boat can be 
formed and automatically locked in position in five 
seconds. The bottom boards, it should be stated, 
move along with the frames in a fore -and - aft 
direction. 

The covering of the boat, in its simplest form, is two 
plies of gees: prepared, rot-proof and waterproof 
canvas. It is securely fastened to the gunwale, and 
ga between the keel and the keelson (Fig. 10). 

t will thus be seen that the canvas forms a continuous 
bag, and is thus specially suited to resist any local 
strain. When it is desired to employ a double skin it 
Is secured to the gunwale and keel as in Fig. 4. 
Between the two skins are arranged ewanten 
longitudinal fenders about 3 in. in diameter, These 
are secured to the inner skin, and on plan approxi- 
mately represent the water lines of the boat. 
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NAPIER’S STEERING GEAR. 

On the present page we give an illustration of a 
combined steam and hand steering gear made by 
Messrs. Napier Brothers, of Glasgow. The advan- 
tages claimed for this gear are that, being placed aft, 
directly over the rudder head, there are no chains or 
quadrants to give any trouble, and the rattling noise 
of chains over saloons is avoided. There is a right 
and left-hand screw keyed on the crankshaft and gear- 
ing into wormwheels on to the rudder screws; these 
are connected direct on to rudder crosshead by sliding 
blocks. The screws prevent all shocks produced by 
the rudder from coming on the engine, as well as on 
the steering wheel when steering by hand, and being 
always connected to the rudder—whether the steam 
or the hand, or even when neither are in gear—prevent 
the rudder becoming loose and charging, acting, in 
fact, the part of a rudder brake. Only one clutch, 
the clutch between the worm and spurwheels, has to 
be moved to connect either the steam or the hand 
gear, and this can be done at any position of the rudder. 
The steam gear is perfectly noiseless, as there is only 
worm and screw gear; the spur gear being onl 
used when steering by hand. The valves are all 
simple and easily got at when wanted, and can be 
worked either from the stern or from the bridge. For 
the latter mode of working a small shaft is led from 
the valve at the steering gear to the bridge wheel. 
In the hand gear the power increases as the rudder 
goes over. . 

This steering gear, which is now being largely 
adopted by many of the largest shipping companies, 
has been fitted on the State Line, the Allan Line, 
Union Line, and a number of other steamers. The 
illustration shows the gear as fitted on the s.s. State 
of Nevada, 2500 tons, and has been successfully work- 
ing on that vessel for the last year, 





ROLLER MILLING. 
On the Latest Development of Roller Flour Milling.* 
By Mr. Henry Simon, of Manchester. 

No paper has as yet been read before this Institution 
drawing attention to the very extraordinary revolution 
which, during the last ten years, has been in a eager in 
the manufacture of flour by the substitution of the roller 
system for the ancient method of grinding by stones. In 
a paper presented by the writer six years ago to the 
Institution of Civil Engineers (Proceedings 1882, vol. Ixx., 

191), some historical and general notes on roller mill- 
ing were given, which therefore need not here be repeated ; 
and the object of the present paper is simply to give some 


* Paper read before the Institution of Mechanical 
Engineers, 








further information about the subsequent development 
and improvement of roller flour milling as carried out by 
the author. 
_ The omeitenes of the revolution that has taken place 
is exemplified by the fact that practically in less than ten 
annoy the machinery and methods of corn milling have 
m radically and entirely altered, at the cost of an 
immense amount of capital. The millstone, dating from 
pre-historic times, has been almost wholly discarded ; and 
the miller has been constrained to unlearn the old methed 
of manufacture and take up one entirely new, based upon 
very different principles. The change has had the effect 
of replacing more or less rude mechanical appliances by 
machinery designed on scientific principles, and of a hi 
class of mechanical construction and workmanship, The 
best kind of roller mills, as now used for the granulation 
of wheat and its reduction into flour, resemble in their 
appearance and in the accuracy of their construction the 
highest class of machine tools. This radical and important 
improvement in the character of the machinery employed, 
is nevertheless, not nearly so radical or important as the 
improvement in the mode of working, by the combination 
of roller mills with centrifugal dressers, purifiers, rotary 
scalpers, and other machinery, so as to produce the best 
results in a mill working automatically on the principle 
of gradual reduction. The principle of progress now 
recognised in milling is, indeed, the same as that followed 
in other industrial establishments or manufactories, such 
as spinning mills, weaving sheds, sugar factories, &c., 
namely, increased elaboration and more scientific treat- 
ment, combined with consistent arrangement and a proper 
proportion of auxiliary machines, for enabling the largest 
amount of work to be turned out, and of the best quality. 
This change has called forth an entirely new class of mill- 
ing engineers, who have by experience, acquired special 
aptitude in following out the principle of gradual reduo- 
tion; and even as early as 1878 the necessity for such 
special milling engineers was alluded to by Professor Kick, 
who is recognised as the leading Continental authority 
upon milling. A further striking difference between the 
resent and the old style of milling flour is that, whereas 
ormerly the intermediate products had to be repeatedly 
handled, they are now entirely treated without being 
touched by hand throughout the process. The wheat 
enters the mill at one end and goes through all 
the machines automatically, until it is delivered at 
the other end in the shape of such different grades of flour 
and offals as it may be desired to produce. The number 
of attendants required for the milling pw proper is 
very much reduced in comparison with former times, 
Automatic action in roller milling has been attained 
almost simultaneously in the United States and in this 
country. In Austria-Hungary, formerly the leading 
school for milling, and the country in which roller milling 
originated, automatic action is not yet believed in; and 
accordingly very large numbers of mill attendants are 
still required there. 

It has recently been ascertained beyond doubt by the 
writer that, owing to commercial necessities or facilities, 
Hungarian millers are at the present time giving their whole 
attention to the manufacture of from 45 to 50 per cent. of 
the very pe class of flour for export. This flour, which 
owing to the excellence of the Hungarian wheat is of 
splendid quality, still comes into England, although in very 
much smaller quantity than before the adoption of 
improved milling in this country. The purification and 
division of middlings and semolina for high-class flours is 
carried out in Buda-Pesth with great care; but the grind- 
ing of the remainder, whether by stones or by rolls, is not 
done at all so carefully as in good automatic roller mills 
in this country. In consequennce of the large feed put 
upon their stones and rolls very much greater pressure 
is used than would be necessary with anything like the 
8 or feed, and thus the flour becomes unnecessaril 

eated. The greatest difference, however, between mil 
ing in Austria and in this country, is in the reduction of 
the tailings, siftings, and second-class products, which 
have been rejected during the manufacture of the highest 
class flour. To finish up these different products accord- 
ing to anything like a proper system is not even attempted 
in Buda-Pesth. As a consequence, anything after the 
first 45 or 50 per cent. of flour from the wheat is very 
much worse than in this country. With very little 
regard to size and quality, the material is ground and 
dressed, and re-ground and re-dressed, thus making out 
of their splendid wheat only very low brands of flour, 
all of which, however, find a ready and profitable sale 
in their own country. The contrast, therefore, stands 
thus between the English and the Hungarian method of 
mnilling ; from the wheats used in Hungary as high a class 
of flour could be manufactured automatically in this 
country as is made at very much greater expense in 
Austria; whilst the last 30 per cent. of flour would be 
considerably improved under the best English roller 
system. It may, therefore, be stated that Hungarian 
milling as a whole no longer occupies the proud position 
it held up to a few years ago, before the roller process had 
reached its present development in this country. Austrian 
and German millers, and it is believed even some in 
America, still cling fondly to the use of millstones for 
grinding and finishing fine intermediate products, not- 
withstanding that it has been clearly demonstrated by 
the experience of the more progressive British millers, 
that there is no process of grinding which is not better 
performed by a roller mill pnely constructed and 
properly worked, having rolls of chilled iron, smooth or 
grooved according to their purpose, To this day there is 
scarcely a really complete automatic roller mill, the writer 
believes, either in Germany or in Austria, — 

The introduction of roller milling in this country has 
caused a rapid increase in the number of large mills. 
Those roller millers who were first in the field have not 
only doubled their output, but in some cases have in- 
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creased it three, four, and even five times, with correspond- 
ing profit, and —e at the expense of their less enter- 
prising competitors. The fact is now fully established 
that in a well-constructed and well-managed roller mill, a 
larger percentage of superior flour can be made out of the 
same wheat than by millstones, and at much less cost 
and with much less expenditure of power. With re- 
gard to the power consumed by the various machines 
used in modern flour mills under varying conditions, the 
writer may refer to a paper read by him before the 
National Association of British and Irish Millers at their 
London meeting last year, containing an account of what 
he believes to be the first and only complete series of 
trials which were conducted under his direction at the 
Kirkdale Roller Mills, Liverpool, with the assistance of 
Mr. Michael Longridge. 

The first complete roller mil! without the use of stones 
in England was built by the writer in 1878 for Mr. Arthur 
McUVougall, of Manchester, and in Ireland for Messrs. E. 
Shackleton and Sons, of Carlow, in 1879; the first auto- 
matic roller flour mill in England in 1881 for Messrs. F. 
A. Frost and Sons, of Chester. The total number of 
complete mills, or important reconstructions of old mills, 
executed by the writer alone since 1878, amounts to con- 
siderably more than 2U0, varying in cost for machinery, 
exclusive of motive power, buildings, &c., from 1000/. to 
40,000/. for each mill. Large roller mills can necessarily 
be fitted up with greater refinement, as well as with a 
larger number of appliances for saving labour, than small 
mills, 

Roller Flour Mill and Granary at Rio de Janeiro.—The 
most recent improvements in roller milling will be best 
realised, the writer thinks, from a description of the 
machinery and arrangement of a large mill, carried out 
with the utmost regard to excellence of production, 
which is at present being erected in Brazil for the Rio de 
Janeiro Flour Mills and Granary Company of London. 

Site.-In an enterprise of this nature a question of 
primary importance is the selection of a suitable site for 
mill buildiogs, as determined mainly by the facility with 
which wheat can be conveyed to it and flour be carried 
away. Such a site was fortunately secured on the shore 
of the bay of Rio de Janeiro, and within easy access of the 
city. The preparation and extension of the ground for 
the erection of the mill premises was a costly undertaking, 
inasmuch as the whole of the area comprised between the 
edge of the present wharf and the old high-water mark 
had to be filled in to an average depth of 15 ft. And 
further, in order that the largest sea-going vessels may 
be able at all times to discharge their grain without the 
heavy constant expense of dredging, an iron jetty was 
constructed, projecting 125 ft. from the wharf’s edge. 
(Fig. 4, page 354.) 

Buildings.—As shown in the plan, Fig. 3, there are two 
principal blocks of buildings, of which the one nearest 
the bay is used for the storage of grain and flour, and is 
called the store; while the other contains all the machi- 
nery for the preparation of the wheat and production 
of flour, and is called the mill. Both are of the same 
dimensions, namely, 234 ft. long and 46 ft. wide ; and each 
has five floors of an average height of 134 ft. The frame- 
work of the walle, the girders, columns, roof principals, and 
roof covering, are of cast and wrought iron, of which there 
is a total weight of about 1100 tons. The flooring is com- 
posed of two layers of 14 in. boarding, and the joints of the 
upper layer are at right angles to those of the lower, which 
not only prevents the passage of dust, but is also found by 
experience to be in a measure effectual in preventing the 
spread of fire. The flooring is supported on wooden 
joists ; but the whole weight and vibration of the machines 
are transmitted direct to the main girders by heavy 
pitch-pine beams, which run from end to end of the build- 
Ing. The walls are composed of brick ; their only duty 
is to make the buildirigs weather-proof, inasmuch as the 
iron stanchions of the framework take all the strains 
brought to bear upon the structure. 

Motive Power.—The two engines are horizontal com- 
pound tandem condensing, each with cylinders of 19 in. 
and 35 in, in diameter and a stroke of 48 in., raaking 70 
revolutions per miaute, and together indicating 800 horse- 
power, with a guaranteed consumption of 24 1b. of coal 
per horse-power per hour. The power of the engines is 
transmitted through one crankshaft to a rope pulley 20 ft. 
in diameter, grooved for twenty 1}-in. ropes. Steam is 
supplied by four Lancashire | boilers, 7 ft. in diameter 
and 30 ft. long, the two flues being each 2 ft. 9 in. in dia- 
meter, and fitted with nine Galloway tubes. 

Storage of Grain.—The tower A at the end of the jetty, 
Fig. 4, contains a wheat elevator capable of lifting 65 
tons per hour. As shown, it is of the ordinary con- 
struction of grain elevators for use in connection with 
ships or barges; the elevating mechanism is carried at 
the ends of two long levers, and its lower extremity can 
be lowered into the hold of the wheat-laden vessel. The 
lifted wheat is delivered upon an encless india-rubber 
band, which carries it to the wheat-cleaning house. The 
band itself is utilised to transmit the power necessary for 
lifting the grain, and like the rest of the band conveyors 
used throughout the buildings, is provided with automatic 
tightening gear. On entering the wheat-cleaning house 
the grain passes first through a self-acting weigher ; and 
thence through three combined rotary separators and aspi- 
rators, which consist of rotary sieves with a powerful ex- 
haust fan, for removing all impurities both larger and 
smaller than the wheat. The cleaned grain returns on 
the lower half of the same band which brought it in, 
and is shot into the foot of another 65-ton elevator, B, 
Fig. 3, in the grain store, whereby it is raised and de- 
livered upon the top band. This band is provided with a 
throwing-off carriage, which can be anchored at any posi- 
tion inthe building’s length, and delivers the wheat right 
and left upon the top floor of the store. To meet special 


requirements in the present instance, two distinct modes 





of storing the grain have been provided, namely, on fioors 
and in ailos. ‘he latter plan has in certain cases several 
marked advantages, of which the principal are that the 
silos are entirely self-emptying, and have a maximum 
storage capacity for space occupied. The tendency at the 
present time is to use silos only, the construction of which 
is shown in Figs. 5 and 6. In this granary there are four 
floors, each 107 ft. long and 46 ft. wide. Under each of 
the three upper floors are fixed a large number of drawing- 
off spouts, one in the centre of each 21 square feet of floor 
area. The outlets of theee spouts are closed by valves, 
all of which are self-closing, but can be opened in sets of 
four by wire pulls from the ground floor. They are so 
constructed that upon being opened they sprinkle the 
wheat in a spray upon the floor below, and thus permit the 
free circulation of air amidst the grain as it falls. Under 
the lowest floor are thirty-two exit spouts, connected with 
the measuring machines, Fig. 4. By the use of partition 
boards, Fig. 3, thirty-two distinct qualities of grain can 
be stored; and by the aid of the measuring machines 
these several qualities can be drawn off in any desired 
proportions by means of the two conveying bands, Fig. 
4, running lengthways of the granary. By these the 
mixed wheat is carried from the floor, as also from the 
mixers under the silos, at the rate of 10 tons per hour, 
to the elevator; and thence by the bands to the wheat- 
cleaning house. Wheat left to lie undisturbed for any 
length of time in a climate like that of Rio would, as 
a matter of course, mildew. To obviate this possibility 
the two bands are each large enough to carry 65 tons 
per hour; so that, whilst one is supplying the mill 
through the elevator, wheat, can be carried off by the 
other band from the other half of the store, and be litte 
by the elevator from the bottom to the top of the store. 
Thus a complete turning over and airing of the wheat is 
accomplished. This granary has sufficient capacity for 
the storage of about 5000 tons of wheat. 

Final Wheat-Cleaning Machinery.—The wheat carried 
from the store by the band is first run again through an 
automatic self-registering weighing machine, and then 
passes through four cylindrical reels, which are provided 
with covers composed of steel wires, and with a con- 
trivance a the spaces between the wires can be 
contracted or enlarged at will. The cylinders sort the 
wheat into three distinct sizes, which throughout the re- 
maiaing cleaning process are treated separately ; the treat- 
ment is the same for each size, but the sorting into separate 
sizes insures better work. Each size of wheat now passes 
to a ‘‘dustless wheat separator,” containing rapidly- 
vibrating riddles and fan aspirators, by which the loose 
dust, chaff, oats, &c., are removed. It is further passed 
through a second set of separators, which can be set still 
more exactly, so as to remove the remaining impurities 
of the same kind. The next machines in the process are 
thirty-six cockle and barley separating cylinders. Their 
surrounding covers are composed of zinc, and have 
their interior surfaces impressed with indentations of 
such size and form that in the cockle machines all seeds, 
cockle, &c., smaller than the wheat are lifted out, 
whilst in the barley machines the wheat is separated from 
all grain longer than itself. From these cylinders it 
travels to three machines called ‘‘ scourers” or ‘* smutters,” 
consisting of vertical stationary cylinders of steel with 
diagonal perforations. Inside of these run rapidly-re- 
volving shafts, carrying beaters composed of iron rods; 
the beaters scour the grain in its passage down through 
the cylinder, breaking and removing smut balls, loose 
bran, &c., which are then drawn away through the casing 
by an exhaust fan. The scouring is followed by a brush- 
ing process, which is performed in three machines, each 
containing four pairs of horizontal circular brushes on a 
vertical spindle. The upper brush of each pair is stationary, 
but the lower revolves rapidly; so that by centrifugal 
action the grain passes from the centre of the machine to 
the circumference of the first pair of brushes, and thence 
by gravity to each of the lower pairs in turn. The effect 
of the brushes is further to remove loose bran, dust, the 
beard of the grain, &c., and to polish the outer surface of 
the grain. After going through a final automatic weigh- 
ing machine, whereby the amount of loss in the cleaning 
process is registered, the wheat is elevated into the 
cleaned wheat bins, in which it is stored in readiness for 
the roller milling process. 


(To be continued.) 








NOTES FROM THE SOUTH-WEST. 
Cardiff.—The demand for steam coal has continued good. 
The best descriptions have made 14s. 3d. to 14s. 6d. ; good 
dry coal, 13s. 3d. to 13s. 6d. ; and best Monmouthshire, 
12s. 3d. to 12s, 6d. per ton. House coal has, if anything, im- 
roved, No. 3 making 13s. to 13s. 3d. per ton. The patent 
uel trade has shown a fair amount of activity. The de- 
mand for coke has increased, in consequence of the activity 
prevailing in the local iron trade. 


Floods in Bristol.—In pursuance of a recent resolution 
of the town council, reports of Mr. Howard and other 
engineers relating to floods in Bristol have just been 
issued. Mr. Howard states that he considers it necessary 
to increase the means of discharge from the river into the 
Float ; and, looking at the difficulties of altering the pre- 
sent arches, he is inclined to recommend that the best 
course would be to make a new opening from the lower end 
of the Broad Weir under the high ground of Castle Green 
and Castle-street to the floating harbour under St. Peter’s 
Hospital. The cost of this he estimates at 3500/. to 
4000/., exclusive of purchased property or compensation. 
He also recommends the deepening of the bed of the river, 
and the removal of various obstructions which are enume- 
rated in his report ; alsothe widening of the Ashley-road, 
Wade-street, and Quaker’s bridges. 

Lynton and Lynmouth Railwey.—It it expected that the 


Lynton and Lynmouth Cliff Railway will be opened early 
in July. This little line will probably have the steepest 
gradient of any in the world, the inclination being 1 in 12 
throughout its whole length, viz., 300 yards. Starting 
from the Esplanade at Lynmouth, the carriages will 
ascend a vertical height of nearly 500 ft. in one minute. 
The railway is also designed to carry goods without re- 
loading. A cart or wagon with any load up to two tons 
can be easily taken on the stage, with horses standing, if 
necessary. The motive power employed on the railway 
will be water, conveyed in a line of pipes nearly a mile 
from the West Lyn river. The carriages will run on steel 
rails, and there will always be an ascending and descend- 
ing carriage, the two being connected by two steel wire 
ropes (each rope tested to over poner times the actual 
strain it will have to bear), so that when both carrieges 
are empty, or when both are equally loaded, one balances 
the other. When the ascending load is heavier than the 
descending one, the difference will be made up with 
water let into a tank beneath the descending carriege. 
The carriages are fitted with no fewer than eight brake- 
blocks, which may be instantly and automatically applied, 
to grip the rails, which latter are bolted to the slate rock 
through which the cutting is made. 


Caerphilly.—A new seam of coal has been struck at the 
new pits, Caerphilly. It was found about 4 ft. below the 
level to which the pit had been sunk. It is anticipated 
that the seam will prove a valuable one. 


Monster Coal Blocks.—A_ piece of coal, weighing 54 tors, 
has been cut at Abercarn Colliery, to be sent to the Paris 
Exhibition. The block measures 7 ft. 6in. long, 5 ft. 
6 in. wide, and 3ft. Gin. deep. It was hauled for a 
mile along the workings to the pit’s bottom, where it 
had to be trimmed before being raised. Five other blocks, 
each weighing 2} tons, will also be forwarded to Paris. 


Doubling the London and South-Western Railway.—The 
Londonand South-Western Railway is to be doubled at once 
between Barnstaple and Umberleigh. This will facilitate 
traffic on the North Devonline. The work will be carried 
out by Messrs. Brady and Son, of Barnstaple. 


The Bute Docks.—The death of Mr. M‘Connochie 
caused the post of engineer to the Bute Docks Company 
to become vacant. The appointment has been conferred 
upon Mr. C. L. Hunter, who has hitherto held the posi- 
tion of mechanical engineer at the docks. Mr. Hunter 
was formerly in the service of the old Tredegar Iron Com- 
pany, but about fifteen years since he came to Cardiff. 
He planned the coal cranes at the Roath dock, of which 
he and Sir W. T. Lewis are the patentees, 


Vale of Glamorgan Railway.—A Committee of the House 
of Lords had the Vale of Glamorgan Railway Bill before 
it on Thursday. The Committee decided to approve the 
construction of the railway, but they declined to grant 
absolute running powers, wishing to make them contin- 
gent upon facilities already afforded, following the prece- 
dent in the case of the Barry Company and the Taff Vale 
Company. Mr. Lambert, general manager of the Great 
Western Railway, who was examined in opposition to the 
Bill, stated that within the last two or three days nego- 
tiations commenced three months since had been com- 
pleted, by which the Great Western Railway Company 
would give the same rates to Barry as to Cardiff. 


Newport.—The annual report of the Newport Ship- 
owners’ Association, just issued, refers to the decrease of 
trade at Newport. Attention is particularly called to the 
fact that during the past year the coal shipments frcm 
Newport decreased by 229,663 tons. 


The Telephone in the West.—At a meeting of the Dor- 
chester Town Council on Tuesday an application was re- 
ceived from the Western Counties Telephone Company 
to erect wires in the fair’ ground. The application was 
opposed by several members of the council on the ground 
that the company had refused to recognise the rights of 
the council to control the erection of wires in the public 
streets, which right is claimed under ancient charter. The 
majority, however, protested against continued opposition 
to the company’s works, which was a public convenience, 
and eventually, the required permission was granted un- 
conditionally. 


The Tin-Plate Trade.—A meeting of the tin-plate 
makers was held at Swansea on Friday to consider the 
propriety of forming a syndicate. The proposal did not 
meet with general favour and was rejected. Mr. Rogers 
and Mr. Mayberry argued that the best way to nullify the 
effects of American agitation was to continue to sell at the 
lowest possible remunerative price. A syndicate could 
not hope to conduct the trade more successfully than it 
had been conducted in the past. 


South Wales Coal and Iron.—The exports of coal from 
the four Welsh ports in March were as follows ; Cardiff— 
foreign, 806,430 tons ; coastwise, 98,527 tons. Newport 
—foreign, 204,670 tons ; coastwise, 83,823 tons. Swansea— 
foreign, 81,059 tons ; coastwise, 65,426 tons. Llanelly— 
foreign, 14,205 tons ; coastwise, 7724 tons. Theshipments 
of coal foreign from the four ports for the month were 
accordingly 1,106,364 tons, while the shipments coastwise 
were 255,600 tons ; making an aggregate of 1,361,964 tons. 
The exports of iron and steel from the four ports in March 
were: Cardiff, 7609 tons; Newport, 15,842 tons ; Swan- 
sea, 16 tons, making an aggregate of 23,467 tons. The 
exports of coke from the four ports in March were: 
Cardiff, 7350 tons; Newport, 329 tons; Swansea, 528 
tons, making an aggregate of 8207 tons. The exports of 
patent fuel from the four ports in March were: Cardiff, 
17,142 tons, Newport, 2655 tons; Swansea, 18,719 — 
making an aggregate of 38,516 tons. The exports of co 
from the four ports in the first three months of this year 





were: Cardiff, 2,577,096 tons; Newport, 781,214 tons ; 
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Swansea, 396,918 tons; Lianelly, 58,521 tons; making 
an aggregate of 3,813,749 tons. The exports of iron and 
steel from the four ports in the first three months of this 

ear were: Cardiff, 18,738 tons ; Newport, 36,038 tons; 

wansea, 16 tons; Llanelly, 2500 tons; making an aggre- 
gate of 57,292 tons. The exports of coke from the four 
ports in the first three months of this year were: Cardiff, 
17,291 tons: Newport, 965 tons; Swansea, 945 tons; 
Llanelly, nil; making an aggregate of 18,201 tons. The 
exports of patent fuel from the four ports in the first three 
months of this year were: Cardiff, 63,608 tons ; Newport, 
14,642 tons; Swansea, 78,170tons ; Llanelly, ni; making 
an aggregate of 156,420 tons. 








MISCELLANEA. 
A pep of salt has been found in Kansas 400 ft. thick. 
It is said to extend for 300 miles and to be 25 miles wide. 


Edison’s phonograph is now to be seen and heard at the 
Gainsborough Gallery, 25, Old Bond-street, Piccadilly. 


At the annual general meeting of the Electric Power 
Storage Company, held on Wednesday, the directors re- 
ported a gratifying increase of business. The gross profit 
for the year was 13,2731. 


An unusual change in temperature is reported from 
Hassela, in Sweden. ‘Towards the end of March the 
temperature rose from —27 deg. (Celsius), one day, to 
13 deg. (Celsius), the following day. The latter was not 
in the shade, however. 


We understand that Mr. Jas. Bowack’s plan for dry 
docks which has been adapted to suit ironclads in Bom- 
bay Harbour, and was illustrated in our paper May 18 last, 
is now under consideration at the India Office and Ad- 
miralty. The plans have been varied so that 26 ft. at low 
water spring tide will always be available. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom, for the week ending March 
31, amounted, on 16,0214 miles, to 1,228,646/., and for 
the corresponding period of 1888, on 15,949 miles, to 
1,186,762/., an increase of 724 miles, or 0.4 per cent., and 
an increase of 41,884/., or 3 5 per cent. 


Mr. Barnard, of the Lick Observatory, announces the 
discovery of a faint comet at 5 hours 18 minutes a.m., on 
the morning of April1l. The position at the time of dis- 
covery was—right ascension 5 hours 21 minutes (decreas- 
1 minute daily); North Polar distance 73 deg. 53 minutes 
(decreasing 2 minutes daily). 


In answer to a question in the House of Commons on 
Monday night, Lord George Hamilton stated that the 
expenditure on naval ordnance during the past financial 

ear had been 901,000/. up to the7th of December last. 

he expenditure for the whole year could not as yet be 
accurately stated, but it was expected that it would not 
fall far short of the estimate, namely, 1,863,500/. 


The necessity of exercising the greatest care in con- 
structing large steam pipes for use with the high-pressures 
now employed, has been again emphasised by the bursting 
of a copper steam pipe at the Deptford station of the 
Electric Light Supply Association on Tuesday last, by 
which one man was killed and three seriously injured. 
The engines were being tried for the first time. 


An exhibition is to be held in Berlin next summer, 
when the following prizes will be awarded : 500/. for a 
satisfactory means of preventing the inhalation of dust 
in mills for grinding basic slag ; 200/. for a similar means 
applicable to the mercury vapour in mirror factories, and 
several smaller prizes for a more efficient brake for the 
wheels of brewers’ drays. 


The London Geological Field Class, under the direction 
of Professor H. G. Seeley, F.R.S., commences the sum- 
mer excursions this year on May 4, and will continue them 
on Saturday afternoons thereafter till the end of June. 
Intending students should apply for tickets to the hon. 
secretary, Mr. Walter Lewinson, Lundy House, Wil- 
loughby-road, Hampstead, N.W. 


A very considerable amount of Russian petroleum is 
now being imported into Scandinavia, and both in Stock- 
holm and Copenhagen large companies have been or are 
being formed for the purpose of pushing this trade on a 
large scale, spacious reservoirs having been erected, &c. 
The import to Denmark during 1888 amounted to about 
40,000 barrels, 


Messrs. Commans and Co., of 52, Gracechurch-street, 
London, E.C., who hold the licenses for this country for 
the Otto Aérial Ropeways, are now supplying one of these 
ropeways to be worked in conjunction with the Sheba 
and Oriental Tramways. As an acurate survey of the 
line proposed is of the utmost importance, Messrs. Com- 
mans have sent out Mr. Nittmann, one of their own engi- 
neers to Barbeton, to carry out this work. 


An order has been issued from the War Office strictly 
forbidding the practice of testing in any way the weapons 
in charge of troops, except in pursuance of orders from 
head-quarters. Should a commanding officer entertain 
doubts as to any of the arms of his men, he is at once to 
report to the Adjutant-General, and, if considered 
advisable, an examination of the arms by the Army In 
spection Department will be immediately ordered. 


A Bill has been introduced into the United States 
Congress to appropriate 200,000 dols. for the construction 
of a telescope with an object glass 60in. in diameter. 
This is one way of getting rid of the Treasury surplus 
which is troubling some of our American cousins, and 
certainly the money might be expended in a less praise- 
worthy manner. The light-gathering powers of this glass 
would be 2.77 times as great as that of the Lick telescope. 


The engines of the Calliope, which was the cole vessel 





that escaped at Samoa, were built by Messrs. J. and G. 
Rennie, Limited, of the Marine Engine Works, 60, Hol- 
land-street, Blackfriars-road, London, S.E. They are 
horizontal engines which indicated 3200 horse-power on 
their trial trip, using steam of 90 lb. pressure and making 
79 revolutions per minute. The boilers were afterwards 
adapted to forced draught, and with this 4000 horse-power 
were indicated. 


Professor Fouque has communicated to the Academy 
of Sciences the results of his inquiries into the coeruleum 
used in ancient Roman fresco paintings, and which still 
maintains its pristine freshness. He finds that it is a 
quadruple silicate of copper and silica. The ancients 
made it with sand, calcined or roasted copper ore an 
lime, in a somewhat haphazard fashion, but by the aid of 
modern chemistry it had been manufactured with ease 
and certainty. 


The California Electric Light Company, of San Fran- 
cisco, has erected at the Chollar Mine the largest electric 
power plant inthe world. It comprises six 120 horse- 
power Brush dynamos, each driven by a Pelton water- 
wheel with water under a head of 1630 ft. The water is 
conveyed through two pipes of 8 in. and 10 in. in diameter 
respectively. The station is situated in the shaft of the 
mine, and the exhaust water is carried off by a tunnel to 
the Caron River. The current is led to the mill, where it 
drives six Brush motors of 125 horse-power each, 


Le Moniteur des Produits Chimiques gives the following 


Table of the freezing points of mixtures of water and 
glycerine: 


Freezing Temperatures. Glycerine. Water. 
Cent. Parts. Parts. 

0 0 100 

— 1.58 10 90 

—12 50 36 64 

—12.65 46 54 

—29.72 58 42 

Below —33.07 70 30 


In a lecture before the Society of Arts on Friday 
March 29, Sir Juland Danvers stated on January 1, 1877, 
there were 6948 miles of railway in Jndia; on January 1, 
1888, this had heen increased by 7120 miles. There are 
now 14,890 miles open, and upwards of 2400 in course of 
construction. The 6948 miles took 27 years to construct, 
and cost 109,364,800/., or an average of 15,740/. a mile. 
The additional length of 7120 miles was made in eleven 
years, and has cost 73,514,400/., or 10,320/. a mile. In 
1887 the capital account stood at 182,879,655/., and the 
revenue realised 9,364,821/., yielding a return at the rate 
of 5/. 2s. 5d. per cent. 


Probably the simplest compensating brake dynamo- 
meter ever constructed is one which has been employed 
by Professors Ayrton and Perry in testing the small elec- 
tric motors. It consists simply of a grooved pulley, over 
which a rope passes weighted at each end. At the end 
with the lighter weight the rope has a knot in it, which 
acts as a very good compensator, as should the heavier 
weight tend to fall this knot is pressed into the groove, 
increasing the friction, and vice versé. Within certain 
limits of variation this works perfectly. For flat pulleys 
a piece of belting with a lace running through it a few 
times at the point occupied by the knot in the case of the 
rope, may be used. 


A large icemaking and refrigerating plant put down in 
——— by the Pulsometcr Engineering Company, of 
Nine Elms, London, has attained the exceptional result 
of making 25 tons of ice per day at a cost of 1s. a ton for 
fuel and 1s. 6d. a ton for labour. The apparatus is con- 
structed under Puplett’s patents, and among its chief 
advantages are the ability to work with condensing water 
of comparatively high temperature. It is driven by a 
tandem engine with cylinders 11 in. and 21 in. in dia- 
meter with a stroke of 30 in. The gas compressor is hori- 
zontal and double-acting, with two inlet and two outlet 
valves. In addition to producing the ice the machine 
cools four large chambers for the storage of meat. 


At the fortnightly meeting of the Liverpool Engineer- 
ing Society, held on Wednesday, the 3rd inst., at the 
Royal Institution, Mr. Walter Lang read a paper entitled 
‘*Remarks on Steamship Performance Diagrams.” He 
traced the progress of steamship performance records 
from the old individual registry of each builder to the 
more generally accepted Admiralty coefficient, whose 
universal use for single speed trials had all the currency 
and authority of a standard. The inflexibility of this 
standard, and its consequent unsuitability for continuous 
performances, led up to the consideration of Mr. Mansel’s 
elegant diagram, which, after careful explanation, was 
shown to be simple and exact for every purpose of in- 
vestigation. 


Owing to the limited depth of water at Elbing, only 
14 ft., Mr. F. Schichau has acquired suitable premises for 
a large wharf, extending over 170 acres, and having a 
water frontage to the River Vistula, at Danzig, with from 
24 ft. to 28 ft. depth, near tothe Imperial Wharf. Exten- 
sive works are in course of construction here, which are to 
be finished this autumn, and will enable Mr. Schichau to 
build not only the longest ocean-going steamers up to 
550 ft. length, but also the heaviest ironclads. For both 
kinds of vessels this renowned firm, of 52 years’ standing, 
has frequently had applications. At the same time the 
old works at Elbing are being considerably extended to 
enable engines up to 20,000 horse-power to be built there, 
and the firm of F. Schichau will, after completion of these 
extensions, be able to take and execute any order afloat. 
The general management will remain in the same hands 
as at present, 


A Parliamentary return has been issued showing the 
number, description, name of designer, place of manu- 





facture, and actual cost of the various rifled iron and steel 

ns supplied by the War Department to the naval and 
and service during the year 1887-88. The total number 
of guns issued was 240, of which 38 were for land and 202 
for naval service. The actual cost amounted to 347,642/. 
Two of the guns issued were 16 25-in. naval breechloaders, 
designed and manufactured by the Elswick Ordnance 
Company at an actual cost of 19,142/, each; five were 
13 5.in. naval breechloader guns, designed and manufac- 
tured at the Royal Gun Factory at a total cost of 53,6541. ; 
and 70 were 6-in. naval breechloader guns, designed and 
manufactured at the Royal Gun Factory at a cost of 
10087. each. Forty-three guns of the same calibre, de- 


d| Signed at the Royal Gun Factory, but manufactured at 


Elswick, are set down as costing 1053/. each, while twelve 
manufactured by Messrs. Whitworth and Co. cost 10617. 
each. Thirteen 12-pounder breechloaders for land service, 
designed and manufactured at the Royal Gun Factory, 
cost 205/. each. 


The new twin screw sloop Basilisk, which has been built 
at Sheerness from the designs of Mr. W. H. White, was 
floated out of dock on Saturday. The engines of the 
Basilisk, which are to indicate 2000 horse-power, are on 
the triple-expansion principle, carrying steam of 145 lb. 
pressure in the boilers, and are being supplied and fitted 
by Messrs. J. and G. Rennie (Limited). The frames of 
the Basilisk are completely plated with steel, which is 
covered with one skin of teak sheathing 3} in. thick, ex- 
tending 2 ft. above the water line, and secured to the 

lating. Her principal dimensions are as follows : 

ngth between perpendiculars, 195 ft. ; breadth, 30 ft. ; 
mean draught, 12 ft. 5 in.; displacement at load 
draught, 1170 tons. The Basilisk is unarmoured, but 
her machinery is protected by a steel deck, extending 
over her engine and boiler compartments. She possesses 
storage accommodation for 160 tons of coal—a supply 
sufficient to enable her to steam 930 knots continuously 
at full speed and 3000 knots at a reduced speed of ten 
knots per hour. She is to realise a speed of 14.5 knots 
under forced draught, and 13 knots under natural draught. 
The armament of the Basilisk will consist of eight 5 in. steel 
breechloading guns, six Nordenfelt machine guns, and 
two Gardner machine guns. She will have a complement 
of 131 officers and men. The total cost of the Basilisk, 
when fully equipped and ready for sea, is estimated 
at 72,5650. 





ErratuM.—In our account of Brochocki’s portable 
— in our last issue, page 323, the weight of the 
single track railway bridge was erroneously given as 
233 Ib. to 369 Ib. per foot run, it should have been 710 lb. 
to 1140 lb. per foot. 


New LIcHTSHIP FOR FirtH or Tay.—Messrs. Alexander 
Stephen and Sons recently launched from their shipbuild- 
ing yard at Dundee a wooden vessel which they have built 
to the order of the Board of Trade for service as a light- 
ship at the north cove in the Firth of Tay in the room of 
the Trinity House yacht presently moored there. The 
vessel is 104 ft. long, 23 ft. 8in. broad. and 114 ft. deep, 
with a gross tonnage of 163 tons. Messrs. Hawthorn, of 
Leith, will supply the machinery usually fitted in a light- 
ship. A steam engine and boiler will be supplied for work- 
ing thesyren. The lantern is about 8 ft. in diameter, and 
weighs 4 tons. The machinery is to be covered witha steel 
casing 6 ft. or 7 ft. bigh. essrs. Carlisle and Paxton, 
principal officer and shipwright surveyor, from Leith, 
superinterded the construction of the vessel. 





Tue INsTITUTION OF CivIL ENGINEERS..—At the ordi 
nary meeting on Tuesday, April 2, Sir George B. Bruce 
(President) in the chair, it was announced that the follow- 
ing associates had been transferred to the class of mem- 
bers: Arthur — Alexander, Henry Charles Baggallay, 
John Barker, William Henry Burr, Charles Farquhar 
Findlay, M.A., and Frederick Jopling. At the same 
meeting it was reported that the following candidates had 
been admitted as students of the Institution: Charles 
William John Bearblock, Gerald Macleay Browne, John 
Kempe —- A.K.C., Leslie Clarke, Alexander Sharp 
Douglas, William Drayner, Edmond Alderson Sandford 
Fawcett, Robert Stuart Hanckel, Alfred Edwin Har- 
daker, Edwin Hulme, Horace James Jordan Hummel, 
Hugh Haughton Latimer, William Orr Leitch, Jun., 
Alfred Percival Livesey, Ernest Leslie Mirus, William 
George Nash, Jun., John William Pole, Colin John Ross, 
Frederick Murray Royle, Arthur Grove Selwyn, John 
Roxburgh Sharman, Alfred Leonard Stocken, James 
Scargill Wade, Bertram Braund Waller, John Huth 
Walters, Harold Warren, and William Christopher 
Young. The monthly ballot resulted in the election of 
four members, viz.: Maurice King, P.W.D., India; 
Thomas Mudd, Hartlepool; Charles Lewis Strobel, 
Chicago; and Joseph Helen Thornhill, M.E., P.W.D., 
India; of twenty associate members, viz. : Charles Adcock, 
Liverpool; James Bower Bennett, Edinburgh; Jobn 
William Townsend Boys, Emu Bay, Tasmania; John 
Browne, Bilbao, — ; Alexander Brundrett, Rhymney, 
Mon.; William John Carpenter, Gas Works, Great 
Yarmouth; Tom Charles Ekin, Westminster; James 
Thomas Ford, New York; Herbert Goodyear, borough 
engineer, Colchester; Robert Green, Stud. Inst. C.E., 
Birmingham ; George Francis a Bombay ; Charles 
Arthur Hutchings, Buenos Ayres ; Charles Erskine May, 
F Perth, Western Australia; Frederic Thomas 
Maltby, borough engineer, Dorchester; Charles Henry 
Rogers, Holbeach ; Louis Charies do Rozario, A.K.C., 
Stud. Inst. C.E., Manila; Arthur Salmon, Egremont ; 
Roger Thomas Smith, B.Sc., Stud. Inst. C.E., Leeds ; 
Arthur Timmins, Runcorn ; and Arthur Prangley Wilson, 
South Kensington; and of William James Convstinens 
Wain, Thornton Heath, as an associate, 
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LivERPOOL : Mrs. Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, Deansgate. 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, Mr, CHARLES 
GILBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our Sole Agent for the United 
States, Mr. W. H. Wiley, 15, Astor-place, New York. The prices 
of Subscription or e in advance) for one year are: For thin 
(foreign) paper edition, 1/. 16s. Od.; for thick (ordinary) paper 
edition, 2/. Os. 6d., or if remitted to Mr. Wiley, 9 dollars for 
and 10 dollars for thick. 











ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must accompany all orders for 
single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside pages may be obtained on application. Serial 
advertisements will be inserted with all practical regularity, but 
absolute regularity cannot be guaranteed. 
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COPYRIGHT OF THE EIFFEL TOWER. 

Tue Eiffel Tower has been raised triumphantly 
to its final height of 300 metres, and the completion 
of the work was duly celebrated by a display of 
flags, the firing of guns from the upper platforms, 
and by a great banquet given on the first floor of 
the structure. Some weeks ago when the highest 
point was reached to which the public will be ad- 
mitted, M. Eiffel made a present of 100 francs to 
each of the 75 workmen occupied in the erection. 
In a short time the observatory which is to be 
installed in the campanile will be ready for the 
service of General de Nansouty, who for a number 
of years has lived in self-imposed exile at a height 
of nearly 12,000ft. on the summit of the Pic du 
Midi, in the Pyrenees, where he created the 
splendid meteorological station where so much good 
work has been done. The Eiffel Tower will un- 
doubtedly be, to the general public, the great 
attraction of the Exhibition, the object, which of 
all others, the mass of visitors will wish to bring 
souvenirs away with them. Photographs and en- 
gravings more or less accurate, will flood Paris 
almost as severely as the portraits of General 
Boulanger, but this class of representation does 
not satisfy the requirements of that ingenious 
class who manufacture the thousand and one objects 
known under the generic title of Articles de Paris, 
and to whom for the purposes of reproduction in 
all sorts of shapes and materials, the Eiffel Tower 
will prove especially attractive. Already a number 
of these industrials had prepared their workshops 
for the fabrication of Eiffel towers, and in a variety 
of materials—the more precious metals, copper, 
iron, wood, stone, ivory, and so forth, when the 
interesting and rather important question was 
raised, have these people the right to reproduce 
the Eiffel Tower? It would appear that this ques- 
tion presented itself to M. Eiffel, who promptly 
answered it in the negative, reserving to himself all 
the privileges of copyright of his famous work. By 


5| Virtue of this right which he considers absolute, 


he made a contract with M. Jaluzot, proprietor of 


56 | the Grands Magasins du Printemps, which included 
9|the right on the part of this latter to authorise 


sub-concessions. ‘‘I am,” said Mr. Eiffel, ‘like a 
sculptor who arranges with a maker of art bronzes 
for the exclusive reproduction of a statue; the 
right of an artist to make such an arrangement has 
never been contested. The tower is my work, I 
am the inventor of it, and its builder ; I can conse- 
quently cede to whoever I choose the right of 
Ihave moreover reserved certain 
branches of this right, such as engravings, draw- 
ings, &c., which can be sold freely just as they 
have been up till now. But I fail to see from what 
cause I should be prevented from charging a royalty 
on reproductions such as those which have been 
already made by certain large manufacturers of 
jewellery, and which have actually been produced by 
the thousand.” This line of argument was advanced 
a short time ago, when the public first heard of the 
treaty between M. Eiffel and M. Jaluzot. The matter 





caused a good deal of excitement in the circle which 
it specially interested, and the syndic of imitation 
jewellers lost no time in appealing to the Minister of 
Commerce. This body argued thus: ‘* M. Eiffel has 
not the least right to give any such exclusive con- 
cession. The tower is built on the land of the 
Municipality, and the State gave M. Eiffel a sub- 
vention of 1,500,000 fr. towards the work; as it 
forms part of the Exhibition it belongs alike to all 
Frenchmen, who have all an equal right to repro- 
duce it. It is absurd for M. Enffel to compare his 
position to that of a sculptor ; the latter has the 
absolute and clear right to concede to whoever he 
wishes the privilege of reproducing his work, be- 
cause such a reproduction must be a faithful and 
complete copy, and nota more or less general imita- 
tion.”” M. Eiffel yielded to this representation, 
and called upon M. Jaluzot to cancel their contract; 
while maintaining his legal right, the model having 
been deposited in 1885 at the Tribunal de Com- 
merce, long before his treaty with the State and 
the Ville de Paris, he added : ‘‘ As I know now for 
certain that a considerable number of makers, 
small and great, have hoped much for the Exhibi- 
tion from the success of my work, I feel that I shall 
be wanting in gratitude towards them and towards 
the population of Paris that has shown me so much 
sympathy, if I did not press for the complete annul- 
ment of our contract so far as it concerns the repro- 
duction of the tower.” 

But M. Jaluzot had in the mean time entered 
into a number of treaties with various industrials, 
who had already produced stocks of Eiffel towers. 
All that he could do was to bring these gentlemen 
together, to submit to them M. Eiffel’s proposal to 
annul the contract, and to ask them if they would 
consent. There was no mistaking the view they 
took of the matter. Their reply was an emphatic 
and unanimous ‘‘ No!” and then the question 
assumed larger and more interesting proportions. 
M. Eiffel was summoned by M. Jaluzot, and on his 
side, the Minister of Commerce, Commissioner- 
General of the Exhibition, prayed the Public Works 
and Commerce section of the Conseil d’Etat to 
examine into the affair and to decide whether the 
treaty between M. Eiffel and M. Jaluzot was justi- 
fied by the privileges connected with the tower 
which had been authorised by the convention be- 
tween the State, the Ville de Paris, and M. Eiffel. 
The Journal Officiel recently published the con- 
clusions arrived at. The two questions proposed 
were: 1. Was the treaty between M. Eiffel and 
the authorities of such a nature as to give the 
former any right to sell a monopoly for reproduc- 
tion? 2. Is not a special authorisation required 
from the Minister of Commerce and Industry for 
the sale within the tower, of different objects made 
out of the material used in its construction ? 

The Conseil d’Etat replied conclusively to both 
these questions. Their decisions are based, so 
far as regards the first question, on the nature of 
the contract under which M. Eiffel carried out the 
work of the tower, in accordance with plans and 
specifications approved by an official commission, 
the work forming a part of the Exhibition build- 
ings during the next six months, and becoming 
ultimately the property of the Ville de Paris ; on 
the power possessed by the State during the first 
period, as proved by certain rights, inseparable 
from its position as director of the work, such as 
the right of authorising the replacing of M. Eiffel 
by another person or by a constructing and working 
company, or in the case of the terms of the contract 
not being complied with to annul it altogether ; on 
the subvention of 1,500,000 francs accorded by the 
State, and the privilege for making money with the 
tower during the term of the Exhibition and for 
twenty years afterwards. The conclusion as re- 
ported is that the Eiffel Tower ‘‘is a public monu- 
ment which belongs to the State during the term of 
the Exhibition, and afterwards to the Ville de 
Paris ; that at no time and under no conditions can 
M. Eiffel be considered as the proprietor of the 
tower of which he is only the concessionaire, and he 
can only exert the rights actually enumerated in the 
act of concession, and among which there is no 
reference to any exclusive right for the reproduc- 
tion of the tower.” The solution of the second 
question is based upon similar considerations. It 
is clear that if the State and the Ville de Paris 
abandoned their rights in this matter, they did so 
only to allow full liberty of reproduction to every 
one who wishes to avail himself of it. The same 
view having been taken by M. Eiffel in his last 





correspondence with M. Jaluzot, it is not likely that 
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any legal action will be taken by the Government 
against M. Eiffel, in spite of the intention indicated 
by him to reserve what he considered to be his 
right. It isadifferent case, unfortunately, between 
M. Eiffel, M. Jaluzot, and the numerous industrials 
who have arranged with this latter; out of these 
arrangements, difficulties and actions at law are 
likely to arise. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

Tue annual meeting of the Institution of Naval 
Architects is being held this week, having com- 
menced on Wednesday last, the final sitting being set 
down for this evening. The meetings of any of our 
great engineering institutions may always, in strict- 
ness, be described as national events, for there is 
nothing more characteristic of our national life than 
our engineering industries. But this is more 
especially true of the meetings of the Institution of 
Naval Architects, as amongst all these industries 
there is not one more exclusively national than the 
making of ships. In this, at least, Great Britain 
stands unrivalled. Wherever else we may feel the 
growing pinch of foreign competition, in building 
ships, and engines for their propulsion, we stand 
head and shoulders above all other nations of the 
earth. The attention of the public has been more 
strongly drawn to this fact during the present 
meeting by the paper which stood first on the pro- 
gramme, that contributed by Mr. W. H. White, 
Director of Naval Construction. This paper may 
be said to have been the culminating pvint of a dis- 
cussion which has been agitating the country for 
several weeks past, having been carried on in 
the press, in Parliament, and by the less satis- 
factory method of special pamphlet. As we have 
pointed out on a previous occasion, the House of Com- 
mons isdistinctly not the place in which to discuss the 
rival merits of different schools of warship design. 
Mr. White, in replying to the comments made on 
his paper, said how often he had to sit quietly in 
that august assembly and listen to hour after hour 
of dreary talk and incompetent twaddle when ten 
minutes of any one conversant with the subject 
would have closed the mouths of the chatterers. 
We quote from memory, and the words we adopt 
are perhaps not exactly those of Mr. White, but we 
think probably they may express his meaning quite 
as well as the more polite expressions he doubtless 
used. In speaking on this subject the Director of 
Naval Construction gave expression to a wish which 
must have often arisen in his mind; viz., that he 
might havean opportunity, onthe floor of the House, 
of defending his work when attacked. Such a privi- 
lege, he pointed out, was permitted to officials hold- 
ing positions somewhat analogous to his own in 
foreign countries. It is a method of procedure 
we advocated a short time ago without, how- 
ever, at all hoping such a reform would take 
root. The sanctity of the Palladium—a word com- 
forting as Mesopotamia—would be invaded ; and if 
hon. members were constrained to talk sensibly 
and to the point nine-tenths of the business of 
the House would be gone. Still, perhaps, even in 
that event the great mass of Britons would go on 
their way buying and selling, working, or pleasur- 
ing much as usual, and would have the inestimable 
advantage of really knowing something definite 
about the Navy they pay for. 

We must not, however, anticipate the discussion 
on Mr. White’s paper, and will return to the pre- 
liminary proceedings at the meeting. 

The chair was taken by the President, Lord 
Ravensworth, at 12 o’clock on Wednesday, and the 
usual formal proceedings were gone through. The 
report of the Council was read by Mr. Holmes, the 
secretary, and by it members learned that the 
prosperity of the Institution continues to make 
steady progress ; 110 new members and associates 
were elected last year, whilst the losses due to 
death and resignation were but 17, so there was 
a net gain of 93. The Glasgow meeting of last 
year was referred to, which, like its predecessors 
held at Liverpool and Newcastle-on-Tyne, proved 
a great success. 

It is, we think with regret, that the great bulk 
of members will notice that no summer provincial 
meeting is to be held this year. The difficulty no 
doubt arises that the large centres of shipping 
industry are few in number and have in fact been 
exhausted by the visits of the last three years. 
There are, however, many ports where the Institu- 
tion might pay a summer visit with propriety. At 





Portsmouth and Southampton time could be pro- 
fitably spent, and certainly nothing more contri- 
butes to the popularity and success of an institution 
than these summer jaunts where amusement is so 
pleasantly combined with instruction. The com- 
petition of the present day causes the life of a busi- 
ness or professional man to be hard enough to make 
welcome any chance of gilding the pill. Perhaps, 
however, the most popular course the Council could 
have taken would have been a journey abroad, 
possibly to Havre, or even Paris, had an invitation 
been forthcoming. 

The report having been duly disposed of, Lord 
Ravensworth proceeded to address a few words to 
the meeting in place of giving the usual presidential 
discourse. He congratulated the members on the 
increased activity in the shipbuilding and marine 
engineering industries, an improvement which he 
hoped would be characterised by permanence, and 
having added a few words on the warship design 
controversy, he called on Mr. White to read his 
paper. 

Designs FOR BatrLe-SHIPs. 

The first part of this paper we print on page 362, 
and ‘hope to give the remainder, with the necessary 
illustrations, in our next issue. Our readers will 
perceive, from that part of Mr. White’s paper which 
we now print, that he refers firstly to the new 
designs, the leading particulars of which were 
embodied in a Parliamentary paper recently 
issued. It is these designs around which the pre- 
sent controversy centres. In order to form a com- 
parison the author gives particulars of other types 
of ships, both British and foreign, drawings of 
which were shown on the walls, and which we shall 
reproduce in due course. 

In the part of the paper which follows that we 
have printed, the author continues his comparison 
of the various types, dealing with the barbette 
designs in relation to speed, coal endurance, size, 
&c. These remarks we cannot abstract, but if 
necessary to elucidate any point in the discussion, 
we shall quote from the paper as we proceed with 
our report of the remarks of the various speakers. 

The first to rise at the conclusion of the reading 
was Sir Edward Reed. He commenced by saying 
he had been accused of casting reflections on per- 
sons’ characters, and that it was with great regret 
that he had done so, but if he had not taken such a 
course we should be having very different ships 
added to the Navy than even those now coming 
forward. He had to thank Mr. White for taking 
stepsin order that he, the speaker, might have the 
2 as soon as possible, but as a matter of fact it 
only came into his possession at half-past one that 
morning, so it must not be considered that his 
criticisms were exhaustive. In the first place he 
wished to say that all the author’s remarks were 
perfectly justifiable, and that he had stated the case 
in a very fair manner. In speaking of the recent 
designs there was a mystery as to the part taken by 
naval officers unconnected with the Board of Ad- 
miralty. The official publications did not clear up 
this point, and he thought it a subject that ought 
to be elucidated. In battle-ship design he was of 
opinion that armour considerations should hold the 
first place, for it was the primary consideration 
that a fighting ship should keep afloat. The 
meeting in this respect appeared in accordance 
with Sir Edward Reed, but we may remark in 
passing that in warfare one of the most effective 
methods of keeping afloat is by sinking one’s 
adversary, a problem which of course opens up the 
whole range of the ‘‘compromise” doctrine. It 
was especially of the first importance, the speaker 
continued, that the lighter armament of an opponent 
should not be able to disable one’s ship, a proposi- 
tion which he enforced by a peroration on the over- 
whelming properties of ‘‘the ever-ready sea,” 
couched in the most approved House of Commons 
school of rhetoric. As he read the papers which 
had been published, however, he came to the con- 
clusion the armament was made the first considera- 
tion in the particulars put before those who had to 
settle the details of the new ships. This, apparently, 
was not in conformity with Sir Edward’s ideas upon 
the procedure that should be adopted. 

Sir Edward next spoke at some length on the 
question of the re-designing of the Fury, a vessel of 
which the speaker had left plans when he left the 
Admiralty. This ship was ultimately built as the 
Dreadnought, and Sir Edward imagined that Mr. 
White wished to call in question his professional 
skill by referring to the fact that his views had not 
been carried out. In disproof of this statement Sir 





Edward quoted from a paper on this subject read 
some years ago before the Institution by Sir 
Nathaniel Barnaby, in the course of which it was 
stated that when the reconstruction was taken in 
hand the ship had been actually framed up to the 
water-line. Mr. White here interposed to say that 
a certain part of the framing had been taken down 
and an entire remodelling of the ship had been 
effected, even the beam being altered ; in fact the 
armament was the only part of the design which 
had not been recast. Sir Edward spoke on this 
subject for some time and concluded by saying that 
it was of little importance even if the ship were re- 
constructed from keel to gunwale. 

Sir Edward next proceeded to criticise what Mr. 
White had said about concentration of armament, 
remarks which will be found in that part of the 
paper we now print. The reason why the speaker 
objected to thearrangement in the new ships wasthat 
although such an enormous quantity of armour was 
carried, the safety of the ship was not secured, for 
the redoubt armour gave no safety to the ship. 
What Sir Edward would consider reasonable would 
be to open out the inner or rear part of the redoubts 
and extend the armour along the sides. If this 
were done there would be but a small distance to 
fill in with armour, and then protection would be 
got in a manner that was needed, namely, to secure 
the stability of the vessel. He referred to the 
increase in size during building of the Nile and 
Trafalgar. These ships, as sanctioned by Parlia- 
ment, were to be of 12,000 tons displacement, and 
they were afterwards increased to 12,500 tons, so 
that 500 tons of ship were built without the sanction 
of Parliament. He remarked that in his paper, Mr. 
White had spoken of these vessels as of 12,000 tons 
at times, and at other times as of 12,500 tons, 
selecting either the proposed or actual designs as it 
suited his argument. Sir Edward preferred to take 
the ships as originally designed for a basis of com- 
parison. But this very fact of the increase of the 
weight of the ship in building brought out the dis- 
advantage of a narrow belt very strongly, for 
although the Nile and Trafalgar had had their 
immersion increased by one foot by the extra 
weights, they were still as formidable vessels, be- 
cause they had a fair armoured side above water ; 
indeed, he considered they were improved because 
they had not at first had armour enough below the 
water line. If, on the other hand, they had been 
narrow-belted ships with only 3 ft. of armour above 
the water line, the extra immersion of one foot would 
have brought the unprotected parts in dangerous 
proximity to the water. 

Sir Edward went on to say that he had never 
called in question either Sir Nathaniel Barnaby’s 
or Mr. White’s professional abilities as naval con- 
structors. He believed that under existing circum- 
stances they had done the best that could be done. 
The Board of Admiralty thrust certain conditions 
upon them, and subject to those conditions they 
had to work. But the reason he had called Mr. 
White to account was that whenever he saw in the 
Times the announcement of a new ship being laid 
down, he found it stated that she had been de- 
signed by the Director of Naval Construction, 
and he therefore felt he was justified in holding 
the Director of Naval Construction responsible, an 
expression of opinion which elicited from Mr. 
White a hearty ‘‘Hear! Hear!” Now he, the 
speaker, would like to test this acceptance of 
responsibility by Mr. White. ‘* Would he rank 
in importance auxiliary armament before armour 
protection? If so,” continued the speaker, Ne 
will obstruct by all means in my power, the build- 
ing of such ships.” Sir Edward had placed a number 
of diagrams on the wall, to some of which, however, 
he did not, we believe, make reference in_ his 
speech. The first of these compared the Bellero- 
phon and the new designs. The part comprising 
the thick armour belt of the new designs was 
drawn in, and the armoured part of the Bellerophon 
was also shown on the same diagram. The ships 
were supposed to be inclined to an angle of 144 deg., 
and in such a position the belt of the new ship was 
a good deal below water on one side, whilst on the 
other it was quite above the water level, leaving 
a large area of bottom to be attacked by the 
enemy’s projectiles. Mr. White, in the course of 
the reading of his paper, had referred to this dia- 
gram and pointed out that Sir Edward had left out 
of the drawing all the 5-in. steel armour aboye the 
belt. ; 

Sir Edward next proceeded to refer to this dia- 
gram. He said that Mr. White laid a good deal 
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of stress on this 5-in. armour, but he, the speaker, 
was of quite a different opinion, for such protec- 
tion would be speedily broken through and would 
become useless. In the diagram would be seen 
what the speaker considered necessary for ship pro- 
tection 25 years ago, and also what was considered 
advisable by those who designed warships in the 
present day. It showed a British ship of war in 
such a position that her armour was 4 ft. below the 
water surface on one side and 4 ft. above it on the 
other. Mr. White here pointed out that the 5-in. 
steel armour, which was left out in Sir Edward’s 
illustration of the new design, was of the same 
thickness as parts of the iron armour of the Belle- 
rophon. Sir Edward maintained, however, that 
the Bellerophon’s armour was 6 in. 

Sir Edward next referred to his second diagram. 
This gave a comparison of the new design and the 
Nile, both ships being heeled to 84 deg. In that 
case the armour of the latter was neither fully sub- 
merged on one side or quite out of the water on the 
other, whilst in the new design the belt had entirely 
disappeared on the side of the ship towards which 
she was heeling. That diagram, the speaker con- 
sidered, illustrated the pith of his objection against 
the new design. 

Mr. White in the course of his paper had referred 
to Sir Edward Reed’s strictures upon the Admiralty. 
He had quoted what the latter had said about ‘‘ the 
decadence” of the ship-designing talent in that de- 
partment of our national services, and had said it 
would be interesting to hear from Sir Edward at 
what date the decadence commenced. Sir Edward 
accepted this challenge. ‘*I will tell Mr. White,” 
he said, ‘‘ when the decadence began. It was not 
when I left the Admiralty, but when that ship 
(pointing to a wall cartoon of the Inflexible) was 
turned out,” The decadence continued with the 
Admiral type, but there was a favourable reaction 
with the Nile and Trafalgar, whilst the new designs, 
the speaker intimated, were a relapse towards the 
former evil state; although he allowed, subse- 
quently, that the new designs were better than the 
Admiral type. When he went into office at the 
Admiralty he asked what the policy of the Board 
was to be, and he was told it was to build no more 
‘¢ Admirals,”’ 

Referring to the redoubt system, he said Mr. 
White claimed that the heavy guns could not be 
disabled so long as the redoubt was intact. This, 
the speaker allowed, was a point in favour of the 
system, but to purchase that they had to give up 
the thick armour on the side and accept a protec- 
tion of 5in. Mr. White seemed to put much faith 
in this 5-in. armour, but he, the speaker, would 
prefer that the thick armour should be carried 
throughout the citadel. 

Mr. White had referred to the liability of the 
armour belt to come out of water, and the danger 
that would accrue through the possibility of shot 
and shell striking below. ‘‘ This,” Sir Edward said, 
‘‘Mr. White seems to think, is a point against me, 
and that I had overlooked such a contingency.” In 
disproof of this, Sir Edward quoted from a previous 
letter of his addressed to the editor of the Times. 

Mr. White had stated that, by common consent 
(referring chiefly to foreign opinion), Sir Edward’s 
views upon the disposition of armour had not been 
indorsed, as ships were built abroad in direct con- 
travention to Sir Edward’s views. This the speaker 
was unable to deny, but he was aware, although he 
could not give his authority, that foreign Govern- 
ments were subject to the deepest anxiety on account 
of the course taken by those who had had the 
designing of their vessels. 

Mr. White had endeavoured to make a point of 
the fact that, although he (the speaker) condemned 
the designs that were put forward for battle-ships, 
he did not disapprove of them as applied to cruisers. 
Every one knew, however, that cruisers were not 
expected to close and fight; whereupon Captain 
Fitzgerald asked ‘‘ Why not ?” 

A good deal of importance was often given to coal 
protection, but those who read the naval intelli- 
gence in the Times might have recently noted a 
very significant paragraph. In consequence of the 
difficulty of getting the coal from the bunkers to 
the stokeholds, men had to be taken from the deck 
to help trim the coal. After such an admission 
he was surprised that any officer from the Admi- 
ralty should make reference to coal protection. 
Here Sir Edward made an undoubted point ; and it 
is to be regretted that Mr. White did not answer him 
in his reply to the discussion. It is to be presumed, 
however, that a rearrangement of the bunker de- 





sign would enable the trimming of coal to be more 
conveniently encompassed without detracting from 
the very considerable protection a mass of coal un- 
doubtedly gives against projectiles. It is often 
pointed out that when coal is burnt it no longer 
affords protection, which is very true. But the 
lightening of the ship by the burning of coal also 
often brings above water armoured protection in 
the vicinity of the water line. This applies more 
directly to the case of certain vessels, much criti- 
cised of late, in which a depth of immersion, not 
calculated in the original design, has been reached 
by the addition of supplementary weights, notably 
extra coal. Itis only fair to point out, however, that 
lightening of a vessel will also cause a further ex- 
posure of the unarmoured part below the belt on 
the one side, when the ship heels. 

Mr. White had pointed out that, not only guns, 
but the ram and torpedo, were to be reckoned with 
as weapons of offence. Sir Edward failed to see 
that this was an argument in favour of narrow belts. 
If water was liable to be let in below was not 
this an argument for continuing the armour to a 
greater height above the water plane? As a matter 
of fact, Sir Edward maintained that with the same 
conditions in other respects—or, as we understood 
him to say, with the same displacement, speed, and 
armament—he could produce a design that would 
be impregnable to the attacks of foreign vessels. 
If we are right in what we believe the speakerto have 
said, and if Sir Edward Reed can make good this 
assertion, it is evident he ought to be the man who 
should have unlimited control as warship designer at 
Whitehall, and hardly any amount of money would 
be too great for the country to pay to secure his ser- 
vices. He has only to produce his design and not 
only his fortune is made, but he will cover himself 
with undying glory as the greatest naval constructor 
that the world ever had, or is ever likely to produce. 

Unfortunately, however, Sir Edward’s next re- 
marks somewhat damp our hope of finding this 
easy solution to the problem of Britain’s naval 
supremacy. The new ships are to be of 14,500 tons 
displacement, and are to have 13,000 indicated 
horse-power with forced draught; whilst the 
Nile and Trafalgar are to be 12,500 tons dis- 
placement (as completed), and their engines are 
to develop, with forced draught, 12,000 indicated 
horse-power. The corresponding speeds are to be 
17.5 knots for the larger ship, and 16.5 knots with 
the smaller ship. Now Sir Edward has apparently 
done a rule-of-three sum, and finds the answer not 
quite square with the proposed results of perform- 
ance. ‘*Does Mr. White imply,” he asks, ‘‘ that 
with this new ship he will get greater speed in spite 
of the greater displacement? Does he say the 
larger ship will be the faster?” TothisMr. White 
replied, ‘‘ Yes, for high speeds.” ‘‘ Well, then, if 
it is good for high speeds, should it not be good for 
low speeds?” added Sir Edward. Mr. Thorny- 
croft here interposed a remark in support of Mr. 
White ; an explanation which was opportune, con- 
sidering the public importance of the discussion, 
but which would not have been necessary had the 
meeting been one exclusively of naval architects, a 
class of men who are aware that steamship per- 
formance is not always amenable to rule-of-three. 

After this episode Sir Edward proceeded to refer 
to another aspect of the speed question. He re- 
minded the meeting that since he designed ships at 
the Admiralty, the advances in engineering science 
have enabled ship constructors to get power far 
more cheaply in regard to weight. Mr. White had 
taken exception to an expression he had used in 
this connection in a letter to the Times, Mr. 
White here interposed by saying that the expres- 
sion of Sir Edward’s, to which he had taken excep- 
tion, was that ‘‘ speed” is now cheaply attained ; 
to which Sir Edward replied to the effect that the 
terms were synonomous. 

The coal supply was the next feature in the new 
designs Sir Edward criticised. At the designed 
load draught 900 tons is the complement allowed, 
and this the speaker said was insufficient. If Mr. 
White was of opinion that a battle-ship of that size 
was fit to perform duties in the Mediterranean with 
no more than 900 tons of coal, he, Sir Edward, by 
no means agreed with him. 

Sir Edward concluded his speech by saying that 
it was only from a sense of public duty that he had 
approached the subject, and many things that he 
had felt constrained to say, he would personally 
much rather have left unsaid. Sir Nathaniel 
Barnaby was his near relative, and Mr. White his 
personal friend. When the Nile and Trafalgar had 





been laid down, he considered a return was being 
made towards the right path in warship design, and 
he then became the friend and apologist of the 
Admiralty. He had spoken of incompetence, and 
by that he did not mean that the constructive de- 
partment at Whitehall were not competent to carry 
out professional duties. He had perfect confidence 
that Mr. White could work out and carry through 
anything that came in the way of his duties. What 
he would attack, however, and what he would brand 
as incompetent, was the system by which designs 
were prepared at the Admiralty. It was because 
of the system in vogue at Whitehall that neither 
naval officers nor naval architects, nor any one else, 
had an opportunity of duly exercising their talents. 

On the whole, Sir Edward Reed is to be much con- 
gratulated on his speech. He conducted his attack 
—or his defence, we are not quite sure which term 
we should use—in a manner that was creditable to 
his feeling of proper responsibility in dealing with a 
subject of great national importance, without that 
element of personality which, we must say, has 
sometimes appeared to us to colour his criticisms. 
He has undertaken a useful but ungrateful rdle. 
He has been, as it were, the pulex irritans of the 
Admiralty, and we think he may fairly claim to 
have kept his subjects on the alert, besides pro- 
moting an amount of wholesome ventilation that 
cannot but work for the good of the public in 
general and the naval service in particular. We 
quite indorse his claim, that had it not been for 
him we should never have learnt so much as we 
have done of the mysteries of warship design. 

Lord Armstrong was the next speaker, and te 
hit the centre of the argument by saying that if we 
were to render a ship safe from being sunk, we 
should eliminate her chance of hurting anything 
else. It must, his lordship continued, be quite clear 
to all that the ship designer must make, in the ship 
for the immediate future, a vessel which was a com- 
promise, and in the ship of the new barbette class 
we had the best compromise, as it appeared to him, 
between the offensive and defensive principle. 
Sir Edward Reed seemed to maintain that the 
defensive powers of a ship could be completely 
established, but this could only be done by the 
elimination of her powers of offence. What had 
been heard that afternoon only increased the 
disfavour with which he viewed the armoured 
class. They could not be made invulnerable, and 
their cost was so enormous that we could not have 
a numerous Navy with such vessels. Our Navy 
should consist of a great number of ships, and to 
secure this we had to restrict the number of the 
most costly ships. 

Lord Charles Beresford was the next speaker, 
and commenced by saying that in his opinion Lord 
Armstrong had hit the right nail on the head when 
he had pointed out that in making a ship safe you 
must take away her power of offence. The true pro- 
blem to be decided was the rival claims of armour 
v. armament. He would give his viewsas a seaman, 
and he felt assured he was speaking also for his 
brother officers, as to a fighting ship. He thought 
Sir Edward Reed was wrong as to the new ships. 
He condemned the Admiral type in sweeping 
terms, and his opinion in this respect was con- 
firmed, because he could never get, when he was at 
the Admiralty, any one to own themselves respon- 
sible for the design. As to the five inches of 
armour it was to be remembered that it was not the 
effects of heavy shot that the vessel would have to 
fear so much as shell, and the five inches of steel 
would explode a shell or high explosive. 

Sir Edward Reed here asked if 16 in. of armour 
would not be equally effective? to which the speaker 
answered ‘‘ Yes, but in order to have this armour 
the ship would have to sacrifice the coal, or do away 
with the auxiliary armament —and upon this 
auxiliary armament the naval officers laid great 
stress.” They wanted, above all, offensive qualities 
in the ship—they wanted the defensive part as 
much as possible; but they did not want, for the 
sake of that, todo away with that offensive power 
by which they could knock the enemy into a 
cocked hat. Naval officers did not want to say 
to the enemy, ‘‘ You can’t hurt us;”’ but they 
wanted to say ‘‘ We can hurt you,” and that was 
the point before the country. As to the armour, he 
thought the Board of Admiralty had been wise in 
adopting the compromise shown in the new class of 
ship. As to Sir Edward Reed’s assertion that 
foreign Governments were in a state of trepidation 
about the narrow belts, all he could say was that he 
had been abroad and had not noticed this trepida- 
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tion. And if it existed, why on earth were foreign 
Governments going on building ships with these 
narrow belts? He defied Sir Edward Reed to name 
a ship being built abroad with a broader belt, and, 
in fact, ships were being built with narrower belts. 

Lord Charles had endeavoured, when he was at 
the Admiralty, to get an experiment tried with one 
of the Admiral class, but he had never succeeded. 
He wanted the vessel to be taken into dock, and her 
compartments fore and aft to be filled as they 
would be very soon in action by the fire of the 
lighter armament on the unprotected parts. He 
would like to see the result of such a proceeding. 

As to coal supply and speed he did not think 
that the Admiralty could produce a better design 
than that on the wall for a line-of-battle ship. Sir 
Edward Reed was of a directly contrary opinion, 
but let Sir Edward Reed produce something better. 
If he could do so he, Lord Charles, would vote for 
him in Parliament through thick and thin. He 
must remind the meeting, however, that our policy 
in warship construction must be governed by that 
of other countries. We cannot afford to play a 
game of hazard with such a vast stake as our naval 
supremacy on the board. What Lord Charles 
meant was this. Some people advocated putting the 
available capital into say five or six smaller or weaker 
vessels instead of one big and powerful ship. That 
might be right or it might be wrong ; no one knew, 
or even would know, until the problem came to be 
worked out by actual war. But of one thing we 
were certain, that two ships were better than one, 
supposing the vessels were all alike. Therefore we 
must watch what our neighbours are doing, and 
build to meet their tactics, only always holding the 
winning hand by virtue of superior numbers. 

The question of speed had arisen, and Admiral 
Hood did not seem to attach much importance to 
this element in a battle-ship, saying that if she 
were strong in offensive and defensive properties, 
she would be independent of high speed. This, 
however, was far from being Lord Charles’s view. 
He looked on speed as the equivalent of the weather- 
gauge in the old sailing days. He gave the power 
of initiative a quality of the first importance. 
Besides, it was no good making a ship powerful in 
attack if she could never catch her enemy. 

Returning to the question of the ‘‘ Admiral” de- 
sign he said that his objection to these vessels was 
that they were ‘‘Constructors’ ships.” Naval 
officers think there are too many ‘‘constructors’” 
ships in the Navy. He did not wish to abuse the 
naval constructors, in fact he believed they did 
the best they could, but the system of designing 
vessels in the past had been a haphazard system. 
At this point Sir Nathaniel Barnaby rose and said 
that every drawing of the ‘‘ Admirals” had been 
signed and passed by the naval members of the 
Board of Admiralty for the time being ; a state- 
ment in which he was confirmed by Admiral Sir 
Houston Stewart, who, it will be remembered, 
filled the office of Controller of the Navy for so 
long a period. The statement appeared to take 
Lord Charles all aback, and he said he should move 
for the papers to be laid on the table of the House 
of Commons. No seamen, he continued, would 
say that the Admirals are good ships, and he could 
not believe they were seamen’s ships. If so let 
the seamen be found out. In conclusion he said 
he never lost an opportunity to vilify the Ad- 
miralty system of admistration, which was, to the 
last, rotten. 

Aduwiral Sir Geoffrey Hornby followed. He said 
he agreed with what Lord Charles Beresford had 
said as to the service at large, but he did not feel 
competent to criticise the design of a ship on 
paper ; but as a naval officer he desired to press for 
ships of great offensive power and of great speed ; 
for it was speed that enabled them, on meeting an 
enemy, to prescribe the mancuvre. They could 
not hope to use ships of great power if they did 
not have speed. In order to get concentrated 
power and power of manceuvre and speed, they 
must give up the great weight of armour or else 
have bigger ships. 


(To be continued.) 








BRITISH WAR SHIPS. 
(Continued from page 335). 
WE now come to a smaller class of unprotected 
sloops, of which the Melita is the first. She was 


laid down at Malta in 1883, and is to be completed 
The displacement is 970 tons, the weight 
The length is 167 ft. ; 


this year. 
of hull being 530 tons. 


breadth, 32 ft. ; mean draught, 12 ft. llin. The 
machinery has been constructed at Malta, the 
engines indicating 1200 horse-power with forced 
draught, and 750 horse-power with natural draught, 
the corresponding speeds being 12.5 and 10.75 knots 
respectively. The maximum coal capacity will be 
150 tons, equal to 2110 knots at 10-knot speed, 
which, it will be noted, is within three-quarters of 
a knot of full natural draught speed. The main 
armament is to be eight 5-in. guns. The figures as 
to cost will be of interest in a vessel constructed so 
far from home. The hull will cost, for labour, 
21,9601., and for materials 15,000/. The machinery is 
to be 60501. for labour and 4000/1. for materials, 
with 27921. added for contract work. The fitting, 
equipment, gun mountings, torpedo carriages, &c., 
will cost for dockyard work 1956l.; for labour, and 
for material 3235/.; and 41421. will also be spent 
under this head on contract work. Stores for first 
fitting will cost 16641. The establishment and in- 
cidental charges are naturally high. They are set 
down at 11,490/., but it is stated in the estimates 
of this year that ‘‘ Establishment and incidental 
charges at foreign yards were not apportioned sub- 
sequent to 1887-88 ;” so this sum apparently will 
not include the whole of the incidental charges. 

The Magpie is an unprotected first-class gunboat 
laid down at Pembroke in 1887 and to be completed 
next July. Her displacement is 805 tons, weight 
of hull 420 tons, length 165 ft., breadth 31 ft., 
mean draught 11ft. 74 in. The machinery has been 
constructed by Earle’s Shipbuilding Company and 
will indicate 1200 horse-power with forced draught 
and 720 horse-power with natural draught; the 
corresponding speeds being 13 and 11.75 knots 
respectively. The maximum coal capacity is 105 
tons, which will take the vessel 2500 knots at 10 
knots speed. Thearmament is six 4-in. guns. The 
cost of the hull is 21,140/., and the contract price 
of the engines 9297/., with 315/. for auxiliary en- 
gines not in the main specification. The total cost 
is 45,6781., of which 3102/. is for guns. 

The same description will apply to the Red- 
breast and Redpole, excepting that a trifling differ- 
ence in the estimate for incidental charges alters 
the total cost somewhat. 

We next have two similar first-class gunboats, the 
Lapwing and Ringdove, constructing at Devonport, 
and to be completed this year. The engines are 
also being made in the dockyard. The cost of hull 
is 21,1401. in each case, or exactly similar to the 
cost of the Pembroke ships, which would be a most 
remarkable coincidence if each dockyard were to 
prepare its own estimates. These dockyard-made 
engines are to cost for each set 5521/. for labour and 
32391. for material, with the 315l. for extra 
auxiliaries as in the other ships. The total for each 
ship’s main engines will be therefore 8760. ; which 
compares very favourably with the Earle Company’s 
92971. each for three sets of similar engines, even 
if we do not take into account the 360/. per ship to 
be spent by the dockyards on the machinery of the 
ships for which the Earle Company are to supply 
the engines, and even if we make allowances for 
drawing and patterns in stock from the Pheasant 
and Partridge engines already constructed in this 
dockyard. The cost of the Lapwing is 50,635/. 
with guns (3102I.), and of the Ringdove a trifle less. 

The Goldtinch is another vessel of like design. 
She has been built at Sheerness and will be com- 
pleted this year. The cost of the hull is 21,140/., 
as with the Pembroke and Devonport ships, so it 
appears not to matter whether you build a vessel 
in the extreme east or extreme west, so far as cost 
is concerned. The machinery is also to be con- 
structed at Sheerness, but we are told there is to 
be spent on it 9680/. for contract work, whilst the 
yard will spend only 300/. in labour and 60/. in 
material ; from which it would. seem that the 
remark we have just made as to the cost of hulls 
in the east and west does not apply to engines 
also. For our own part, if ever the dockyards 
come into the open market in the machinery 
trade, we shall go to Sheerness for our engines. 
Three hundred and sixty pounds is quite reasonable 
for 1200 indicated horse-power ; but what a con- 
science the contractors must have who charge 9680/. 
for auxiliaries! The total ship, with guns, will be 
49, 0601. 

The Widgeon is another of these unprotected 
first-class gunboats, built at Pembroke. The cost 
of hull is as last stated, and the engines are by 
Rennie, costing 96801., which is, curiously enough, 





the sum charged for auxiliaries in the last ship. 
The coincidence would be more extraordinary if 





there were no such things as clerical errors. The 
total cost, including guns, is 45,9641. 

The Peacock is somewhat smaller, being 1 ft. 
less beam and 33 in. less draught, which brings the 
displacement down to 755 tons, and the weight of 
hull to 400 tons. The maximum speed will be a 
quarter of a knot more (13.25), the engines being of 
similar power. The ship was built at Pembroke, 
costing with guns, 45,552/., of which 20,1001. 
is for hull, and 9680/. for the main engines, the 
latter being by the Barrow Shipbuilding Company. 
We see here another curious coincidence, viz., 
Rennies in London, and the Barrow people in the 
North tendering for these engines at exactly the 
same sum. 

The Pheasant and Partridge have also been built 
at Devonport, where the engines have also been 
made. They are to cost with guns 50,1211. each. 
The cost of hull is 20,245/., whilst the engines are 
to be 63021. for labour and 34501. for materials, or 
97521. for each set. If from this we deduct the 
315/., which is usual in these vessels, for machinery 
not included in the main specification (which sum 
apparently is included in the last quoted figures), we 
get a total of 9437/. to compare with the contract 
figures already quoted. 

The Pigeon, Plover, and Pigmy, are the three 
remaining ships of this class. The two former are 
building at Pembroke, and are to cost for hulls 
20,100/. each, whilst the Pigmy building at Sheer- 
ness will cost 87/. more forhull. The total cost of 
the three ships with guns, will be respectively 
Pigeon, 45,5281. ; Plover, 45,345/.; and Pigmy, 
48,7731, The machinery is by the Barrow Com- 
pany and costs 9681/. per ship, and 3601. is also to 
be spent in the dockyards. 

It will be seen that there are thirteen of 
these unprotected vessels having machinery that 
will give 1200 indicated horse-power with forced 
draught and 720 indicated horse-power with natural 
draught. If we exclude from the list the Gold- 
finch, as there is apparently some error in the 
figures, we find that Earle’s Shipbuilding Company 
have constructed three sets of engines, which come 
to 9657/. each ; Devonport have constructed four 
sets, which average 9256/. each; Rennies one set 
at 10,040/. ; and Barrow four sets at 10,040/. 10s. 
each. In these figures the 360/. per set of engines 
to be spent in the dockyards are included for the 
contract-made engines as presumably the same work 
will have to be done for the dockyard-built engines. 
The item of 315]. for ‘‘ auxiliary machinery not in- 
cluded in propelling machinery ” is not included in 
the above figures, but it only occurs at any rate as 
a separate item in the three ships engined by 
Earles, the one engined by Rennie, and the two 
first-named dockyard-engined ships. If, however, 
we assume that the same machinery has been put 
into each ship (having been charged as a separate 
item in some cases and with the main engine 
estimate in the others) we find the respective mean 
costs to be: Earles, 99721.; Devonport, 9413/. 10s. ; 
Rennie, 10,3551. ; and Barrow, 10,0401. 10s. 

Now although the dockyard-engined ships have 
this advantage in the matter of cheaper engines, they 
are the dearer ships taken as a whole. We repeat 
in Table II. some of the figures already quoted so 
as to facilitate comparison : 
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Lapwing 47,583/22,500| 9,075 /5016)2718 8224 
Ringdove 47,458 22,500} 9,075 5016/2718'8149 { Four dockyard-en- 
Pheasant 47,019 20,245) 9,752/5505|2347 9170 ( gined vessels. 
Partridge 47,049 20,245 9,752 5505 2390 9157 
Magpie .. 42,576 21,140/ 9,972/5135/2485 3844 ) Three vessels en- 
Redbreaet 42,528 21,140! 9,972 5135/2485 3796 } gined by Earle’s 
Redpole.. 42,473 21,140) 9,972/5135/2485 3741 ) Company. 
Peacock... 42,450 |20,100/10,040/5135|2390 4785 ) Four vessels en- 
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Plover .. 42,243 20,100|10,040 5135/2347 4621 Barrow Shipbuild- 
Pigmy .. 45,671/20,187|10,041 5163/2347 7933 ing Company. 
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* The estimated cost of guns in each case is 3102I. + Including 
stores for first fitting. 


A comparision of these figures will be interesting, 
but we will not offer any comments on them now, a8 
we shall have to deal with somewhat similar figures 
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later on in connection with other vessels engined in 
the dockyard. 

We have next nine first-class torpedo gunboats of 
similar class. They are the Salamander, Seagull, 
Sheldrake, Skipjack, Sharpshooter, Spanker, Gos- 
samer, and Gleaner. The following are the chief 
elements of design: Displacement 735 tons, 
weight of hull 320 tons. Length 230 ft., breadth 
27 ft., mean draught 8 ft. 3 in. ; indicated horse- 
power, forced draught, 4500, natural draught 2500, 
speed 21 knots forced draught and 18.75 with 
natural draught. Maximum coal capacity 100 tons, 
equal to 2500 knots at 10-knot speed. Armament, 
excluding machine guns and torpedoes, two 4.7 in. 
and four 3-pounder quick-firing guns. The guns 
will cost 1792. for each ship. The first four have 
been laid down at Chatham and the hulls are to 
cost 12,2541. for labour and 43101. for materials 
The first three ships are engined by Maudslays. 
The machinery of each cost as follows: Dockyard 
work 800I., contract 21,301/., auxiliary machinery 
not in main specification 165/. The Skipjack is 
engined by Laird, whose main contract was 22,3251. 
In other respects the corresponding figures are 
similar to those quoted. The full price of the Sala- 
mander, with guns, is 56,374/., the two following 
ships being about the same, whilst the Skipjack is 
57,2821. The Sharpshooter, Spanker, and Speed- 
well have been built at Devonport. The hulls 
will cost respectively 12,6401. for labour, and 
43601. for material for the first; and 12,5801. 
labour, and 45501. material for each of the other 
two. Bellis and Co., of Birmingham, are making 
the machinery for Sharpshooter and Spanker, their 
main contract being 20,905/. for each vessel, other 
items for dockyard work on machinery and extra 
auxiliaries being as before quoted. Lairds are doing 
the Speedwell’s machinery at 22,325/., other items 
as before. The total cost of these three vessels, in- 
cluding guns, is 56,955/., 57,0311., and 58,427/. re- 
spectively. 

The Gossamer and Gleaner were laid down at 
Sheerness last January. The hulls are to cost 
each 12,4281. for labour and 43801. for materials. 
The machinery is to be made in the dockyard, and 
is to cost 10,3501. for labour and 87501. for material 
in each ship, together with 515/. for extra 
auxiliaries. The price of these two ships is to 
average 59,588]. each. 

From these figures it will be seen that in the 
three ships engined by Maudslay, the cost of 
machinery will be 22,266/. each ; in the two ships 
engined by Laird, the machinery will cost 23,2901. 
each ; the two ships engined by Bellis, 21,8701. each; 
and the two Sheerness ships with dockyard-built 
engines, 19,615]. each. Taking these figures, our 
private engineering firms are quite out of the run- 
ning when opposed by the dockyards ; for even the 
cheap Birmingham firm—a firm, however, whose 
work is of the highest class of excellence—are over 
two thousand to the bad, whilst Messrs. Laird 
exceed the dockyard by 36751, In spite of this, 
however, we find the dockyard-engined ships, as a 
whole, the dearest. Comparing for instance the 
Devonport-built and Bellis-engineed Sharpshooter 
and Spanker (A) with the Sheerness-built and 
engined Gossamer and Gleaner (B), we find the 
following as the mean figures of both pairs. 
Total first cost, A 56,9931. ; B 59,5881. = 25951. less 
for A. Cost of hull, A 17,0651. ; B 16,8081. = 2571. 
less for B. Fittings and equipment and stores for 
first fitting, A 4587/.; and B 6065/.=14781. less 
for A. Gun mountings, torpedo carriages, and 
gear, A 50821. ; B 5265/.=1831. less for A. Esti- 
mated proportion of incidental charges, A 65961. ; 
B 10,0431. =34471. less for B. 

If we examine these figures we find they show 
that the contract-engined ships, as compared to the 
dockyard-engined ships, are dear in engines, but 
are cheap in the matter of fittings, equipment, and 
stores, and also enormously cheap in the matter of 
incidental charges ; whilst the dockyard-engined 
ships are cheap as to engines, but dear in the 
matter of fittings and equipment and also enor- 
mously dear in incidentals. 

The Spider, Sandfly, and Grasshopper, three un- 
protected first-class torpedo gunboats, of a smaller 
size, come next in our list. The following are the 
particulars of these vessels: Displacement at load 
draught, 525 tons; weight of hull, 270 tons; 
length, 200 ft.; breadth, 23 ft.; mean draught, 
8 ft. 9in. Engines by Maudslay to indicate 3000 
horse-power with forced draught and 1350 horse- 
power with natural draught, with speeds to 
correspond at 19 and 15 knots. Maximum coal 





capacity, 80 tons ; equal to 2400 knots at 10-knot 
speed. Armament, excluding machine guns and 
torpedoes, one 4-in. and six quick-firing guns. 
The two first have been laid down at Devon- 
port, the hull of the Spider costing 12,280/. for 
labour and 3708/. for materials, and the Sandfly 
about 200/. less. The contract price for the engines 
of the Spider is 15,223/., and the Sandfly about 
1801. less ; in both cases 1221/. being spent in the 
dockyards on machinery. 

The Grasshopper has been built at Sheerness, 
her hull being a trifle cheaper than that of the 
Spider. Her engines are by the same contractors, 
the price being 14,841/., but only 316/. is being 
spent on machinery in the dockyard. The three 
vessels cost 48,1891., 47,9271., and 47,7501. respec- 
tively ; the guns of the two first engrossing 19931. 
each, and of the last-named 25751. of the total 
sums. 

To complete the list of dockyard-built ships we 
have four new Sharpshooters to be laid down, a 
surveying vessel, the Research, a training brig, 
two lighters, and a steam pinnace, the three last 
building at Malta. 

(To be continued.) 








NOTES. 
FioatinG EXHIBITIONS. 

FLoatInG exhibitions seem to have taken, at least 
as far as Germany is concerned, The German 
Export Company has decided to apply the sum 
of 250,000/. (5,000,000 marks) on the building, 
equipment and working on a very large steamer 
which is to serve as a floating exhibition. The 
vessel in question will be called Kaiser Wil- 
helm, and the principal dimensions are as fol- 
lows: Length, 564 ft.; breadth, 66 ft.; depth, 
46 ft. ; so the question is not of a small craft. The 
steamer is to have four engines, entirely indepen- 
dent of each other, and four propellers. She is to 
be fitted in exceptionally gcod style. The expenses 
for atwo years’ tour are calculated at 157,000I., 
while !the takings for hire of room and profits 
on sale are expected to reach 363,000/., leav- 
ing the very handsome profit of more than 
200,000/. The steamer will accordingly to the 
present arrangements be ready to start in the 
spring of next year. A previous undertaking 
of a similar nature, the steamer Gottorp, despatched 
from Hamburg, is understood to have given a satis- 
factory result. Not only are German goods being 
shown in many different parts of the world, but the 
staff accompanying steamer has ample opportunities 
for studying in each place the various local and 
special requirements, and to see to what extent and 
in what manner the different wants are being sup- 
plied, either by home or other foreign makers. 


Tue Execrric Licut Inquiry. 

On Wednesday, April 3, Major Marindin, acting 
for the Board of Trade, opened an inquiry at 
Westminster Town Hall to hear objections to the 
granting of Provisional Orders under the Electric 
Lighting Acts. The number of orders which have 
been applied for in the metropolis is thirteen, and 
as many of these are for the same or overlapping 
areas, the objections are very numerous. About 
fifty counsel are engaged on the case, besides 
witnesses and experts of all kinds. Naturally many 
of the competing companies oppose each other, 
while vestries and other local authorities are trying 
to obtain the insertion in the orders of various 
restrictions and regulations. The first case taken 
was that of the London Electric Supply Corpora- 
tion, who are building an immense generating 
station at Deptford. Originally this company 
applied for an order for all London, but this has 
since been modified by striking out Whitechapel, 
part of Lambeth, Hampstead, St. Mary Abbott's, 
and some other districts. The company are putting 
down machinery to supply 230,000 lights at once, 
and they do not seek any monopoly. They are in- 
tending to work on the transformer system, the 
current being transmitted to London at a pressure 
of 10,000 volts. It will then be reduced to 
2400 volts before it enters the distributing mains, 
and finally reduced again on the customer’s pre- 
mises to 100 or 50 volts. The cross-examination of 
the company’s witnesses was directed to show that 
the plan of having a single gigantic station was a 
dangerous risk, and that currents of such high 
pressure would lead to ditliculties. The next case 
was that of the Metropolitan Electric Supply Com- 
pany, who ask for a large area in the City and 
West-end. They have already a station of 12,000- 





light capacity in Whitehall and in action, and other 
buildings are projected, namely, one of 50,000 lights 
in Sardinia-street, one of 24,000 lights in Rathbone- 
place, one of 50,000 lights in Manchester-square, 
one of 40,000 lights in Eccleston-place, and one of 
20,000 lights at Waterloo Bridge. This company is 
using both the storage and the transformer systems. 
Dr. Hopkinson, Professor Fleming, Professor 
Forbes, and Sir William Thomson appeared as wit- 
nesses. On Tuesday, Major Marindin, with his 
assessor, Captain Cardew, visited the works of 
the various companies. The inquiry is still pro- 
ceeding. 


Prouisitine Woop Fuet on Russtan Ramways. 

It is announced at St. Petersburg that the 
Council of State is examining a law for prohibiting 
the use of wood as fuel on all the railways in the 
European part of the empire. Such a law has been 
often mooted, but owing to the infantine condition 
of the coal industry, the Russian Government has 
never taken it seriously in hand. The clamour 
against the ruthless destruction of the forests, how- 
ever, coupled with the development of other fuels, 
has at length led to a change of attitude, and there 
seems a probability of the prohibition to use wood 
becoming in due course law. To the ordinary 
tourist who visits Russia by railway, there does not 
seem any special need for such a regulation. From 
the time he crosses the German frontier until he 
reaches St. Petersburg he scarcely ever loses sight 
of trees, and the whole of the 400 miles from St. 
Petersburg to Moscow is simply a cutting through 
a forest. Of the two, he carries away the impres- 
sion that a little more cutting down of trees would 
be more advantageous than the reverse. This im- 
pression exists only in the north. In the south the 
train passes for hours over the steppes or treeless 
plains, without a tree or a shrub enlivening the 
landscape. The railways, however, were not re- 
sponsible for this denudation, whatever their sins 
in the north, where whole districts have been 
deprived of timber to feed the locomotives of the 
principal lines. It is a question whether, in spite 
of this, the Government would not be wise to let 
the evil cure itself. If Russia is to maintain the 
position she recovered last year in the corn trade, 
she must have cheap railway transport, and this 
will be impossible if cheap wood be suppressed in 
favour of dear coal. At present Russian railways 
use whatever fuel is cheapest—in the north wood 
is almost uuiversal ; but wood fuel is expensive to 
carry very farsouth, and consequently on the Black 
Sea coast foreign or native coal is used. In Poland 
also the local lines enable the railways to use coal 
on a considerable area, and in the Volga region 
railways like the Grazi-Tsaritsin employ mainly 
petroleum. Every year coal and petroleum refuse 
push further and further afield ; and except where 
wood is extremely cheap, compete favourably with 
it. Onthe Volga wood was once exclusively used, 
but during the last five years the employment of 
liquid fuel has spread from the Caspian; and now, 
as far north as Kazan, the steamers use nothing else, 
As the Volga steamers were formerly as great 
offenders as the railways, the evil is thus curing 
itself, and hardly seems to invite the active inter- 
ference of the Russian authorities. 


Licensinec Exectric Licut Emptoyes. 

A little over a year ago President Henry C. 
Davis, of the New York Electric Club, stated that 
he considered that one of the results which he 
expected from the club would be ultimately to 
arrange a system of examination and license of 
employés of electric companies, in order that their 
various capacities and experience could be attested by 
the proper certificates, and that this would develop 
a spirit of ambition among the young men, and 
would also fix the proper responsibilities upon com- 
petent persons. But the New England Electric 
Exchange at Boston, formed of both underwriters 
and electricians, or rather electricians employed by 
the underwriters and electricians employed by the 
light companies, have been the first to carry this 
system into effect. A board of electricians has 
been appointed to examine candidates, and give them 
licenses in some one of five classes. The first class 
is issued only to persons fully competent to install 
any electric light or power plant. He must have a 
general knowledge of the construction of such 
electric apparatus, of the principles of secondary 
batteries, and a thorough knowledge of the rules 
of the insurance companies upon installation of 
electric light apparatus. He must be able to make 
working drawings of central stations and isolated 
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eng to calculate the rules for electric wiring, and 
ave an accurate knowledge of the electric lighting 
system which he desires to operate. The second- 
class license is issued to persons who could operate 
and install apparatus for any two of the following 
three: incandescent or arc lighting, or electrical 
transmission of power. His knowledge must be 
general upon the construction and operation of 
dynamo-electric machines, especially in regard to 
the apparatus which it is desired to operate. He 
must have also a thorough knowledge of the in- 
surance rules and the rules governing electric 
wiring. The third-class licenses are for those who 
are competent to make electric light or power instal- 
lation, but are not considered competent to operate 
the electrical machinery. There is required a 
thorough knowledge of the calculations and rules 
governing electric wiring, ability to make plans, 
and a thorough knowledge of the action of electric 
lighting and power machinery, and also insurance 
rules. This class of licenses is obtained by graduates 
of technical institutions who have had a short prac- 
tical experience. The fourth class of licenses are 
to persons competent to operate any one of the follow- 
ing systems: incandescent or are light, or the elec- 
trical transmission of power. He must have a 
thorough practical knowledge of the installation 
and operation of such apparatus, and must also 
know how to do the wiring thereto, anl must have 
a knowledge of insurance rules. The fifth class is 
issued to persons competent to operate electrical 
machinery, but not called upon to do electric wiring. 
His knowledge should be of a practical nature in 
regard to the work required from him, as well as to 
the insurance rules pertaining to the operation and 
care of such machinery. The care needed for electric 
welding apparatus is considered the same as that 
for electric lighting apparatus in the above classes. 
The Board of Examiners meet every fortnight to 
examine candidates, issuing licenses with the proper 
degree of skill required. The plan has thus far 
met with the utmost success, and is being rapidly 
spread throughout the New England States. The 
examiners have confined their sittings to Boston, 
but in order to accommodate others at a distance 
they are to hold examinations at other places. 








THE ARCHITECTURAL AND BUILDING 
TRADES EXHIBITION. 

Tus Exhibition, which opened on the first of the 
present month, contains but little to interest engineers, 
still one or two novelties are shown. Amongst these 
is a new rising top circular saw bench exhibited by 
Messrs. E. Jacobs and Co., of 105, Queen Victoria- 
street, London. In this tool the motion of the top is 
effected by compound levers as in the Boomer press, 
that is to say, one end of each of two toggles is connected 
to the frame of the machine and the other end of each 
to the table. At the joint of each toggle is a nut, 
with a right-handed thread in the one case and a left- 
handed thread in the other. A long horizontal screw 
with corresponding threads passes through both nuts, 
and is fitted with a handwheel, by rotating which the 
nuts are brought together or separated and the table 
lowered or raised, This firm also exhibit a variety of 
other wood-working machinery which, however, calls 
for no special mention. 

There is a fine show of gas engines at the Hall, 
there being five different types of machines exhi- 
bited, amongst which are the Otto, Stockport, 
and Griffin types, which are now too well known to 
render it necessary to refer to them at any great 
length. We may, however, remark that the Griffin 
engine shown seems to have been somewhat sim- 
plitied in details as compared with the original engines 
of this type, as there is now only one slide instead 
of two. Amongst the new machines is the ‘‘ Camp- 
bell” gas engine, manufactured by the Campbell Gas 
Engine Company, Limited, Well-lane, Halifax. This 
engine has no slide valve exposed -o high tempera- 
tures, the inlet being a simple pot-lid valve, and 
the exhaust takes place through a port which is un- 
covered by the piston as it approaches the end of 
its stroke, The burnt charge is then driven through 
this port by the incoming one, which has been com- 
pressed toa pressure of about 5 1b, per square inch, 
by a pump worked off an auxiliary crank. On its 
return stroke the piston compresses the charge in the 
usual way, the ignition being effected by the tube 
which is now so generally employed. This engine, it 
will be seen, has the advantage of giving an impulse at 
every stroke. The fifth gas engine exhibited is manu- 
factured by the Acme Gas Engine Company, Henrietta- 
street, Glasgow, but as we hope to publish illustrations 
of this at an early date we reserve our description. 
This engine was exhibited on the stand of the London 


exhibit. Amongst other things they show a set of 
their universal telephones, which, at any rate so far as 
appearance goes, are the neatest telephones we have 
yet seen. The diaphragm is onthe English Mechanic 
principle, though a plate of compressed gun-cotton is 
used instead of the goldbeater’s skin of the original, a 
star of soft iron being cemented to this plate just in 
front of the magnet. 

The arrangement for the bell-call is a model of 
neatness, The same firm also exhibit a neat arrange- 
ment of ventilating fan and electromotor combined, 
obviating the use of shafting or other gearing. This 
should prove a very convenient arrangement, as venti- 
lators are at times of necessity placed in very inacces- 
sible positions. 

The Lucigen Light Company, Limited, of Page- 
street Works, Westminster, have a duplicate of their 
intended exhibit at Paris. The principle feature is 
a new portable Lucigen on an entirely different 
principle from the old, and which is free from the 
objectionable habit the latter has of baptising the 
surrounding country with oil. The new Lucigen 
is of about 2000 candle-power, and self-contained, 
being worked by a jet of steam generated by the heat 
of the flame itself. The oil to be burnt is distilled 
in an open retort and converted into gas before being 
burnt by the flame itself. Any heavy oil can be 
used in the apparatus. The pyrogen, which has been 
so successfully used for direct heating, is also shown, 
but as at present made it requires an air compressor, 
which the new Lucigen does not. The only other 
exhibit of much interest to engineers is that of Mr. 
William Johnson, Castleton Foundry, Armley-road, 
Leeds, who exhibits machinery for turning out sand- 
faced bricks. This is done by first passing the clay 
through an ordinary pugmill brickmaking machine, 
making wire-cut bricks. These are then rolled in sand 
and fed into the mould of a press. Five of these 
moulds are fitted in a circular table, and each in turn 
is brought under a plunger. The moulds are made 
with loose sides, which are pressed together as the 
mould passes under the plunger, but open out again as 
the table travels further round, allowing the finished 
brick to be removed and the sides of the mould cleaned 
down. 





INDUSTRIAL NOTES. 

THE indisposition of the House of Commons to 
discuss abstract resolutions upon which no real legis- 
lative action is possible, was shown on Friday night 
last, when Mr. C. Graham rose ‘‘to call attention to 
the long hours worked in many trades, and to the 
desirability of limiting the hours of labour to eight in 
all Government workshops, and of inserting an eight 
hours’ clause in all future Government contracts.” 
Immediately upon the rising of Mr. C. Graham the 
House was counted out. 

It is generally admitted that workmen in Govern- 
ment workshops are not severely overworked. Indeed 
the contrary seems to be the case, if we may judge by 
the reports of recent committees, departmental and 
otherwise, by whom these and cognate subjects have 
been investigated. It would appear that ‘‘idling” 
is one of the commonest faults in the Government dock- 
yards, and these at least are among the largest of the 
workshops under Government control. Workmen not 
in Government employment are not likely to display 
any large amount of earnestness in the endeavour to 
reduce the working hours of those whose wages and 
salaries are paid out of taxation. 

The common practice of working a large amount of 
overtime in Government establishments seems to show 
that the men do not — with any aversion long 
hours of labour, especially when they can get some- 
thing extra for the hours so worked. The returns 
issued in 1887 and 1888 show that some six millions of 
hours were worked as ‘‘overtime” in the course of 
about two years. This would have given employment 
to over 1000 additional men during the entire period. 
The department stated that they did not want it, but 
the men did. 

There is one point in connection with overtime and 
dockyard management which cannot be too strongly 
deprecated. It was alleged in the House of Commons, 
in the debate on the Naval Vote, and it was not contra- 
dicted, indeed it seems it cannot be, for the fact is 
reported in the reports of one of the Committees of 
Inquiry, that time is charged for men not at work— 
that is, for dummies—-in order to have a fund out of 
which to pay for overtime alleged to be worked. If 
this were done by foremen in a private firm it would 
be regarded as most irregular, and possibly as a species 
of fraud. 

The workmen employed at the Bromford Iron Works, 
West Bromwich, have formally decided by the unani- 
mous vote of a meeting held at the works, to continue 
the workmen’s subscription of 2d. per week to the 
Accident Assurance Association, from which, in cases 
of accident, the men are allowed weekly a part of 
their wages as long as they are disabled from work. 
It is said that the workpeople are perfectly satisfied 
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with the insurance arrangement, and with the prompt 


payment upon the production of the doctor’s certifi- 
cate. 

At the miners’ conference recently held, there was 
great unanimity upon three points: 1. That the third 
section of the Employers’ Liability Act is to be resisted. 
2. That an endeavour should be made to secure the 
general or universal adoption of the eight-hour day in 
connection with all mines—in many it is now the rule, 
3. That mining royalties shall be abolished. The first 
and third points are matters for legislation ; the second 
is a matter of local regulation. The conference said 
some rather hard things about the mines’ inspectors ; 
one delegate alleged that they did not go to the end of 
the workings, but stopped at the stables and stroked 
the horses. 

Some friction is being felt among the ironworkers in 
connection with the operation of the sliding scale under 
which their wages have for many years been regulated. 
At the Darlington Steel Works some of the men struck 
on the Ist of the present month for an advance of 1s. 
per day. The president of the union has condemned 
the action of the men, as they are bound, in his opinion, 
by the scale arranged last year by Mr. Dale. The 
strike was confined toa section called the ‘‘ hot bank” 
men, the others remaining at work. An offer of an 
— of 24 per cent. has been refused by the men on 
strike. 

At the Eston Steel Works the men have given a three 
months’ notice to terminate the present sliding scale, 
with a view to the re-adjustment of various matters 
connected therewith. The officers of the union in this 
case also counselled the men to give the scale a further 
trial, on the ground that if it had not advanced their 
wages it had given them more constant work. The 
resolution to terminate the scale was, however, agreed 
to, and has been sent to Messrs. Bolckow, Vaughan, 
and Co. 

It is stated that there is already a scarcity of 
puddlers, and that this scarcity will be intensified 
later on. In the Sheffield and Rotherham district 
underhands cannot be obtained—the men alleging that 
the work is too hard, and the hours too long for the 
wages given. Many men appear to have left the trade 
altogether and will not return. 

The Durham Enginemen’s Association have also been 
discussing the operation of the sliding scale, many of 
the men finding fault with it. The result has been 
that the Council have reported on the matter, and they 
ask the men to remember that while “‘ to criticise, find 
fault, to pull down, and even to destroy seems to be 
quite an easy task,” there was need of a constructive 
and not of a destructive policy. Meanwhile the 
Association has passed a resolution affirming that 
while the sliding scale is not perfection it has steadied 
trade, and given better employment than would have 
been the case without it. They will endeavour to 
amend the scale. 

At Warrington there are still complaints about the 
men keeping Saint Monday. Thirteen of the furnaces 
were idle on the first Monday in this month, all of 
which were at work on the Tuesday. It seems, there- 
fore, that the complaints are justified by the events. 
Two new furnaces have been started at the Whitecross 
Iron Works, showing an abnormal activity. 

The ironstone miners of some parts of Scotland have 
had an advance of 5 per cent., making with the pre- 
vious advance 74. per cent., or 3d. - day. This 
advance is on the sliding scale system, being regulated 
by the price of iron, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 28, 1889. 
A sLicut depression in the iron trade is the tale in 
all sections of the country. Itis due to the fact that 
summer requirements are not being covered, and 
also because railroad working and equipment re- 
quirements are not coming in as is usual during the 
month of March. Manufacturers of all kinds of 
milling supplies are satisfied that there will be the 
usual activity during the season, but that it will be 
delayed till summer requirements for railway build- 
ing and other purposes are covered. How soon this 
will be no one can tell. In fact, it is uncertain whether 
several of the large railroad building enterprises pro- 
jected early in the year will be undertaken before 
midsummer. On this account the second quarter of 
the year will be very little better than the first. 
During the past week a few small lots of rails were 
ordered by railmakers in view of a probable heavy 
demand that will set in putting prices in eastern 
mills up to 28 dols., and in western mills they are 
holding rates firmly at 30 dols. Estimates as to pro- 
bable requirements for the next three months differ 
as usual very widely, but a reasonable estimate is 
that 400,000 tons willbe ordered ; this will bring the 
purchases for the first six months of the year up to 
about 1,500,000 tons. This will be in excess of the 
purchases made up to same time last year. American 
papers are commenting upon the contemplated con- 
solidation of three western rolling mills with some 
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company, if it is brought about, will be 25,000,000 dols. 
Fifteen million dollars will represent the value of 
the plant, 5,000,000 dols. will remain unissued in the 
hands of the combination, and 5,000,000 dols. will 
be retained as an active working capital. The combi- 
nation will be a very formidable one. A vigorous in- 
terest is manifested by wealthy ironmakers throughout 
the north to enter the south, and manufacture there, 
and within the past three months three companies have 
visited the Southern States, two of them making 
extensive investments for mineral lands which are 
still offered in large tracts at phenomenally low prices. 
The iron industry in the south is not organised, and 
will not be perhaps for a year or two yet. New fur- 
naces are building, and Abraham 8S. Hewett, recently 
mayor of New York, proposes to move his works from 
Trenton, about thirty miles north of this city, to 
Chattanooga, Tennessee, where coal is 1.35 dols. against 
3.50 dols. for bituminous at his present works. ‘There 
are many other economic advantages which are making 
iron and steelmakers of this locality recognise the ad- 
vantages of such opportunities. Very little foreign 
iron is arriving. Several mills in Pennsylvania will 
probably restrict production next week. Last week 
five blast furnaces blew out on account of low prices 
in the Schuylkill region. The outlook is far from 
encouraging, but American ironmakers are familiar 
with these sudden ups and downs, and have learned to 
take them as a matter of course. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a strong feeling 
in the pig-iron market last Thursday forenoon, and Scotch 
warrant iron advanced in price 1d. per ton ; but a weaker 
stock market had a depressing effect, and caused some 
realising. The quotations, although not closing at the 
lowest, showed a decline from the previous close of 2d. 
per ton on Scotch iron, 14d. on Cleveland, and 24d. per 
ton on hematite (the closing settlement prices being, respec- 
tively, 442. 104d., 393., and 49s. per ton. A firmer tone 
set in on Friday, and some buying and selling were 
reported. Although the closing prices were under the 
best, still a recovery of 4d. perton of the preceding day’s 
loss was secured. The settlement prices at the close were 
the same as those of Thursday. The warrant market 
opened strong on Monday, the satisfactory returns of the 
Board of Trade imparting a greater degree of confidence 
on the part of the ‘‘bulls.” The slight decrease in the 
weekly shipments of pigiron gave the “ bears” something 
to work on, and prices receded in the forenoon 14d. per 
ton from the highest point. Prices were fractionally lower 
in the afternoon, but the settlement prices were mines et 
with the exception of Cleveland iron, which closed at 
38s. 10}d. A large forward business was done in Cum- 
berland hematite iron at 45s. 5d.down to 45s. 34d. per 
ton one month. There was a quieter tone in the market 
yesterday, and quotations closed 2d. per ton down. More 
firmness was shown for Cleveland iron, which finished 
4d. above Monday’s close. The settlement prices at the 
close were—Scotch iron, 44s. 9d. per ton; Cleveland, 39s.; 
hematite iron, 49s. per ton. The market was somewhat 
irregular to-day, and prices inclined to be weaker. Busi- 
ness was done in Scotch iron down to 44s. 6d. per ton 
cash, and for Cleveland and hematite iron 38s, 84d. and 
48s. 84d. per ton, respectively, were accepted. Scotch 
special brands are in fairly good demand, but there have 
not been any material changes in price during the week. 
Unfortunately there still continues to be no demand for 
pig iron from America, and orders from Canada are like- 
wise oun in more slowly than was expected. The 
number of blast furnaces in actual operation is still 82 
against 87 at this time last year. Last week’s shipments 
of pig iron from all Scotch ports amounted to 6213 tons, 
as compared with 6412 tons in the corresponding week of 
last year. This included 255 tons for the United States, 
100 tons for Canada, 300 tons for South America, 375 tons 
for Australia, 200 tuns for Italy, 175 tons for Holland, 
155 tons for China and Japan, smaller quantities to other 
countries, and 1450 tons coastwise. The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores yester- 
day afternoon stood at 1,031,587 tons, against 1,031,927 
bt eat week, showing for the week a decrease of 

ons, 


Shipments of Machinery, d&c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde reported last week, included the following: 
One locomotive engine, valued at 2000/., for the Paris 
Exhibition (which was the four-thousandth engine built 
by Messrs. Neilson and Co., of Hydepark Locomotive 
Works) ; a other machinery, of the value 
of 12,690/., chiefly for Demerara, Singapore, Bahia, Cal- 
cutta, and Rangoon ; sewing machine parts for Bordeaux, 
Bombay, Rangoon, Boston, Antwerp, and Havre, of the 
value of 6332/.; blcoms, plates, bars, and other steel 
goods, valued at 6050/.; pipes and other castings, a pon- 
toon, malleable iron plates, bara, sheets, tubes, and mis- 
cellaneous iron manufactures, of the value of 24,000I. 


New Shipbuilding Orders.—It is reported that Messrs. 
Robert Duncan and Co., Port-Glasgow, have obtained an 
order for a steel screw steamer of about 2700 tons for 
foreign owners. Messrs. Russell and Co., of Port-Glasgow 
and Greenock, have contracted for the construction of a 
four-masted steel sailing ship of 3600 tons for Mr. Wolffe, 
of Liverpool, for the East Tndia trade; and they have 
received an order from Mesers. P. H. Dixon and Co., of 
Liverpool, for the construction of two steamers each of 








3200 tons. They will beemployed in cargo and passenger 
traffic and will be titted with triple-expansion engines by 
Messrs, James Howden and Co., Glasgow. For the Clyde 
Shipping Company, Messrs. Rankin and Blackmore, 
Greenock, have undertaken to supply a tug steamer, the 
hull to be built by Messrs. McKnight and Co., Ayr, and 
themselves constructing the engines. 


Steel and Malleable Iron.—A further advance has been 
made in the price of steel plates ranging from 2s. 6d. to 
5s. per ton. Itisexceedingly difficult to get stuff out of 
the handsof the makers. All the makers of finished iron 
are as busy as they can well be. It is stated that since 
prices began to move upwards from the lowest point an 
advance of 253. per ton has been made in the case of best bar 
iron, while the prices of steel have mounted up about 40s. 
per ton from the lowest level. 


Steelworkers’ Wages. —An advance of 5 per cent. in the 
rate of wages has been made to the steel workers through- 
out the whole of Lanarkshire. 


Greenock and Port-Glasgow Engineers.—An advance of 
4d. per hour on the rate of wages is being asked by the 
working engineers of Greenock and Port-Glasgow; and 
over various other parts of the Clyde a movement in 
favour of an advance of wages is being made by the work- 
men. 


Heavy Steel Casting for an Engine Shaft Forging.—Last 
Saturday, at the Parkhead Forge and Steel Works, Glas- 
gow, Messrs. Wm. Beardmore and Co. cast a steel ingot 
weighing 75 tons, which is said to be the heaviest ever cast 
in Scotland. It is intended for the largest shaft ever pro- 
duced in any forge. The shaft is one of three under order 
for the London Electric Supply Corporation (Limited), 
and is to be 36 in. in diameter by 26 ft. long. It is to be 
machined down to 28 in. in diameter at the bearings, and 
a 12-in. hole will be bored through the centre. When 
completed and the hole bored, the shaft will still have a 
weight of upwards of 23 tons. Delivery is to be given at 
the Electric Supply Corporation Works at Deptford, 
where it will be fitted to the largest electric machine in the 
world. The work of making the casting was carried out 
with the utmost success, the ‘‘chief founder” being Mr. 
Wm. Muirhead, manager of the Parkhead Steel Works. 


A Port-Glasgow Shipbuilding Yard.—The shipyard and 
engine works at Port Glasgow, so long occupied by 
Measrs. Blackwood and Gordon, is about to be re-opened 
by a new firm, the senior member of which will be Mr. 
Blackwood. There will be other three partners, one of 
whom is Mr. Frank P. Purvis, the able naval 
architect, who has been for a dozen years or so the 
chief of the scientific department in Messrs. Denny’s 
shipyard at Dumbarton. It may be remembered that he 
was formerly assistant to the late Mr. William Froude, 
from whose hands he passed on to Leven Shipyard, 
where he was the right-hand man to the late Mr. William 
Denny. An engineer partner, Mr. W. Carlile Wallace, 
is leaving Messrs. Denny and Co.’s engine works, 


Royal Scottish Society of Arts.—A meeting to the Royal 
Scottish Society of Arts was held on Monday night in 
Edinburgh, the president, Mr. F. B. Imlach, in the chair. 
Before commencing the ordinary proceedings, the presi- 
dent expressed on his own part and that of the members 
much regret at having heard of the death of Mr. Charles 
Cowan, of Westerlea, who had been a fellow of the Society 
since 1836, had in 1864 been its president, and had on 
several occasions made valuable communications at its 
meetings. It was agreed, on the suggestion of Dr. Sang, 
to record the president’s remarks in the Proceedings of 
the Society, and to send a letter of condolence to Mr. 
Cowan’s family. Mr. Duncan Bell read a communica- 
tion on Messrs. Dickson, Walker, and Co.’s patent window 
apparatus, which he illustrated by means of models and 
drawings. 


Seafield Dock and Railway Scheme.—At a meeting of the 
Kirkcaldy Town Council on Monday, it was stated that 
the directors of the company, by which this scheme is 
being promoted, had a meeting in London recently, and 
that they had completed the arrangements for commenc- 
ing the work at once. The plans of the undertaking had 
been approved of by the Board of Trade, and the price 
payable to the Crown for the foreshore had been adjusted. 
The council formally passed a resolution approving of the 
scheme and wishing it every success. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippiesBrouGcH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was the 

uarterly meeting of the North of England Iron and Allied 
‘Prades and the attendance at the Royal Exchange, Middles- 
brough, was very large. One or two firms availed them- 
selves of the opportunity afforded on such occasions of 
exhibiting their specialities. Business was not quite so 
brisk as it has been recently, and prices were rather 
easier. Producers quoted 40s. for No. 3 Cleveland pig 
iron, while merchants were willing to do business at 39s. 
for this quality, and as a matter of fact No, 3 changed 
hands at 38s. 104d. Shipments of pig iron continue ex- 
ceedingly large and stocks are decreasing in a most satis- 
factory manner. With these encouraging facts before us 
it is impossible to think otherwise but that the slight lull 
in the iron trade is only of a temporary nature. Cleve- 
land No. 3 warrants are 393. 1d. cash. The quotations 
for Gellivara iron have improved. Foundry is now 47s. 
and forge 46s. 6d. per ton. The finished iron trade is in 
a satisfactory condition and prices are unaltered, Steel 
trade is rather quiet. Rails are only in poor request at 
41.123. 64, Plates are quoted 7/. 10s. 





Settlement of the Dispute at Darlington Steel Works.— 
The strike of the hot bankmen at Darlington Steel 
Works which led to the closing of the works, as other 
men could not be found to take their places, has been 
settled. The president of the Steel Workers’ Union and 
a deputation of the workmen waited on Mr. While, the 
manager, at the works on Saturday, and presented their 
claim, which included a request for any advance given to 
date from that day. The men intimated their desire to 
return to work, and Mr. While accepted their proposal 
for a reference of the dispute which he had urged from 
the first, and he was quite willing that whatever an 
arbitrator should decide regarding wages should date 
from thatday. He pointed out that when works were 
stopped it was at great expense, He was glad the whole 
= was now settled. ork was resumed on Monday 
ast. 


Engineering and Shipbuilding. — Engineers continue 
active and have a lot of contracts on hand. Shipbuilders 
are, if possible, busier than ever, and all the yards in the 
North are fully stocked with vessels in course of construc- 
tion. During the past few days a very great number of 
large steamers have been fale ot on the northern rivers 
and others are rapidly approaching completion. So soon 
as a ship is off the stocks a fresh one takes its place- and 
the majority of firms are so well supplied with orders that 
they are indifferent about entering into new contracts at 
present. One or two very satisfactory trial trips have 
been run within the past week. A small dispute has 
occurred at the shipbuilding yard of Messrs. Raylton, 
Dixon, and Co., Middlesbrough. The heaters have come 
out on strike, claiming an advance in wages. It is 
expected that matters will be arranged. 


The Coal and Coke Trades.—The coal trade is somewhat 
quieter. Coke is firm. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Sheffield Trade with the United States.—The returns of 
Sheffield trade with the United States for the first 
quarter of the year have just been issued. The total ex- 
ports amount to 140,515/. The value of steel exported 
wae 82,331/., and of cutlery 43,2371, showing, as com- 
pared with the previous quarter, a reduction in steel of 
20,617/., and in cutlery of 82911. 


Sheffield and its Sewerage. —A proposal is before the 
Sheffield sanitary authoritics for the adoption of the 
water-carriage system. There are 4316 water-closets at 
present in use in the town, but if the water-carriage 
system were made universal there would be an addition 
of 35,684 to that number. Opinion is divided on the 
subject, and it is probable that experts will be called in to 
settle the question. 


Iron, Steel, and Heavy Trades.—There is scarcely a 
branch of the heavy iron and steel trades throughout the 
district that is not fully employed. Most of the iron and 
steel mills have sufficient orders on hand to last for some 
months to come. Hematite irons are especially firm and 
in short supply. Some heavy lots of best quality, for 
prompt delivery, have this week changed hands at 63s. 
per ton, though 60s. to the end of last week was about 
the avérage market quotation. The forges through- 
out the district are all now well employed, ordinary 
bars running from 5/. and best from 6/. Horseshoe 
is quoted 6/. 5s. and rods 6/. 103. to 7/. Hoops: 
ordinary, 5/. 103.; best 5/. 15s. te 61; and best best 
7l. Bessemer steelmakers, and those turning out 
Siemens-Martin are completely filled up with orders and 
decline to work forward at ruling :ates, which are based 
on 5/. 53. for ordinary guaranteed tempers. Makers of 
best steel cranks, axles, &c., for ship fittings are exceed- 
ingly busy with an improving trade, and at the engineer- 
ing sheds and machine making establishments there is the 
greatest activity. It is many years since business was so 
good in the heavy branches, and there are encouraging 
signs as to ita continuanee, 


Demands of the Colliers.—A_ joint meeting of the coal- 
owners of South and West Yorkshire was held yesterday 
at the Great Northern Hotel, Leeds, to consider the 
demand for an advance of 10 per cent. in wages, made on 
behalf of the colliers by the miners’ representatives. It 
was one of the largest and most influentially attended 
gatheringsever held in connection with the coal industry 
of Yorkshire. Mr. Wood, Foxholes Colliery, presided. 
The subject was considered at great length. The feeling 
of the coalowners was unanimously expressed that the 
present condition of the coal trade did not warrant any 
further advance in wages, but as the miners had requested 
an interview, a deputation be appointed to meet them at 
an early date. In steam coal, most of the output is con- 
tracted for till Midsummer and those contracts were 
taken befcre the last 10 per cent. was conceded. 


Sheffield Sea Canal—Important Announcement.—A meet- 
ing of the directors of this canal was held yesterday in 
Sheffield. Mr. Ellison, steward to the Duke of Norfolk, 
reported that for the purpose of encouraging the move- 
ment, the Duke was now willing to waive the conditions 
of his agreement as to provisional allotments of shares to 
him, and to take at once an allotment of the balance 
shares, making in the whole 1000 shares—5000/. Mr. 
Talbot, agent for Earl Fitzwilliam, also reported that the 
Earl was willing to accept such an allotment of shares, as 
with those to be allotted to the Duke and the other shares 
already promised to be taken, but not allotted, would 
make up a subscription of 4000 shares, The directors 


expressed their thanks for this support, 
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ON THE DESIGNS FOR THE NEW BATTLE- 
SHIPS.* 


By W. H. Wuirz, F.R.S., Assistant Controller of the 
Navy and Director of Naval Construction, Vice-President. 


Ir has been the practice in this Institution, from its 
commencement, to devote no inconsiderable part of the 
proceedings to discussions relating to warship construc- 
tion generally, and to the Royal Navy in particular. In- 
cluding among its members as it does many most eminent 
naval officers, as well as the leading shipbuilders and 
marine engineers of the world, no better opportunity can 
be secured for the investigation of the scientific and pro- 
fessional questions incidental to warship design. On many 
previous occasions members of the Institution occupying 
the position which I have now the honour to hold, and gen- 
tlemen occupying eqnally responsible positions in foreign 
navies, have brought forward descriptions of new types of 
ships, or problems arising out of their official work, and 
always with advantage to the public service, as well as to 
the Institution. 

Recognising the great interest whichis now being taken 
in the designs of the eight first-class battle-ships which 
are proposed to be added to the Navy, and feeling con- 
vinced that no equally suitable opportunity could be 
obtained for replying to criticisms of the designs which 
have appeared in the public press, I applied for and 
obtained permission from the First Lord of the Admiralty 
to | ga this paper. 

ts principal object is to describe the main features of 
the approved designs for these battle-ships, and to con- 
trast their protection, armament, speed, and coal endur- 
ance with the corresponding features in other battle-ships 
designed during the last twenty years. Incidentally it 
will be made clear that there are aoe reasons why these 
ships surpass in size any previously constructed vessels of 
the Royal Navy. 

As I proceed with the description, it will be my endea- 
vour to deal as fairly and candidly as possible with the 
adverse criticisms which have been launched against cer- 
tain features of the designs, and to show that they are 
not weil founded. In doing this I shall treat chiefly of 
matters of fact, and as to matters of opinion shall describe 
the reasons which led to the decisions embodied in the 
designs. On these matters of opinion we shall probably 
hear much more in the discussion which will ensue. 

The “action taken by the Board of Admiralty with 
regard to the preparation of designs” for these battle- 
ships is fully described in Parliamentary Paper C 5635 of 
1889 ; and a general description of the designs appears in 
the ‘‘ Statement of the First Lord of the Admiralty ex- 
planatory of the Navy Estimates 1889-90 (C 5648).” I 
need not reproduce the particulars of the procedure 
followed ; but it may be safely said that no designs pre- 
pared at the Admiralty or elsewhere have ever received 
more thorough and careful consideration by competent 
authorities. 

The choice eventually made by the Board was made 
from amongst a considerable number of alternative 
designs, and in full view of the most recent types con- 
structed, or in course of construction, for the Royal Navy 
and for foreign navies. Before coming to a decision, the 
First Lord convened a meeting, attended not merely by 
the members of the Board, but by a number of most distin- 
guished and experienced naval officers, At this meetin 
were discussed seriatim the several features that shoul 
be embodied in the design of a first-class battle-ship— 
speed, disposition and nature of armament, distribution 
of armour, protection of heavy guns, freeboard, &c. On 
each of these points the opinions of the officers present 
were ascertained. Subsequently the Board issued in- 
structions as to the designs which were to be worked out 
in detail with a view to building the eight ships contem- 
plated in the programme. 

Two designs have been prepared and approved by the 
Board. In both designs are embodied identical qualities; 
so far as relates to the disposition (in plan) of the arma- 
ment ; the number and calibre of the heavy guns; the 
nature, disposition, and protection of the auxiliary arma- 
ment ; the distribution and thickness of the hull armour; 
the propelling machinery, speed, and coal supply; the 
complement and equipment ; magazines and transport of 
ammunition; and arrangements for hold stowage. In 
principal dimensions and displacement the two types are 
identical. The essential differences are that while one 
design is for a turret ship with moderate freeboard at the 
extremities, and with guns about 17 ft. above water, the 
other is for a barbette ship with the guns carried about 6 ft. 
higher, and with high freeboard at the bow and stern. 

It will be convenient to preface a description of the 
designs by the consideration of the disposition of the 
armament; a matter of the highest importance, which 
necessarily exercised great influenze upon other features 
of the design, including (as will be shown hereafter) the 
distribution of the armour. 

Alternative Dispositions of Armament.—The Board took 
into consideration all the principal dispositions of arma- 
ment adopted in recent years for battle-ships, as well as 
several proposals that have been made—some of which 
have been patented—but not yet caried out in practice. 
It may be of interest and assistance on the discussion if I 
briefly summarise and illustrate some of the more impor- 
tant of these arrangements, and for this purpose a series 
of diagramst (Figs. 3-17) have been prepared. On these 
diagrams the arrangement of the armour is also indicated. 

Fig. 3 shows the disposition of the armament of the 
Sultan, designed in 1868. Practically the whole of the 


* Paper read at the thirtieth session of the Institution 
of Naval Architects. 

+ [These diagrams will be given with the conclusion of 
the paper,—Eb, E 








armament is contained in a central two-storied battery 
placed amidships, and associated with a water-line belt of 
armour. Other illustrations of the ‘‘ belt and battery 
system” need not be given, as it is well known, 

Figs. 4 and 5 show respectively the arrangements car- 
ried out in the ‘‘ breastwork monitors” Devastation and 
Thunderer, designed in 1869, and proposed for the Fury in 
1870. Here a low freeboard is adopted for the greater 
part of the length; and the two turrets, each containing 
two guns, are placed at the ends of the armoured breast- 
work, which is of less breadth than the ship. This design 
for the Fury was cancelled, and work upon the ship 
stopped at an early stage. The vessel was entirely re- 
designed in 1872 (see Mr. Barnaby’s paper in Transac- 
tions for 1873), and became the Dreadnought, which is 
illustrated in Fig. 6. In all these designs the disposition 
of the armament is identical; and in securing the “‘all- 
round fire” of the turret guns it was made practically 
impossible to carry any effective secondary armament. 

ig. 7 shows the Inflexible ; a central citadel ship with 
turrets placed en echelon. In some of the later ships of 
this type an endeavour has been made to carry a few 
6-in. guns as well as light quick-firers on the super- 
structures ; but, asin the previous disposition, the means 
taken to secure large arcs of command for the heavy guns 
reduced greatly the efficiency of the secondary armament. 
Fig. 8 illustrates the arrangements of the Italian citadel- 
turret ships Duilio and Dandolo; and Fig. 9 those of the 
German citadel-barbette ships of the Sachsen class. 

During the period 1869-78 very little was done in the 
designs of H.M. ships in the direction of providing for a 
numerous and effective secondary armament ; but this was 
not true in foreign navies, and particularly in the French 


avy. 

Figs. 10 and 11 show the principal features in the dis- 
position of armament in a large proportion of the French 
battle-ships. There are four protected stations, each con- 
taining a heavy gun with a large arc of training. Ata 
lower level are placed a number of guns of moderate 
calibre, sheltered to some extent from the fire of the heavy 
guns. A very similar arrangement to Fig. 11 has been 
adopted in the Impérieuse and Warspite of the Royal 
Navy, where considerable experience has been gained of 
its practical working. 

Another typical disposition of the armament is illus- 
trated by Fig. 12, which represents broadly the arrange- 
ments adopted in the Italian battle-ships Italia and 
Lepanto. Here the four heavy guns are carried en bar- 
bette, high above water, at the ends of a single armoured 
inclosure placed near the middle of the length of the ship; 
nearly the whole upper deck forming a glacis, over which 
these guns fire if the full arcs of training are obtained. 
The auxiliary armament is chiefly carried on the main 
deck, and sheltered by the upper deck from the fire of the 
heavy guns. 

It will be remembered that in the design for an Ameri- 
can battle-ship, described by Mr. John in a paper read 
before the Institution last year, a somewhat similar dis- 
position of the armoured battery or citadel was adopted, 
but in association with turrets, and with a different 
arrangement of the auxiliary armament and upper works. 

Fig. 13 represents the Russian battle-ship Catherine II. 
In this case the battery is of large extent, and at each of 
the corners pairs of heavy guns are mounted en barbette, 
on the disappearing principle. The upper deck isa glacis 
for their fire, and the auxiliary armament is placed below 
this deck. 

Fig. 14 represents the disposition of armament in the 
Admiral class. Here the secondary armament is greatly 
developed and mainly carried in a central battery 
between the two protected stations containing the four 
heavy guns. 

Fig. 15 illustrates the very similar arrangements (in 
plan) adopted in the Nile and Trafalgar. It will be seen 
that in these vessels the central battery is shorter, and 
the secondary armament less powerful than in the Ad- 
mirals, 

Fig. 16 illustrates one of the various arrangements pro- 
posed by Sir Edward Reed, under his patent, No. 12,479, 
of 1887, but not adopted, I believe, in any ship yet built. 

Fig. 17 illustrates a patented arrangement of Sir N, 
Barnaby’s (No. 7759 of 1888) for securing in ships of rela- 
tively small size ‘‘ an all-round fire from a single position, 
the guns being armour-piercing, and the armour defending 
them being as thick as that usually employed for the 
defence of the emplacements of heavy guns in large battle- 
ships.” The diagrams given in the patent specifications 
do not indicate the disposition of the armour in an actual 
ship, but, as it is explained that the funnel is to come up 
through the centre of the platform carrying the guns, it 
is obvious that the armoured tower must be placed near 
the centre of the length of the ship, and that practically 
the whole of the upper deck must be treated as a glacis 
over which the guns must fire. So that any auxiliary 
armament which might be carried would have to be placed 
below this upper deck. There are other features in the 
plan in relation to protection, buoyancy, and stability to 
which it is unnecessary to make any reference in this 
connection. 

It will be understood that for the present purpose I 
am dealing only with these various dispositions of arma- 
ment in plan, and am not discussing the very important 
question of heights of guns above water, to which refer- 
ence will be made hereafter, as well as to the arrange- 
ments of armour plating indicated on the diagrams. 

Disposition of Armament in New Designs. —After careful 
consideration of these and other alternative arrangements, 
the Board laid down the following principles for the new 
designs : é 

‘1, That there should be four heavy guns placed in 
two protected stations, situated at a considerable distance 
apart, each pair of guns having an arc of training of 
about 260 deg., equally divided on each side of the line 








of keel. All four of these guns to be available on each 
broadside, 

“2. That the greater portion of the auxiliary (or 
secondary) armament should be placed in a long central 
battery, situated between the two heavy gun stations, 
and so disposed that there should be practically no inter- 
ference with the fire of any one gun by that of any other, 

**3. That in view of the development of high explo- 
sives, it was desirable to secure the widest possible dis- 
tribution of the guns in the auxiliary armament; and 
that it was preferable to mount the auxiliary armament 
on two decks, one of them being the spar deck, rather 
than to carry the guns chiefly between decks,” 

The reason for this decision will be found in the Par- 
liamentary papers above mentioned. It may be well, 
however, to briefly summarise the most important points 
of the discussion. 

Under modern conditions, with quick-firing guns and 
high explosives in rapid development, it is essential to 
provide every battle-ship with a numerous, powerful, and 
well-placed auxiliary armament, in addition to her heav 
guns. The disposition of the armament must be suc 
that, while giving great command to the heavy guns, 
their fire shall not interfere with, or be dangerous to, the 
lighter guns and their crews. Provision must be made, 
in fact, for the safe and simultaneous working of all the 
guns, under the excitement of action, when precautions, 
which may answer fairly well at drill, cannot be certainly 
enforced, 

Reviewing all the dispositions that have been adopted 
or proposed, it was seen that the disposition illustrated in 
the Admiral and Trafalgar classes was superior to all 
others in the fulfilment of these essential conditions, and 
it had other advantages. 

Experience in the Impérieuse had shown that the system 
of distributing the heavy guns in several armoured posi- 
tions involved a considerable interference with the 
efficiency and power of independent action of the auxiliary 
armament. Moreover the multiplication of protected 
positions for the heavy guns involves a considerable addi- 
tional weight of armour for a given thickness as compared 
with what suffices for the defence of a less number of 
stations each containing two guns. 

On the other hand, the principle of concentration 
pushed to an extreme has serious disadvantages and draw- 
backs, although it enables greater thicknesses of armour 
to be used within any fixed limit of weight, since it re- 
duces the area to be protected. These objections were 
considered to outweigh the advantages, and are stated in 
the Parliamentary papers as follow : 

1. The great risk of the principal armaments being 
placed hors de combat by the explosion of a single heavy 
shell within or under the armoured inclosure. 

2. The enormous difficulties which this disposition of 
the main armament introduces into the efficient working 
of a powerful and numerous auxiliary armament, 

Experience gained with the vessels of the Admiral 
class has as yet been limited, but it has confirmed the 
good opinion formed at the stage of design as to the merits 
of the disposition of the armament; and, so far as I am 
informed, the general feeling amongst gunnery officers in 
the service is that the system is best adapted for modern 
requirements. We may anticipate that on this point the 
discussion will afford the Institution an opportunity of 
hearing the opinions of naval officers. 

I will only add a suggestive fact, mentioned in the 
Parliamentary papers: ‘‘In some of the most important 
foreign navies, where one or other of these modes of dis- 
posing the armament had been adopted, and the prin- 
ciples either of extreme distribution or of relative con- 
centration had been carried out, the latest designs had 
contained arrangements similar to those decided upon as 
best for future battle-ships in the Royal Navy, which dis- 
position is also to be found represented (in plan) in vesseis 
like the Trafalgar, and in the Admiral class.” 

Referring to Figs, 1 and 2, and to the tabular state- 
ment, it will be seen that the disposition and character 
of the armaments in the turret and barbette designs are 
practically identical. The barbette ship, being of higher 
freeboard at the extremities, can carry a few more 
6-pounders, quick-firers; and her heavy guns are, as 
before stated, 6 ft. higher. Butin plan the dispositions 
are the same, and the secondary armament in the central 
battery identical. 

Number and Calibre of Heavy Guns.—It has been 
decided that each ship shall carry four 134-in. 67-ton guns 
as the principal armament, with hydraulic apparatus for 
training, elevating, and loading the guns. The grounds 
for this decision are stated as follows : . 

‘‘There was a considerable weight of opinion that a 
12-in. gun of modern design, and of about 50 tons in 
weight, might be made, which would possess sufficient 
power for most purposes; but as no such gun was in 
existence, and as guns of 75 tons in weight were carried 
in existing foreign ships, while the 67-ton 13}-in. gun was 
thoroughly successful, and all the details of the ammuni- 
tion and mounting had been settled; it was generally 
agreed, that for the three leading battle-ships, (S7-ton 
guns were to be preferred for the heavy armament. 

This decision has since been applied to all the ships. 

In the number and power of their heavy guns the new 
ships will, therefore, stand on thesame footing as the Nile 
and Trafalgar, or the four vessels of the Admiral class— 
Rodney, Howe, Anson, and Camperdown. | 

The hei ht of the turret guns above water in the Tra- 
falgar as designed was 15 ft.; inthe new turret ship it 
will be 17 ft. With the thick armour used for the pro- 
tection of the turrets and turret bases, this apparently 
small change in the height of the guns above water involves 
an additional weight, exceeding 150 tons. 

In the barbette ships the heavy guns will be 23 ft. above 
water. ; : 

Auziliary Armaments in the New Ships.—While the 
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heavy gun armament is practically identical with that of 
preceding ships, the auxiliary armament is of unpre- 
cedented weight and power. In the tabular statement 
the facts are set out, but I must add some remarks, as 
there has been serions misunderstanding on this matter. 

For example, in a letter published in the Zimes of March 
22, Sir Edward Reed, in comparing the new designs with 
the Trafalgar, said: ‘‘There is a small increase in the 
minor armament. . . . . The increase of minor armaments 
is too small to dwell upon in this connection.” 

T will endeavour to show how mistaken is the view thus 
publicly expressed. __ ? 

As designed, the Nile and Trafalgar were to carry eight 
5-in. guns, besides a considerable number of small quick- 
firing guns and boat guns. The total weight of this 
auxiliary armament was a little less than 140 tons, 
very short central battery sufficed to contain this arma- 
ment. 

During construction, six 4.7-in. 45-pounder quick-firing 
guns have been substituted for the eight 5-in. guns. is 
reduction in the number of guns has been accompanied, 
however, by an increase in the total weight to about 185 
tons, the service regulations providing for a very large 
supply of ammunition for quick-firing guns. 

urning to the new battle-ships, it will be seen that 
they are each to carry ten 6-in, 100-pounders, besides a 
considerable number of smaller quick-firers, The 6-in. 
quick-firing gun is still in the experimental stage ; it will 
be adopted in these a if successfully worked out, and 
weight has been taken for it. So far as weights are con- 
cerned, these ten 6-in. guns, with their mountings and 
ammunition, represent no less than twenty guns of the 
same calibre, with the allowance of ammunition hitherto 
carried. 

The total weight of the auxiliary armament in the new 
ships is about 500 tons, or considerably over three times 
the weight originally assigned to the corresponding arma- 
ment in Trafalgar, and two and two-third times as great 
as the weight of auxiliary armament to be actually carried 
by that ship. 

I may fairly claim that such an increase is not properly 
described as ‘‘small” or ‘‘ too small to dwell upon.” On 
the contrary, to provide for it has proved one of the 
principal problems in the design, And those familiar 
with warship construction will know well that in stopping 
short, as I have done, at a comparison of weights of guns, 
mountings, and ammunition in the two designs, I have 
greatly understated my case. For example, to accommo- 
date this auxiliary armament a céntral battery has to be 
provided about 170 ft. in length, whereas in the Trafalgar 
the central battery is not quite 110 ft. in length. The 
more numerous and powerful 6-in. guns, of course, require 
considerable additional weights to be worked into maga- 
zines, armament fittings, gun supports, &c, And with 
this increase in armament there has necessarily been 
associated an increase in complement of over 100 men, as 
compared with the Trafalgar, together with the weights 
for provisions, stores, and accommodation corresponding 
thereto. Were these extra weights, which are inevitable 
when the auxiliary armament is acce , totalled up, the 
result would constitute a beng bo dition to the already 
lenge excess which the new ships have to jews | 

‘o members of this Institution I need hardly add that 
such an addition to the load to be carried, at a given 
speed, and on a fixed draught of water, must involve an 
increase in the size of the ship, very sensibly exceeding 
the mere increase in load. 

Before leaving this part of my subject, I would call 
attention to the fact (apparent in the tabular statement) 
that the weight of the auxiliary armament in the new 
battle-ships is practically equal to the total weight of 
armament proposed for the Fury design in 1870, the latter 
ship being of nearly 10,500 tons displacement. 

, I would also make the following extract from the Par- 
liamentary papers, although it is not possible for me to 
give any details at present : 

‘* A liberal allowance of weight has been made (in the 
design) for the protection of the guns, and the guns’ 
crews, as well as for the rapid transport of the ammuni- 
tion, and its protection in all the stages of its passage 
from the magazines to the guns.” 

Armour Protection of New Turret Ship Design.—This 
cannot be better described than by the following extract 
from the First Lord’s statement to Parliament. 

‘* The armour protection of the hull proper includes two 
principal features : 

‘*1. A belt, 84 ft. broad, extending over two-thirds of 
the length of the vessel, and having a maximum thick- 
ness of 18-in. armour. Transverse armoured bulkheads 
complete the belt, a 3-in. steel deck is fitted above it, and 
a strong protective under-water deck completes the pro- 
tection before and abaft the belt. 

“2. The broadside above the thick belt is protected, to 
a height of about 94 ft. above water over a considerable 
portion of the length, by 5-in. armour. Screen bulkheads 
similarly armoured inclose the central battery. 

‘The protection of the heavy guns consists of 18-in. 
armour on the turrets, and 17-in. on the redoubts protect- 
ing, the turret bases, &c.” 

he diagrams in Fig. 1 will make this description 
clearer. It will be seen that each turret stands in a sepa- 
rate battery or redoubt, which rests upon the protective 
deck, and is strongly armoured for the defence of the 
turret bases and loading apparatus. This system has 
been previously carried out in the Victoria and Sans 

Pareil, in each of which there is only one turret. 

he belt armour rises 3 ft. above water, and extends 

54 ft. below water. Its longitudinal extent is sufficient to 
insure that if the spaces before and abaft it and above 
the under-water protective deck were flooded, very small 

sinkage” and very moderate “* change of trim” would 
ensue. The maximum thickness of the belt armour is 
18 in., as against a maximum of 20 in. in the Trafalgar ; 








the minimum thickness at the ends of the belt is the same 
asin Trafalgar—i4 in, The proportion of the length pro- 
tected by the belt is the same in both cases. 

Above this thick armour belt and protective deck, the 
broadside is armoured with 5-in, steel for a length of 
145 ft. and to the height of the upper deck amidships 
(93 ft. above water). Oblique-armoured bulkheads or 
screens extend across the protective deck, and meet the 
redoubt armour: thus completely inclosing a lightly 
armoured citadel with its top at the level of the upper 
deck (93 ft. above water) having the same extreme le 
as the central battery, viz., 170ft. Within the 5-in. steel 
armour on the sides coal bunkers are built, extending 
from the belt to the My deck, and having an athwart- 
ship thickness of 10}ft. When filled with coal these 
bunkers would greatly reinforce the defence ; when empty 
the minimum defence is 5in. of steel, which is proof 
against all the smaller natures of quick-firing guns, and 
against many of the most destructive forms of attack 
from much larger guns. 

In the Trafalgar (as illustrated by Fig. 15) the two 
‘turrets stand at the ends of a long armoured citadel 
extending to the full breadth of the ship: with vertical 
armour on the sides (varying in thickness from 16 in. to 
18 in.) rising to a height of about 11 ft. above water” 
according to the original design. In the completed ship 
this height will be about 10 ft. The upper deck over the 
citadel is plated with 3 in. steel. The distance between 
the centres of the two turrets is about 150 ft.; and the 
central battery between the two turrets (as already 
stated) has an extreme length of less than 110 ft. anda 
length along the broadside of about 65 ft, 

In the new turret ship, as already explained, it has 
been necessary to provide a much longer central battery 
(about 170 ft. in extreme length) to accommodate the more 
numerous and powerful guns in the auxiliary armament; 
and the turrets are — about 200 ft. apart. Conse- 
quently, if the citadel system embodied in the Trafalgar 
had been repeated, the length of the thickly armoured 
sides would necessarily have been considerably increased ; 
and a great additional weight and cost of armout, &c. 
would have been incurred if the same thicknesses had 
been maintained; or a considerable thinning of the 
armour, &¢., made necessary if the same total weight had 
been adhered to, 

No point in the new designs received more careful con- 
sideration than this, In order to elucidate the matter, 
alternative designs were prepared for ships of the same 
displacement, identical in all respects, except as regards 
the adoption of the “citadel” or the ‘‘separated re- 
doubt” systems. Some of these designs are described in 
the Parliamentary papers; I will briefly note one instruc- 
tive comparison. 

Two outline designs were prepared—one closely approxi- 
mating to the turret ship proposed to be built, the other 
for a ship of the same dimensions and displacement, but 
with a continuous citadel. The same total weight was 
allowed in both designs for the protection above the belt 
armour—on the sides, round the turret bases, and on the 
turrets. Except as regards the adoption of (1) a citadel, 
or (2) of redoubt and thin side armour, the ships were 
absolutely identical. 

In the citadel ship, with the fixed total weight for pro- 
tection, the thicknesses of armour found to be practicable 
were: On turrets, 15in. ; en citadel in wake of turrets, 
14 in. ; on sides of citadel (rising to 11 ft. above water), 


2in, 

In the other design the practicable thicknesses were: 
On turrets, 18in. ; on redoubts (protecting turret bases), 
17 in. ; on broadside (rising to about 10ft. above water), 
and on “‘ screen bulkheads ” (completing this thin armour 
across the ship), 4in. to5in. That is to say, the latter 
design gave 3in. greater protection to the stations of the 
heavy guns, at the cost of reducing the thickness of 
armour on the sides from 12in. to 5in., and lowering it 
about 1ft. In the redoubt arrangement the 3-in. steel 
deck (as already explained) was situated at the level of 
the upper edge of the belt (3ft. above water), and in the 
citadel arrangement, at the top of the citadel armour 
(about 11 ft. above water). 

These and other facts having been placed before the naval 
officers attending the meeting convened by the First Lord, 
the following decisions were arrived at : 

‘*(a) Thatit was preferable to have two separate strongly 
rotected stations for the four heavy guns, rather than to 
ave a single citadel. ; 

**(b) That on the whole the 4-in. armour amidships, 
from the belt deck to the main deck, associated as it 
would be with the internal coal bunkers, subdivided into 
numerous compartments, might be considered satisfactory, 
but that if armour weight became available, it could 
profitably utilised in thickening the 4 in. steel above the 
middle portion of the belt.” 

I would draw particular attention to the first of these 
conclusions, since it expresses a most important distinc- 
tion between the two systems of protection. 

With separate redoubts, placed far apart, the two 
stations are isolated, and there is practically no risk of 
simultaneous disablement by the explosion of shells, or 
perforation of projectiles from the heaviest guns, Each 
redoubt offers a small target to the fire of an enemy, and 
its weakest part—the thick steel protective plating on the 
top—is of so small extent that the chance of its being 
struck is extremely remote. Serious damage to the un- 
armoured turret bases, therefore, involves the perforation 
of the thick vertical armour on the redoubts, 

With a single citadel, extending the full breadth of a 
ship, the case is widely different. 

ver a comparatively large area of the protective deck 


plating in the neighbourhood of each turret, perforation | class. 


of the deck, or its disruption by shell explosions at any 
point, involves a very serious risk of damage to the turret 
bases and the loading apparatus, In fact, such damage 





may be effected and the heavy guns put out of action 
while the thick vertical armour on the citadel is uninjured. 
Moreover, as the turrets stand at the ends of a single 
citadel, there is a possibility of their simultaneous dis- 
—- by the explosion of heavy shells within the 
citadel. 

This last risk may be minimised (as in the Nile and 
Trafalgar) by constructing armoured “traverses” within 
the citadel; but it cannot be wholly overcome, so long aa 
both turrets stand in one armoured inclosure. 

It may be thought that the risk of damage to a 3-in. 
steel deck situated 11 ft. above water is remote; but I 
think the facts are as atated, when actions at sea are taken 
into account. 

For example, if a ship of 70ft. to 75ft. beam is rolling 
only to 10 deg. from the vertical, which is by no means & 
heavy roll, she presents a tenget having a vertical (pro- 
jected) height of 13 ft. to 14 ft. to an enemy’s fire, and 
even if she is a steady, slow-moving ship she will do this 
four or five times in each minute. 

Now, at this angle of inclination, assuming the flight of 
projectiles to be ny horizontal, even the thickest 
protective steel decks yet fitted in battle-ships are liable 
to serious damage from the fire of guns of moderate 
calibre, and this danger is increased by the employment 
of high explosives. Of course I do not mean to say that 
this damage is to follow from fire intentionally aimed at 
the protective deck; but with a great and sustained 
volume of fire, such as is possible with a powerful auxi- 
paay armament, and especially with quick-firing guns, it 
is obvious that there is a very real danger of chance shots 
injuring seriously the wide expanse of the protective deck 
at the top of a long citadel. 

Again, it must be noted that the chances of damage to 
a deck placed 10 ft. or 11 ft. above water, and with large 
exposed surfaces in the neighbourhood of the turrets when 
a ship is inclined or rolling, are greater far than those of 
a deck 7 ft. or 8 ft. lowet, and with 5in, armour on the 
sides protecting the deck from the direct impact of shells 
po ra my liege bursters. It is for the naval gunner to 
estimate these chances of injury ; but, unless I am greatly 
mistaken, their verdict will be that a far greater number 
of shots are likely to strike at a height of 8 ft. to 10 ft. 
above water than at a height of 4 ft. to 5 ft. 

These considerations, 1 submit, amply justify the selec- 
tion of the separate redoubt system, in association with 
the thin side-armour above the belt, and the lowering of 
b= protective deck to the top of the belt in the new de- 
signs. 

t may be urged that, if the redoubt system be adopted, 
it should be associated with side armour and screen bulk- 
heads of greater thickness than 5-in. steel, and more 
strongly ked. This is perfectly pow eye but 
necessarily costly, involving an additional load of armour, 
and a corresponding increase in the size of the ship. 

The Board of Admiralty, and the officers called into 
council, had in their posséssion, when considering this 
question, the most recent and complete experimental data 
obtained by firing against the Resistance, with guns of 
various calibres (including quick-Srers), projectiles of all 
patterns, and explosives of different kinds. 

With thisinformation in their possession, the Admiralty 
pronounce the thin armour above the belt to be “‘ satisfac- 
tory,” and give effect to that decision in the designs. Sir 
Edward Reed, in his letters to the Times and elsewhere, 
challenges this decision, and uses very strong language in 
its condemnation, but, so far as I am aware, he can have 
no experimental data to go upon, and his objections seem 
to rest on porely hypothetical assumptions of what kind 
and extent of damage is likely to happen to a ship lightly 
armoured above the belt, when she comes under the fire 
of an enemy’s guns. 

Apart from any expression of personal opinion, I would 
submit that it is for the naval architect to prepare alter- 
native plans, showing possible dispositions of the pro- 
tective material, within the limits of weight available in 
a desi Having done this, it is nut his province, but 
that of naval officers, to determine from their knowledge 
of gunnery, whatare the nature and extent of the damages 
likely to be done in action, and to choose that disposition 
of the armour which they consider has the balance of ad- 
vantage. This is the course which has been followed by 
the Admiralty in dealing with the disposition of the 
armour on the new = 

From passagés occurring in Sir Edward Reed’s letters 
and elsewhere, it seems that he doubts whether the First 
Lord and his advisers, who made the seleetion, understood 
what they were doing. I leave it to these gentlemen to 
answer for themselves, if they think it necessary ; and 
| one who will read through the Parliamentary papers 
will be able to judge whether any answer is required. I 
think that none is needed on the face of the published 
documents. 

It is, I believe, a fair statement of Sir Edward Reed’s 
views to say that his chief objection to the proposed 
arrangement of armour in the new designs, as compared 
with the Trafalgar, is that the thick armour on the 
side rises only 3 ft, above water, instead of 11 ft. as de- 
signed for the Trafalgar, and about 10 ft. as completed. 
He speaks of ‘‘stripping a wall of armour 8 ft. high off 
the sides of the proposed battle-ships;” although in 
another place he is good enough to admit that the 5-in. 
armour which rises 94 ft. above water is better than 
nothing, but it is a miserably inefficient substitute for 
the 18-in. armour, which, as ome red with the Nile 
and Trafalgar, has been stripped off.” And yet, again, 
he says: ‘‘ These ships ure in peer in so far as the 
defensive armour of the hull is concerned, neither more 
nor less than ships of the universally condemned Admiral 


Taking the last statement first, I wish to challenge its 


accuracy, and to point out the essential differences be- 
tween the Admiral class and the new designs, in the 
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matter of ‘the defensive armour of the hull.” In the 
Admirals the thick armour belt extends over about 40 to 
45 per cent, of the length, as against 66 per cent. in the 
new ships. Above the belt in the Admiral’s cellular sides, 
extensive subdivision and coal form the only protection : 
in the new ships these arrangements are supplemented by 
the long lightly armoured citadel above described, and 
the broadside is made secure against all the smaller 
natures of quick-firing guns, as well as against many of 
the most destructive projectiles from much larger guns, 
to a height of 94ft. above water—practically to thesame 
height as the thick armour goes in the completed Tra- 
falgar, and over as great a length amidships. Surely 
these are differences of the highest importance. They 
involve a very large expenditure of weight and money 
in new ships, as compared with the Admirals, and 
add greatly to the defence. Yet they are practically 
ignored by Sir Edward Reed; whose condemnation of 
the proposed arrangements hasregard almost exclusively 
to the fact that the thick armour is to rise only 3 ft. above 
water. 

He objects tothe adoption of narrow water-line belts of 
thick armour in battle-ships generally, although I under- 
stand him to favour the use of such belts in cruisers, 
His contention, shortly stated, is that with such narrow 
belts, there is a great risk that the damages done to the 
sides above the belt in action will speedly cause the ships 
to become unstable (in the transverse sense) andto reach a 
dangerous condition. 

ow, clearly this is a matter which turns chiefly, if not 
selely, upon the estimate that may be formed of the 
damage likely to be done in action. Itis not a question 
of an abstruse nature, involving elaborate and scientific 
calculations of stability. Every one can see that if a ship 
originally of high freeboard, = great weights of 
armament and armour aloft, could be brought down, by 
the rapid and wholesale destruction of her upper works, to 
a virtual freeboard of 2 ft. to 3 ft. (the height of the thick 
armour belt above water), while those great weights of 
gunsand armour, &c., still remained aloft, she would 
reach a dangerous condition, and would be readily 
capsized, On this point there can be no difference of 
opinion. Moreover S I pointed out several years ago in 
a published correspondence with Sir Edward Reed), this 
element of danger, if it really exists, is not sensibly 
affected by carrying the narrow belt throughout the length 
instead of stopping short of the extremities. 

Here then lies the pith of the whole question. Are 
such extensive damages likely to be done in action, and 
to be of a character that will virtually throw open to the 
sea the portions of the ships lying above the narrow 
armour belts? Is it to be regarded as impossible to keep 
ships thus armoured from capsizing under fire? What 
has been the general verdict of naval authorities on this 
matter, as evidenced in ships actually built? 

Reference to the sip. gp already used in connection 
with the dispositions of armament gives the answers to 
these questions. It will be seen that in the recent battle- 
ships of nearly all foreign navies belts of thick armour as 
narrow as, or narrower than, those condemned by Sir 
Edward Reed have been and are being adopted. Up to 
date, in most foreign ships, these narrow belts have not 
been associated with as effective a cellular construction 
of the sides as is possessed by the Admirals and other 
belted ships of the Royal Navy. Nor has coal protection 
been similarly cared for and made possible at the sides 
above the belts. Much less has there been provision 
hitherto in foreign ships of lightly armoured citadels 
above the belt, such as are proposed for the new ships, 
It is true that many of these foreign ships have belts 
going to the bow and stern; but that fact does not affect 
our present discussion, and it may be assumed, from what 
has been done and is doing abroad, that naval and pro- 
fessional authorities there, as well as at home, do not 
share the apprehensions expressed by Sir Edward Reed. 
By common consent his estimate of the serious risks in- 
evitable with narrow belts is not indorsed. 

Annexed I give a tabular statement showing the cha- 
racter of the water-line protection in a number of British 
and foreign ships, and the vertical distances to which the 
— is carried above and below the designed load water 
ine. 

It is perfectly obvious from this Table that so far asthe 
belt proper is concerned, the new ships are on practically 
the same footing as recent ships built in this country and 
abroad. But, I must repeat, that they have above the 
belt a nen armoured side, which most foreign ships 
have not. They are to be armoured in fact to 94 ft. above 
water, as against 24 ft, to3 ft. in most foreign ships; the 
total depth of armoured side is to be 15 ft., as against 
74 ft. to 8} ft. in some of the largest foreign ships. Re- 
latively to those ships, therefore, the new designs clearly 
occupy @ good position ; and that is the true test. 

In passing it will be noted from the diagrams that 
narrow belts have in nearly all cases been associated with 
dispositions of armaments placing the guns and their 
armour protection high above water and far apart. 

I do not desire to enter into any lengthy explanation of 
the reasons which have led to this general adoption of 
narrow armour belts. Probably the chief reason is to be 
found in the fact that from the outset the depth to which 
armour has been carried below water has been very 
moderate. 

In recent years this depth has been somewhat dimi- 
nished, as will be seen from the Table, both absolutely 
and in relation to the beam of ships. Of course, it may 
’ be argued that the depth of armour below water ought to 
have been increased as ships became larger and broader. 
That is a separate question, and just now we are con- 
cerned chiefly with matters of fact, and with comparisons 
of our ships with foreign ships. As a matter of fact, 
armour protection goes to a moderate depth below water 
in all cases, Consequently, it is quite possible, and in 





fact quite common for the lower edge of the armour to be 
emerged, either by a very moderate inclination of the 
ship, or by her motion through still water, or by the 
movement of waves along her sides, or by her rolling in a 
seaway; as well as 3 many possible combinations of 
these circumstances. his emergence of the armour in- 
volves the exposure of the unprotected bottom, and 
chance shots entering below the armour may destroy the 
ship, and inevitably will cause damage that must be 
practically irremediable under the circumstances of action, 
and must result in the entry of large quantities of water 
into the vessel, even though she may be kept afloat by 
her water-tight subdivisions. 




















Armour as Designed. 
Depth of 
= Belt Beam 
valner Height of Thick of Ship. 
Lo Side Armour above 
Water Load Water-Line. 
Line. 
ft. in. ft. in. ft. in. 
Bellerophon - Psy 2) 56 6 56 0 
Hercules .. > | 6 0 8 6 59 0 
(4 ft. 2in. amidships 
Devastation 5 0 { and aft; 6 in. for- hes 3 
ward) * 
Fury (design cancelled)}) 5 0 { (4 . reagent bez 3 
(11 ft. amidships ; 
Dreadnought... “| Be { 3 ft. before and hes 10 
abaft citadel) 
| crt ; t \(8ft me ts hti 
: J} . a . Sin. at fighting 
Inflexible .. ae | fighting draught) 75 0 
( | draught) 
(11 ft, amidships ; 3 ft. 
Trafalgar .. ot £28 before and abaft 73 0 
citadel) 
New designs Se aot 6 8 8 0 75 0 
Admir.iDuperre } 4 5 6 2 5G 67 0 
Admiral Baudin 8 5 8 8 0 70 0 
Magenta class gE 410 S576 66 0 
(11 ft. amidships; 3 ft. 
Sinope olass (Russian) ..| 5 0 +]! before and) abaft hoo 0 
| base of battery) 
Italia and Lepanto { | Armoured deck at side is 6 ft. 74 0 
(Italian). . a below water as designed 
‘ a amidships; 2ft. 
Duilioand Dandolo ..| 6 0 before and abaft hos 0 
| base of citadel) 





The unarmoured under-water portions of the sides and 
bottoms of warships are, moreover, exposed to serious 
damage in action by submarine torpedoes and by ram- 
ming ; but it is unnecessary to dwell on the point. 

Contrast with these undoubted risks, the risks involved 
in damage to the sides immediately above the armour 
belt, and also above the normal water-line. The conse- 
quences are clearly not so serious in many respects. 
Something may be done towards stopping or limiting the 
inflow of water when the damage is done above water. 
There is no head of water to deal with, as when the 
bottom below the armour is broken through. The pro- 
jectiles which enter have opposed to them the protective 
deck at the top of the belt, and must pass through or 
seriously damage it before any of the vitals (boilers, 
engines, magazines, &c.) are attacked. And in the new 
ships (as already explained) projectiles must pass through 
the light armour before they can reach most portions of 
that deck, an immense advantage when high explosives 
are used, 

Given, therefore, armour reaching to a moderate depth 
below water, a narrow belt is not such an unreasonable 
mode of protection as has been assumed, and the almost 
universal practice of adopting it is seen to have some 
justification. 

I will only add one remark, which I feel disposed to 
apologise for, although it expresses a truth often over- 
looked in these discussions, viz., that the integrity of the 
unarmoured portions of a ship’s bottom lying below the 
armour, is as essential to the maintenance of her stability 
as the integrity of the sides above the armour belt. Yet 
itis no exaggeration to say that very frequently when 
the gravest fears are expressed of what may result from 
damage to the out-of-water portions of ships, it is virtually 
assumed that the parts under water, when floating in still 
water, are not liable to injury in action. Such assump- 
tions are — inadmissible. 

This naturally leads me to deal with one illustration, 
avowedly couched; ‘fin simple language,” which Sir 
Edward Reed has put before the public lately. 

In his letter to the Zimes, above quoted, it is stated 
that the Nile could list over to about 17 deg. ‘‘ before the 
top edge of the armour disappeared beneath the water ;” 
while not a hint is given in any language, ‘‘simple” or 
otherwise, that under this assumed condition, the lower 
edge of armour on the other side of the ship would be 
about 54 ft. out of the water, leaving 5} ft. of unarmoured 
bottom exposed. 

Other examples might be given of the one great fact 
apparent throughout Sir Edward Reed’s utterances on 
this question of armour protection, viz., that there is no 
general or comprehensive survey and proportioning of the 
many risks that have to be encountered in action, but a 
restriction of the discussion to one, and that, by common 
consent, not the greatest risk. : 2 

Throughout his treatment of the new designs practi- 
cally no regard is bestowed upon their ‘‘ offensive” powers, 
and one might fairly say that the discussion proceeds as i 
the new ships were to be built chiefly with a view to 
make them efficient locomotive floating targets, capable 
of withstanding the effects of gun fire, and not capable of 





inflicting as well as receiving damage. To mention the 
point seems to me sufficient, without dwelling upon the 
incompleteness of this mode of treatment. 4 aunt, at 
least equal regard must be had to the provision of powers 
of offence as well as of defence in the determination of 
that compromise, which under existing conditions is the 
best disposal of the available capital in displacement and 
cost of any new type of warship. 

Having made these general statements, 1 now wish to 
record my opinion that, in his haste to condemn the system 
of protection in the new designs, Sir Edward Reed has 
altogether failed to appreciate what would be involved in 
giving effect to his views, 

I have shown that he has not recognised the great de- 
velopment of the auxiliary armament, and the influence 
ef that development on the design generally ; I have in- 
dicated the practical impossibility of effectively working 
that armament without placing it in a long central 
battery, and have pointed out the fact that with the 
citadel system and this long central battery, a very great 
increase in weight of armour, as well as size and cost of 
ship, must result. 

Hereafter I shall deal with Sir Edward Reed’s remarks 
on the supposed extravagant displacement of the new 
designs. 

But for the moment, I simply wish to inquire if Sir 
Edward Reed, before writing in the terms he has em- 
ployed, made any estimate of the increase in size and cost 
which would be inevitable, if the same qualities, the same 
kind and disposition of armament, the same speed and 
coal endurance, were obtained in a veesel armoured as he 
suggests ? 

f course Sir Edward Reed may consider that the 
armament is wrong in its character or badly disposed, 
and he may have had in his mind some ideal plan that, in 
his judgment, would be more satisfactory. If that be the 
case, he does not say so in his published letters or speeches, 
and the omission is to be regretted. But if he should 
have had such an alternative in his mind, then it must be 
stated that the issue as to armour protection is confused 
by introducing such modifications into the comparison. 
Moreover, it will not be universally admitted that on 
such questions as are involved in the character and dis- 
— of armaments for battle-ships, the views of Sir 

ward Reed are to be accepted in preference to those of 
the Admiralty and its naval advisers. 


(Zo be continued). 





Tue Unitep States Navy.—The only new vessels 
called for under a Naval Appropriation Bill recently before 
the United States Congress (apart from four steam tugs, 
to cost 28,000/. in the aggregate), are a steel monitor of 
3000 tons displacement, and a second cruiser of the 
Vesuvius type. For the steel monitor the price allowed 
is 300,0007. Her engines are to develop 7500 horse-power 
and are to secure a maximum trial speed of 17 knots per 
hour. The vessel has the interest of novelty in a plan for 
sinking lower in the water as a means of protection when 
in actual conflict with an enemy, and in the adoption of a 
15-in. 110-ton rifled gun as part of her armament. The 
maximum appropriation for the second new vessel is more 
than that for the Vesuvius, being 90,000/. 





New STkAMER FOR THE CALAIS AND DovER SERVICE.— 
The Fairfield Shipbuilding and Engineering Company, 
Govan, have built and on Saturday launched a paddle 
steamer for the London, Chatham, and Dover Railway 
Company’s service between Dover and Calais. The vessel 
was named Calais-Douvre by Mrs. R. S. White, wife of 
one of the directors of the Fairfield Company. The Calais- 
Douvre is similar in design to the paddle steamers Vic- 
toria and Empress, built by the same firm, having a 
rudder at each end, inside the stem, to facilitate her leaving 
the harbour. The dimensions are: Length between per- 
pendiculars, 325 ft.; breadth, 36 ft.; depth moulded to 
upper deck, 21 ft. 6in. She has been built entirely of steel, 
and divided by nine water-tight bulkheads, The after 

art of the vessel on the lower deck is fitted up entirely 
or first-class passengers, with ladies’ saloon and main 
saloon extending the whole width of the vessel. Forward 
of the main saloon is a refreshment bar, fitted with large 
tables, revolving chairs, &c. Entrance is obtained to the 
saloon and cabin by large stairways from the main deck. 
On the main deck there isa large state-room and several 
private cabins for the use of parties desiring to travel 
privately. Aft on the same deck is a large smoking 
saloon, Abaft the paddle boxes there is only a bulwark, 
while forward the sides of the ship are carried to the pro- 
menade deck, thus affording sheltered promenading space 
for second-class passengers. Cabin accommodation for 
them is provided forward where also the crew are housed. 
The chart-house is the only building on the promenade 
deck with the exception of the usual skylights, and over 
the chart-house is carried a bridge deck. The engines are 
of the compound diagonal, direct-acting type. The cylin- 
ders are 59 in. and 106 in. in diameter respectively, with 
a stroke of 6 ft. The high-pressure cylinder is placed 
above the low-pressure, and in general arrangement the 
engines are similar to those of the Empress and Vic- 
toria. The main working parts are of forged mild steel. 
The paddle shafts, cranks, and crank-pins are of Messrs. 
Brown’s steel, and the shafts and pins are hollow to 
reduce weight. The water for condensing will be circu- 
lated by a centrifugal pump driven by a separate engine. 
The paddle wheels have feathering floats, and together with 
paddle arms, feathering rods, &c., are of steel. Steam is 
to be supplied from four double-ended boilers 13 ft. 3 in. 


f|in diameter and 16 ft. 3in. long, having in all 24 cor- 


rugated furnaces 3 ft. 5 in. in diameter. The working 
pressure is 110 lb. tothe square inch. Fans and engines 
are provided for supplying air to the stokehold, 
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RECORD. 
CompiteD sy W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888, 


The number of views given in the Rcation Drawings is stated 
in each case after the price; none are mentioned, the 
Specification is not illustrated. 


Where Inventions are communicated from abroad, the Names, 
ée., vs, aleemans umes be Gaeak ak 
dys jfoati so tet — : 
bg tle mn B.C., either personally, or by ltier,enalonng 
amount Fp ba 4 sae op te BR Lack, Esq. 
advertisement of the acceptance of a complete ape- 
cification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
ar ia aie the date of 
advertisement of the acceptance of a com: specification, 
we notice at the Patent Ofice of opposition to the grant of a 
atent on any of the grounds mentioned in the Act. 


DYNAMO-ELECTRIC MACHINES, 


1875. G. Hookham, Birmingham, and R. H. Hous- 
man, Bromsgrove, Worcester. Improvements in 
Dynamo-Electric hines and ectro-Motors. 
(8d. 4 Figs.) February 8, 1888.—This invention relates to the 
use in a dynamo or motor of a subsidiary magnet or magnets 
wound with coils carrying the main current, or of @ subsidiary 
magnet or magnets in conjunction with pound winding on 
one side limb of the main magnet, the strength of the subsidiary 
magnet or magnets being so proportional and adjusted to thai of 
the principal magnet, as to keep the lead of the brushes constant, 
and thereby to regulate the electromotive force of the machine 
with varying currents. A is the armature, B the main magnets, 
and C the yoke of the magnets. D is the shunt winding of main 
magnets, E is the subsidiary magnet fixed to the yoke C. Around 
magnet E is the series winding. When the main pole-pieces and 
the subsidiary pole are the same distance from the iron of the 
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armature, the best results are obtained both as regards constancy 
of lead and constancy of electromotive force by making the 
ampére turns on the subsidiary magnet about double the ampére 
turns on the armature. In this case the change of induction in 
the coils undergoing commutation due to cutting the subsidiary 


fields will be equal to the change of induction due to the reversal 
of current in them. When the subsidiary pole-pieces subtend a 





ture to insulated pins D3 projecting from the boes of the 
armature. D* are porcelain insulators to prevent sparks passing 
from pins D* to the boss. K, K' are conductors one passing 
through the other, and one coupled by an arm K? to one pin D°, 
and by another arm K? to the other pin D3. Other arms connect 
the conductors to insulated pins secured to the face of the arma- 
ture, and serve to hold the conductors in proper positions con- 
centric with the armature. Insulating material separates the 
conductors K, K'. L, L are rubbers held by springs against 
circular rings fixed on the two conductors. The upper and lower 
blocks are pressed on to and held up to the rings by springs. P 
is aniron box inclosing the collector. In machines in which one 
pole is arranged to to earth, the armature conductor is in- 
sulated in the armature in the ordinary way, and contact is made 
between it and the body of the machine, by screwing up a fly 
nut, or by a spring catch. The frame carrying the magnets is 
made in four sections, and to facilitate their being drawn away 
from the shaft to give access to the armature or magnets, the 
fulcrum of a vertical lever is connected by a link to each section, 
and the lower end is formed as a tooth which can be made to 
engage with any one or other of the teeth of a rack formed on 
the bed of the machine. Various modifications of the machine 
are shown and described. (Accepted February 13, 1889). 


15,388, A. Shippey, Londen. (A. G. Waterhouse, Hart- 
ford, Conn., U.S.A.) 
Regula am 


’ 

tus for 

z o-Electric Machines. (8d. 2 Figs.) 

October 25, 1888.—The mechanism is applicable to dynamo ma- 
chines of constant electromotive force, with a variable current 
such as used in incandescent lighting, and represented diagram- 
matically in the figure ; it is also applicable to machines used for 
arc lighting. F are the field magnet coils run in a circuit from the 
brush B, around the field-magnets to an external resistance F! 
and F", then around a working magnet w, and back to the arma- 
ture on brush A. Another circuit begins at A, passes out on line 
8, around a regulating magnet R, and back on wire s' to brush B. 
This circuit is composed of fine wire of high resistance, and the 
object to be obtained is to maintain a tant elect tive force 
in the current of the main circuit m, which is accomplished by 
regulating the strength of the field magnet circuit. The coils 
around the magnet w act upon a lever Din such manner that an 


























increase of current will raise the lever which swings down as the 
current falls. The lever is pivotted at z, while its other end has 
a pin D! supporting one or more contact rings, which electri- 
cally connect lever D with contact plates i, connected to resist- 
ance Fl, which is also connected with the pivot 2 by a conductor 
so that more or less of the resistance F' is short-circuited or 
cut out of the field circuit as the lever is raised or lowered by 
magnet w, shifting the position of the ring or rings. To assist 
the magnet w in overcoming friction and work it has to do, so as 
to respond properly to any current changes, the regulating magnet 
R is ——— actuated by circuit ss'. The contact lever x is con- 
nected with the field conductor at F!! before reaching magnet 
w, after leaving which the conductor F* is connected by b toa 





greater angle than is subtended by one section of the commu- 
tator, then when the above condition is observed, the electromo- 
tive force of the machine may be made to rise with an increase of 
current, or to remain constant, or to fall di e positi 
of the brushes. Ifa negative lead is given to the brushes with 
reference to the point of constant electromotive force, then the 
electromotive force will rise with an increased current; on the 
contrary, if the lead is positive, the electromotive force will fall, 
(Sealed February 15, 1889). 


2316. S. Z. de Ferranti, Hampstead, Middlesex. 
Improvements in Dynamo-Electrical Machines and 
Apparatus Used in Connection therewith. (2s. 28 
Figs.) February 15, 1888.—This invention relates to dynamo- 
electrical machines, so constructed that currents of very high 
tension may be produced by them. A is | a of the outer portion 
of the armature wheel, formed with slots through it at intervals 
apart near its periphery, and C are radial holes passing from the 
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periphery of wheel to the said slots. D are shoes with stems, D! 
ing into the radial holes C. E are porcelain insulators, and 
are nuts screwed on to ends of stems D' when inserted in the 
holesC. G isa filling of sulphur with which the space between 
the nut and stem and the sides of the slots and radial holes C are 
filled in, i! are bolts by which the coils are held to the 
shoe. I are field magnets. D2 are insulated conductors 
led from two of the shoes D on opposite sides of the arma- 








4 ted to a resistance N leading to a point P. 
While lever & is in contact with O, the magnet w will move one 
way, and while in contact with P it will remain stationary, and 
when not in contact with either O or P, the magnet w will move 
in the opposite way. (Sealed February 8, 1889). 


ELECTRIC LIGHTING. 


366. C. D.’ Abel, London. (Siemens and Halske, Berlin, 
Germany.) Improvementsin Electric ArcLamps. (8d. 
2 Figs.) January 9, 1888.—The frame ¢ which carries the upper 
carbon is suspended by a conducting metal band or chain m from 
a barrel d, containing a volute spring ¢ which in uncoiling tends 
to raise the carbon. This barrel d is mounted in a frame r pivotted 
at z on standards s projecting from the base a. On the frame r is 
also carried multiplying gearing by which the rotation of the 
barrel d is communicated to an escapement wheel and pendulum 
w that controls the movement of the barrel. The frame r is held 
in an inclined position by a spring /', adjusted by a screw q acting 
on lever z, and on its end isan armature A facing the pole-pieces 
k of an electro-magnete. The coils of this magnet are in a shunt 
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circuit to that of the lamp, so that the greater the resistance of 
the lamp, the more powerfully is the armature h attracted in oppo- 
sition to the spring f*". When so attracted it withdraws the lever 
wfrom a fixed stop g, and the carbon frame is lowered partly by the 
descent of theaxisof the barrel and partly by the rotation thereof. 
When the resist is thus | d, the magnet e becomes corre- 
spondingly weakened, and the frame r is raised again by spring /', 
raising the carbon frame c and engaging the escapement with the 
stop g. 1n order to compensate for the lessening of the weight of 
the carbon asit is consumed, a spring s? strains a cord passing over 
a pulley b on frame r and becomes wound on the axis of the 
barrel as it revolves, lowering the carbon so as to exert more and 
more downwards strain on the framer the more the carbon is con- 
sumed. (Sealed February 22, 1889). 


1254. J. Spink and C. Gauzentes, Bradford, Yorks. 
Improvements in Forming Metallic Connections 




















with Incandescent Electric Lamps and Holders 
therefor. (8d. 4 Figs.) Janaury 27, 1888.—The object of this 
invention is to so construct the holders of i d t lamps 
that the platinum links or terminals are protected, and not so 
liable to broken as hitherto; also to effect a more perfect, 
durable, and yet adjustable connection between the lamp carry- 
ing links and the holder, and to arrange the latter so as to be 
capable of carrying a reflector. The two platinum links A and A! 
of lamp C are soldered to the wire stems D and D', made of 
copper, and projecting from the lamp in a diverging direction ; 
and in order to make the connections rigid, and protect the 
junction or contact from damage, a metal hoop E is placed 
around the same, the interior space E! being filled with insulat- 
ing cement, thus giving support and protection to the base of 








the wire stems D and D!, and platinum links. The holder block 
F, may be of wood, in which two holes are bored in a diagonal 
direction, in each of which is placed a wire spiral spring G, the 
outside diameter of which fills the hole. e@ upper portion of 
each spring is connected to terminals H, thereby completing the 
circuit between the positive and negative cables. The diameter 
of the stems D and D', and the inclination thereof, are such that 
when inserted in the springs, the said springs clip them to such 
an extent, that the lamp is held secure. The holder may be sus- 
pended by a hook J, and a reflector supported by arms L, 
attached to the bottom portion of the lamp, the reflector being 
held in position by movable spring arms M pressing on the top 
thereof. (Sealed March 1, 1889). 


1919. A. J. Howes, London. An Improvement in 
Arc Electric Lamps. (8d. 3 Figs.) February 8, 1888.— 
This invention relates to automatically regulating the distance 
of the carbons of arc electric lamps, The upper carbon-holder A 
is attached to a tube B of non-magnetic material free to slide 
a o a solenoid C, wound with two coils, one of low re- 
sistance D in the main circuit of the lamp, and another E of high 
resistance in a shunt from the lamp circuit, connected so that 
the current in coil E is op to that of D. In the tube B 
are two semi-cylindrical pieces F, F'!, of soft iron, which hanging 
side by side nearly fit the tube B, but are insulated from each 
other by facing with paper, &c., their flat faces. The pieces F, F", 
are suspended bya wire or rod G. Assuming the two carbons 





to be in contact, the pieces F, F', in that case extending some 
distance below the solenoid C, then almost the whole current 
sy through the coil D excites the solenoid so that the pieces 

, F' are magnetised by induction and attracted upwards. 
Being magnetised with the same polarity, they repel each other 
laterally and press on the tube B with sufficient frictional hold 
to move the tube along with them. Being attracted upwards 
they raise tube B and separate the carbons till the arc is struck. 
As the carbons consume, less current passes through coil D and 
more through coil E, which being in opposite directions, neutra- 
lise each other, rendering the solenoid inert. Thus the pieces 
F, F' become demagnetised and lose their frictional hold of tube 
B, which — left free, descends, bringing the upper carbon 
nearer to the lower one, (Sealed March 1, 1889). 


11,065. W. P. Thompson, London. (G. Westinghouse, 
Jun., Pittsburgh, Pa., U.S.A.) Improvements in or re- 
lating to A: atus for Supplying Variable Amounts 
of Electricity to and thue Regulating the Brilliancy 











of Electric Lamps. (6d. 1 Fig.] July 31, 1888:—The object 
of this invention is to provide means for turning down any desired 
lamps or increasing their brilliancy without causing 





material 
w of electric current. The drawing shows, in diagram, an 
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organisation of circuits and apparatus for carrying out the inven- 
tion, in which A represents @ source of albernating, intermittent, 
of pulsatory electric currents and L!, L?2 conductors leading to a 
work circuit. Between these conductors in connected an insulated 
wire coil P, within which is a core C, provided with a handle for 
athens its position. J', 12 are conductors leading from the 
points 1 and 2 of the coil, and constituting a secondary electric 
circuit, between which are translating devices d, such as lamps, 
connected in multiple arc. In the tion, as shown, of the core 
O, the ter-el tive force is developed for the most part 
in the portion included between the points z and y, but as the 
core is moved toward the point 1 the force will be developed more 
and more in the portion between the points 1 and 2, and lese 
between the point 2 and the terminal 8, so that when the core is 
between the points 1 and 2, the lights d will burn at their brightest, 
and when the core is moved towards 8 their brightness will be 
diminished. When the core is entirely withdrawn from between 
the points 1 and 2, the lamps will be extin . The portion 
of coil out of the magnetic influence of the core will act as idle 
wire, 80 that there will be no material loss of current. D, D are 
other lamps, which may be caused to burn at a constant candle- 
power, whilst the lights d, d are lowered. Other lights a! may be 
included in the secondary circuits of other convertersC'. (Sealed 
February 8, 1889). 


ELECTRIC METERS. 


242. J. H. Davies, London. Improvements in 
Electrical as 4 truments. (8d. 2 Figs.) 
January 6, 1888.—The object of this invention is to provide means 
whereby the needle, or armature of the measuring instrument, is 
rendered less susceptible to the influence of magnetic fields outsid 
the instrument. The end cheeks A of the coil are fastened together 
by plates B, B', which carry jewel holes for the pivot E of the 
needle system, Twocoils C, placed diametrically opposite, one on 
each side of thespindle, are formed of copper strip, insulated for 
carrying large currents; the inside end of both coil strips is 
attached by rivets and solder to the insulated copper cross-rods 
D, D', which thus aomeery jae the two coils, and the outside 
ends of the strips are carried to terminals T. This conductor is so 
wound and the coils so connected ether that the ourrent 
passes round the two ooils in opposite directions. The needle or 
armature is formed of two soft iron wires F, fixed in holes patie 
through the pivot E, and so —— that when the pointer H 
at the zero of the scale on the plate J, they lieat an angle with 
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the magnetic axis of the coils, butas the current through the coils 
increases, they assume a position increasingly approaching coin- 
cidence with the magnetic axis of the coils, and the pointer indi- 
cates corresponding values on the scale. Gare balance weights on 
the needle system, so adjusted that the force of gravity keeps the 
pointer at the zero of the scale when nocurrent is passing through 
the coils and opposes to the desired extent the deflecting force of 
any current which is to be measured, Instead of using gravity as 
the controlling force, the needle system may be completely 
balanced by the weights G, and a coiled spring attached for 
opposing the deflective force of the current, one end of the spring 
being attached to the needle system and the other to the plate B. 
The coils being wound in opposite directions, magnetism of the 
same character is induced in each of the ends of the needles or 
armature, 80 rendering the same astatic and overcoming the ten- 
dency to be infil y outside magnetism which exists ina 
needle or armature, whose endsare differently magnetised. (Sealed 
February 22, 1889). 


13,529. A. Reckenzaun, London. Improvements 
in Electric Meters. (8d. 2 Figs.) September 19, 1888.—A 
motor A drives, by means of a worm, a faced wheel D, against 
which bears a friction roller E attached to a tube F capable of 
vertical movement on a shaft G and revolving therewith. To the 
tube F is secured a soft iron tube J serving as the core of a sole- 
noid K. An adjustable spring M serves to insure contact between 
the wheel D and roller E. The terminals B, B', are connected to 
a source of electrical supply, the energy of which is to be measured. 
The current being switched on, the motor A will revolve, and 
assuming that no current is required by the main circuit, then 
the motor will consume only sufficient energy for its own pro- 
pulsion, and the roller E will be in thé centre of wheel D, its 
normal position, On the introduction of electric lamps, or other 
energy consuming appliances, the core J will be drawn up into 
solenoid K, and the roller E moved from the centre of wheel D, 























causing the roller to revolve in unison therewith. As the force 
exerted by the solenoid se the core is proportional to the 
amount of current flowing through the lamps, &c., the position 
of roller E relatively to the centre of wheel D will vary accord- 
ing to the movement of the core J. A bal am, ted 
at one end to the tube F, is connected at its other end to another 
core ded in a solenoid, and the infl of this solenoid 
upon its core compensates the varying attractive force of 
the solenoid K on the core J as the latter changes its ition, 
thus insuring the maintenance of equilibrium at the ends of the 
balance beam, and at the same time determining the proper 
position of the friction roller E. e 8 of the worm being 
‘constant, the revolution of the roller E and shaft G will be pro- 
portional to the radial displacement of the roller E; so that the 
greater the amount of energy consumed, the greater will be the 
speed of the roller E, which actuates shaft G, with its worm gear 
wheel I, and indicating dises. (Sealed February 22, 1889). 











MISCELLANEOUS. 

1891. M. Bailey, Wood Green, London, and J. 
Warner, London. A Fiexible Battery bell a 
Method of the Elements . (8d, 
8 Figs.) February 8, ~The ob of this invention is to 
form a flexible sealed cell or containing chamber for the 
elements employed in @ a or sécondary battery. ~1 
is a flexible cell formed of rubber insertion cloth, gutta-percha, 
cloth, of equivalent material prepared with varnish or other suit- 
able substance for rendering it water-tight, and resisting the 
action of acid or other a — in the cell. These cells. 
when of ‘pe size, are form y inserting strips B (Fig. 2) of 
some good insulating substance, such as vulcanised fibre, ebonite, 
ot wood soaked in ffin, between two 
cloth, against which are secured metal plates a by bolts and nute 
At suitable pointe terminals c, ¢ are fastened, and each division 
of every form of cell is fitted with a valveor valvés d for permi 
escape of gas or refilling with liquid. These cells can be form 
to hold elements of the primary or secondary type, and a porous 
plate or woven diaphtagm can be employed when desired. When 


Fig.1. 


cera 





of small size the cells may be constructed of rubber tube covered 
with canvas, the metal plates a being screwed to the top and bottom, 
and fitted with terminals c and valvesd. Fig. 2 shows a flexible 
cell fitted with solid plates f and porous diaphragm ¢ formed of 


S| asbestos fibre, cloth steeped in varnish, or a thin porous porcelain 


plate. This cell can be used as a two-fluid primary, but by re- 
moving the diaphtagm it can be used as a single fluid primary, or 
when filled with lead or equivalent suitably prepared, as a secon- 
dary. A series of flexible cells may be arranged as a belt, two 


of the insertion | ©oa' 


liquid used consists of a mixture of water, sulphate of zinc, sul- 
phuric acid, and | pone ee of mercury in suitable parts, This 
exciting liquid, if used in a dry battery, can be thickened with 
tragacanth or similar mu: ous substance. The casing of the 
vessel forms the zinc ea, b being the other electrode of 
wood, wu the outer surface of which is placed the 
leaf silver, covered with chloride of silver. The space between a 
and b is filled with the exciting liquid ¢. A pin d keeps the 
block b in position, and / is a disc of glass to prevent direct con- 
of the el les@and b, The vessel is closed & cover g 
of pitch, and the current leaves the battery through the terminal 
iand strip In the battery shown in Fig. 2, the zinc electrode 
m is a and imbedded in a rectangular box of hard rubber. 
The silver electrode consists of a strip nm made of a non-conductor 
ted with foliated or silver leaf, and between the two electrodes 
is introduced the exciting liquid. p and q are the terminals con- 
nected with the electrodes. (Sealed February 8, 1889). 


14,984. R. R. Hutchinson, London. Improved 
Method ef and Apparatus for ae 
and Ai ne A. Ohsokine or ° adie id 

a) e 
Motion thereof when Desired. . 4 Figs.) October 18, 
peony | 1 represents a hydro-extractor provided with a bracket 
B upon which is mounted an él motor ©, concentric with 
the spindle of the revolving chamber, and coupled thereto, To 


effect the stoppage of the rotary motion instantaneously and auto- 
matically, a brake is attached consisting of an electro-magnet D, 
Fig. 2, the poles b, b' being provided with hinged extensions a, a', 


curved to fit aniron disc I attached to the driving shaft E. The 
extensions a, a’ are kept out of contact with the disc by a spring 
l, but when a current traverses the coils of magnet D, the disc 
forms the armature to the extended arms a a!, 0 6!, and the tension 
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pieces of the insertion cloth being folded together and , 
or otherwise flexibly arranged so as to form a tight joint, and each 
cell fitted with single or double, primary or secondary elements, 
which are in the form of leaf metal, coarse granulated powder, or 
fashioned in the form of a mat or web from wire, ribbon, or other 
suitably woven metallic material. (Sealed February 15, 1889). 


3312. E. Tyer, London. An Improvement in 
Voltaic Batteries. (8d. 2 Figs.) March 3, 1888.—This in- 
vention relates to a battery cell so arranged that the extent of 
contact of the exciting liquid with the element can be readily 
varied, or entirely prevented, without exposure of the element to 
atmospheric action, and with constant maintenance of the amal- 
gam on ité surface, 60 that it is always ready for acting efficiently 
when required. The vessel A constitutes the cell, which may be 
of glaes or other non-conducting material. B is an annular 
trough charged with mercury from which an insulated wire C 
leads, bedded in cement along a channel H, to the exterior 
of the cell, to form one terminalthereof. In the mefcury is im- 
tersed the lower end of a hollow zine cylinder D forming one of 
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the elements, the other element being blocks of carbon K standing 
around in the vessel A and connected to the other terminal of the 
cell. The element D is inclosed within @ bell F of glass or 
ceramic material which in its lowest position can rest on the 
bottom of the cell, but which can be more or less raised by its 
stem E and fixed at any desired height by a setting screw in a 
stationary crossbar G through which the stem E . As the 
bell F is more or less raised, more or less of the surface of the 
element D is exposed to the exciting liquid in the cell. A boss H! 
may be fixed in the centre of the element to occupy part of the 
space within the bell so that when the bell is raised or lowered 
there is less displacement of the level of the liquid in the cell. 
Between the bell F and the carbons K may be interposed a porous 
cylinder cemented down to the bottom of the cell and provided 
with an overflow pipe. (Sealed February 15, 1889). 


11,681. C. E. Liebert and 8. A. Rosenthal, Berlin. 
rmany. Improvements rela to Electric 
Batteries, and to Exciting Liquids or Compounds 
therefor. (6d. 5 Figs.) August 13, 1888.—A feature of this 
battery is that the tension of the current does not decrease after 
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original tension, eneeforth remain very constant. The 
electrodes consist of zinc and silver, the latter being made Of a 





non-conductor coated with foliated or leaf silver. e exciting 


the circuit is closed, but will increase by about one-tenth of the coal 





of the spring being overcome, the disc I is tightly embraced by 
the segments, and the rotation of the spindle stopped. For 
automatically operating the brake, a switch F is attached to any 
part of the machine, whose operation is as follows: When the 
arm of the switch F rests upon the contact bar c, the electric 
circuit is open through the motor from.g, through # j' cj to f, and 
the machine to which the motor is attached receives motion. 
When, however, it is desired to stop the motion, and the arm of 
the switch is moved towards the bar e, it establishes a circuit 
through the brake magnet D from ig through i A ¢ andj to f by 
reason of the switch arm being brought into contact with the bar 
d, before entirely breaking the circuit at e, and this momentary 
action of the brake is, in practice, sufficient to arrest the rotary 
motion of the shaft E immediately. In certain cases, however, a 
separate circuit, and a separate switch to operate the brake, may 
be ueed. (Sealed February 15, 1889). 


15,612, J. ©. Love, Philadel, Pa., U.S.A. Im- 
rovements fa Kascletose for Rlectrical Conductors. 
Ras 8 Figs.) October 30, 1888.—This invention is designed for 
mounting electrical conductors in conduits for electrical railways, 
but may be applied to other uses. The conduit is made in trough- 
shaped sections A with open tops, closed by [=v yd @ resting on 
end brackets, and longitudinal flanges on the body of the conduit, 
these cover pieces being 80 mounted as to leave a central con- 
tinuous slot s between them for the passage of the contact carriers 
on the cars of the railway, The adjacent edges of the covers 
@ have pendent flanges a', and the sections of the conduits may 
be bolted together by means of flanges, When the conductors E 
are mounted on both sides of the conduit, a series of holding jaws 
F are formed therewith or affixed thereto. These jaws are formed 
with an open end for the insertion of the insulating block K, or 
the: pros extended to more than twice the length of the block, 
their ends being closed. The outer edges of the blocks are 
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ved, to fit ribs on the jaws, to hold them in position verti- 
on. The block K has formed in it an opening for the reception 
ofa tongue on each conductor. The tongue is formed at its free 
end with a hook which cnoraee with the uepee edge of one side of 
the opening in the block. e tongue is then held in place by a 
key G of insulating material inserted in the opening in the block 
behind the tongue. Where two conductors are to secured in 
one block the key Gis inserted between them. The backs of the 
tongues may be serrated, and the keys formed of rubber, 80 that 
by engagement with these teeth they will be prevented from work- 
ing out. After the conductor tongues have been secured in the 
blocks in the jaws, the blocks may be keyed 4 in the jaws if the 
latter have closed ends, by the insertion of w gee. The tongues 
may be formed with pins passed through the sides of the blocks 
which make contact with the conduit when desired to use one of 
the conductors as common return wire for two or more of the 
other conductors. (Sealed February 8, 1889). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descri justrati of i tions patented in the 
United tates of yh ~- rom. 1847 "to the resent time, and 





trials + law cases in the United States, may be 
ed, po ty the offices of Exeinunnine, 35 and 36, Bedford- 
street, Strand. 








Paco Paco.—The United States Government has 
chartered two clipper ships to carry 5000 tons of anthra- 
cite coal to the Perbour of Pago Pago, in the Samoan 
sate ie ead ipag ia Poalig mates Tee 
ing stat ‘or Vv 8 ng in 
expected that | several other Shine will be chartered for the 
same destination, 
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THE INSTITUTION 
ARCHITECTS. 
(Continued from page 358.) 
Desians ror Batrie-Surrs, 

In our last issue we gave an account of the 
opening proceedings of the late meeting of the 
Institution of Naval Architects, held on the Wed- 
nesday, Thursday, and Friday. Lack of space and 
shortness of time compelled us to break off our 
report somewhat abruptly in the middle of the dis- 
cussion upon the first paper, that contributed by 
the Director of Naval Construction. We now take 
up the debate on Mr. White’s paper, merely re- 
marking for the present as to the other proceedings 
that the programme was duly carried out without a 
hitch ina manner which is indeed characteristic of 
the proceedings of this Institution, and which reflects 
great credit on the President, the Council, and 
more especially on the organising talent of the 
secretary, Mr. George Holmes. There are no 


meetings of the sort better conducted than those 
refi be pte of Naval Architects, the only 
e is tha much busi i i 
pape usiness is done in the 
We will now continue our 
ante. Sir Nathaniel Barnaby 


report from page 358 
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|of the Fleet. He commenced by saying that as he 
| had a paper to read the next day upon a similar 
‘subject, he would make but few remarks on the 
| present occasion. Lord Charles Beresford had said 
| that shot was of less importance than shell in the 
| attack of warships, and this was so much the case 
that many were content to accept thin armour that 
would keep out shell, letting the shot go through. 
For many years, Sir Nathaniel went on to say, no 
shot had been fired against a target without his 
being present, and therefore he claimed he was in a 
better position to judge of the effect of artillery 
fire against armour than any naval officer in Her 
Majesty’s service. He had to design the targets, 
and he was always appalled at the damage which 
would be wrought by shot in striking armour-plated 
sides. It was for this reason he had kept say- 
ing that armour should be thicker and thicker 
as the power of ordnance advanced. But in regard 
to this question of thicker armour he had heard 
recently, although he could not guarantee the 
accuracy of the statement, that a Holtzer shell had 
been fired through a 5-in. steel plate exploding on 
| the other side. 

Naval officers had been very sweeping in their 
condemnation of the ‘‘ Admirals,” but there was 





followed the Admiral} one point upon which they seemed fairly well 


agreed—that speed was of the highest importance, 
and it was in this matter of speed that the Admiral 
class excelled. Sir Nathaniel would like to ask 
those critics who condemned the design of the 
Admirals so strongly and yet approved of un- 
armoured auxiliaries, why the men on the smaller 
ships should not be entitled to the same protection 
as those on the line-of-battle ships. It was said that 
these auxiliaries were to act in concert with the 
vessels of the line, and were therefore likely to 
receive their due proportion of shot and shell. Sir 
Nathaniel concluded by reading an extract from a 
letter written soon after the Inflexible inquiry by 
one of the Commission, in which the writer ex- 
pressed full confidence in the type of vessel or 
school of design represented by that ship. 

Captain Fitzgerald next occupied the rostrum, 
the announcement of his name by the President 
being the signal for quite a favourable demonstra- 
tion. Referring to the controversy which had been 
going on for some time as to the new designs, he 
said there had been a good deal of hard hitting on 
both sides. For his own part he liked to play loose 
and enjoyed hard hitting; but as he tried to hit 
hard himself he expected to be hard hit in return. 
He would like to say a few words upon the new 
designs, but he had lately found it was rather a 
dangerous thing to criticise a naval constructor, 
and it would be as well before proceeding to know 
how far the debate was privileged ; of course he 
did not aspire to anything like the license of the 
House of Commons, but, to put the matter bluntly, 
if he were to be not quite in agreement with the 
designs, would Mr. White promise not ‘‘to 
take the law of him?’ The Director of Naval 
Construction having given the asked for in- 
demnity, the gallant captain proceeded with his re- 
marks. Speaking generally, he appeared in favour 
of the new designs. If the ships were not fully 
protected by armour it was because an advan- 
tage had been given in some other respects, and if 
naval officers, who would have to take the vessels 
into action, were content to run the risk, what had 
it got to do with any one else? Sir Nathaniel 
Barnaby had complained that naval officers can 
never be got to look on the matter of cost, and he 
had put on the wall a design of a vessel of which 
five could be built for the cost of one of the new 
Admiralty design. Captain Fitzgerald did not 
believe that these five smaller ships would be as 
good as the one big one. In the first place they 
must remember moral influence—the confidence it 
gave a sailor to bein a big powerful vessel. Be- 
sides this, he did not believe the five vessels fight- 
ing against the one, or ten against two, would be 
able to act in concert, they would be getting in each 


= | other’s way or ramming each other. Sir Nathaniel 
: | tried toraise up abogey to frighten sailors. 


He for- 
merly pointed out that every seaman in one of these 
big vessels had 1501. worth of ship under his feet, 
and now he told them the price was raised to 2001. 
But what had that got to do with sailors? Would 
Jack bother his head or care twopence if he were 
going into action whether he had two hundred 
pounds’ worth or twenty thousand pounds’ worth of 
ship to his share. Sailors would have to fight for 
their lives and the honour of their country, which 
was a good deal more to them than 200]. a man, 
however naval constructors might look at the 
matter. The Navy was always having this dread- 
ful question of costliness thrown at it. Captains 
were told they must not do this or that because 
they had such a costly ship. They must not go too 
far away from the land for fear they should never 
come back ; and they must not go too near the 
land for fear they should go ashore. They must 
not go here because there might be shoals, and 
they must not go there in case there might be 
rocks ; but above all, and before everything, what 
ever they did they must never, never take such a 
costly ship near the enemy for fear he might sink it. 

As soon as the mingled laughter and applause 
which accompanied Captain Fitzgerald’s oration 
had subsided, Admiral Colomb was heard speaking, 
and he speedily reduced the meeting to a more sober 
complexion. He said that the difficulties with 
which a naval architect had to contend in building 
ships were difficulties of opinion. Naval opinion 
had not properly gauged the alternatives put before 
it, and that opinion might, perhaps, have been 
different on recent occasions had it been differently 
instructed. The first element of design in a battle- 
ship was gun power ; it was necessary to settle that 





first and build up to it. As to the new designs, 


the gravamen of the charge against them, the 
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speaker thought, was that the belt was not high 
enough for its length, but the speaker was under- 
stood to say that he had for years advocated a still 
shallower belt. In the Admiral class there was a 
short belt over a small part of the ship, and the 
cubical capacity of the armoured part was small. 
But in the new designs the length of the belt was 
not only extended, but the ends of the ship 
being finer, there was a more than _propor- 
tional increase in armour-protected buoyancy. 
The horizontal armour worked as deck had this 
advantage, that if it were pierced the holes could 
be stopped with comparative ease ; even canvas laid 
over would keep the water out, but it would be 
quite a different matter to stop holes in the side of 
aship. For this reason Admiral Colomb believed 
the most advantageous way to apply armour was by 
means of a low belt with a plated deck. He con- 
sidered this the best, as he was of opinion that it 
was not possible to get an invulnerable platform. 
Naval officers had confidence in the coming vessels, 
because they felt the design had not been prepared 
in a corner. They were agreed that the ships 
would be as good as the knowledge of the day 
could make them; opinions had been asked and a 
genuine effort had been made to get such light as 
would enable the best design to be got out. Ships 
such as these should be built to gain the victory, 
and the features that were most conducive to that 
end should be those incorporated into the design. It 
was generally assumed in that room that the victory 
would be gained by destruction of the ship, but his- 
tory (a speech by the gallant admiral would be like 
the play of ‘*‘ Hamlet” with the Prince of Denmark 
left out were there no appeal to history), told us 
that victory was gained by killing men, and not by 
injuring the vessel. What reason had we for think- 
ing the case would be altered in the future? We 
think that possibly those acquainted with the in- 
tricacies of the machinery of a modern battle-ship 
might suggest a good many reasons. To Admiral 
Colomb’s mind one of the great drawbacks to the 
Admirals was that so many men were exposed. 
Sir Nathaniel Barnaby spoke of the terrible effect 
on thin armour of heavy missiles, but the alterna- 
tive to this was the rain of smaller missiles piercing 
the unprotected parts. The bigger missiles, if they 
struck harder, would not strike so often. 

The gallant admiral failed to see how the amount 
of coal endurance given to these ships could be 
attacked, and he was of opinion that coal endurance 
was overdone. It might seem a bold thing to say, 
but that was his opinion. He had commanded an 
ironclad in the Mediterranean-—the Devastation— 
and he had always gone upon the duties assigned to 
him, wherever he might be sent, without being at 
any anxiety as to whether his coal would be sufli- 
cient. He thought 5000 knots at 10-knot speed a 
quite sufficient coal endurance. 

In conclusion the gallant admiral wished to ex- 
press his opinion that the service at large was quite 
contented with the designs of the new ships, and he 
thought they represented the greatest effort ever 
made by a naval constructor to meet the proper re- 
quirements of the Navy. 

Mr. Biles, of Glasgow, said that it had been 
largely assumed that the best type of battle-ship 
was one with an armoured belt, and the discussion 
seemed chiefly to turn on the size of the belt. All 
Sir Edward Reed’s strictures were in this direction. 
It had been said that the element of cost should not 
enter into the problem, and if we were to throw 
over cost why not have a ship of 25,000 tons, 500 ft. 
long, 100 ft. wide, and 27 ft. draught? A narrower 
ship could be built by increasing the draught, but 
the depth of channels and harbours put a limit 
in this direction. The long ship would require more 
room and time in which to turn, but an increase 
in rudder area would meet this difficulty, as recent 
experience had shown. He referred to a vessel of 
the length mentioned, 500 ft., which had, by means 
of a large rudder, made a circle in six minutes. 
Captain Fitzgerald had said that cost was no question 
for sailors, and so far as a sailor’s duties were con- 
cerned, when he was on board his ship, Mr. Biles 
agreed with the proposition. But when a naval 
officer joined in a discussion on a policy of ship- 
building it was very much his duty to consider cost, 
which is a ruling factor in the policy of forming and 
maintaining a fleet. With regard to details in 
the new designs, the speaker would prefer that the 
5-in. armour should be trebled in thickness, making 
it 15 in., and put into the belt so as to make it of 
additional height, although, of course, that total 
area of side protected would be reduced ; or else he 





would utilise the weight devoted to the 5-in, armour 
in protecting gun positions and the men. In dis- 
cussing the problem of the design of a warship and 
weighing the various points of compromise, it was 
necessary to multiply the chance of hitting by the 
seriousness of the blow. It was from this point of 
view that the relative value of a blow above or 
below the belt must be estimated ; say, for instance, 
a ship rolled for ten seconds, and during that time 
the part below the belt was exposed for one second, 
the chance of a shot striking that part would only 
be as one to ten compared to an equal area above 
the belt. Would the seriousness of the blow, were 
such a hit made, be in an equal ratio to the chance 
of hitting? Such considerations might tell against 
the advocates of side armour. 

Admiral Lord Clanwilliam wished to add his 
testimony as a naval officer to the general opinion 
that the vessels now proposed are of the right de- 
scription, and that those naval officers who had 
been consulted, and who had contributed towards 
preparing the designs, held the confidence of the 
service in general. 

Mr. White, in replying to the discussion, said 
that the feature which struck him most forcibly as 
the debate proceeded was, that the expectation 
which had been formed by Sir Edward Reed, that 
the speakers would be a body of eagerly competing 
contractors had not been fulfilled. Only one 
speaker had been in any way representative of 
contracting shipbuilders. That speaker was Mr. 
Biles, and no one would say that his speech had 
been coloured by any ‘‘ eagerly competing’’ tinge. 
Mr. White thought that Mr. Biles had missed one 
point. In the battle-ship designs under considera- 
tion the protection of guns and guns’ crews had 
been most carefully thought out. By aid of the 
light thrown on the subject by the Resistance ex- 
periments, certain plans were formed, but he was 
not at liberty to make these public. Mr. Biles 
might therefore be reprotecting the protected if he 
were, as he proposed, to throw the weight allotted 
to 5-in. steel armour into gun protection. The 
speaker wished to point out that nearly all the 
facts contained in his paper had previously been 
made public in the Parliamentary paper lately 
issued. Reference had been made to the proceed- 
ings of the House of Commons, and he had often 
thought, as he sat under the gallery and listened 
to the debates on the Navy Estimates, that if he 
could have a ten minutes’ speech, he could do much 
to help business forward; a remark we com- 
mented upon in our last issue. Sir Edward Reed had 
remarked upon the alterations made to the Nile 
and Trafalgar during building. These alterations, 
however, increased the efficiency of the ships, and 
if 500 tons had been added to the weight at least 
an equivalent in fighting power had been secured, 
although there was a greater draught of water. It 
was, however, his business as Chief of the Con- 
structive Department, to combine into a design 
what the Admiralty put forward, and naturally it 
did not therefore follow that he approved of every 
feature contained in the designs of ships to be built. 

Exception was always taken to alterations, and in- 
deed they were always objectionable, even if neces- 
sary. It would be well if naval officers would re- 
member what was the source from which additions 
and alterations so often emanated. It seemed to be 
taken as natural that all that ever was in a ship 
should remain, whilst every modern improvement 
should be brought in too. But this one fact was 
made very evident by experience, that however a 
ship might be designed, or even whatever might 
be her draught upon her first commission, as years 
rolled by she would go deeper and deeper in the 
water. Something fresh was always being added, 
and nothing was ever given up; the draught of the 
Bellerophon, for instance, was a very different 
thing to that which Sir Edward had depicted on 
his diagram then on the wall. It was this addition 
of weight which had led tothe ‘‘ Board margin” 
being instituted. It appeared to the speaker that 
it was considered he took credit for the Board 
margin twice over. Take, for instance, the case of 
the protected cruiser Blake, a vessel of 9000 tons. 
She was designed to have a speed of 22 knots with 
forced draught, and was to have a maximum coal 
supply of 1500 tons, which was equal to 15,000 
knots at 10-knot speed. The Board margin was 
350 tons. A comparison made between a ship 
carrying these weights, and having a margin or 
allowance over and above them, and one carrying 
only 900 tons of coal, and with no Board margin, 
was hardly fair unless attention were drawn to the 








discrepancy. Yet it was found that the older ships, 
the Thunderer, Devastation, or Dreadnought, 
carried sufficient coal for ordinary purposes ; a fact 
to which Admiral Colomb had borne testimony. 
The Nile and Trafalgar could, however, take in 
1200 tons of coal by an addition to the draught of 
6 in., and the new ships would be able to do the 
same. 

With regard to the speed question, which seemed 
to be an enigma in some quarters, Mr. White 
pointed out that after 16 knots the longer ship 
gains for reasons which would be patent to every 
one who was acquainted with modern investigations 
and researches in this field. Sir Edward Reed here 
remarked: ‘‘ You seem to have a bigger ship and 
yet go faster; that is what I cannot understand.” 
‘*Exactly,” replied Mr. White, ‘‘ because she is a 
longer ship.”” With regard to what had been said 
about the change of the Fury into the Dreadnought, 
Mr. White had been detached from the Admiralty 
and sent to Pembroke in order to assist at the work. 
He could therefore speak from his own personal 
recollection, and he knew that, excepting in arma- 
ment, there was hardly a leading feature in the 
design which was not altered. This, however, was 
a result of the changes which at that time were 
taking place in the development of science and the 
advance of marine engine construction. Returning 
to the question of coal supply, he had lately had an 
opportunity of seeing what was the result of high 
explosive shells, and he could assure the meeting 
generally, although he was debarred from divulging 
particulars, that, in the matter of protection by 
meansof coal, the views of SirEdward Reed were not 
borne out by the actual performance of high explo- 
sive shells operating against coal. Lord Charles 
Beresford had asked that a ship of the Admiral class 
should havetheends unprotected by armourfilled with 
water in order to see the result, and had intimated 
that the Admiralty would not have the courage to 
try such an experiment. Mr. White had, however, 
caused this very thing to be done, and had run a 
trial in one of these ships when her end compart- 
ments had been flooded. We understood him to 
say, however, that armament and ammunition, or 
other usual weights, were not on board. A proposal 
had been made that thicker armour should be 
applied with side redoubts. This alternative had 
been fully considered by the Board, but had not 
been approved. Mr. White next quoted from a 
paper he had formerly read before the Institu- 
tion, in which he had discussed the question, in 
reference to some of Sir Edward Reed’s designs, 
as to the depth which the armoured belt ex- 
tended below the water. He disagreed with the 
theory that the depth of armour belt should be 
regulated by the beam of the ship, as the wave 
profile at the side of the vessel would expose the 
side in a manner quite different to that of the 
still-water line when the ship was at rest. Referring 
to Sir Edward’s wall diagram, in which the Bellero- 

hon was compared with the new designs, Mr. 
hite pointed out that the iron Bellerophon’s 
armour in parts was not much thicker than the steel 
armour of the new designs, which armour had been 
quite ignored by the diagram. In conclusion, Mr. 
White said that England must be influenced by 
other nations in her shipbuilding policy, and what 
might be most advantageous in a given case, sup- 
posing one class of adversary had to be opposed, 
would be quite inadmissible in other instances. 

Thus ended the most notable engagement that 
has taken place in the battle of the ship-armour 
question since the days of the Inflexible inquiry. 
Of course nothing was settled and no one was con- 
vinced, as no one had the slightest intention of 
being. The chief fact, however, which will fix 
itself on the mind of the public is that the naval 
officers as a body are satisfied with the new designs, 
and they are the only critics the constructive de- 
partment at Whitehall have any cause to bother 
their heads about, at any rate at present. 

Lord Ravensworth, in becoming terms, moved a 
vote of thanks to Mr. White, which was carried 
with more than ordinary enthusiasm. The meet- 
ing then separated after having discussed the ques- 
tion for over five hours. ; 

On the second day, Thursday, the 11th inst., the 
first paper on the list was a contribution by Sir 
Nathaniel Barnaby, entitled 


Tur PRorection oF Buoyancy AND STABILITY 
IN SHIPS. 


This paper we hope to print in full at a future 
date, and will, therefore, content ourselves on the 
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present occasion with a brief abstract sufficient to 
denote its main features. 

Sir Nathaniel commenced by pointing out that 
ship armour was not introduced for the purpose of 
protecting buoyancy and stability, but to limit the 
destructive effect of shell in batteries. It was so 
effective in this respect that the development of 
shells was given up for a time by theartillerists who 
devoted their attention to penetrating the armour 
by solid shot, so that now there is no battle-ship 
with armour all over its batteries. Artillerists have 
taken advantage of thisnudity, and have devised pro- 
jectiles of a far more powerful description, rendering 
existence in batteries impossible. The French have 
been so impressed by their experiments with high 
explosive shells that they have reverted to side 
armour. The Admiralty in the new design of 
14,000-ton ships, have guarded the position of the 
heavy guns against the explosion of such shells be- 
neath their floors, and have protected the deck space 
under four out of the ten 6-in. guns by armour 5 in. 
thick. 

The author had placed on the walls protile draw- 
ings of five French ships, viz., the Gloire, 5500 tons, 
covered throughout the sides, from some distance 
below water upwards, by 4}-in. armour, the per- 
centage of weight of armour being 15. Speed, 12? 
knots. In the Marengo and Admiral Baudin the 
armour is reduced in area and thickened in sub- 
stance. In the latter ship there is 22 in. thickness, 
the percentage being 33. In the Tage, of 7000 tons, 
date 1886, there is but a 3-in. armour deck, whilst 
in the Dupuy de Lime, of 1888, a ship of 6300 tons, 
we have a return to the first phase, the whole ship’s 
side being protected by 4-in. armour, the per- 
centage of weight being 15. The speed is 20 knots. 

The paper then went on to compare the new 
Admiralty barbette designs with the ships of the 
Admiral class. The cost of the former vessels 
was to be one-third greater than the latter, but the 
armament, speed, maximum thickness of armour, 
fuel supply, and protection against ram and torpedo 
were the same ; but the displacement was increased 
from 10,550 to 14,000 tons. This increase of one- 
third of the size, and one-third or a quarter of a 
million, in the cost of the ship, was the price paid 
for protecting stability and buoyancy. Considering 
these matters Sir Nathaniel had produced a design, 
the elements of which he illustrated by diagrams 
placed on the wall. The design has been patented, 
and Mr. White had included an illustration from 
the patent specification in his paper (see Fig. 17, 
page 373). 

The vessel proposed is intended to have the same 
speed as the larger Admiralty design. Her 67-ton 
guns are to be capable of perforating more than 99 
per cent. of the area of the sides of all armoured 
foreign ships. Protection is given to magazines 
and machinery by a steel deck throughout ; and 
the armament is protected by armour about equal 
to the most powerful of the quick-firing guns (the 
6-in.) and proof for the present to the high explo- 
sive shells. The greatest protection of all is given, 
by double armour, to the fighting station of the 
officers who direct the ship and point and fire the 
guns and torpedoes. 

One of the most novel features in the design is 
the solid packing which is placed for the protection 
of the buoyancy and stability. This material 
weighs 10 lb. to the cubic foot, and is low in 
absorbent power, so that it excludes from a packed 
compartment 96 per cent. of water for twenty-four 
hours. It is slowly inflammable and is inelastic. 
It would be better if it were uninflammable and 
somewhat elastic. 

The submerged deck is covered by numerous 
partitions of thin steel, about ,}; in. thick, and 
these partitions are left uncaulked. The partitions 
rise to some height above water agreed upon, and 
the compartments are filled in solidly. Upon the 
upper edges of these thin steel partitions rests a 
thin steel plating, not caulked, and not fitted ina 
water-tight manner. Water may pass down into 
interstices left in the packed spaces without any 
disadvantage. The present price of the packing 
material is 451, per ton. Taking its average weight 
at 13 lb. to the cubic foot, we should get 157 cubic 
feet of space occupied solidly for 451. worth of 
material. The amount used in the design in ques- 
tion is between 4 and 5 per cent. of the displace- 
ment. It is 18 in. deep in the shallowest place, 
and Gft. deep at the sides, where the stability 
Wings are formed. These wings are inclosed in 
thin steel cases, and extend two-thirds of the 
length cf the ship. The cost of the packing is in 





this case, at the price named, 6000l. for the ship. 
The material has the advantage, which side armour 
has not, that it is applicable to all fighting ships, 
large and small. A solid raft, formed upon and 
above a deck covering the machinery and maga- 
zines, and occupying the water zone, is what is 
wanted in every fighting ship. 

The author concluded by saying that he hoped 
this method of protection may come into use, 
because it will give once more reasonable security 
against foundering, under artillery fire, to all fight- 
ing ships. It will allow us to devote some armour 
to protect the batteries against the attack of the 
high explosive shell and the quick-firing gun. The 
present defencelessness of the batteries is no longer 
tolerable. It will give us both these advantages, con- 
sistently with a large increase in the number of ships, 
and in the power of putting fighting men afloat. 

The discussion on Sir Nathaniel Barnaby’s paper 
was commenced by Sir John Hay. He agreed with 
the author that if five small ships could be built to 
contain the appliances of war, and be as safe as the 
larger ship, money would be well spent in their 
production ; but of this fact doubts might very 
reasonably be entertained. The material brought 
forward was not generally known, and the Ad- 
miralty would not be justified in adopting it for 
important designs until it had been more fully 
tested. In considering the fighting value of 
small ships as against big ships, they must re- 
member the maxim quoted by Sir Geoffrey Hornby, 
that concentration was one of the chief points 
to be aimed at in naval warfare. The large 
ship would always be a necessity. It was the base 
or magazine round which the smaller vessels con- 
centrated. The big vessel has power, speed, coal 
endurance, and other first-class qualities. Sir 
Nathaniel had said that as his ship cost one-fifth 
only of that of the new design, he would have 
five chances to one of the big ship ; but the chances 
really were that one ship would be sunk 
and four damaged. It was a problem familiar 
in naval warfare when gun boats attacked larger 
vessels. The speaker regretted that the speed of 
the new designs did not exceed that of the big 
Italian ships, and he agreed that speed ranked 
before all other qualities except seaworthiness ; 
before even armament and armour. The Italia, it 
would be noticed, had the heaviest fire in the line of 
keel, and speed would give her the advantage of 
choosing her position of attack. Bow on she would 
present the smallest target, but then she was 
not protected at the water-line. He would advo- 
cate a design in which the speed of the Italia 
was coupled with a water-line protection at the 
bows. In fact, the gallant admiral was quite 
opposed to accepted theories in the matter of water- 
line protection, for he would armour-plate the ends 
rather than the midship part. He thought that the 
old broadside idea was too apt to govern our 
notions of naval tactics in the present day. He 
would like to ask if the new design, if lengthened, 
could be given the same speed as the Italia without 
detracting from other qualities. The Agincourt, 
Minotaur, and Northumberland were 400 ft. long, 
and yet they were considered good and handy 
ships. The bow, in these days of the ram, was the 
moat delicate part and mostly wanted protection. 
It was proposed by the Admiralty, the public had 
been informed, to build only one turret ship, the 
others all carrying their guns on barbettes. Now 
it would seem to the speaker that one or the other 
plan must be the more desirable of the two; 
they could not both be best. Therefore, why was 
the best plan not adopted for all vessels? For his 
own part he preferred the turret. Sir John was of 
opinion that the nation would not be safe until we 
had seventy first-class battle-ships. That number 
was thirty-four more than we possess now, and 
twenty-four more than the number built and build- 
ing. There was no doubt that armour was first 
introduced to protect ships from shell fire, and 
when used, the protection should be complete, or 
else there should be no armour at all. He would 
protect the water-line with a narrow belt all round, 
for ships would mostly fight in still water, and the 
vital parts should be armoured also. Battle-ships 
should be made as powerful as possible, both in 
offence and defence, and for this reason there 
must be size. There was no defence against tor- 
pedoes, and as ships cannot be made safe, they 
should be made as powerful as possible in their 
means of attack. 

Captain Long, R.N., was of opinion that Sir 
Nathaniel Barnaby was doing good service in call- 





ing attention to the unprotected state of our smaller 
ships ; but he believed with Admiral Hornby that 
a large ship is a good ship. A big vessel might 
steam 17 knots and keep up her speed in bad 
weather, whilst a little ship would have her speed 
soon knocked down in a rough sea. Referring to 
the new barbette ships, he said that if a ship 18 ft. 
out of the water forward were to pitch 4 deg., she 
would have 5 ft. out of the water, and he was 
of opinion that bow protection was a very im- 
portant feature. This new material for stuffing 
introduced by the author he looked on as a feature 
of considerable importance in warship design, and 
he hoped to see it come into use. 

Captain Noel, R.N., wished first of all, as a naval 
officer, to give expression to the entire confidence 
that was felt in the exceptional ability of Mr. 
White, the present Director of Naval Construction. 
It was believed he came to the Admiralty meaning to 
work in concert with the naval authorities. As to 
the Admiral class, the speaker was of opinion Sir 
Nathaniel Barnaby had made an error in passing 
from the Admiral class to the design then put 
forward, which might be described as an armoured 
cruiser rather than a ship of the line, and this 
country must possess ships of the line. As to the 
disposition of armament, the meeting had agreed the 
day before that the new designs included all which 
could be desired, being similar to that of the 
Admiral class which was approved generally in the 
naval service. He thought it was good to limit 
the heavy ordnance to the 67-ton gun, and this 
size was thought heavy enough by naval officers ; 
indeed some considered a gun of that size too big, 
but the speaker was of opinion that it was the correct 
thing for a 14,000-ton ship. The minor battery was 
good, too. It was no doubt an excellent idea to 
have armour on a ship to afford protection and 
keep out the enemy’s projectiles, but it was a better 
thing to have an armament which would enable 
them to drive the enemy from their guns and 
prevent them sending the projectiles. 

Captain Noel thought it was a great misfortune 
for this country that the Italians had built their 
vessels so fast, for it had driven us to follow in their 
track. We were bound to do this, but our reasons 
for having to take this step were not the same as 
those of the Italian Government. Italy was not 
the first naval power and might have to make a 
‘*gtrategical movement to the rear.” But Great 
Britain was the leading naval power, and her reason 
for requiring speed in her vessels was that she 
might have the power of forcing on a naval action. 
The element of speed in warship design was chiefly 
valuable for enabling a vessel to avoid an action, but 
the power it gave of forcing an action had also to be 
considered. He was of opinion that the Trafalgar 
class were too heavily armoured, and Lord Arm- 
strong had well pointed out that if ships were made 
too strong in defensive properties they were unable 
to fight. Naval officers did not want their ships to be 
all protection ; they wanted offensive powers too. 
In 1885, in a paper he had read before the Institu- 
tion, he had said that if the Collingwood had had an 
armoured belt she would be as good a ship as any. 
Mr. White had explained how effective the 5 in. 
side armour was over an armoured deck. The 
speaker wished it had been put on the citadel ; say 
100 tons had been expended inthis way. It would 
be, the speaker thought, a good way of utilising the 
Board margin. He thought the bow wanted armour, 
which would also support the ram. 

Sir Edward Reed recognised in the design the 
late Director of Naval Construction had put on the 
wall, an indication that he was fast coming round 
to the opinion that it was a bad thing to let the 
sea into a ship. It was, doubtless, very gallant 
and brave for naval officers to say, ‘‘ We don’t want 
protection, but give us plenty of guns.” In the 
old days the sea would not get in, even if shot and 
shell struck the vessel ; whereupon it was pointed 
out by a naval officer that in the old days there 
were noshell. In big ships advantages were ob- 
tained which could not be got with smaller vessels ; 
one of these was the power of maintaining speed at 
sea, as Captain Long had pointed out. He would be 
glad to know if the sixty smaller ships on the new 
programme would participate in the ‘‘ unrevealed 
advantages” spoken of by Mr. White—but which 
he could not make public—and which were to be 
applied for the protection of the auxiliary arma- 
ment in the new pearing 5 The new material 
brought before the meeting by Sir Nathaniel Bar- 
naby opened up a wide field in warship design, and 
it might be used with great advantage in many 
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positions, to keep out the sea. It would be as effec- 
tive. for that purpose as if the side were protected 
by armour a yard thick. Sir Edward was glad to 
get back into a concerted line of opinion with his 
esteemed friend and relative Sir Nathaniel Barnaby, 
whose ability and talent he had always recognised. 

Mr. Carbutt said it was a good departure for the 
Admiralty authorities to take the public into their 
contidence. A short time ago, when he was fight- 
ing the Government on the gun question, the great 
difficulty he met with was to get information. His 
most fruitful source was the foreign governments, 
who are always kept well informed on our procedure 
by their respective naval attachés and other agents. 
The speaker thought warships would have to carry 
more armour in order to protect them against ram- 
ming, and was proceeding to treat on the possi- 





bilities of liquid fuel, when he was stopped by the| from it. As to the ram, it must be remem- 
chairman, this subject not being deemed relevant bered that 3000 tons were as effective as 14,000 
to the matter under discussion. tons. He thought too much was made of the 
Admiral Boys said that although Sir Nathaniel| vulnerability of the water-line. It was difti- 
Barnaby’s plan possessed many advantages he did | cult to get a shot in at the water-line, and so let the 
not look on the vessel asa battle-ship, but he looked | water into the vessel. A slight sea on the bow wave 
on four or five of them as a battle-ship. If he had| when the ship was travelling would deflect the shot 
to spend a million of money on the fleet, he would | and send it over the vessel. The gallant admiral, 
invest half of it on torpedo boats, which would be} as an instance of this, narrated his experience in 
quite a match for a battle-ship, supposing the action | trying to sink a slaver. He had fired at it for a 
were to be fought inside the Isle of Wight. In the | long time, but could not get in a shot at the water- 
open sea, however, the torpedo boats would be not) line, although the circumstances were so favourable. 
more offensive than so many butterflies, if there| Ultimately he had to go on board with a bag of 
were any weather about. The author's design, how-| powder and a slow match and blow a hole in the 
ever, might be considered a fair compromise | vessel from the inside. ‘tao 
between the two, and therefore the chances of, Captain Orde Browne suggested that it might be 
battle would be in the favour of ships built’ perhaps as well, in view of the higher explosives, to 
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sacrifice something of the tenacity of the armour, in 
order to secure greater hardness and keep out the 
shell, even if the plate were thereby broken. He 
was speaking of armour up to10in. only. Experi- 
ments should be made; but might not the experi- 
ments be made in miniature in the manner followed 
by Fairbairn and Whitworth? The question of 
making public Government experiments was one 
which required consideration. If it were desirable 
for private firms generally to make armour and 
armament, then the experiments should be made 
public so that the widest competition should be 
engendered, and all might have a fair chance. 
When the speaker was not officially employed, he 
found out all he could and published everything 
in his writings, but since he had taken a Govern- 
ment lectureship he had access to all documents, 
but they were shown him “in confidence.” He 
sometimes asked if he might publish facts that 
came before him in this way, and the answer was 
nvariably ‘No !” 







not be possible to fill this space up solidly with the 
new packing material from the armoured deck to 
above the water-line, and so exclude water alto- 
gether? These vessels had a very unusually large 
fuel supply, and might not some of this redundant 
coal be given up for the sake of obtaining this 
result? With regard to the exposed batteries, 
looking at the diagrams of Mr. White’s new ships, 
it was apparent that the auxiliary armament was 
altogether unprotected by sidearmour. They were 
told that some means of defence was to be em- 
ployed for the protection of these guns, the nature 
| of which could not be divulged. Might not the 
| same devices be employed for the defence of the 
| auxiliary armament of the Admirals. In this way 
jhe thought it might be possible to satisfy those 
|who raised these objections in a very simple 
manner. 
| Mr. W. H. White said that with regard to what 
|Mr. Barnaby had said, the Admiralty had not 
overlooked the value of special packing for keeping 
| out water, and experiments had been made. Captain 
| Orde Browne had referred to the want of disclosure 
| of official experiments. With regard to the recent 
| trials of armour and ordnance, it must be remem- 
| bered that this was a competition between certain 
| firms who had spent large sums in perfecting and 
| producing the material submitted for test. It 
| would not be fair to give other firms, who were 
| rivals of the competitors, the benefit of the expendi- 
| ture already undertaken by the competitors, and, 
| indeed, had not secrecy been guaranteed the latter 
would hardly have submitted their material. Sir 
Edward Reed had referred to the protection of the 
auxiliary armament—of which Mr. White had 
'spoken—as the ‘‘unrevealed advantages.” The 
phrase reminded the speaker of another term which 
| had been much in vogue at the Admiralty when 
| Mr. John and he were working under Sir Edward, 
| who was then the chief of the construction depart- 
|ment. The expression was the ‘‘Great Undivulged,” 
;and had reference to the disposition of armour, 
|about which there was then much mystery. In 
|the present instance the ‘‘ great undivulged” 
| was the large allowance which was made in the 
designs, and which would be profitably worked in, 
As to the proposals that had been made for im- 
| proving the Admiral class, he would point out that 
jany addition would sink the ships still further in 
| the water ; and this would undoubtedly give rise to 
|@ still further outcry. Sir John Hay and Captain 
Noel suggested the advantages which would accrue 
\YS from the extension of the water-line belt. This 
SS | had been fully considered at the Admiralty. Cap- 
|tain Long had made some pertinent remarks as to 
Mr. 8. W. Barnaby was the next speaker. He the effect of pitching. He was correct in his sur- 
said that he wished to make a suggestion as to a|mise, for 4 deg. would immerse the bow about 
possible use to which it seemed to him the new |13 ft. 6 in., but this would leave about 65 ft. still 
water-excluding material, brought before them by | out of water. This showed the advantage of the 











Sir N. Barnaby, might be put. It was evident 
from the discussions of the last two days that what- 
ever might be the opinion of the bulk of naval 
officers about the Admiral class, the majority of 
those officers who were in the habit of speaking at 
those meetings found fault with them. It might 
be useful to see what were the particular features 
in the ships to which exception was taken, and 
whether it would not be possible to make certain 
simple modifications which would remove the 
grounds for complaint. It was said that the water- 
line was insufficiently protected, and that the men 
in the batteries were unduly exposed. He be- 
lieved he was right in saying that the spaces 
in the unarmoured ends above the armoured deck 
were already filled up to the extent of five-eighths 


‘of their capacity with coal and stores, Would it 


present design, for the bows of the low freeboard 
ships would be quite under water under similar 
conditions. The question had a strong bearing on 
the main question of freeboard in relation to 
speed at sea, and was well worthy of inquiry. 
He had concluded that it was undesirable to 
repeat the comparatively low freeboard ships. 
In the bow of the new designs there were 
also ‘‘ unrevealed advantages” taking the shape of 
minute subdivision and packing. A reference had 
been made as to the experiments with the Inflexible 
model in the matter of tipping when the vessel was 
proceeding at speed. It should, however, be re- 
membered that the model had been towed at a 
speed far beyond that which would correspond to 
anything that could be possibly attained by the 
actual ship. It was a mere laboratory experiment 
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to ascertain the dynamic effect of water flowing over 
the deck. Sir John Hay had asked whether turrets 
or barbettes were the best, and, if one was superior 
to the other, why was the better plan not adopted ? 
The reason barbettes were preferred was that we 
have already a large number of turret ships, and 
barbettes were required to meet the barbette ships 
of other nations. The new design submitted by 
Sir Nathaniel Barnaby reminded him of a most 
expressive phrase which he had learnt from a 
French constructor, ‘‘the sea was always kindest 
to the biggest ships.” This would apply here, not 
only to speed but to steadiness of gun platform. 
The new ships were to steam 17} knots whilst the 
Admirals were 16}-knot ships, so the speeds were 
not equal as had been said. The new ships would 
have a weight of armament equal to twenty 6-in. 
guns. These were quick-firers, and the Admirals 
were not equal to the new designs in armament. 
In the author’s design, the small guns were not 
quick-firers, and this was a drawback. The single 
position of all-round fire was a disadvantage too, 
for the battery might be put out of action by the 
fire of the quick-firing guns. 

Sir Nathaniel Barnaby, in replying to the discus- 
sion, said that there would be no difficulty in 
doubling the engine power in his design with the 
weights taken, were such a step desirable. Mr. 
White said that he would not put a naval 
constructor’s views against those of a naval 
officer, and it would be well to bear this in 
mind in considering the opinion of Admiral 
Boys. Mr. White had also said that doubtless 
he, the speaker, would make his proposals to the 
Admiralty in due form ; but he had no wish to make 
proposals to the Admiralty at all. Mr. White and 
he had found the working of the engines on the 
Admirals so satisfactory that they had proposed 
to reduce the coal supply and fill in a part of the 
space with solid packing ; but the suggestion had 
not been well received. Astotaking naval officers 
into confidence in the design of the Admirals, 
‘* There,” said Sir Nathaniel, pointing to Admiral 
Sir Houston Stewart, ‘‘sits my old chief; and he 
knows what was done in getting out the designs of 
those ships.” Admiral Sir Cooper Key was then 
first sea lord (Sir Houston Stewart was controller), 
and he approved all the designs. It was a most 
unfair thing to say that this was the first time 
that naval officers had been taken into confidence 
and consulted as to the production of designs. 

After Sir Nathaniel had resumed his seat, Sir 
Houston Stewart asked to be allowed to say a few 
words, and in doing so fully confirmed what Sir 
Nathaniel Barnaby had said about the naval mem- 
bers of the Board approving the designs of the 
Admiral class. Four alternative designs were sub- 
mitted, and a choice was not made until a full 
discussion had taken place. 

(To be continued.) 





WHEEL-CUTTING MACHINE. 

Tue wheel-cutting machine illustrated on page 
367 has been designed to supply the want of an inex- 
pensive machine suitable for cutting wheels of small 
sizes up to 24 in. in diameter and pa acting all the ad- 
justments of larger machines, so that worm, bevel, and 
all kinds of straight gear may be operated upon. The 
machine, as shown, will cut up to 1 in. pitch; it has 
selt-acting feed for wheels up to 4 in. width of tooth, 
and will cut atany angle without any adjustment of the 
driving belt, the whole machine being self-contained. 
The steel spindie is driven by a wormwheel running 
in an oil trough. The table, or wheel carriage, is hinged 
on the dividing wormshaft for giving the angle of 
bevel wheels, the dividing wheel being entirely covered 
and free from cuttings. The dividing handle is con- 
.veniently placed and the change wheels being machine 
cut, great accuracy is obtained. The cutters may be 
readily changed, the whole machine being designed for 
rapidly dealing with this class of work. ‘The makers 
are Messrs. Wilkinson and Lister, of Bradford-road 
Iron Works, Keighley, Yorkshire. 








LOCOMOTIVE FOR THE SIND-PISHIN 
RAILWAY. 

Tue Sind-Pishin Railway is a line crossing the 
mountains of Beloochistan, and having its objective 
(not yet attained) in Kandahar. Starting from Suk- 
‘kur* by the new bridge just opened across the Indus, 
it runs across the level ‘‘ Put” to Sibi, a town 
ata height of 400 ft. above the sea, and situated 
at the foot of the mountains. From Sibi two lines 
diverge, one through the Harnai Pass and the other 
through the Bolan Pass, These lines meet again 


* See map, ENGINEERING, vol. xlv., page 131, 


at Bostan Junction, but only the former has been per- 
manently built, the latter being still incomplete. 
From Bostan Junction a short line runs to Kila Ab- 
dulla,* from whence it will be easy work to extend it 
to Kandahar if it should ever be desirable. 

Starting from Sibi, this line rises gradually for 60 
miles to Harnai, which is at an elevation of nearly 
3000 ft. After that the average gradient is steeper 
until the line reaches the summit at Brahiman, 6600 ft. 
above the sea, and 112 milesfrom Sibi. From thence 
it falls rapidly to Bostan Junction, 135} miles from Sibi. 
Two lines run from Bostan, the first returning towards 
Sibi vid Quetta and Kotal, and the other stretching 
towards Kandahar. The former ascends steadily 
for 434 miles when it attains an elevation of 6000 ft., 
while the latter first falls to Saiad Hamid, and then 
climbs to Kila Abdulla, with a prospect of a still 
greater rise to 6700 ft. at Kwaja Amram. In the first 
part of the line from Sibi the gradients are 1 in 100, 
1 in 80, and 1 in 70, butin about 70 miles they increase 
to 1 in 45, and there are long stretches at this angle on 
both sides of the summit, which is 122 miles from 
Sibi. To work this line some special locomotives of a 
very powerful type have been built by Messrs. Neilson 
and Co., of Glasgow. The engines with their tenders 
are illustrated on our two-page plate this week and 
by the views on pages 370 and 371. It is intended to 
work two locomotives, footplate to footplate, with a 
single double-ended tender between the two, as shown 
in Fig. 9 on the last-named page. The weights of the 
engines and tenders are as follows : 


Full. Empty. 








tons cwt. qr. tons cwt. qr. 
Leading axle ... ll 16 0O 12 0 0 
Driving ,, .. 15 18 O 13 11 0 
Trailing , ... 15 17 O 13 5 O 

43 11 0 38 16 0 
Tender ... i 40 18 2 19 10 3 


The engines have outside cylinders, 19 in. in diameter 
by 26 in. stroke, and placed at a slight angle. The 
coupled wheels are 4 ft. 2in. in diameter, and all the 
three axles are underneath the barrel of the boiler, 
the wheel base being but 9 ft. 6in. The heating surface 
of the engines is as follows : 





sq. ft. 
Heating surface in tubes... a es 1278.5 
i = », firebox ae ee 104 
Total pee es is isk 1382.5 
Area of firegrate ... ss = 22 


There are 194 tubes, 2 in. in external diameter. The 
axles and rods are of iron, as is also the boiler ; the 
main frame are of steel, and the cross-stays of iron ; 
the axle-boxes and hornplates are also of steel. 
Messrs. Neilson and Co. have also built some eight- 
coupled tank engines for the Khojak Extension Railway, 
and of these we give a diagram in Fig. 10 on page 371. 





INDUSTRIAL NOTES. 

Tue ironfounders’ monthly report, dated April 8, 
states that ‘‘ the English iron market has been display- 
ing a great amount of activity and that prices all 
round have shown a marked upward tendency. 
Makers of pig iron are well sold forward and prices 
are stiffer. Business generally is on the increase, 
especially in Lancashire. Steel boiler plates have 
been advanced 2s. 6d. per ton in Scotland, and ship- 
builders are covered with orders sufficient to keep 
them well employed right up to December.” 

In confirmation of the above the report states that 
only seven branches, with 705 members, have to 
complain of bad trade; while 104 branches, with 
11,880 members, are enjoying a fair share of pro- 
sperity. Four branches, with 175 members, speak of 
slack or declining trade, but none of them report 
short time. 

The total number of members is now reported to be 
12,585, an increase of 261 in the last six weeks. The 
total cash balance at the close of last month was 
22,474/., showing an increase of 712/. in the month. 
The weekly contribution is less by 7d. per week than 
it was during the first quarter of 1888. So that, as 
regards membership, funds, and weekly contributions, 
the society shows progress and improvement. 

The number of members in donation benefit-out-of- 
work is 303, or 105 less than in February ; on the sick 
list there are 365, showing an increase of 24; on super- 
annuation 529, decrease 4; on dispute benefit only 2, 
decrease 3, as compared with last month. The total 
number on all benefits was 1264, costing 369/., or a 
trifle over 7d. per week. : 

With this report is issued a bie paper on the 
eight hours’ question, in accordance with the resolution 
passed at the Bradford Trades Union Congress. The 
replies are to be sent in by May 3, and the circular 
states that ‘‘this vote is to ascertain the views of 
members; it is not intended to take immediate 
action.” 

An interview has taken place at the House of Com- 





* See map, ENGINEERING, vol. xlv., page 382, 


mons during the past week of those interested in the 
Miners’ Permanent Itelief Funds, and some members 
of Parliament, with reference to the recent action of 
the Registrar of Friendly Societies in treating these 
associations as being outside of the provisions relating 
to registered societies. The matter is to be dealt with 
wr in Mr. Tomlinson’s Friendly Societies’ 

ill. 

. The scarcity of puddled iron at some of the works in 
the Warrington district seems to have been so great 
that the mills of Messrs. Monks, Hall, and Co. were 
stopped two or three times last week. They cannot 
get puddled iron fast enough for the orders in hand. 

Much apparent dissatisfaction is being felt with the 
operation of the sliding scale, both among the miners 
and the ironworkers. Whether it will ultimately 
settle down, or result in a strike, or series of strikes, 
it is not possible to prognosticate. In some cases 
efforts are being made to revise the scale in force so as 
to avert a dispute. 

Meanwhile, it is very significant that the representa- 
tives of tlhe workmen are extremely busy, in all the 
great centres of industry, organising the men, rallying 
their forces, and preparing for a possible contest. ‘Tnis 
may not mean industrial warfare, but the activity is 
ominous, unless some concessions are made wherever 
they are possible and reasonable. 

The Boilermakers and Ironshipbuilders’ report, just 
issued, says: ‘‘ Our trade in the shipbuilding yards and 
engineering shops continues in a highly satisfactory 
condition. Orders are plentiful, and there is an abun- 
dance of work in all the yards and shops.” It further 
says that builders hesitate as to taking new contracts 
on account of the considerable advance in prices, and 
the difficulty in obtaining adequate supplies of steel 
and other material. 

The Tees district shows considerable activity, all 
the yards being full of work to their utmost capacity, 
and orders are still coming in, more than sufficient to 
supply the vacant stocks as the numerous launches 
occur. There is plenty of work inthe Mersey district, 
and employment can be found for full sets of shipyard 
rivetters. The Hull district is blessed with plenty of 
trade, and the future outlook is good. Good boiler 
ship-platers are wanted. The Clyde district is full of 
work, and some 40,000 tons of new contracts are 
booked. Great activity prevails on the Tyne and Wear 
in all yards and boiler shops, and night shifts are 
resorted to in consequence. Trade continues good in 
the Lincolnshire district, and in South Wales trade is 
in a very thriving condition, and each tide brings in 
more work, 

In only one place is there a wages dispute, namely, 
at Southampton. As the masters have refused to 
restore the old rates, previously to the depression, all 
the men have been withdrawn from the yards and 
shops, to the number of about 100. Meanwhile, 
platers and angle smiths are wanted for different yards 
on the Tyne and Wear, and some men are required at 
Bristol. 

The society now numbers about 30,000 members— 
the increase in March being nearly 600. Of these only 
172 are on home donation; 276 are ‘‘signing the book,” 
inclusive of the 100 at Southampton, and 12 cards 
have been granted for migration purposes. The 
number on the sick list is 825, and 361 are in receipt 
of superannuation allowance. 

Considerable progress is being made in the Clyde 
district in arranging ‘matters mutually between the 
employers and the employed. The little friction that 
existed is gradually being smoothed down, and the 
report expresses a hope that the satisfactory condition 
of things existing on the north-east coast of England 
will ere long be found to exist in the Clyde district. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 16, 1889. 

Tur Board of Control of the Bessemer Steel Com- 
pany meets this week to determine upon the next 
allotment. Current rumour puts it at 250,000 tons. 
This perhaps is a little in excess of what will be 
required, it is rather strange that there is so much 
railroad building projected in the States and so little 
undertaken. There seems to be no trouble in obtain- 
ing funds to prosecute new enterprises, but for all 
that work is cautiously undertaken in the Far West. 
A little improvement has set in in the States north of 
the Ohio River and east of Mississippi River. More 
building is being done in these eight or nine States 
than at this time last year. There is also more rail- 
road building activity in the States south of the Ohio 
and east of the Mississppi, but in the new region of 
country beyond the Mississippi the railroad builders 
are moving very carefully. An estimate has just been 
made showing that the share values of western rail- 
roads have declined 121,000,000 dols. from the highest 
point reached last year. This is a very serious and 
threatening falling off. To offset this decline in 
values various schemes have been suggested. One is 
being brought forward by such men as Gould, Hun- 
tingdon, and Chaney, and contemplates the establish- 





ment of a centralised control over some 25,000 to 
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30,000 miles of road. It is not to be taken only asa 
stock-jobbing rumour, but seems to have some founda- 
tion in fact, although the actual basis of it cannot be 4 

ascertained just at present. The Atchison Company : It ar awry en for me to dwell upon the great advan- 
in the south-west is in considerable trouble. Jay | pat etre nk <P en pape power 
G ould is endeavouring to bring abo ut a harmony of | Inthe Royal Navy a very large proportion of our most 
interests with the Richmond Terminal interests. For | recent and er. ships are of moderate freeboard 
the present, great railway building enterprisesin the carrying their guns only 12ft. to 14 ft. above water, 
Far West are held in abeyance; should these concen- whereas in foreign navies, in recent years, the heavy guns 
trating schemes be successful a great deal of work will are chiefly carried from 22 ft. to 28 ft. above water, and 
be undertaken. The iron trade is rather sluggish, | the freeboard is high. 

although the weekly production of 150,000 tons is not |, The decision of the Admiralty to largely adopt the 
hard to move. Charcoal iron is particularly active, barbette design is avowedly based on these facts, and 
Mill irons are dull. The rolling mill capacity of the arrived at with a full knowledge of the relative advantages 
country is not engaged to perhaps more than 60 per and disadvantages of the turret and barbette systems, 


cent. On this account the prices of merchant bar are | —_ ool hehe ae pic dager pn «iy os o_o 
very low, ruling at 1.60 cents to 1.70 cents in Western | hoard as the barbette ship. 


Pennsylvania and Eastern Ohio. Merchant steel mills) It will be obvious that the increase in height of free- 
are all busy, but no association can be organised to| board and of guns above water, can only be secured by 
strengthen prices. The Bessemer Association expects | means of additional hull-weights and re-arrangements of 


The heavy guns are carried 23 ft. above water, as against 
17 ft. in the new turret ship, and about 15 ft. as designed, 
or 14 ft. as completed, in the Trafalgar. 


to strengthen quotations to 28 dols. in eastern mills, | the armour. What has been done is this: the turrets | 


The talk of combination of the western rail mills will | ave been abolished, and the weight of armour, &c., is 
be voted on on the Ist of May, and will probably go | — in — to 7 — of the redoubts in which 
through. Large quantities of ore are being shipped | ‘he turret bases stand. @ barbettes thus formed are 
Snaan Calis teat Meanie lead he mate? strongly armoured from the 3-in. protective deck above 
it , “gi bl d Ph Sie aa sg capa- | the belt upwards, and are divided into two stories. In 
rieegie eee ee a 
2 ; i ace e turnin 
, The ne, a of the —— Ro able to | engines — one isapertons postion - the equipment. ‘ 
urn out more engines than are wanted, but even in n most barbette ships hitherto built, whether English 
this industry some very good authorities assert that | or foreign, the barbettes have been shallow armoured 
all this capacity will be taken up in twelve months. 


certitude obtained by means of the model experimerts 
and trials of other ships. is 

The new ships are to be 380 ft. in length, as compared 
with 345 ft. for the Trafalgar. They will be 14,150 tons 
displacement, as against 12,000 tons for the Trafalgar as 
designed and 12,500 tons for that ship as completed. 
‘Our model experiments show that, for speeds from 10 
knots up to 16 knots, the resistances of the two forms are, 
for all practical purposes, equal; the greater length cf 
the new ships compensating for their greater displace- 
ment, 

But at speeds higher than 16 knots the longer form 
| begins to gain sensibly on the Trafalgar, and at 17 knots 
the Trafalgar form would require about 12 rer cent. 
greater power than the new ships. At 174 knots the 
Trafalgar form, if it could be driven, would require at 
least 30 per cent. greater power than the heavier but 
| longer ships. Now this speed of 174 knots is what is esti- 
/mated as the maximum (forced draught) performance 
with 13,000 horse-power in the new skips; while with 
9000 horse-puwer (natural draught) we hope to reach about 
| 16 knots. 
| The Trafalgar’s specified powers are 8000 horse-power 
| natural draught and 12,000 horse-power forced draught ; 
and I am happy to be able to say that on the measured 
mile these powers ought to give her speeds of about 154 
knots and 16? knots respectively. 

Put in another way the facts are these: 

The Trafalgar form is well adapted for the maximum 
| speed intended in the design, 164 knots; it is not well 
adapted for higher speeds, and even if large additional 
| power could be developed, very little extra speed would be 
|gained. On the other hand, the greater length of the 
| new designs renders them suitable for speeds up to and 


cylinders with plated bottoms, standing on light steel 
The anthracite coal trade is dull. The present 





stocks at tidewater are estimated at a little over 
1,000,000 tons. The bituminous interests along the | 
Alleghany Mountains have effected a combination and | 
are maintaining prices at 20 cents per ton above the 
limit that unrestricted competition would probably 
fix. The usual encouraging reports are being received 
from the Southern States concerning new industrial | 
enterprises, | 





ON THE DESIGNS FOR THE NEW BATTLE- | 
SHIPS.* 


By Mr. W. H. Waits, F.R.S., 
Assistant Controller of the Navy and Director of Naval 
Construction, Vice-President. 
(Concluded from page 364.) 

Description of the Barbette Design.—Although the fore- 
going descriptions have dealt chiefly with the turret sbip | 
design for a first-class battle-ship, in order that a compari- | 
son might be made step by step with the Nile and | 
Trafalgar, it is proposed to build only one such ship out | 
of the eight ships to ke laid down. 
























‘deck, and 5-in. armour, as well as the protection of the 


structures at a considerable height above the belt deck. 
Armoured tubes have been fitted to protect the ammuni- | the gain in speed would be appreciable. 

tion when it is passed up from the magazines into the bar-, I must refer to another passage in Sir Edward Reed’s 
bettes. | letter before passing on ; it rurs as follows: 

This system greatly economises weight of armour, but! ‘If the increase of size given to them (the new ships), 
the development of high explosives makes it possible that | and the increased cost to be bestowed upon them, were to 
shells containing bursting charges of great energy might | be judiciously applied by competent persons, the result 
be exploded immediately under the floors of the barbettes. | would be ships having a speed of 20 knots, with a coal 
Consequently it has been decided in the new ships to | supply far beyond that which these ships are to possess. 
adopt the alternative system, above described, although | Considering how cheaply speed is now obtained, I cannot 


| beyond 174 knots, and if additional power were developed 


| it involves a very large expenditure of weight and cost on | myself deny that I should like to see our great ships 


armour. : ; | able easily to overtake any enemy’s fleet.” 
_ The hydraulic system of mounting, working, and load-| I pass by for the present the allusion to ‘‘ competent 
ing the 67-ton barbette guns to be carried out in the new | persons,” and wish to direct attention to the statement 
ships, will resemble clorely that already successfully made asto the possible increase in speed. Taking the 
adopted in the Admiral class, | passage as it stands, I find no allusion to any diminution 
As regards the disposition of the belt armour, protective | in armament ; the letter, as has been shown, recommends 
kK, a é | no decrease in armour protection or coal supply, but the 
auxiliary armaments, the barbette ships are identical with | reverse ; and yet these grand results are alleged to be 
the turret design, already described. possible without increase of size. 
Speed.—It was originally contemplated to adhere inthe| 1 do not desire to make this discussion and criticiem a 
new designs to the speed that had been first accepted for | personal matter; but I may be permitted to mention 
the Trafalgar, viz., 15 knots on the measured mile, with | that my professional work in recent years has given me 


cc 


natural draught, and 164 knots with forced draught. In | @ somewhat intimate acquaintance with what is involved 





Fig a t8. 



























































The action is described as follows in the Parliamentary | working out the designs, it has been found possible to 
papers : | increase these speeds to about 16 knots natural draught, 

_’* Barbettes” versus ‘‘ Turrets.” —‘‘ The advantages and | and 174 knots with forced draught. 
disadvantages of both systems having been reviewed, it | These estimates of speed are, of course, based upon 
was agreed (in view of the vessels existing in foreign | model experiments made in the Admiralty establish- 
navies cr now under construction) that the barbette |ment at Haslar, by Mr. R. E. Froude, and upon our 
arrangement in design (c) wasto be preferred in a battle- | analysis of the results of speed trials of recent ships. It 
ship intended for general ~——— purposes, Sir Arthur | was with some surprise, therefore, that I found this esti- 
Hood recommended that of the ships proposed to be laid | mate eens by Sir E. Reed in the following passage, 
down in 1889-90 in the dockyards, one should be on the | in his letter published in the Times of March 22: 





turret system.” | “There is a slight alleged increase of speed, half a 

I will now proceed to summarise the chief points of dif- | knot.” ‘‘ This assumed increase of speed is, however, 
ference between the designs (see Figs. 1 and 2), to some of | fallacious, because, as a matter of fact, the Nile and | 
which allusion has already been made. | Trafalgar, having 12,000 horse-power to drive 12,000 tons | 

In the barbette ships the freeboard at the ends is in- | of ship, will obviously have the advantage in speed of | 
creased to 18 ft., or 6? ft. more than the freeboard in the | ships which have but 13,000 horse-power to drive 14,000 | 
turret ship, and about 7 ft. 4in. more than in the Trafalgar | tons of ship.” 
as completed. This kind of criticism is so extremely popular in its | 

; — : form that I am almost disposed to apologise to the In- | 
Paper read at the thirtieth session of the Institution | stitution for explaining why we may reasonably anticipate | 
of Naval Architects. a higher speed in the new ships, apart from the practical | 





in the attainment of high speeds. Nor do I consider that 
we are at the end of the remarkable progress in marine 
engineering which has facilitated, or rather I should say 
has rendered possible, recent advances. On thecontrary, 
I recognise many promising methods of getting greater 
power in relation to weight as likely to influence further 
practice, and no cne will welcome them more heartily 
than I. 

We are considering at present, however, the case of 
great battle-ships to be built immediately wherein ex- 
periments in engineering are clearly undesirable, and 
where the certain possession of endurance, as well as 
maximum speed, is of primary importance. And apart 
from this fact I ak challenge the statement that 
when speeds of 17 to 20  &-- are in question for battle- 
ships, even of the largest size, increase in speed is to be 
- onde obtained.” Experience and experiments are 
contrary to such an assertion, and the onus of proving it 
to be true lies on the person who makes it. 

Figures might be multiplied to show that my conten- 
tion is correct ; but I will only give twoillustrations. In 
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the new battle-ships it requires the horse-power to be 
doubled in order to pass from 14 knots to 17 knots; but a 
further doubling of the power would not add another 
2 knots. This will scarcely be thought a ‘‘cheap” in- 
crease of speed. 

In the mercantile marine speeds of 20 knots are being 
attained in steamers of 12,000 to 13,000 tons load displace- 
ment and 26 ft. draught, but 500 ft. to 560 ft. in length, 
and having a ratio of beam to draught and length which 
is altogether inadmissible for a warship carrying heavy 
weights of armour and armament high above water. But 
even under these conditions speed is not ‘‘ cheaply” in- 
creased from high speeds, such as 17 knots to the still 
higher speed of 20 knots, To take an actual case within 
my knowledge, the ratio of the power at 20 knots to that 
at 17 knots was found to be 2 to 1. | 

In illustrating the truism that great expenditure of 
power is inevitable when such a speed as 20 knots is 
obtained, I do not assert that battle-ships may not be 
produced having that speed. What I challenge is the 
statement of Sir Edward Reed, that in ships of the size 
and cost of the new battleships ‘‘competent persons” 
could produce ships as heavily armed, more heavily 
armoured, *‘ having aspeed of 20 knots, with a coal supply 
far beyond that which these ships possess.” That state- 
ment could not have been made if he had given even the 
most moderate amount of consideration to the enormous 
power and weight of machinery necessarily required to 
obtain 20 knots with any possible form of ship ; to the 
serious difficulties involved in providing space for the 
accommodation of the propelling machinery, boilers, and 
coal, as well as magazines, storerooms, &c., under pro- 
tection in the hold; and to the fact that the maximum 
draught of water, being necessarily a fixed quantity, 
changes of form, in length especially, and increase in 
weights of hull and armour, would be unavoidable. All 
these points are matters of fact, not of opinion. They lie 
on the very surface of the problem, and they obviously 
require to be dealt with in a careful scientific manner, not 
in anairy general style, taking for its basis the idea that 
speed is now ‘‘ cheaply obtained.” 

3efore leaving this question of speed, it may be well to 
point out the fact that these new battle-ships will possess 
speeds exceeding those of nearly all battle-ships built or 
building. They will form asquadron of identical character 
and qualities, capable of proceeding and manceuvring 
together. Taken as a group, they will certainly be “ able 
easily to overtake any enemy’s fleet.” And what is equally 
important, they will, under the new programme, be asso- 
ciated with a number of very swift cruisers and torpedo 
gunboats, thus constituting a force complete in all respects, 
and of unrivalled power as well as speed. 

Coal Supply and Endurance.—It was decided, after full 
consideration, that the new ships should ordinarily carry 
900 tons of coal, as in the Trafalgar; and be capable of 
covering the same distance, viz., about 5000 knots at 
10 knots. 

Like the Trafalgar, the new ships will have a bunker 
capacity sufficient to carry a much larger quantity of coal 
if desired. 

But whereas any increase above 900 tons in the coal put 
on board the Trafalgar necessitates an increased draught 
and some loss of speed, in the new designs provision is 
made (in the form of the so-called ‘* Board margin”) for 
an unappropriated weight exceeding 500 tons to be carried 
at the designed load draught and at the full speed. 

Strictly speaking, therefore, the case stands thus : 


Tons 

Trafalgar, coal at load draught ... seb 900 
New designs, coal at load draught an 

unappropriated weight, about... an 1400 


If the unappropriated weight should bs assigned to 
coal, it would give the new designs a coal endurance of 
nearly 8000 knots at 10 knots. 

Apart from any such increase in coal, however, the 900 
knots proposed is a very large supply in relation to expen- 
diture; larger, in fact, than that of nearly all first-class 
battle-ships. Take for example the Thunderer and 
Devastation as completed. They can cover about 4700 
knots at 10 knots. Their full speed for continuous steam- 
ing in smooth water is estimated at 124 knots, and they 
can cover about 2700 knots. A.t that speed with 900 tons 
of coal the new ships could cover about 3500 knots. 
At the highest speed contemplated for smooth water, con- 
tinuous steaming—about 16 knots—the new ships could 
cover about 1900 knots. The forced draught speed is 
never intended to be maintained for more than four or five 
hours continuously ; so that an estimate of coal endurance 
under these conditions is worthless for any practical 
purpose. 

ere is one class of ships in the Royal Navy (the 
Admirals) which has an unrivalled coal endurance, and 
one ship in that class, the Collingwood, which surpasses 
the others. This vessel (the Collingwood) is selected by 
Sir Edward Reed as a standard of comparison on which 
to base a hostile criticism in dealing with the coal capacity 
of the new ships. Nor is this all, as tae following passage 
will show. He says: 

** When the Collingwood was designed, she was pro- 
vided with engines of 7000 horse-power, and a coal supply 
of 950 tons. The proposed new ships are to have 13,000 
horse-power, and in the same proportion should carry 
1760 tons of coal; but, incredible as it may seem, 900 tons 
of coal is all that is to be allowed them.” 

Tt will be sufficient to indicate in the briefest fashion 
the misleading character of the comparison here made. 

1. The 7000 horse-power mentioned for the Collingwood 
was with natural draught ; the 13,000 horse-power for the 
new ships is with forced draught, their natural draught 
power being 9000 horse-power. 

2. The new ships will have triple-expansion engines, 


economical in coal consumption than the compound en- 
gines fitted in the Collingwood. 

3. The Collingwood can steam about 7000 knots at 
10 knots, if she starts with 900 tons of coal, her full 
authorised quantity. The new ships with the same weight 
of coal will steam 5000 knots at 10 knots; to cover 7000 
knots they would have to start with about 1250 tons of 
coal, or 350 tons more than the ordinary supply of 900 tons, 
This 350 tons is (as explained above) less by more than 
150 tons than the unappropriated Board margin which has 
to be carried at the load draught and full speed in the new 
ships. 

The coal endurance of Her Majesty’s ships has to be 
regulated by other considerations than those of mere com- 
parison with the corresponding feature in foreign ships. 
To this point I referred at length in the discussion on Sit 
N. Barnaby’s paper on ‘‘ Fuel Supply,” published in the 
Transactions for 1887. But it may be interesting to state 
that no foreign warships, except perhaps the Italia and 
Lepanto, have coal endurances approaching those of the 
new designs. And further, it must be remarked that pub- 
lished statements of coal endurance for foreign ships are 
frequently based upon mere bunker capacity, and not upon 
the coal carried at the reputed load draughts and full 
speeds, 

Remarks on the Size of New Battle-Ships.—In conclusion, 
I desire to make afew remarks on the criticisms that have 
appeared with reference to the very large size and dis- 
placement of the new battle-ships. 

These criticisms may be arranged in two groups. 

1, What may be termed the ‘‘too many eggs in one 
basket” class of objection. 

2. Those which allege that the ships have been made 
unnecessarily large in relation to the qualities of speed, 
coal endurance, armament, and protection they are in- 
tended to combine. 

The first class are criticisms of the policy represented 
in the designs, and theseI shall leave unanswered, since 
the Board of Admiralty are responsible for that policy, 
and I am their technical adviser. But it will be noted 
that the procedure followed in deciding on the designs 
involved a selection from amongst a number of alterna- 
tives representing ships of various classes, sizes, and 
costs. 

Independently of actual experience in a great naval 
war, and the experimental demonstration of the relative 
advantages and disadvantages of a group of smaller ships, 
as against a less numerous squadron of ships individually 
more powerful—the aggregate outlay in each case being 
the same—the choice between the two policies of con- 
struction must be largely a matter of opinion. But 
presume it will be admitted that the Admiralty and its 
naval advisers constitute as competent a body as can be 
found to deal with such matters. 

Moreover, it must be noted that in the existing fleet we 
already have large numbers of battle-ships of less size and 
cost than the projected vessels; and that the new pro- 
gramme associates with the eight first-class battle-ships, 
two second-class battle-ships of moderate size, and a very 
large number of swift cruisers. So that taking the fleet 
as a whole all views may be considered to be represented. 

The second class of criticism is one that peculiarly con- 
cerns myself as the responsible designer of the ships ; 
for it really amounts to a charge of professional incom- 
petency. If these ships have been made larger and more 
costly than was necessary to secure the combination of 
qualities decided on by the Board of Admiralty, then I, 
primarily, and my colleagues and assistants in the con- 
structive and engineering department of the Admiralty, 
are clearly to blame. 

Sir Edward Reed has made this charge of “‘incompe- 
tency ” in unmistakable language in the passage above 
quoted when dealing with speed. 

And further on in his letter he states : ‘The day for 
getting the best possible ships out of our Whitehall Office 
is past and gone.” 

It would have been interesting if he had fixed the date 
from which this decadence in the ‘* Whitehall Office” 
began ; but that is not done in the letter from which I 
have quoted. 

In dealing with this serious allegation, I desire, how- 
ever, to sink all personal feeling, and to disregard the 
attack made on the ‘‘competency ” of the Admiral pro- 
fessional officers. My intention is to put a plain state- 
ment of facts before the Institution, and to allow the facts 
to speak for themselves. Fortunately, my task is easier, 
because Sir Edward Reed has himself requested that the 
‘*comparison which he has set up between the Nile and 
Trafalgar, and the proposed ships,” may be tested; and 
this I will now proceed todo. To make the comparison 
as precise as possible, I will take the new turret ship 
design, and, to make it complete in this place, I will 
repeat some figures already given. 

On the tabular statement for the various classes of battle- 
ships on the next page, the principal particulars for the 
Trafalgar (as designed) and for the new ships are com- 
pared. Originally the Trafalgar was intended to have a 
load displacement of 12,000 tons, and a mean load draught 
of 274 ft., trimming 1 ft. by the stern, with 900 tons of 
coal on board. 

It is explained, however, in the Parliamentary papers, 
that owing to various additions made during construction 
and to other causes, the completed Trafalgar will be 500 
tons heavier, and draw about 10in. more than designed. 
For purposes of comparison, therefore, she must be taken 
as a vessel of 12,500 tons, having a mean draught of nearly 
284 ft., and an extreme draught aft of 29 ft., with 900 tons 
of coal on board. When she fills up her bunkers to 1200 
tons she will draw about 6in. more. 

Here, then, we have the true starting point in the com- 
parison with the new ships—a vessel of 12,500 tons drawing 
284 ft. mean and 29 ft. extreme. 





which may be assumed to be at least 15 per cent. more 


With these facts before them, the Admiralty decided 








that in the new designs the original mean draught intended 
for the Trafalgar (viz., 274 ft.) should not be exceeded ; 
and this decision is set out in the Parliamentary papers, 

Before this Institution it is scarcely necessary for me 
to dwell upon the great influence which this decision to 
keep to a draught shallower by 1ft. than the actual 
draught of the Trafalgar, must have had on the new 
designs. But Sir Edward Reed, although himself a naval 
architect, ignores the detailed statement of facts in the 
Parliamentary papers, and makes no allusion to the conse- 
quences, 

I will very briefly correct his omission, and state what 
the change in size would be if the Trafalgar were re- 
designed to float at the 274 ft. mean draught, carrying the 
same armament, the same equipment, the same armour 

rotection, and to steam at the same speed as the actual 

rafalgar. To fulfil these conditions would involve an 
extra length of about 20 ft., and would require a displace- 
ment of about 13,000 tons. Keeping these figures in mind, 
let us turn to the new ships, which are to be 380 ft. long, 
of 14,150 tons displacement, and 274 ft. mean draught. 
They are consequently of 1650 tons greater displace- 
ment than the Trafalgar as completed, but of 1 ft. less 
draught. They are of about 1100 to 1200 tons greater 
displacement than the redesigned Trafalgar floating at 
the same draught would be. 

Now let us see how this difference in displacement (1100 
to 1200 tons) is made up; and here the ground has been 
cleared by some of the statements made in the preceding 
pages. The following are (in round figures) the excesses in 
loads to be carried in the new ships, quite independent 
of increase and size : 


Tons. 

Auxiliary armament... es we «. 800 

Increased complement, &c.... <i us 60 
Board margin of weight (equivalent to 

enlarged coal supply) _... se Ae 520 
Weight of armour, &c., to lift turret guns 
2ft. higher above water than in Tra- 

falgar... Aes xe es mt as 150 

Total increase in load... --- 1080 


To carry this heavier load on the same draught (274 ft.) 
as the redesigned Trafalgar necessarily-requires a longer 
and larger ship, and therefore a heavier hull. Further- 
more, in the new ships, as explained above, machinery of 
greater power than that in the Trafalgar is to be provided, 
not for the purpose of driving the larger ships as fast as 
the Trafalgar, but to obtain an absolutely higher speed, 


I | the difference in speed being at least half a knot, and 


possibly more, in favour of the new ships. 

The foregoing statement of facts will probably be found 
sufficient by members of the Institution to explain the 
increase in size of the new ships, and to illustrate the 
statement which I will now add. They have not been 
made any longer or larger than is absolutely necessary— 
under existing conditions of naval architecture and 
marine engineering—to fulfil the conditions laid down by 
the Board. ; 

My friend and colleague, Mr. Sennett, and I are per- 
fectly acquainted with the savings in weight, or equivalent 
increase in power and speed, which would be possible if 
we had adopted certain new types of boilers or novel 
arrangements of machinery which have undergone limited 
trials with considerable success. 

We are, moreover, most favourably disposed towards 
the gradual developments of all systems which promise 
such beneficial results. But we do not consider it wise or 
right to make such experimental trials on ships of the 
magnitude and importance of these new battleships. And 
after the fullest consideration our advice to the Board has 
been to adhere to arrangements with which we have 
experience, and of which the success is assured. 

Before sitting down [ will add two or three statements 
which appear to be of some importance when dealing 
with the relatively large size of the new ships. 

First. They have been shown to be made large by the 
great loads of armament equipment and Board margin 
they carry on a moderate draught at high speed. 

Omitting the Board margin oe allowance for contingent 
additions during construction) the ships are of 13,600 tons 
displacement, and about 26ft. 8in, mean load draught. 
These are the figures strictly comparable with the other 
ships ; using them the following Table is instructive : 








| 
Mean | Displace- |Maximum 
oa | Length. Draught. | ment. Speed. 
| ft. in. ft. in: | tons | knots per 
New ships (excluding hour 
Board margin) wet 26 8 13,600 if 
Trafalgar (as designed)| 845 0 27 6 12,000 16 
Inflexible on --| 8 0 25 3 11,880 13.8 
Dreadnought .. .-| 820 0 26 9 10,820 14.2 
Minotaur we -- 400 0 26 9 10,690 14.4 
Warrior --| 880 0 26 9 9,210 14,1 
Extreme 
draught 
Italia .. 400 6 81 13,900 18 
Lepanto.. 400 6 80 9 13,550 18 
Sicilia .. as 400 0 28 6 13,253 18 
Admiral Baudin 321 6 2 2 11,380 15 














Second. The new ships, although of a displacement 
surpassing all previous battle-ships, are certain to be much 
more manageable than many of their predecessors with 
equal or greater length, and not possessing twin screws. | 

Lastly. It it will be seen that since the increase in 
size is chiefly due to increase in load, the assumptions 
that have been made by Sir Edward Reed and others as to 
relative increase in cost are not well founded. I am not 
at liberty to make any statement respecting the Admi- 
ralty estimate of cost for these ships, for reasons which 
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a | ] 
" | | , e “ ” ' a “Co — 
New Designs. | Trafalgar.” | ‘‘Sultan.” ‘* Devastation.” (4) | ro | “In- * Collingwood.” (7) . —— on 
| | | ** Dread- flexible.” 
— . % | iti | a er | nought.” (6) ' 
, ; As As | As AsCom-| As_ | | As As As As 
Turret Ship. |Barbette Ship. | Designed. Designed. (Designed. | pleted. | Designed. Designed. | Completed. Designed.| Completed. 
Dateofdesign.. .. «© + 1889 1885 1868 | isso | 1873 | 1870 | 1872 | 1874 1880 | 188 | 1ss2 | 1888 
Name ofdesigner .. eo . Mr. W. H. White = —— Sir Edward Reed H Sir Nathaniel Barnaby 
- Ss 
Length .. ‘“ = « -% 880 0 325 0 285 0 320 0 320 0 320 0 825 0 825 0 330 0 | 830 0 
Breadth .. ‘ea ma ee ”» 75 0 73 0 | 59 0 62 3 62 3 63 10 75 0 68 0 68 0 68 6 t8 6 
Draught (mean ian ee 27 6 26 2 | 26 8 26 2 28 9 25 4 25 9 26 4 26 9 28 0 
Displacement .. we oo One 14,150 12,000 (1) | 8700 (3) 9060 9300 10,460 10,900 11,889 9200 9500 10,025 10,650 
" Forward oe ft. il | 19 | 19 8 9 3 8 6 10 4 10 9 9 6 t2 6 ll ll ll 6 | 10 3 
Freeboard { AP Go tte tag H S$ 18 0 ll 3 17 9 5 0 4 6 5 6 10 0 9 6 ll 6 10 il ll 6 10 3 
( Natural draught a 9,000 8,000 7200 5600 6600 7,000 8,000 8,000 7000 
LHP. Forced ¥. 13,000 12,000 is me. (bb hee ss alll Spee 35 S. 9500 9,500 11,000 
Natural ,, knots 160 15.0 14.0 12.5 13.8 13.5 | 14.0 13.8 15.0 
Speed { Forced Hi i 17.5 165 | ae = a a a ‘i = 16.5 16.0 16.8 
Coals carried at the designed load | 
@vuehe cc. Ge. 0. -CORe 900 900 600 1700 1350 1,600 1,200 1,200 950 900 900 900 
Coal endurance at 10 knots knots 5000 5,000 — —, be 4300 4700 4,000 5,700 4,200 7300 7000 «< 6,000 
; a § 18 ton ML. |) §425-tn 4 35-ton | 4 35-ton | 4 38-ton | 4 80-ton | 4 43-ton 4 45-ton 4 63-ton 4 67-ton 
Main a 4 67-ton B.U, GF-ten p1.{ ~ ‘ia ar f {fer “itt MLL. ML | ML | OBL BL. B.L. BL. 
Armament - 106-in. Q.F. | 106-in. Q.F. |8 5-in B.L ) 5 | : : / 6 6-in. B.L. 
eg - OR 2a 16 24-pr. , {| 6 6-in. | 66-in. B.L. 66-in. |). § 6-pr. Q.F. 
ye -pr. Q F. -pr. Q.F. -pr. Q.F. . 2 8 20-pr. + | 4 * 
Auxiliary .. F 18{ $y. 3 F. |2# i = $ F. 18} ly 8 FE | J howitzers Boat and field guns only P | B.L. 12 6-pr. Q.F. B.L. 7 (3-pr. Q.F. 
Weight of projectiles (heaviest) Ib. 1250 1,250 | 410 548 714 714 | 820 1,700 | 714 714 1,250 1,250 
1 ORME ue es as 630 520(2) | 70 85 140 140 | 130 450 | 315 295 520 | 630 
Total weight of armament .. tons 1420 1410 1,035 560 355 515 515 | 525 | 820 | 660 760 960 | 1,070 
Weight of auxiliary armament ,, 480 500 135 22 ie Pe “a o | wa 120 200 160 | 200 
Height of centre of metal of heavy | | | | | 
guns above designed water- | | | | 
line % ee: “< io 17 0 | 23 0 15 0 | = _ J 2 m : x s & S | ; 13 6 21 6 20 11 21 0 | 19 9 
- | ole ole yhole ole | ole ) | 
Length of belt .. ee ee ” 250 0 230 0 { length length length length | length | j 110 140 0 140 0 150 0 | 150 0 
Greatest thick- { Side armour in. 18 20 | 9 12 12 12 | 14 24 18 18 18 18 
ness { Protective deck,, 3 3 | ae 3 | 3 3 3 | 3 2h 23 3 3 
Weight of horizontal armour deck, | | 
glacis plates, &c. .. .. tons 1100 1,040 | in 415 | 556 | 600 | 680 | 970 905 940 1,140 1,210 
Total weight of armour and | | 
backing, including protective | | 
deek .. ne 2s tons 4550 4,400 1800 2700 2900 | 3,330 | 3,690 | 3,540 | 2730 2780 8,150 3,130 
(1) Displacement, when complete, will be 12,500 tons. (2) Now 630. (3) Displacement, as completed, about 9300 tons, including 460 tons of ballast. (4) See Fig. 4 as to super- 


structures and armoured bulkheads added during construction. 


(6) Figures above relate to armament actually carried. Lighter turret guns: were originally proposed. 


No. 237, of 1888. 


See also page 8 of Transactions Institution of Naval Architects for 1873. 
(7) See Parliamentary paper, No. 222, of 1887. 
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| 





— 
“ Magenta” | ‘‘Italia” and | “Sinope” 





—o ‘ » | s135 99 ** Amiral 
| © Sachen. | ** Duilio. | Duperre.” Class | ‘*Lepanto.” Class. 
Dateofdesign ..  .. «. wes) 1877 1872 | 1876 1881 | 1877 | _ 1883 
Designer .. is ee oe ee -.| German Italian French French | Italian | Russian 
Length .. ee ee oe ee ft. 298 0 332 0 | 311 0 323 0 400 6 | 300 0 
Breadth .. os os oe “s ”» 60 0 64 9 | 66 11 65 7 729 | 69 0 
Draught (mean) .. és os a re 19 8* 2 7* | 26 9* 27 «3* $1 3* | 26 0* 
Displacement .. oe oe -. tons 7400 11,138 11,100 10,580 13,900 | 10,800 
Freeboard{ Ate Lo | | 
LEP oo draught.. | 5600 | 10,000 5780 7,000 | 18,000 
are een ” i a ait eit 8000 Pe oe | 13,000 
. atura! ’ -- knots) 4. 5. } ee 
— ioe = | a % | wma2 | 150 | 18.0 16.8 
Coals carried at the designed load draught | | | 
tons 700 1279 ' | 600 1,650t 886t 


Coal endurance at 10 knots .. 


.. knots 
Main... ee F 





| 
| 
..| 618-tonB.L. 4 100-ton M.L. 4 47-ton B.L. _ 452-ton B.L. | 4 100-ton cy 6 50-ton B.L. 


Not known accurately | 


Armament sis | 1 33-pr. PEM. BE. | Venn : i 
Auxiliary a aa --|  415-pr. { ‘tie BE | 14 5}-in. B.L. j175}-in. B.L., 86-in. B.L. | 7 6-in. B.L. 
Weight of projectile (heaviest) vo 412 20€2 | 926 926 | 2,002 732 
» | Charge oe ee a 23 126 507 258 | 357 661 247 
Total weight ofarmament .. .. tons 
Weight of auxiliary armament te ae 
Height of centre of metal of heavy guns | | 
above designed water-line .. «26 | | 
Length of belt .. oat is Pe ‘ | 
: idearmour .. in. 16 21 | 21 13 ee 16 
Greatest thickness { Protective deck a - u ? 3 3} 3 
Weight of horizontal armour deck, glacis | | 
plates, &c. a os .. tons | 
Total weight of armour and backing, in- 
cluding protective deck .. -. tons 





Nore.—These particulars are chiefly taken from Lord Brassey’s ‘‘ Annual.” 
t These are believed to represent the bunker capacity, and not the amounts carried 


* These are extreme draughts. 


on the draughts given. 


will be obvious. Butthis I may say, that while the total 
weight of protective material in the new ships is greater 
than the corresponding total in the Trafalgar by some- 
thing like 150 tons, the adoption of the 5-in. armour in 
association with redoubts, instead of a central citadel 
thickly armoured throughout, has the result of largely re- 
ducing the cost of the armour. This was not the reason, 
however, for the adoption of the system, as has already 
been explained. At the next meetings of the Institution 
this question of cost may ba debated on the basis of ascer- 
tained figures, and I therefore say no more. 

The paper has extended to an unusual length, yet I 
venture to believe that this has been warranted by the 
importance and range of the subjects treated. It has un- 
avoidably assumed a controversial character in certain 
parts; but I am not responsible for the circumstances, 
and I trust that nothing has been said by me which goes 
beyond fair reply or criticism. I have, in fact, been put 
upon my defence as a naval architect who holds a posi- 
tion of some public importance, and who should clearly 
cease to occupy that position if the allegations of incom- 
pee that have been made so freely and publicly could 

sustained. But beyond any personal interest in the 
matter, I appear here as the representative and head of 
the Constructive Department of the Admiralty—the 

Whitehall Office,” which is said to be no longer capable 
of producing ‘‘ the best possible ships.” Apart from the 


fact that I am the head of that staff, and apart from any 

uestion of my personal competence, I desire to state that 
there never has been a time during my experience of the 
Admiralty Office—an experience extending over twenty- 
two years—when the members of that staff included so 
many thoroughly educated, capable, and qualified naval 
architects and marine engineers as are now serving there. 
The great system of technical education, established by 
the Admiralty twenty-five years ago, largely in conse- 
quence of the recommendations of this Institution, has 
borne good fruit, and the public service is reaping the 
benefit, not merely at the Admiralty, but in the dock- 

ards; while, outside the service, men similarly trained 
iw risen to the highest professional eminence. 

If with such a staff, with all our recorded data and ex- 
perience, with our grand experimental establishment at 
Haslar, so ably conducted by my friend Mr. Froude, and 
with all the valuable assistance and suggestions coming 
tous from the naval service, and our professional colleagues 
in the dockyards, as well as the constant benefits we derive 
from a full knowledge of the work done by private ship- 
builders and foreign competitors, we do not, in the 
** Whitehall Office,” succeed in producing ‘‘ the best pos- 
sible ships” consistent with the instructions of the Board 
of Admiralty, then there can be no excuse, But I con- 
tend that the allegations made against the professional 
officers of the Admiralty have been loosely made, and are 








(5) Work stopped early in 1871, and designed cancelled. 
(8) See Parliamentary paper, 


| proved to be unfounded, as regards the designs of the new 
| battle-ships by the facts which have been adduced. 
| A much more important question than that of our pro- 
| fessional competency arises from the discussion: and 
public interest must chiefly centre in it, since it seriously 
| affects the national defence. Assuming that we have 
| done the best that could ba done under instructions re- 
ceived from the Board of Admiralty, the country desires 
| to know whether the ships proposed to be built are “‘ the 
| best possible ships” which can be added to the Navy 
| under existing conditions of naval warfare. 
| On this question I shall not be expected to give an 
|opinion. It involves an inquiry into the competency of 
the Board of Admiralty and our system of naval adminis- 
| tration. But at the risk of repeating statements already 
| made, I must say that there never have been designs more 
| deliberately and carefully considered. The selection was 
made from amongst a large number of alternative designs, 
after a careful review of what is being done abroad, and 
| with reference to various proposals not yet embodied in 
| actual ships. Fortunately, it could be based upon a great 
mass of new experimental data, obtained by actual trials 
| against the Resistance and elsewhere, and giving the 
| latest and best information in relation to guns, projectiles, 
explosives, and armour. Moreover, the Board of Ad- 
miralty has availed itself of the advice and assistance of 
a number of distinguished officers before coming to a de- 
cision. 
A complete account of the action taken, and the reasons 
for the various conclusions reached, has been placed 
| before the public. Obviously there is room for differences 
of opinion, since actual experience in naval warfare under 
modern conditions is almost entirely wanting. The 
matter, therefore, resolves itself into one of relative 
authority and experimental information. Under these 
circumstances, the naval service and the country will 
probably prefer to accept the conclusions of a responsible 
and well-informed body like the Board of Admiralty, 
rather than those of any individual. 


| 








ALABAMA CoaL.—In 1870 the total extraction of coal in 
Alabama was estimated at 11,000 tons. In 1888 the corre- 
sponding total had risen to 2,225,000 tons. 


Vicrortan Rowiinc Stock.—The Victorian railway 
authorities recently invited tenders for the construction 
of 165 medium open goods wagons in small lots. It was 
| specified that the wheels and axles, axle brasses, lubri- 
| cating pads, axle-box collars, and packings, buffers, steel 
| side channel bars, and patent parts for Westinghouse brake 
| gear should be supplied by the department, at the nearest 
| railway station to the contractors’ premises, free of cost. 
Seventeen tenders were received, and the following were 
| accepted: Messrs, Steward and King, Warrnambool, 20 
lat 987. 17s. 6d.; Mr. P. Ellis, Sandhurst, two lots of 50 
| each, at 85/. 193. 6d.; Mr. J. Furphy, Shepparton, 25 at 
| 981. 6s. 6d. ; Messrs, Wright and Edwards, two lots of 50 
| each, at 91/. 12s. 6d. each; Messra. Howard and Co., 
| Yarraville, 50 at 100/. 19s. 1d. each; Mr. W. H. Tre- 
gonowan, Newport, 20 at 97/. 10s. each ; Messrs. Humble 
and Nicholson, Geelong, 25at 85/. each; Mr. G. Monro, 
Ballarat, 50 at 83/. 168. 8d. each ; and Mr. J. Horsington, 
Abbotford, 50 at 91/. each. 
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AMERICAN AND ENGLISH 
ENGINEERS. 
THE number of Americans who, at the close of 
spring and at the beginning of summer, turn their 
faces eastward, is ever on the increase, and this 
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year the special attractions offered by the Paris 
Exhibition will swell the flood of travel from the 
United States to Europe, greatly beyond its normal 
limits ; from the present time until far into the 
summer every passenger ship crossing the Atlantic 
will be crowded with visitors ; it issaid indeed that 
no less than 90,000 passengers have been booked by 
the various routes, and if this be so the vast capa- 
city of the great Atlantic steamers will be sorely 
taxed to provide accommodation for every one 
intending to visit Europe during the coming season. 
A very special interest attaches itself to one vessel 
that will sail from New York on May 25 next ; this 
is the Inman steamer the City of Richmond, which 
has been chartered by two of the United States 
engineering institutions, the American Institute of 
Mining Engineers and the American Society of 
Mechanical Engineers, Four days later the City 
of New York will start for Liverpool, having among 
her passengers about 100 members of the American 
Society of Civil Engineers. All these gentlemen 
are coming to England in response to a very cordial 
invitation sent to them by the Institution of Civil 
Engineers of this country. The comparatively large 
number of Englishmen who have had personal ex- 
perience of the hospitality of the United States, 
and the still larger number who long to see the 
bonds of union drawn closer between two great 
nations so closely allied by ties of blood, of 
common history, and of deep-rooted sympathy, will 
appreciate the importance of this demonstration of 
friendship, and will understand at once that it will 
be attended with marked success and will bear good 
fruit for many years tocome. It has been too often 
the custom in these days of rapid progress and 
change, to cavil at the Institution of Civil Engineers, 
to cry it down as being too conservative, to allege 
that it does not march with the times, but drags 
along sleepily in the old well-worn grooves made 
for it years ago when the profession was young and 
of which it was the sole representative. Since then 
many other kindred societies have sprung from it 
or grown up independently ; societies some of them 
rich and powerful, full of professional life and vigour, 
and including amongst their numbers the leading 
engineering talentof the country ; but, nevertheless, 
the old Institution continues to hold worthily the 
leading place which it has always occupied, and 
which it will doubtless continue to occupy for 
generations to come. 

No one can doubt for a moment that it will bea 
good thing for American engineers to come to this 
country ina body, to enjoy the organised hospi- 
tality of their English brethren, for each to learn 
something of the other’s individuality, for the one 
to impart, and the others to leave behind, plea- 
sant recollections and familiar memories. It was 
equally obvious that no better season than the 
present could be chosen for such an event, 
when to the pleasures of an English recep- 
tion, American guests could add the delights of 
the great Paris Exhibition. The responsibility 
of receiving and of entertaining some three 
hundred American engineers, containing amongst 
their numbers the leaders of the profession in the 
United States, was no light one, but success was 
foreordained from the moment that the Institution 


3 | decided upon carrying out the undertaking. Once 


having taken the initiative, it was wisely deter- 
mined that the whole work should be carried out 
by the Institution alone, and that the Reception 
Committee should be composed entirely of its own 
members. This Reception Committee, some 250 
in number, includes the name of almost every 
prominent English engineer ; we regret that want 
of space precludes the possibility of our republish- 
ing it in extenso, but we must find space for some 
of the more distinguished members. Upon the list 
we find Sir Frederick Abel, James Abernethy, Lord 
Armstrong, Sir J. W. Bazalgette, Benjamin Baker, 
Sir Henry Bessemer, Sir Frederick Bramwell, Lord 
Brassey, Sir George Bruce, Lieutenant- General 
Sir Andrew Clarke, Sir John Coode, Sir James 
Douglass, Sir John Fowler, Sir Douglas Galton, 
Sir Charles Hutton Gregory, Sir Charles Hartley, 
Sir John Hawkshaw, Thomas. Hawksley, George 
Fosbery Lyster, Captain Noble, Sir William Thom- 
son, Professor Tyndall, Professor Unwin, Leader 
Williams, &c. So generous a response on the part 
of the leaders of the profession cannot fail to 
stimulate the sympathies of the American guests of 
the Institution, but Mr. Forrest, the indefatigable 
secretary, had a far more difficult task before him 
than that of obtaining a powerful reception com- 
mittee ; he had to arrange a suitable programme. 





This difficulty was increased by the fact that the 
date selected by the American engineers for their 
arrival in England falls just before Whitsuntide, a 
period when so many people leave London for a 
few days. The date, however, could not be altered, 
partly on account of the fixed engagements of the 
Inman Company, and partly because of the time at 
which the American societies held their own spring 
meetings ; there was nothing left, therefore, but to 
do the best possible under the circumstances, and 
to trust to the indulgence of the visitors to make 
good any deficiencies. We cannot at the present 
moment publish the programme prepared by Mr. 
Forrest in detail, but we may give a general idea of 
its scope. The City of Richmond leaves New 
York about four days before the City of New York, 
but the latter being much the faster vessel, both 
ships will probably arrive at Liverpool about the 
same time. After a reception on landing, the 
party will have an opportunity of inspecting the 
Liverpool Docks, and the next day the visitors will 
be invited to go over the works of the Manchester 
Ship Canal, a special excursion being organised for 
that purpose by the Canal Company. Returning 
to Liverpool, the visitors will divide themselves into 
sections, and join in any one of the following 
excursions: The Liverpool Water Works; the 
London and North-Western Railway works at 
Crewe; the works of the Midland Railway at 
Derby; the railway works at Horwich, and 
the town of Manchester. These excursions will 
probably be finished on Friday, June the 7th, and 
as it has been rightly deemed quite useless to anti- 
cipate a successful reception in London earlier than 
Thursday, the 13th of June, it will be suggested to 
the various sections that they should occupy these 
six days by visiting the respective districts in which 
they will tind themselves. This suggestion cannot 
fail to recommend itself to visitors, as they will be 
within easy reach of the most beautiful parts 
of England at the best time of the year, if the 
weather be favourable. Arriving in London on 
the 13th of June, a formal reception will be held 
at the house of the Institution, and different ex- 
cursions and visits have been arranged in the pro- 
gramme to uccupy every day that the guests of the 
Institution remain in London. Towards the close 
of the following week, the visitors will leave for Paris 
by the London, Chatham, and Dover Railway, and in 
Paristhey willremain togetherfor a week before they 
scatter, some few to return home, but the majority to 
extend their holiday by travelling through Europe. 
Both in France and Germany preparations are being 
made to extend attention and hospitalities to the 
American Engineers, so that the example set by 
the Institution will be more or less followed on the 
Continent. 

Only those who understand the appreciative cha- 
racter of the Americans will realise how warmly 
this invitation will be welcomed, or with what 
sincerity they will grasp the right hand of fellow- 
ship thus extended by the Institution of Civil En- 
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A THREATENED INDUSTRY. 

Tuar ‘‘threatened men live long,’ is one of the 
tritest of proverbs. Few men, or rather few bodies 
of men, have been threatened longer or more fre- 
quently than the common blacksmith. But he 
seems, nevertheless, to lead an almost charmed life. 
‘* Under the spreading chestnut tree” his smithy 
stands as of yore, and the smith himself goes 
onward through life ‘‘ toiling, rejoicing, sorrowing,” 
listening to his daughter in the village choir, and 
his brow as wet with honest sweat as if the art 
which he professes were strictly in accordance with 
the most approved canons of scientific laws. And 
yet, as all the world knows, this is very far from 
being the case. The shoeing of a horse is one of 
the most rude and imperfect processes that can be 
named. The shoe may be properly fashioned ; it 
may be constructed, as many are, by mechanical 
appliances at once ingenious and scientific ; it may 
be, and probably generally is, made of better and 
more inexpensive material than in former days. 
But the smith deals with the shoe now exactly as 
he did in the daysof rule-of-thumb. He attaches it 
to the foot by a process which is inartistic, rude, and 
clumsy, painful to look upon, inodorous to the olfac- 
tory nerves, expensive to the agricultural, or other 
parties owning the horses, and often disastrous to the 
animalsthemselves. Nature has provided the horse 
with a cartilaginous material which, fortunately, 
lends itself readily to the process of shoeing hitherto 
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adopted, but that has not prevented blacksmiths 
every now and again from driving the nails into the 
horse’s quick, and thereby causing the animal in- 
tense suffering. Of this source of cruelty to animals, 
perhaps one of the most prolific and serious of all, 
the society charged with the duty of protecting 
them does not appear to have taken note. And 
yet if we think for a moment how an injury to the 
human quick compares in point of the pain endured, 
with an ordinary cut or blow or pain of other de- 
scription, we can hardly fail to be struck with pity 
and sympathy for the pain which a blundering 
blacksmith is always liable to inflict on the servant 
and the friend of man in the ordinary practice of his 
art. The blacksmith, however, has been tolerated, 
andhis errorsof commission or of omission condoned, 
because there was no alternative. All the really prac- 
ticable systems of shoes hitherto introduced have in- 
volved the use of nails as asine qué non. So long as 
nails were employed, a blacksmith’s plea that any in- 
jury done to a horse’s foot was an accident, has had 
to be accepted. But the consequences, meanwhile, 
have been much more serious and costly than is 
generally imagined. Capable veterinary surgeons 
have estimated that 25 in every 1000 horses die 
some ten years before their time, as a result of 
lockjaw or other damage inflicted in the process of 
shoeing. Even this, however, is but a small evil 
compared with the trouble and expense which the 
necessities of the case, as it now stands, demand. 
If we assume that a horse is shod, on the average 
some twelve times a year, it would follow that 
twelve visits per annum have to be paid to the 
blacksmith by every horse employed in this country 
as long as he lives. There are 3,500,000 of 
horses in the United Kingdom alone, and if we 
multiply this number by twelve, it would appear 
to follow that 42,000,000 days, or at least parts of 
days, are lost by this requirement. Now, an average 
horse should be worth at least 3s. per day, and at 
this rate the sum annually lost to the owners of 
horses by the necessities of shoeing would probably 
amount to not less than 6,450,0001. But this is not 
all. The horse is no doubt avery docile and intelligent 
animal, and is capable of performing many curious 
as well as useful acts. He cannot, however, be 
trusted to go to the smithy alone and give orders 
for his new boots. He must accordingly be accom- 
panied by an attendant, usually a groom or a farm 
labourer. This worthy is not indisposed to use the 
opportunity thus afforded for a long gossip with 
the blacksmith, and before the two have settled 
who is to be the next curate, or what dog is the 
most likely to be successful in the next coursing 
match, or some other intricate problem in village 
life, the better part of a day has run its course, and 
the labour of the servant is lost as well as that of 
the horse. All this, no doubt, is well in its way. 
Employment is provided for a most worthy and 
industrious class of men, who have become a _ part 
and parcel of country life, and whose cheerful tires 
have gathered round them in the past many of the 
most hoary and cherished traditions of rural 
England. But science has displaced the hand- 
loom weaver, the stocking knitter, the lacemaker, 
and many other equally venerable relics of the older 
order, which must in this also ‘‘yield place to 
new.” The number of blacksmiths in this country— 
England and Wales alone—at the time of the last 
census was returned at 112,176. It will now 
probably be at least 125,000. The average 
earnings of this large body of men may be put at 
fully 50/. a year, since blacksmiths are relatively, as 
they deserve to be, a well-paid class. At this rate, 
then, the amount expended annually in England 
and Wales, mainly in the furnishing of horseshoes, 
and the process of shoeing, would be about 
6,250,000/. a year. This is apart, of course, from 
the value of the materials employed, which is quite 
another affair. The question that is raised, there- 
fore, by the introduction of a system of adjustable 
horseshoes without nails is that of enabling the 
greater part of this large sum to be saved to the 
agriculturists of England and Wales, and corre- 
spondingly of other countries, besides relieving 
them of the great waste of time and labour now 
caused by the monthly visit of man and horse to 
the smithy. 

So important a problem has not been overlooked 
by the mechanical experts of our own and other 
countries, but until quite lately its effectual solution 
appeared all but impossible. Again and again new 
forms of shoes have been put forward, but they 
were as often pronounced faulty in some essential. 
It is requisite that a horseshoe that can be applied 


without the skilled labour of the farrier should be 
easily adjustable, should require the use of no 
special tools, should be anatomically suited to the 
form of the foot, should entail no inconvenience to 
the horse in his daily work, and should not be liable 
to set up new dangers or difficulties, as bad, 
perhaps, as those it was designed to cure. These 
requirements, onerous and considerable though 
they undoubtedly appear, have been fully met by a 
new system of horseshoe recently introduced, and 
about which we shall doubtless have more to say 
on another occasion ; these shoes have been under 
trial for some time past with the most satisfactory 
results, both on agricultural and other horses, in- 
cluding those employed for army purposes. 








THE PHONOPHORE. 

In our issue of July 16th, 1886, we called atten- 
tion to a remarkable device for multiplex tele- 
graphy due to Mr. Langdon Davis, of Mowbray 
House, Victoria Embankment, and we now annex 
illustrations of the latest development of the inven- 
tion. By the device in question, the capacity of 
an ordinary telegraph line can be doubled, and, 
indeed, trebled and quadrupled, without in any 
way affecting the ordinary instruments. Stated 
broadly the principle of the whole arrangement 
consists in transmitting signals by a very rapidly 


of which R R represents the core. On this core is 
wound a single layer of tine wire, the ends of which 
are left free, over this again another single layer of 
insulated wire is wound, the ends again being left 
free, and so on for a third, fourth, and fifth layer, 
or more if necessary, the ends of all of which are 
left free. When a sufficient number of layers have 
been wound on, the whole set are joined in parallel 
by suitably coupling up the free ends, and the 
coil then forms the primary of the inductorium. 
The object of this special arrangement of the 
primary is to reduce sparking at the contact 
breaker and so increase the life of the platinum 
contacts. The construction of the secondary coil 
is even more peculiar, as it is formed by winding 
over the primary two insulated wires, of which one 
has its end connected to a binding screw so that it 
can be coupled up to the telegraph line. The end 
of the second wire is completely insulated in the 
body of the bobbin. These wires are wound on 
side by side, and completely insulated from each 
other till the bobbin is full, when the free end of the 
wire already connected to line is insulated, whilst 
the wire which has an end already insulated is con- 
nected to another binding screw, and can therefore 
be coupled up to line or earth. The whole secon- 
dary coil accordingly forms a sort of condenser, and 
one of the wires of which it is composed can only 
affect the other by induction, no current being able 














alternating current along an ordinary telegraph|to pass from one to the other. This peculiarly 
























































wire, the period of alternation being so short that |formed condenser has been named a phonophore 
any ordinary telegraph instruments on the line are | by its inventor, and is indicated in the diagram 
unaffected. These rapidly alternating currents are | by the letter P. When working on an ordinary 
generated by a transmitter consisting of an induc- | telegraph line the phonophoric transmitter is put 
tion coil of peculiar form, the contact breaker of | as a shunt to the ordinary instruments, the working 
which is a reed tuned to make a definite number | of which it does not affect in auy way, and in turn 
of vibrations per second, and the receiving instru-|is not itself affected by the ordinary telegraphic 
ment at the other end is fitted with a similar reed currents. To complete the transmitter a contact 
tuned to vibrate at the same rate, which picks out | breaker consisting of one of the tuned reeds is 
and disentangles these particular vibrations from | fitted, and a local battery and circuit with an 
all other currents passing on the line. It will | ordinary Morse sending key is provided. By press- 
readily be seen that by having a number of trans- | ing this key down the tuned reed contact is brought 
mitters with reeds tuned to different pitches, simul- | into action and a rapidly alternating current is sent 
taneous telegraphy can, at least theoretically, be | through the primary coil of the inductorium, which 
effected without difficulty, and we will now proceed | induces corresponding vibrations in the phonophoric 
to describe the devices by which Mr. Langdon | secondary, which are thence transmitted to the line, 
Davis has reduced this theoretical possibility to a| at the receiving end of which these impulses are 
practical reality. In the mean time, however, we made to operate ordinary telegraph instruments, 
may remark that Edison had attempted a device of | such as the Morse printer, by an exceedingly in- 
a somewhat similar nature, which was named a genious device shown in elevation in Fig. 3, and 
phonoplea ; but in this, if we remember right, the diagrammatically in Fig. 4. On a core marked CC 
length of line over which the instruments could be | two coils are mounted, one of which is connected at 
worked was very limited, not exceeding 170 miles. | one end directly to the line and at the other to earth 
We understand, however, that the phonophore can | through a phonophore. The other coil is included 
be worked over a much longer distance. In this | in a local circuit, through which a current is kept 
connection an amusing story is told of a prominent | constantly flowing, and in this circuit an ordinary 
Post Office official, who carefully calculated out the | Post Office relay R is included, This arrange- 
conditions under which it would be impossible to| ment is clearly indicated in Fig. 4, where the 
work the phonophore between London and Folke- | line bobbin is marked L B, and the other R C. 
stone, with the result that Mr. Langdon Davis |In front of the core is a reed B B, tuned to 
immediately incorporated these conditions in his|the same pitch as that of the transmitter, and 
instruments and found that they worked perfectly, | the currents from the latter in passing through 
not only over this distance but over distances twice | the line bobbin set this reed in vibration. In the 
asgreat. It may also be remarked that Edison was | local circuit two spring contacts, 8, and So, are 
not able in his system to work ordinary telegraph | interpolated, and are situated just in front of the 
instruments such as Morse recorders, but these Mr. |long pin with which the reed B B is provided. 
Langdon Davis operates without difficulty. When the latter is set in vibration this pin striking 

The transmitter is shown in elevation in Fig. 1/| against S, spoils the contact between S, and So, 
and diagrammatically in Fig. 2, and as already stated | and instantaneously weakens the effect of the local 
consists of an induction coil of peculiar construction, | current on the magnetism of the core C C, with the 
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result that the amplitude of the oscillations of the 
reed is immediately increased. The consequence is 
that the spring contacts are struck so violently by 
the pin that they fly apart and completely break the 
local circuit and the relay is operated, making the 
signal originally transmitted. So long as the reed 
is kept in vibration the spring contacts are kept 
apart and the local circuit broken. The action of 
the receiver is practically instantaneous and signals 
are perfectly transmitted even when a Wheatstone 
instrument is used at the sending end. Some elec- 
tricians have, as already indicated, anticipated 
trouble from the high rate of alternation employed, 
but with reeds making 2000 vibrations per second 
the phonuphore has been working for some months 
most successfully between Leicester and London, a 
distance of 100 miles. 





SPANISH TORPEDO BOAT TRIALS. 
(Concluded from page 348.) 
IV. ConpEnserR TRIALS. 
THE condensers fitted on the torpedo boats were 
of the Normandy type, size 4 X, and should have 
been capable of producing in twenty-four hours : 


lb. 

Water collected from first condensation... 387 
s a second ia 295 
Total ... "682 


The report states that the condensers failed to 
produce this supply, and it was decided to do away 
with them. 

V. Evector TRIALS. 

The report states that the ejectors worked most 
satisfactorily, and proved a capability of pumping 
power beyond their requirements. 

VI. Sreerine Triats. 

The object of these experiments was to enable 
the proper grouping of the torpedo boats according 
to the length of the diameter of their respective 
circles when turning at different speeds, called the 
tactical diameter. 

The eight torpedo boats referred to in Table IV., 
were fitted with rudders as follows : 

Ariete (T) and Rayo (T) with twin-stern rudders, 
set at a small angle to one another and always 
working together. 

Halcén (Y), Azor (Y), and Retamosa (Y), with a 
stern and bow rudder, the latter of which may be 
worked in unison with the former, or both worked 
separately, or the bow rudder drawn up into its well 
and out of work ; the Halcén’s stern rudder was 
placed before, and the Azor’s and Retamosa’s abaft 
the propeller. 

The Barcelo (N), the Ordonez (T), and the 
Acevedo (T) were, according to the report, also 
fitted with the Yarrow system of bow and stern 
rudders. 

The report states that the Halcdén (Y) and Azor 
(Y) have the greatest tactical diameter, but does not 
mention whether their bow rudders were used, or 
any other particulars of their turning experiments. 
Of the smaller boats the report states as follows : 

‘Ordonez (T) and Acevedo (T) describe their 
maximum diameter with rudders coupled, in 
1.10 min. ; Barcelo (N), with rudders coupled, in 
-50 min. ; Retamosa (Y) (whether with rudders 
coupled or not is not stated), 1.2 min.”’ 

The report further remarks that ‘‘the tactical 
diameters are not the same steering to starboard as 
steering to port; this depending on whether the 
screw is right or left-handed. 

“The lesser tactical diameters are obtained at 
slow speeds of 8 to 10 miles. The use of the two 
(bow and stern) rudders is advantageous, as it re- 
duces the tactical diameters, although the speed 
decreases during the evolution from 1} to 2 miles. 

‘*The two rudders can be put over towards the 
middle 20 deg. to 25 deg. 

‘In going astern these ships do not steer, but 
we a tendency to bring their sterns up into the 
wind, 

“Steering a straight course the Ariete (T) and 
the Rayo (T) yaw very much, especially if they have 
the sea on the bow or quarter, owing to the special 
shape of their hollowed out and corselet-shaped 
sterns. 

. ‘The alteration of steaming from ahead to astern 
18 very quickly carried out, taking from 10 to 15 
seconds,” 

VII. Sreep Triats. 

Before the particular speed test about to be 
described took place the torpedo boats had been 
run at full speed in order to determine the propor- 








tion between the revolutions and speeds of the 
different boats ; at the same time diagrams of the 
high and low-pressure cylinders, the condensation 
curves, and the vacuum line were taken. 

On June 5, 1888, seven of the torpedo boats 
were run in two groups from Escombrera to 
Alicante, a distance of 68 miles, to test their speed 
capabilities under ordinary service conditions. 

The first group consisting of the Barcelo (N), 
Ordonez (T), Acevedo (T), and Ariete (T) were 
started 35 minutes ahead of the second group, 
which consisted of the three boats Rayo (T), Azor 
(Y), and Halcon (Y). 

The following description of this run is taken 
from the report. 

‘*The run from Escombrera to Cabo Palos, and 
from that place to Alicante, bore two different 
characters. On the first part we encountered a 
smart breeze and sea from the east, which, meeting 
the torpedo boats bows on, delayed their advance, 
and their bows were concealed by two clouds of 
water which struck against the funnels, and at 
times made it difficult tosee ahead on the course; 
during the second part from Cabo Palos to Alicante, 
the sea was calm and the wind gentle from the 
south-east, and the torpedo boats were therefore 
more favourably situated to do their best speeds. 
Of the first group the Barcelo (N) was seen to gain 
on the Ariete (T), which was steaming with only 
one boiler, whilst the latter went ahead of the 
Ordonez (T) and Acevedo (T), and they held these 
positions until they reached Alicante. 

‘*Of the second group the Rayo (T) was followed 
by the Halcén (Y), and the latter at a long distance 
by the Azor (Y). which had to slow until 9.15 
(nearly two hours) to make good something out of 
order in the machinery. When Sala Grosa was 
passed the Halcén (Y) gained about 330 yards on 
the Rayo (T), and when under Cabo Cervera, these 
two torpedo boats were overhauling the Ordonez 
(T) and Acevedo (T) (of the first group).” 

The following Table gives particulars of the speeds 
obtained on this and other runs, &c. : 
TaBLe IV. 

















Run to Alicante. 3 | ‘a 
a | = 
ee Te 
Torpedo 6 | ir 2\2 | 
Boat. al) on} G35) 22 \/tg | ‘So: Remarks. 
G]) oF | 22)\ 8 £8 | =o 
a) ee) ae /98 2) og 
a] a> | <2 | S* |S? | G2 
h. m.| miles | miles! miles | miles 
Barcelo (N) .. 3 27 | 19.7 | 20.4) .. | 19.5 
Halcon (Y) .. 3 30 19.6 | 20.1, .. | 23.04 
Rayo(T) 3 32| 19.6! 201! 22 | 26.3 
Ariete (T) 3 57 | 17.2*| 17.9 | 26.3 |\* Using one 
a | | boiler only. 
Ordonez (T) .. =| 414 | 16.1 | 16.8 | 29,16 
Acevedo(T) |8| 4 20| 15.8! 161. .. | 20.16 
Azor(Y) 12] 4 55* take 20 | 23.04|* Running at 
| moderate 
speed only 
for first two 
| | hours. 
Retamosa (Y) | | 17 


| 20.5 


a. Deducting from run distance between Escombrera Isle to 
abreast of Cubo Palos, and taking 1} miles as the deduction to be 
allowed for hindrance, this is the calculated speed of boats from 
Cabo Palos to Alicante. 

b. The Rayo and Retamosa tried again but on a smaller scale, 
and the trial of the Azor corrected, 





The results of the sea trial of June 5, 1888, may 
be summed up as follows : 

1. That Spanish torpedo boat engineers and 
stokers are more capable of working the Normand 
system of propelling engines and boilers than 
that adopted in the Thornycroft and Yarrow boats. 

2, That the Spanish coal is more suitable for the 
Normand furnaces. 

3. That the Barcelo (N) is an easy boat to drive 
in a seaway. 

Of course it is very possible that our torpedo 
boat engineers and stokers would, under similar 
conditions of wind and sea, have reversed this 
result, and brought one of the Yarrow or Thorny- 
croft boats in first. 

Further, in comparing the speeds attained in 
the trial of June 5, and the original trial speeds of 
the various boats, which show a small increase in 
the case of the Normand boat, it may be that the 
Barcelo in its latter trial was not forced up to its 
utmost capabilities with a picked engine-room staff 
and coal; while there is the further question as to 
the actual weights carried by the various boats on 
the two occasions. 

The following Table affords a comparison between 
the proportion of beam to length, and percentage 





of the speeds obtained on these two trials of the 
various boats : 








TaBLe V. a 
| 3. ats 
oom ecm 
| aae a © 
g = Sis |e ea 
8 fae | § oan 
a tla ae iS 28 Remarks. 
= €.3 | 82 | 238 
e6% ($215.8 
E | 88¢ | 24 | &<e 
°o | A] <° 
r= | ae ae aa 36 
tons. 
Barcelo (N) ..| 1 to 11 55 65 | 101 
Halcon (Y), | lto 9.78; 100} 85.3 


{ 74.6(¢) { (a) For sea trial June 5, 


Rayo(T)  . ‘| 1to 10.17) 125 1 83.7(0) ( (0) For further trial. 
Suite (T) ..|1t010.17, 125 | 65.4 With one boiler only. 
Ordonez (T) ..| lto 9.36 66 | 79.9 

pre ah a lto 9.36| 66 784 

Azor (Y) -.| 1to 9.78) 100; 86.9 For further trial. 


Retamosa (x) lto 9.36 | 82.9 * a 

From this Table it will be noticed that the nar- 
rowest boat (Barcelo, N) with the least displacement 
proved capable of maintaining, in fact slightly 
adding to her original trial speed, under unfavour- 
able conditions of wind and sea : of the other boats 
the Halcén (Y) obtained the highest percentage on 
the sea trial. 

VIII. Mancaevuvres. 

A large portion of the time from the assembling 
of the torpedo boats at Cartagena to the end of June 
was employed in a series of manceuvres to test the 
utility of the electric light for detecting the approach 
of torpedo boats under cover of darkness, and when 
running out from the land or in from seaward ; also 
the position of torpedo boats stationed along the 
coast ; and further experiments were conducted 
with the object of attacking and cutting off a ship 
supposed to be attempting to enter a friendly port. 

The ship, in these instances, was represented 
either by the Destructor or one of the bigger tor- 
pedo boats, but of course a somewhat different con- 
dition of affairs would be produced by the presence 
of a large man-of-war, as she would have the advan- 
tage of carrying more than one electric light, and of 
its being more favourably situated. On the other 
hand, she would afford a larger mass, and so be sooner 
discovered by the torpedo boats. 

The report comes to the following conclusions in 
reference to these experiments, which it is worth 
recording : 

1. It is difficult to detect torpedo boats advancing 
to an attack with the land immediately behind them, 
especially if it be high land. 

2. For a ship to run down a coast protected by 
torpedo boats is an operation of considerable 
danger, and should not be undertaken. 

3. Torpedo boats, which should always form the 
first line of the defence, must have a field of action 
closely connected with that of the shore batteries, 
which should protect both their advance and retreat. 

4. A ship under way should be attacked by a 
torpedo boat from ahead, because the distance to 
be traversed by the latter from the point it is dis- 
covered by the ship to the point when it is within 
firing (torpedo) range, some 500 yards, would occupy 
less time (the speed of the torpedo boat plus that 
the ship) than an attack made in any other direc- 
tion ; while the amount of right ahead fire from a 
ship’s quick-firing and machine guns is very limited. 
Against this view there has to be considered the 
fact that in approaching a ship on opposite courses, 
the torpedo boat affords her torpedo the smallest 
target, and after delivering her attack must pass 
the broadside of the ship, and so come within the 
field of the whole broadside. 

In conclusion, it may be of interest to quote the 
words of the report in reference to the difference 
that characterises experimental work in peace time 
as compared with similar work in real warfare, and 
this element of uncertainty must always enter 
largely into the value of the soundness of conclu- 
sions drawn from the results obtained from the 
former : 

‘* These experiments which we are studying differ 
from the truth. In these supreme moments, as the 
possible finish is extermination, there is no doubt 
that there would be an amount of nervous excite- 
ment, which would overthrow the necessary calm- 
ness and quietness of the mind necessary for the 
perfect carrying out of the attack or defence ; the 
heart beats rapidly, as is shown by the quick, 
irregular pulse, the eyesight perceives things nearer 
than they really are, increasing their dimensions, 
and this nervous excitement would lead to the 
torpedoes traversing a range of more than 330 yards, 
and to the shots in the main falling short.” 
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NOTES. 
THe Execrric Licut Inquiry. 

Tue Board of Trade Inquiry on the London 
electric lighting provisional orders has not yet com- 
pleted the taking of evidence. As mentioned in 
our last issue, Major Marindin and Captain Cardew 
visited the Deptford electric lighting station on 
Tuesday the 8th. It was during their visit that 
the lamentable explosion of a copper steam pipe 
occurred, killing one man and injuring several others. 
On Wednesday there was taken further evidence 
relating to the Metropolitan Electric Supply Com- 
pany and to their agreement with the Strand District 
Board of Works. The Chelsea Electricity Supply 
Company’s case was next taken. This company 
has already an Act of Parliament under which they 
are working, but their district is coveted by various 
other companies, and they appeared in defence of 
it. Mr. Moulton, Q.C., appeared for the com 
pany, and the first witness was Mr. R. E. B 
Crompton, who was followed by Mr. Frank King, 
engineer to the Electric Power Storage Company. At 
the close of the day the inquiry was adjourned till 
Monday, when Mr. J. K. Shoolbred, Mr. W. H. 
Knight, Mr. James Swinburne, Mr. T, O. Cal- 
lender, Mr. J. 8. Raworth, and Major-General 
Webbe gave evidence in favour of the storage 
system as against the alternate-current transformer 
system. The provisional order for the Electric 
Power Storage Company was next taken, and was 
followed by that of the House to House Electric 
Light Company. The inquiry adjourns to-day 
until after Easter. 

Swepisu Rartways. 

Sweden has 6000 miles of railway, grouped in 
three categories of 2000 miles each. On the first a 
speed of 30 miles an hour is allowed, the cost of the 
line being 8000/. a mile, the rails weighing 64 lb. a 
yard. On the second the speed is confined to 20 miles 
an hour, the construction of the line being lighter, so 
that its cost has only been 4000/. a mile, while the 
road is laid with 501b. rails. The third descrip- 
tion of railway is exceedingly light, although of 
standard gauge ; trains are run on it at 12 miles an 
hour, the rails being of 351b. weight, and the total 
cost only 20001. amile. Although Sweden is three 
times as large as England, while its population is 
not larger than that of London, yetso economically 
are the railways worked that they realise 3 per cent. 
on the outlay uponthem. The designers of them 
have gone on the principle that the cost of a line is 
dependent on the speed to be run upon it, and that 
with moderate speeds a very light line is perfectly 
safe. Proof of the opposite fact, namely, that 
heavy fast traffic cannot be run with safety over 
light rails, is found in the much smaller number of 
accidents in England than on the Continent. We 
run 50 per cent. further than they do abroad, and 
yet our percentage of killed is only half theirs. 
It is to be hoped that the full significance of this 
will be pressed home to the coming Congress of 
Continental Railways, which is to meet in Paris in 
September. We may be certain that if Mr. Sand- 
berg is there the interests of passengers will have 
one very earnest and able advocate, and the good 
example of Belgium and Australia in adopting his 
Goliath rail of 100 1b. to the yard will be persistently 
pointed out. 


A FIve-MASTED SaILtne SHIP, 

The preference of shipowners for large cargo- 
carrying vessels is becoming more and more 
pronounced, and the companies more particularly 
engaged in the part of the shipping trade in which 
sailing ships are worked seem to vie with each other 
in securing ‘‘ the largest ship afloat.” Intimation 
is made this week that a contract has been placed, 
on behalf of Messrs. Ant. Dom. Bordes and Son, 
Paris and Bordeaux, with a firm on the Clyde, who 
make the building of sailing skips\a speciality, for 
the construction of a five-masted steel sailing ship 
to carry 6000 tons deadweight. Not only will this 
be the first five-master, but it will be the largest sail- 
ing ship afloat. At presenta vessel built by Messrs. 
Russell and Co., Greenock and Port-Glasgow, and 
named Liverpool, has this distinction. She has 
a gross tonnage of 3330 tons, her length being 
333 ft., breadth 47.9 ft., and depth 28 ft. moulded. 
Brokers, too, like the big ship, and the reason 
is so evident that it is not necessary to refer to it ; 
but underwriters do not seem so much enamoured 
with it. Quite recently one of the largest vesselsa— 
shorter by 10ft., but broader by 14 ft. than the 
Liverpool—was chartered to take coal ; but when 
all the debatable points of a charter were settled, 








the underwriters had to be reckoned on, and they 
desired such a premium as made it quite impossible 
to proceed further in the matter—something like 
10/. to 151. per 100/. They contended that the 
greater the quantity of coal carried the greater the 
danger of fire. This vessel, however, has made 
several voyages, and no difficulty is now being 
experienced with the insurance firms. They will 
be educated to a higher standard, although at 
present a little conservative. There is another 
difficulty, however, which cannot be so readily 
overcome. Such large vessels can only be em- 
ployed profitably in certain trades, and great 
inconvenience must arise unless suitable graving 
dock accommodation can be afforded at the large 
trading ports. No difficulty will be experienced 
at home, but in Calcutta, for instance, one of the 
big ships now afloat presented itself recently for 
admittance to the dock, and it was found that her 
beam was too great ; and yet boats with more beam 
will be built. The result was that she had to load 
and hope for better accommodation at her next port. 
San Francisco and New York have large docks, but 
the importance of Calcutta port for ships cannot be 
ignored. 
YoxouamMa Haxrzour. 

Considerable doubt exists in the minds of the 
foreign community of Yokohama whether the long 
talked of harbour at that port will be formed after 
all, as the claims of Tokio are being strongly urged 
in opposition thereto. Tokio, the capital of Japan, 
is, as most of our readers know, situated on the bay 
of Yedo, not far—about 18 miles—from Yokohama. 
But unfortunately the water is extremely shallow 
fora long distance out from the town of Tokio, and 
the construction of docks or quays near the town 
would necessitate the formation and maintenance 
of a long approach channel through the nud banks. 
Whether or not the result would justify the large 
expenditure which would be required is a matter 
on which we cannot venture an opinion at present, 
but we may remark that the general position of the 
case is similar to that of Buenos Ayres, where ex- 
tensive docks are being carried out on a mud fore- 
shore through which a channel several miles long has 
to be maintained. At the present time, docks, quays, 
or artificial harbours, are comparatively unknown in 
Japan ; and the native merchants have hardly as 
yet realised the advantages to be derived from 
appliances for the rapid handling of cargoes. New 
ideas are not long in taking root in Japan, how- 
ever, and one successful harbour or dock would 
lead to others. All the more important is it then 
that the first commercial harbour should be a suc- 
cess, and to insure this it is absolutely necessary 
that the work should be in the hands of an engi- 
neer who has had a large previous experience of 
that class of works. There is no description of 
undertaking where mistakes lead to physical or 
commercial failure so rapidly as in harbour or dock 
works, and special experience is the only safe 
guarantee. Hitherto the Japanese Government 
have been advised by Dutch engineers, and what 
few works have been attempted under their direc- 
tion have not proved sv successful as to encourage 
the Government to further expenditure on the same 
lines. In dealing with the harbours of their own 
country, our Dutch professional brethren are without 
rivals. They understand their own low sandy 
shores and estuaries no doubt, but the principles 
of construction which may serve in Holland are not 
of much use under the totally different circum- 
stances met with elsewhere. Whether Yokohama 
or Tokio is to be the chief port of the country is a 
matter which must be decided upon the spot, but 
in either case it is to be hoped that the Japanese 
Government will get the advice and intrust the 
works to an engineer who has had the special ex- 
perience necessary, and who has actually carried 
out works of a similar character elsewhere. If 
there is not such an engineer in Japan, the Japanese 
Government had better get one, In connection 
with harbours in Japan we notice in the Japan 
Gazette that the Government have recently let a 
contract for new workshops at Yokosuka Naval 
Dockyard for the sum of 95,000 dols. (14,300/.) to 
the Japan Construction Company, and the same 
paper adds that all the ironwork is to come from 
Germany. This is a practical comment on our 
articles on ‘‘ Japan as a Market for English Manu- 
factures” (September 21 and November 30, 1888). 





AmERICcAN Patents.—The net income of the United 
States Patent Office last year was 29,000/., and the 
number of original patents issued was 20,000. The 
patent fund amounts to 680,000/. 





AMERICAN MACHINE TOOLS AND 
ENGLISH TOOLMAKERS. 
To THE EpiToR oF ENGINEERING. 

Sir,—Our attention has been called to an article pub- 
lished in the American Machinist headed ‘‘ A Case of 
Sharp Practice,” and to another in the National Car 
Locomotive Builder entitled ‘‘Stealing the Ideas of 
American Toolmakers,” which reflect upon us in no 
measured terms for imitating the machines and tools of 
some of the best known American makers and embodying 
them in our catalogue without any acknowledgment of 
their origin. It is further asserted that we have done this 
with the deliberate intention of deceiving the British 
public into the belief that the machines are entirely our 
own design and invention. 

We were at first inclined to leave these charges un- 
answered, not thinking them worthy of serious notice, 
but as comments upon them have appeared in some of the 
English journals, and as our silence might possibly be 
misconstrued, we will give the facts and our views in 
reply without endeavouring to imitate our critics in the 
intemperateness of their language. 

Amongst the machines included in our catalogue there 
are no doubt many which were originally invented or 
brought out in America, but all these are actually at work 
in our shops, and we have from time to time introduced 
various alterations into their patterns and designs. 

There are no patents existing in this country for any of 
the tools in question, and we contend that it is as un- 
reasonable to endeavour to establish a monopoly in a 
drilling machine, a lathe, or milling machine, as it would 
be in the case of the locomotive engine or the sewing 
machine. Had we obtained the designs of the machines 
in any surreptitious or underhand manner our conduct 
would no doubt deserve reprobation, but we consider that 
if we purchase and pay for a machine unprotected by 
patents we have a perfect right (more especially with the 
example of other nations before us) to reproduce it, or 
such parts of it as we may approve. 

It has not unfrequently happened that a customer has 
brought us a machine with a request that we would 
supply a number of others like it, and are we in sucha 
case to refuse a remunerative order when offered to us lest 
we should offend the susceptibilities of our competitors ? 
We do not think that with the competition now existing 
the majority of makers in this country could afford to 
throw away an order for any such reason, nor do we 
believe for a moment that the Americans themselves 
would do so, 

One of the articles to which we have referred repro- 
duces a letter emanating from three of the American 
makers, in which they complain that we have not offered 
them any remuneration for the use of their designs. This 
we think comes well from Americans, and we should be 
glad to have the views of some of our English authors on 
the subject. Moreover, machines invented and first pro- 
duced in this country have continually been copied and 
reproduced in the United States under similar conditions. 
To mention one instance; at the time the late Sir Joseph 
Whitworth was supplying the whole civilised world with 
his machine tools, they were copied in almost every 
country to which they were sent (including America), yet 
we never heard that he was remunerated for this or 
publicly thanked for the use of his models. 

There is a great deal of truth in the adage that ‘‘ one 
man may steal a horse whilst another may not even look 
over the fence,” and as it has been often remarked, the 
greatest offenders against others in any respect are 
generally the first to complain of the same treatment 
when meted out to themselves. 

In reply to the allegation that we are unable to make 
tools like or equal to those illustrated in our catalogue, 
we have only to say that we have already supplied a large 
number of the same types to leading firms in this country, 
which have given thé greatest satisfaction. Our works 
manager spent many years in the United States, is 
thoroughly acquainted with American practice, and was 
engaged for a considerable period prior to the formation 
of this company in superintending the manufacture (for 
Mr. Holroyd) of the machines referred to. ; 

It would appear that, not satisfied with excluding 
English-made tools from the States by means of a prohi- 
bitive tariff, whilst theirs are allowed to enter this 
country duty free, the Americans still fear our competi- 
tion and wish to secure a monopoly on both sides of the 
Atlantic. 

With regard to our having copied American catalogues 
in the production of our own, we do not deny that, being 
at the time a new company, and anxious to get our price 
list before the public with all possible speed, we did, in 
order to save the time which would have been involved in 
the production of new photographs or drawings, make use 
of anumber of American woodcuts representing machines 
similar to but not quite identical with those we are making, 
though even in our catalogue most of the designs are 
modified in some particulars, as can easily be seen by 
comparing the two. Weare not aware whether all the 
machines shown in the American catalogues referred to 
were originally invented in the States or not, but we do 
know that several of them have been made in this country 
for years by various manufacturers. Nevertheless, if the 
American makers feel themselves aggrieved by our action 
in copying anything from their lists, we hereby beg to tender 
them our apology, and think it somewhat unfortunate that 
they did not in the first instance take advantage of the 
English law of copyright. Had we supposed that it would 
have afforded them any gratification for us to mention their 
names as the original designers of the machines from 
which our own have been adopted, we would gladly have 
inserted them, but if we had done so we should rather 
have expected to be charged with making an unauthorised 
use of their names, and with attempting, under cover of 
their reputations, to pass off as exact reproductions of 
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American make, tools which in reality were not so. We 
will take care to rectify the omission complained of in the 
next edition of our catalogue, and meantime we have 
pleasure in stating that the principal makers of the 
machines and tools used by us as models in the manu- 
facture or design of our own were the following celebrated 
American firms, viz., the Brown and Sharpe Manufac- 
turing Company, the Pratt and Whitney Company, and 
the Morse Twist-Drill and Machine Company. 

As already mentioned, we have introduced numerous 
alterations (which we ourselves consider improvements), 
and as an example of this we inclose for your inspection a 
lithograph of a universal milling machine as shown in the 
Brown and Sharpe Manufacturing Company’s catalogue, 
together with a photograph of a modified but similar 
machine as now made by ourselves, in order that you may 
be able to compare the two and judge whether or not the 
design of our machine is equal to that of the American. 
We may further state that in the second edition of our 
catalogue it is our intention to reproduce photographs or 
lithographs of all machines precisely as made by us, and 
embodying all modifications and improvements to date. 

We do not wish to be understood as at all disparaging 
American tools, which are in many ways admirable and 
well adapted to the purpose for which they were designed. 
On the contrary, the fact of our having adopted Trans- 
atlantic ideas so extensively proves how highly we think 
of them. 

In one respect, however, we have not imitated the 
American makers, namely, in price (our prices being at 
least 40 per cent. below theirs), and in this fact is, we 
believe, to be found the principal cause of the strong dis- 
play of feeling which has been evoked. 

In conclusion, notwithstanding the disparity in price, 
we believe that the quality of our work will be found to 
compare not unfavourably with that of any of the 
American makers. 

I am, Sir, yours truly, 
(For Joun Hotroyp AND Company, LIMITED.) 
H. Hotroyp, Secretary. 
Hulme, Manchester, April 11, 1889. 








SOCIETY OF ARTS ENGINE TRIALS. 
To THE EpiToR OF ENGINEERING. 

Srr,—-I, in common with others among your readers, owe 
Mr. Preece thanks for his lucid explanation of the views 
which he holds on the question of units of power. 

I confess that I looked upon the “‘ watt” as it is defined 
in some books treating on the practical applications of 
electricity, that is as a volt-ampére, and if I am not mis- 
taken most practical electricians have as their mental 
picture of the watt the product of a volt by an ampere and 
not 10’ ergs per second, though, as Mr. Preece points out, 
the latter is the correct definition. That the volt-ampére 
and 10’ ergs per second represent the same power, is of 
course due to the fact that both the volt and the amptre 
as well asthe erg are defined in terms of the fundamental 
C.G.S. units. 

If the ‘‘ watt” be defined as 10’ ergs per second and if 
engineers could be persuaded to adopt the C.G.S. system 
in its entirety, then I believe the ‘‘ kilowatt” would be the 
best possible unit of power. 

If our drawings were dimensioned in millimetres and 
if the strength of indicator springs were given in the 
dynes or mega-dynes per square centimetre which would 
compress them one centimetre, then the natural unit in 
which to express the power of an engine would be the 
watt or kilowatt. But if we are to retain our present 
imperfect units of force and length we should have a 
strange mixture with the weight of a pound as the unit of 
force, the foot as a unit of length, the foot-pound as a 
unit of work, while the unit of power would be the “‘ kilo- 
watt” or 10" ergs per second. 

It would not be expressible in decimal multiples of the 
foot-pound per second or per minute, for 44,000 foot-pounds 
per minute is only an approximate value. 

My, Preece is, I think, in error in saying that the C.G S. 
unit of power is represented by a gramme raised through 
one centimetre per second, for the unit of energy is the 
dyne acting through a distance of one centimetre, that is, 
the erg and the watt is not equal to 10’ centimetre- 
grammes per second, but to this quantity divided by g, 
that is if g be taken as 981, the value 107 centimetre- 
grammes per second is 981 watts. The weight of a gramme 
is almost as bad a unit of force as the weight of a pound, 
for neither possesses the first requisite for a unit-con- 
stancy, Yours faithfully, 

Bs J. H. Hamitton. 

Newcastle on-Tyne, April 15, 1889, 








WATER GAS. 
To THE EpiTor oF ENGINEERING. 

Srr,—In reply to your correspondent “Gas,” in my 
calculations I referred to ordinary producer gas. I do 
not understand, in chemical parlance, what is meant by 
Siemens gas. _ Perhaps your correspondent had an object 
in specifying it by name, and in adopting a nom de plume? 
Nevertheless, his remarks are sensible and to the point, 
and confirm in his own way of adapting my calculations, 
my contention that the absence of nitrogen in water gas 
is not always an advantage. Your correspondent refers 
to a prior correspondence on the subject, in which it was 
shown that the application of water gas for steel-melting is 
weighted with a serious financial disadvantage ; hughes 
in actual practice a financial loss is incurred in the par- 
ticular instance referred to in the correspondence I know 
not, but if we compare the relative thermic efficiencies for 
steel-melting applications—when using water gas and pro- 
ducer gas—we shall find that it confirms what I have 
always insisted on, viz., that for applications re uiring high 
temperatures, the higher the thermic value a a gas the 





greater the actual useful efficiency. Of course this does 
not necessarily mean a financial saving, but it is a most 
important step towards such a desideratum. At one 
iron works, in Austria, it is stated that 22,000 cubic feet 
of water gas are required per ton of steel ingots; this is 

uivalent to an expenditure of 7,392,000 B. U.’s. 

ow the best practice in a modern open-hearth (Sie- 
mens) recuperative steel furnace, using producer gas, is 
about 9 cwt. of fuel to the ton of steel ingots, equal to 
1008 lb. of fuel and equivalent to an expenditure of 
14,400,000 B. U.’s. 

So that we see the use of water gas in this application 
reduced the number of units by about 50 per cent. The 
explanation is easily found. It can be shown that the 
thermic loss in high-temperature furnaces, by radiation 
and convection, is very serious, and this lossis reduced by 
the acceleration of the process which follows the 7 
tion of an agent ofa higher thermic value. In the hearth 
of a reverberatory furnace having, say, 40 cubic feet, the 
value of the heat units in volumes of producer and of 
water gas would be more than three to one in favour of 
water gas ; that is on the basis of equal volumes of the two 
gases passing through the furnace at equal periodic rates, 
This higher thermic volumetric value means a greater 
output from furnaces and pari passu reduction in loss of 
heat by convection and radiation, less loss by oxidation 
of ferro-manganese, less cost of labour, greater efficiency 
of plant in proportion to its value, and less cost of official 
supervision and official administration per unit of output. 
Then there is the advantage of immunity from sulphur 
possessed by water gas. 

he weak place in the application of water gas is 
touched by your correspondent in the fact that its produc- 
tion is intermittent. We see that in a tonof coal, out of 
its 32,000,000 B, U.’s, only some 11,760,000 are absorbed by 
the water gas, the balance, less the unavoidable loss by 
radiation, &c., is appropriated by the producer gas, and 
has to be utilised or lost. 

In a large metallurgic works there is no difficulty in 
utilising the ordinary producer gas for steam generation, 
reheating, soaking, ladle drying, &c., but in works of less 
magnitude and complexity it might be difficult to find 
appropriate uses for this gas, and in such instances the 
margin of advantage in favour of the use of water gas 
might be reduced to a shadowy figure. 

Yours truly, 
B. H. THwalrte. 

87, Victoria-street, Liverpool, April 13, 1889, 





COMPOUND ENGINES FOR MANUFAC- 
TURING PURPOSES. 
To THE EDITOR OF ENGINEERING. 

S1r,—I have been requested by Messrs. E. P. Allis and 
Co., Milwaukee, Wis., to make some corrections in the 
Table which was published in my paper on ‘‘ Compound 
Engines for Manufacturing Purposes,” which was read at 
the Scranton Meeting of the American Society of Mecha- 
nical Engineers, and reported in ENGINEERING January 11, 
1889 (see pp. 28, 29 ante.) 

The Plymouth Cordage Company’s engine is 72in. stroke 
and was designed by Mr. Edwin Reynolds. A recent 
test, made since my paper was published by Mr. Leavitt, 
Jun., gave a result of 144 1b. of water per indicated horse- 
power per hour. 

The Bristol engine is 42 in. stroke instead of 48in. A 
recent test, made since my paper was published, by Re- 
mington and Henthorn, gives an economy of 13.26 lb, of 
water per indicated horse-power per hour. 

The ‘‘ Mossley” engine should have read 18.84 instead 
of 8,84 lb, of water per indicated horse-power per hour. 

Very truly yours, 

Lawrence, Mass., April 3, 1889. Cuas, T, MAIN. 





LAUNCHES AND TRIAL TRIPS. 

Tue s.s. Rock light, which has been built by Messrs. 
Oswald, Mordaunt, and Co., of Southampton, for the 
petroleum bulk carrying trade, was taken on her trial trip 
on the 2nd inst. Her principal dimensions are 323 ft., 
beam 40 ft. 3in., and 30 ft. 3in. moulded depth. She will 
carry 3800 tons of oil and 400 tons of coal at load draught. 
She has been built under the inspection of Messrs, 
Flannery, Baggallay, and Johnson, of London and Liver- 
pool, from their specifications, but upon the builder’s 
plans. She has triple-expansion engines also by the 
builders, with cylinders 224in., 37 in., and 61in, in dia- 
meter and 39in. stroke, supplied with steam from three 
boilers each 12 ft. 3in. in diameter, working at 170 lb. 
pressure. Four runs were made on the measured mile 
and a true mean speed of 10? knots was attained. 





On Wednesday, April 3, there was launched from the 
Walker yard of Messrs. Sir W. G. Armstrong, Mitchell, 
and Co., a steel screw steamer specially built from the 
patent designs of Mr. H. F. Swan, for the carriage of 
petroleum in bulk. The vessel has been built to the order 
of Messrs. H. E. Mossand Co., of Liverpool and London, 
for the Lumen Steamship Company, Limited ; her dimen- 
sions are: Length, 304ft.; breadth, 37 ft. 9 in. ; depth, 
27 ft. 9in. ; and has a total carrying capacity of 3500 tons 
of oil and coal. She is named the Lumen, and will be 
fitted throughout with electric light, and will have a 
double set of Worthington pumps, &c. The machinery 
is being manufactured by the Wallsend Slipway and 
Engineering Company, and is of the triple-expansion 
type. 


The s.s. Beddington, which has been built by Messrs. 
Priestman, for Mr. Henry Samman, of Hull, under 
the superintendence of Messrs. Flannery, Baggallay, 
and Johnson, of London and Liverpool, was success- 
fully launched on the 3rd inst. She is 380 ft. long, 





39 ft. beam, and 19 ft. 6 in. depth of hold, and is con- 
structed to carry a deadweight of 3100tons. Her engines, 
by Messrs. George Clark and Co., have cylinders 21 in., 
35 in., and 574 in. in diameter, with 39 in. stroke, and 
are supplied with steam from two large boilers of 3200 ft. 
heating surface. 





On Thursday, April 4, Messrs. Edward Withy and Co., 
West Hartlepool, launched from their yard at _ ee eee 
a steel screw steamer built to the order of the Pinkney 
and Sons Steamship Company, Limited, Sunderland, and 
named the Khio. The vessel measures over 310 ft. in 
length, and will be fitted with triple-expansion engines by 
Messrs. T, Richardson and Sons, Hartlepool. 

Messrs. Mackie and Thomson launched from the Govan 
Shipbuilding Yard on April 6th the first two vessels 
launched there by them. Many years ago the yard was 
occupied by Messrs. Dobbie pt Co., who did a large 
business there; but for several years it has been vacant. 
The new firm have shared in the general trade prosperity 
and since opening have annexed moreground. They have 
eleven vessels in their order book. The vessels launched 
on Saturday are named Silver King and Golden Hope, 
built to the order respectively of Measrs. James Leyman 
and W. R. Leyman, for the North Sea fisheries. They 
have been constructed of iron and are 100 ft. long by 
20 ft. 6 in, beam and 11 ft. 6 in. deep, and are fitted with 
all the necessary appliances for North Sea trawlers, includ- 
ing a winch specially adapted for the trade. The engines 
are of the triple-expansion type, and have been constructed 
by Messrs. Muir and Houston, Glasgow. The cylinders 
are 11 in., 16 in., and 27 in. in diameter respectively, and 
have a piston stroke of 22in. The boilers are to work to 
a pressure of 160 lb. to the square inch. 








THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society, held on April 
13, 1889, Professor Reinold, President, in the chair, 
Messrs. J. E. Dowson, W. M. Mordey, E. A. O’Keefe 
C. Priest, A. Siemens, and W. B. Willans were elected 
members. 

Mr. Shelford Bidwell, F.R.S., showed ‘'A Lecture 
Experiment Illustrating the Effect of Heat on the Magnetic 
Susceptibility of Nickel,” and ** An Experiment Showing an 
Effect of Light on Magnetism.” In the first experiment a 
piece of nickel was attached to one side of a copper 
—- bob, which was held out of the vertical by 

ringing the nickel in contact with a fixed magnet. On 
placing a spirit lamp flame below the nickel the bob was 
(after a short time) released, and oscillated until the nickel 
had cooled, when it was again attracted, and the opera- 
tion repeated itself. The second experiment had been 
recently shown before the Royal Society. One end of aniron 
bar which had been magnetised and then demagnetised was 
placed near a magnetometer needle. Ondirectinga beam 
of light on the bar an immediate deflection of the needle 
resulted, and on cutting off the light the needle promptly 
returned to near its initial position. The direction of 
magnetisation induced by the light is the same as the 
previous magnetisation, and the bar seems tc be in an 
unstable magnetic state. That the effect is due to light 
and not heat the author thinks ie rendered probable by 
the suddenness of the action. 

The President said he had tried the experiment himself 
and failed to get any effect, but after seeing the arrange- 
ment of apparatus used, he believed his non-success due to 
the comparatively great distance between his barand needle. 
A member asked if the results were different for different 
coloured rays, and Professor S. P. Thompson inquired 
whether the magnitude of the effect varied with the in- 
tensity of illumination as in selenium, and also if any 
change was produced by altering the direction of vibra- 
tion of the incident light. Mr. G. M. Whipple wished to 
know whether any difference was produced by blackening 
the bars, and as bearing somewhat on the same subject 
mentioned an induction magnetometer in which an iron 
bar used was demagnetised by plunging in hot water. 
The results obtained were very irregular after the first 
magnetisation, and this may have been due to the insta- 
bility shown to exist by Mr. Bidwell’s experiment. 

In reply, Mr. Bidwell said red light produces most 
effect, and blackening the bar, makes the action much 
slower. As regards selenium, the character of the effect 
is similar, but he believes the causes to be different, 
Polarised light produces no change. In answer to Pro- 
fessor Herschel, he said that any part of the bar is sensi- 
tive to light, and showed that illuminating both sides of 
the bar increased the effect. 

Mr. G. M. Whipple read a 

‘* Note on the Dark Flash Seen in some Lightning Photo- 
graphs.” After expressing his dissent from the explana- 
tions offered in the report of the Lightning Flash Com- 
mittee of the Meteorological Society and Professor Stokes 
respecting ‘‘ Ribbon Lightning” and ‘‘ Dark Flashes,” the 
author described some experiments he had made on the 
subject. Ribbon lightning he conceived to be an effect 
produced by taking the photographs through windows, 
and to test this, lines on a blackboard were photographed 
(1) direct, (2) through good plate-glass placed obliquely, 
and (3) through window glass, the result being that the 
double, triple, and ribbon flashes were closely imitated. 
As regards ‘‘ dark flashes,” the author believes the ap- 
pearance due to the prints being taken in oblique light, 
and to be produced by successive reflection from the re- 
duced silver forming the dark line on the negative and the 
upper surface of the glass of the negative. 

Professor Perry suggested that this might be easily 
proved by examining anegative, the prints from which show 
the dark flash. Mr. Baily pointed out that if the expla- 
nation given were correct, the dark line should be parallel 
to the bright one, and this he understood was not always 
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the case. Mr. Boys remarked that one dark flash ex- 
hibited minute wriggles not seen in the bright one, and 
Mr. C. V. Burton thought these might be due to irre- 
gularities in the upper surface of the negative. Dr. 
Gladstone said he was not satisfied with Professor Stokes’ 
nitrous oxide explanation, but thought the phenomenon 
may be due to some kind of reversion. e also men- 
tioned that a negative might probably be obtained from 
Mr. Shephard, of Westbourne-grove. As regards ‘‘ mul- 
tiple flashes,” Mr. Boys said he had often seen seven or 
eight flashes traverse the same path in rapid succession. 
On the motion of the President the discussion was ad- 
journed until next meeting, when Mr. Whipple hopes to 
exhibit the negative referred to, together with photo- 
graphs of his experimental dark flashes. 

**On Quartz as an Insulator,” by Mr. C. V. Boys, 
F.R.S. In making quartz fibres the author observed 
that the ends of fibres broken during the shooting process 
coiled up into screws, and projected themselves against 
anything brought in their vicinity. After a short time 
they released themselves and sprang back to their original 
position. This could be repeated indefinitely, and the 
only explanation he could think of was that the fibres were 
electrified. If so, then to exhibit such phenomena the 
insulating qualities of quartz must be very great, and ex- 
periments were shown to demonstrate this deduction. A 
small pair of charged gold leaves were suspended from a 
short quartz rod in a moistened atmosphere, and the de- 
flection fell } the original amount in about five hours. A 
clean glass rod under the same conditions would discharge 
the leaves in a few seconds. Dipping the quartz into 
water did not seem to diminish its insulating properties, 
and ordinary chemicals produce no permanent prejudicial 
effect. The author considers that quartz will be very 
useful in electrostatic apparatus, for the troublesome sul- 
phuric acid may be dispensed with. 

**On a Refraction Goniometer,” by Mr. A. P. Trotter. 
The goniometer, which was designed when determining 
the figure of a refracting surface to effect a special distri- 
bution of light, is practically a movable four-bar link- 
work, representing the figure given in Deschanel, page 
924. Twoof the bars are parallel to the incident and 
emergent rays, and the other two normals to the faces of 
the prism. By its means the angle of a prism to produce 
a given deviation, when the index of refraction and angle 
of incidence are known, can be readily found. A series 
of curves expressing the relation between incidence and 
deviation for prisms of various angles were shown, and 
the same curves show the minimum deviation and limit- 
ing angle for prisms of all angles represented. The author 
thinks the instrument will be useful in physical laboratories 
for adjusting optical apparatus and for the calculation of 
lighthouse and other polyzonal lenses, Fresnel’s prisms, &c. 

Professor Herschel said he found a wooden model 
illustrating the relations between the angles of incidence 
and refraction very useful in teaching, and Mr. Blakesley 
sketched an arrangement of links and cords devised for 
the same purpose. Mr. Boys considered that all such 
relations were best seen on a slide 1 ule. 

A note on ‘‘ Apparatus to Illustrate Crystal Forms,” by 
Professor R. J. Anderson, was read by Professor Perry. 

he apparatus is constructed of cords, pulleys, and 
weights arranged to produce the required figure when in 
equilibrium. By increasing or decreasing some of the 
weights the corresponding axes of the crystal forms can be 
lengthened or shortened and the passage from one system 
to another effected. In one arrangement the forces may 
be divided or united, and the pulleys are carried by rings 
capable of rotating on different axes. By this apparatus 
the various conditions are said to be beautifully illustrated, 
and methods of deriving the oblique from the rectangular 
systems are shown in photographs which accompany the 
paper. 








ASSOCIATION OF MUNICIPAL AND SANITARY ENGINEERS 
AND Surveyors. — The following gentlemen, having 
satisfied the examiners at the examination held in 
London on the 29th and 30th ult., have been granted 
certificates of competency by the Council of the Associa- 
tion, viz.: J. H. Blizard, Southampton ; J. W. Bradley, 
Burnley ; G. F. Carter, Leeds; W. B. Dixon, Wolver- 
hampton ; H. Nettleton, Leeds; W. Stringfellow, South- 
ampton; W. J. Taylor, Southampton; G. B, Tomes, 
Eastbourne. The next examination will be held in 
London in October, 


Rapip Marine Work aT HartTLepoot.—As indi- 
cating the speed with which work is being executed at 
Messrs. J. Richardson and Sons’ Marine Engine Works, 
Hartlepool, we may notice the following. The s.s. Khio 
was launched from the shipbuilding yard of Messrs. E, 
Withy at Co., on Friday last, at 5 p.m., and went into 
the Victoria Dock that evening to receive her engines. 
She was taken in hand by Messrs. Richardson's staff, and 
although no work was done on Ssturday afternoon, nor 
on Sunday, her machinery was tested under steam to the 
satisfaction of Lloyd’s inspector on Thursday at 11 a.m. 
The total time occupied was thus only 3? days, aremarkable 
result considering the size of the engines, and one which 


‘ speaks well of the facilities for despatch at Messrs. 


Richardson’s works. The Khio is fitted with triple-ex- 
pansion engines on three cranks, the cylinders being 
22 in., 37 in., and 61 in. in diameter repectively, with a 
stroke of 3 ft. 3in. She has two large boilers designed 
to work at 160 lb. persquare inch. A further instance of 
quick despatch is that of a double-throw built steel 
crankshaft for the s.s. Lemura, of 150 nominal horse- 
power. Theorder for this shaft was received on Saturday 
mornirg, and although no work was done on Satur- 
day afternoon nor on Sunday, the chaft was forged 
from the ingot, finished complete with keyways cut, and 
sent off on Thursday forenoon. 








MISCELLANEA. 

Not only, as previously stated, are the new triple-expan- 
sion engines for the Rupert to be manufactured at Ports- 
mouth, but it is proposed to begin the construction of 
electric lighting gear at the dockyard. Two sets of 
dynamos are to be made for the Rupert and three sets for 
other ships. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom, for the week ending April 
7, amounted, on 16,022 miles, to 1,209,751/., and for 
the corresponding period of 1888, on 15,948} miles, to 
1,176,253/., an increase of 73} miles, or 0.4 per cent., and 
an increase of 33,498/., or 2.8 per cent. 


The Zlectrical Engineer of New York states that incan- 
descent lamps have been successfully used for street light- 
ing in America. Streets aggregating 12 miles in length 
are lighted in this way by one of the Westinghouse Com- 
pany’s plants, the lamps numbering 2000. The Elec- 
trical Engineer attributes the failure of incandescent 
systems for street lighting in England to the low candle- 
power of the lamps employed. In America 25 to 30 
candle-power lamps are employed. 


Mr. C. Anderson, of Leeds, has proposed a plan for 


dealing with the foul air nuisance on the Metropolitan | —— 


Railway. His proposal is to prevent the smoke fumes, 
&c., from the locomotive from entering the tunnel, turn- 
ing them instead into a flue laid between the rails, 
which is connected at intervals with exhausting fans 
operated by stationary engines. The connection between 
the flue and the locomotive is made by a sliding piece 
which successively opens valves in the flue as it passes 
over them. 


For some months back a dispute has been going on 
between the municipal authorities of New York and the 
electric lighting companies with regard to the placing of 
the wires under ground. The companies in question, 
having learnt the value of passive resistance from certain 
transactions on this side of the Atlantic, have simply 
ignored the repeated orders of the corporation to bury 
their wires. Mr. Grant, the new mayor of the city, how- 
ever, has now organised gangs of labours who are at the 
present moment actively engaged in chopping down the 
companies’ poles. 


The St. Lawrence River Bridge, at Coteau, P.Q., has 
been let, as far as the superstructure is concerned, to the 
Dominion Bridge Company of Montreal, by the Canada 
Atlantic Railway Company. The superstructure will be 
of steel, and the total length of the metal work will be 
about 3900 ft.; made up of one 145-ft. and two 180-ft. fixed 
spans, and a 355-ft. span over the North Channel; ten 
215-ft. spans over the Middle Channel, and four 223 ft. 
spans over the South Channel. The bridge will be 16 ft. 
clear width between trusses and will have four lines of 
rolled iron track stringers. It is to be completed on or 
before December 1, 1889. 


The awards for the Royal Pier (Southampton) competi- 
tion have recently been published, with the result that 
the premium of 100 guineas has been awarded to Mr. Wil- 
liam Fairley, Assoc. M. Inst. C.E. Edinburgh. Motto, 
‘*Waverley.” The Harbour Board was assisted in its 
selection by Sir Douglas Fox, M.I..C.E., who 1eported 
that the design dealt with the subject ‘‘in the most prac- 
tical and comprehensive manner, especially as regards the 
general arrangement of the pier.” The estimated cost, 
exclusive of pavilion, band stand, &c., is about 15,0001. 
The Board also awarded 25 guineas to design marked 
‘*Bargate,” Messrs. Dawbery and Johnston, London, 
and 10 guineas to design ‘‘ Polygon,” by E. C. Poole, 
Southampton. 


The Barrosa, a third-class protected cruiser designed b 
Mr. W. H. White, was floated out of dock at Portsmout 
on Tuesday. The Barrosa is 220 ft. long by 35 ft. broad, 
with a mean draught of 14 ft., and a displacement of 1580 
tons. Her engines are being fitted by Messrs. Palmers 
and Co., of Jarrow-on-Tyne, and will be of the inverted 
triple-expansion type, indicating 2000 horse-power wit 
natural, and 3000 horse-power with forced draught. The 
speed is expected to be 15 knots under the former condi- 
tions, and 164 knots under the latter. The Barrosa is to be 
wood-sheathed and copper-bottomed. She will carry 160 
tons of coal, and her steaming distance at a 10-knot speed 
is put down as 3400 knots. Her armament will be six 
4.7in. guns on the broadside, and four 3-pounder guns, 
She will also be fitted with a number of Nordenfelts and 
two torpedo tubes. 


The method of dealing with sewage introduced by 
Messrs. Jagger, Son, and Turley, sanitary engineers, of 
9, East Parade, Leeds, is about to be tried on a large 
scale at Halifax. In this system a carbon filtering 
medium is produced from the ash- pit refuse which is used 
as the top layer of an ordinary filtering bed, through which 
the sewage is passed. The effluent is clear and inodorous, 
and no sludge is formed. When the filter becomes choked 
the flow is stopped, the bed allowed to drain fairly dry, 
when the solids deposited are raked off for use as manure. 
This system has the advantage of dealing at one and the 
same time with the sewage and the ash-pit refuse, and if 
the experiment at Halifax proves successful should go far 
towards solving this much-vexed question. Theland re- 
quired is said to be about one acre for every 30,000 inha- 
bitants, and the annual cost to be about 8d. per head. 


It is said that Mr. Thomas Soper, who has just left the 
Admiralty, where he had asalary cf 1200/. a year, to be- 
come manager for Messrs. Humphrys, Tennant, and 
Co., Deptford, will receive a salary of 2500/. in his new 
situation. This is an additional instance of the well- 
known fact that the officials holding high positions in 
Government departments are underpaid, whilst the 
lower ranks are correspondingly overpaid. It is further 





announced that Mr. Richard Sennett is also about 
to leave the Admiralty in order to become a partner 
in the firm of Messrs. Maudslay, Sons, and Field. 
Commenting on the above, the Zimes states that at 
the present time the engineering branches of such 
firms as Messrs. Hawthorn, Leslie, and Co., of New- 
castle, Harland and Wolff, Belfast, and Earles, of 
Hull, are either wholly or in part conducted by men who 
have taken honours at the Royal College. The com- 
mercial advantages of technical education for the 
managers of large firms could hardly be emphasised more. 


From the returns compiled by Lloyd’s Register of Ship- 
ping, it appears that there were 528 merchant vessels of 
920,989 tuns gross under construction in the United 
Kingdom at the close of the quarter ended March 31, 
1889. The particulars of the vessels in question are as 
follows, similar details being given for the corrrespond- 
ing period in 1888, for the purpose of comparison. 
































| | 
| March 31, 18€9. | March 31, 1888, 
Description. | ’ 
Gross Gross 
| Number. Tonnage. Number. ee. 
Steam ; | oe. el 
Steel .. on oe 366 | 790,509 | 259 | 517,814 
Iron ae 2s oe 68 | 36,018 | 36 } 19,395 
Wocd aid composite. .| 5 | 268 rs | 1,785 
Total .. ..| 489 | 825,795 302 | 538,044 
Sail : | | | ~ 
Steel .. ae oot 40 | 77,780 20 | 33,976 
Iron ee oe oe 9 | 14,181 13 | 17,275 
Wood and composite... 40 3,233 45 4,231 
Total ee os 89 95,194 | 78 65,482 
Total steam and sail 528 | 920,989 380 604,426 





Comparing the present returns with those for the quaiter 
ended December 31, 1888, an increase is observed in the 
vessels under construction of 83 vessels, of 109,521 tons; 
and there are now 181 vessels, of 333,855 tons, fcr the con- 
struction of which preparations are being made, against 
171 vessels, of 318,730 tons, ‘‘ preparing” at the close of 
the previous quarter. It should be added that, of the 
vessels under construction in the Urited Kingdom at the 
end of March, 454 vessels, of 829,152 tons, or above 90 per 
cent., were being built under the supervision of the sur- 
veyors of Lloyd’s Register with a view to classification by 
that society. The followirg details concerning the vessels 
included in the foregoing atatement are necessary in order 
to properly represent the shipbuilding work of the past 
three months : 
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| Steam. | Sai’. 
During Quarter ended Te ees) Pe 
March 31, 1889. . | 
7 rcss > Gross 
No. Tonnage. No Tonnoge. 
Vessels commenced .. ee | 159 =. 257,875 22 25,844 
»» previously commenced) 
but not progressed with ..| 7 2,706 6 462 


| 
( 


Vessels launched ee --| 108, 199,798 | 21 21,985 














Buiast Furnace Returns.—Below we give particulars 
of the furnaces built and in blast at the end of each 
quarter, for the past year, the statement being compiled 
by the Jron Trade Circular (Rylands) : 





























Furnaces Built. Furnaces in Blaat. 
te 1 

eas s S ote © g g a | 
=, | > | a) eh | ne [ot ne 
oP | a 3 2) eS | oB8 | eB ¢ BG os 
5S | $2 | 22 | 58 | 22 | 22 | 28 |s8 
England ..| 687| 588 | 580| 570| 287 | 299 | 299 |s07 

Wales: | 

North os 10 10; 10 10 3 4 4 5 
South oot ae 113; 112 109 41 39 39 35 
Scotland ..| 140] 140; 140! 140] 86 &7 78 | 82 














Total ..| 851 | a6 | 02 | s29 | 417 | 429 | 420 [429 





Total number of furnaces built on March 
31, 1889 iia ee es ~ - 829 
Total number of furnaces in blast on 
March 31, 1889 __... ek uss as ae 
Decrease in the number of furnaces built 
since December 30, 1888 ... a0 an 
Increase in the number of furnaces in 
blast since December 30,1888 .. .. | 2 
The following are being built at the present time (12): 
Carmarthenshire (2).—Anthracite Iron and Steel 
Company, Limited, 2, 
Derbyshire (1).—Staveley Coal and Iron Company, 
Limited, 1. : 
Glamorganshire (3).—Pyle Works, Limited, 1; Craw- 
shay Brothers, 1; Llynvi and Tondu, 1. <— 
Monmouthshire (3).—Blaeravon Company, Limited, 
1; Tredegar Iron and Coal Company, Limited, 2. 
Northamptonshire (1).—Glendon Iron Company, 
Limited, 1. 
Staffordshire, Scuth (1).—Wellirgsworth Iron Com- 


pany, l. oe. 
Shropshire (1).—Lilleshall Company, Limited, 1. 
Furnaces being rebuilt at present time (6): 
Glamorganshire (2).—Dowlais Iron Company, 2. 
Monmouthshire (2).—Rhymney Iron Company, 2. 
Staffordshire, South (2).—Hirgley, N., and Sors, 1; 
Cochrane and Co., 1. 
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NOTES FROM THE NORTH. 
Guascow, Tuesday. 

Glasgow Pig-Iron Market.—The market was very un- 
steady last Thursday, with a considerable amount of 
business done at materially reduced prices, Scotch warrant 
iron having lost 6d. per ton from closing price of the pre- 
ceding day—Cleveland 54d. per ton, and Cumberland 
hematite iron 4d. per ton. The closing settlement prices 
were—Scotch iron, 44s. per ton; Cleveland, 38s. 3d. ; 
hematite iron, 48s. 4}d. per ton. There was much ex- 
citement in the iron market on Friday, the struggle 
between the ‘‘ bulls” and the “bears” for the control of 
the warrant market proceeding without any abatement. 
The heavy selling on Thursday (when the ‘‘ bears” had 
matters very much their own way), which caused a drop 
of 6d. per ton on the price of Scotch iron, was followed 
on Friday by as smart buying, and the price of the same 
recovered 5d. per ton; and Cleveland and hematite iron 
also made good recoveries. The settlement prices at the 
close were—Scotch iron, 44s. 44d. per ton; Cleveland, 
88s. 74d. ; hematite iron, 48s. 74d. per ton. A quieter 
feeling showed itself in Tuesday’s market. Trade reports 
were satisfactory, but a falling off in the pig.iron ship- 
ments and the near approach of the Easter holidays 
caused a disinclination amongst buyers to operate to any 
great extent. Scotch iron, which was fairly steady in 
the forenoon, fell 34d. per ton in the afternoon. Cleve- 
land iron, which was 1d. dearer in the forenoon, lost that 

ain and closed 14d. per ton under last week’s final price. 

ematite iron, which was also dearer in the forenoon, 
was 24d. per ton lower in the afternoon. The closing set- 
tlement prices were—Scotch iron, 44s. 14d. per ton ; Cleve- 
land, 38s. 6d; hematite iron, 48s. 9d. per ton. The mar- 
ket was depressed this forenoon, and business was done 
at lower prices, down to 433. 114d. per ton cash being 
accepted for Scotch iron, and 38s. 4d. for Cleveland. 
There was no cash business reported in regard to hematite 
iron, but 483. 7d. was the quotation for buyers. The 
market was slightly firmer in the afternoon. Last week’s 
shipments of pig iron from all Scotch ports amounted 
to 8165 tons, as compared with 11,066 tons in the corre- 
sponding week of last year. They included 200 tons for 
the United States, 627 tons for Canada, 110 tons for South 
America, 410 tons for Australia, 180 tons for Holland, 
smaller quantities for other countries, and 5746 tons coast- 
wise. There is still no change in the number of blast fur- 
naces in actual operation, 82 against 87 at this time last 
year. The consumption still continues to exceed the pro- 
duction, and stocks are being steadily reduced in extent. 
Some makers have lately reported several respectable 
orders from the Continent, but America and Canada are 
— very little in the way of sending orders to Scotch 
makers. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following: 
One locomotive engine, valued at 490/., for Brazil; three 
stern-wheel steamers and engines, shipped in pieces, of 
the value of 14,800/., for Buenos Ayres, and for the same 
port slipwork and machinery, valued at 5300/.; other 
machinery, valued at 8600/., for Calcutta, Buenos Ayres, 
Havre, Singapore, &c.; sewing machine parts, of the 
value of 23,506/., the great bulk of the shipments being 
for Libau ; blooms, plates, bars, and other steel manufac- 
tures, valued at 7221/. ; pipes and other castings, malleable 
iron plates, tubes, bars, sheets, and miscellaneous iron 
manufactures, of the value of 32,750/. 


Contract for Water Pipes.—Messrs. R. Laidlaw and 
Son, Glasgow, have just secured an order to supply about 
5000 tons of 30-in. cast-iron water pipes for Rio de Janeiro, 
to which place many thousands of tons of pipes have been 
sent in past years. 

Shipbuilding Contracts.— A telegram received from 
Greenock this afternoon states that Messrs. Caird and 
Co. have contracted to build a steel screw steamer of 
2800 tons for the Greenock Steamship Company, to replace 
their steamer Gulf of Guayaquil, which foundered in the 
Bristol Channel last December. The new steamer will 
be 350 ft. in length by 42 ft. beam. The engines will 
be of the triple-expansion type, and of 350 horse- 
power nominal. This is the first contract which the 
company have given to Clyde builders. Another vessel, 
similar in all respects, has been ordered of Messrs. 
Hawthorn, Leslie, and Co., Newcastle-on-Tyne, the 
builders of the Gulf of Guayaquil. Messrs. David Bruce 
and Co., Dundee, on behalf of Messrs. Ant. Dom Bordes 
and Son, Paris, have just contracted with a firm of Clyde 
shipbuilders for a five-masted steel sailing ship designed 
for carrying 6000 tons deadweight. We have spoken 
of this vessel on another page. Messrs. Robert Duncan 
and Co., Port-Glasgow, have this week closed a contract 
for a steel screw steamer of 2000 tons net for Messrs 
Hogarth, of Ardrossan, She is intended for the general 
trade, and will have large carrying capacity. The 
engines, which are to be of the triple-expansion type, 
will be supplied by Messrs. Muir and Houston, Glasgow. 

Reopening of another Clyde Shipbuilding Yard.—It is 
stated that the shipbuilding and posi a works at 
Whiteinch, which belonged to the late firm of Thomas 
hed se and Co., have just been purchased by a Glasgow 
gentleman, as representative of a London syndicate, and 
will shortly be opened to recommence work. 


The Demand for Triple-Expansion Engines.—By way of 
showing how very general triple-expansion engines have 
become for the mercantile navy it may be mentioned that 
Messrs. Alley and Maclellan, of this city, have no fewer 
than eleven sets of such engines in hands, while orders 


for other two sets are i 
Apel sy expected to be closed this week by 


Price of Sheet Iron.—It is stated that another advance 


of 5s. per ton has been made within the past few days on 





the price of sheet iron, which now ranges from 7/. 7s. 6d. 
to 7/. 12s. 6d. per ton. 


The Royal Society of Edinburgh.—The tenth ordinary 
meeting of the present session of the Royal Society of 
Edinburgh took place last evening, Professor Sir Douglas 

aclagan, vice-president, in the chair. At the outset, 
the reports of the Council on the Keith prize for 1887-87, 
and the Makdougall-Brisbane prizes for 1885-86 and 1886- 
88, were read by Dr. Buchan, Professor Crum Brown, 
and Mr. Peach. These prizes have been awarded to Mr. 
J. Y. Buchanan, Dr. John Murray, and Dr. Archibald 
Geikie. Dr. Sang read a paper on the influence of the 
resistance of the air upon an oscillating body. The ques- 
tion was discussed with reference to the influence of the 
resistance of the air upon timekeepers, and the sum of the 
paper, which was mathematical in treatment, was that, 
although the resistance of the air diminishes the velocity 
of a pendulum or chronometer balance and the distance 
of the arc, it does not alter the time of the oscillation. 


Philosophical Society of Glasgow.—At the last meeting 
of this Society, which was held in the Natural Philosophy 
Class-Room at the University, Sir William Thomson gave 
a most interesting series of experiments with the gyrostat 
in its various forms, and by means of them he was euabled 
to demonstrate many important principles of physical and 
mechanical science. (The learned professor is giving the 
same demonstration to-night under the auspices of the 
Natural History and Philosophical Society of Belfast, his 
native town.) Mr. J.T. Bottomley, F.R.S., subsequently 
explained the methods followed in measuring the electric 
resistance of glass plates. He also exhibited two Leyden 
jars which had been broken by a powerful discharge of 
static electricity, and pointed out the curious properties 
of the fracture. 


Edinburgh Association of Science and Art.—A_ meeting 
of this Association was held last night, Mr. J. M. Turn- 
bull, president. Mr. D. W. Kemp read a paper on 
** Newer Modes of Working Sheet Metal,” illustrated with 
experiments. The invention, the initial idea of which 
was largely due to Mr. James Kirkwood, zinc bath 
maker, Leith, consists in taking advantage to the full of 
the well-known properties in all ductile metals to flow or 
stretch under gradual pressure. The improvement 
claimed over the ordinary methods of hammering, cress- 
ing, or spinning might be called flowing, and consists in 
employing fluid pressure and heat in combination with 
suitable moulds, the pressure being applied on the sheet 
metal in such a manner as will force it gradually into the 
concave or hollow part of a mould, shaped internally to 
fit the external shape intended to begiven. Mr. Johnston 
Stephen gave a number of experimental illustrations of 
the laws of colour as enunciated by Young, Helmholtz, 
and Clerk-Maxwell. He showed that the three primary 
colours—red, green, and violet—and the proportional syn- 
thesis of these three colours, gave us all the colours that 
were known. Blue and yellow, he said, did not make 
green, although that was the conventional idea. He 
pointed out that the mixing of colours and the mixing of 
pigments were two essentially different things. The illus- 
trations were produced by means of a coloured cylinder, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Tuesday. 

The Collieries and the Hull Coal Trade.—There was a 
general increase in the quantity of coal sent from the 
South and West Yorkshire Collieries last month. It 
amounted to 152,752 tons, against 130,016 in the corre- 
sponding period of last year. The tonnage forwarded 
during the quarter was equally satisfactory, namely, 
434,168 tons, against 379,584 in the corresponding period 
of last year. In the exports from Hull an increase is also 
noticeable. In the month of March, 65,043 tons were 
exported, as compared with 43,929 tons in the month of 
March last year. The coal trade to London has not been 
increasing since January. 


New Municipal Buildings at Shefield.—The Sheffield 
Corporation has decided to erect new municipal buildings 
in the town at a cost of 86,0007. The site cost 46,000/. 


Derbyshire Miners and the Wages Question.—A con- 
ference of the miners of age, ag was held on Saturday 
at Chesterfield, to consider the wages question. It was 
decided to instruct the delegates to vote at the Notting- 
ham conference for an advance of 10 per cent., and if 
necessary to enforce the demand by “‘striking.” Through- 
out South Yorkshire the men have adopted a similar 
policy. 

Hull and Barnsley Railway and its Directors.—A very 
excited meeting of the shareholders of the Hull and 
Barnsley Railway Company was held on Saturday, at 
Hull, The meeting had been convened for the purpose 
of reducing the number of directors to nine, it being 
understood that the five directors it was proposed to 
strike off were Yorkshire representatives; and it was 
furtber asserted that the proceedings were initiated by a 
London clique. An amendment was proposed and 
carried that the directorate be only reduced by one. 
Amidst considerable uproar a poll was demanded and 
will be taken. 


Electrical Transformers and their Uses.--Professor W. 
Stroud, B.A., D.Sc., has delivered an address on this 
subject before the Yorkshire College Engineering Society, 
at Leeds. He said that the problem of electrical distribu- 
tion was in many respects similar to the problem of dis- 
tributing gas or water, but it was an easier one in that we 
had not to transfer matter from place to place, but some 
form of vibration, of whose nature we knew next to 
nothing, but with whose properties we were thoroughly 
acquainted. The difficulties in the distribution of elec- 
tricity were, however, far greater than in that of gas or 





water. This arose from the fact that with electrical 
distribution they had to keep the pressure constant 
over the whole district, or at all events it must not 
be allowed to vary more than a few per cent., whether 
their neighbours were using itor not. Plans of arranging 
electric lamps were then described—the simplest, to con- 
nect them in series, and the parallel arrangement, similar 
to that of gas and water pipes. He indicated the direction 
in which improvements might be looked for in the future, 
and described fully the applications of transformers to 
electric welding, by Sir William Thomson and Bernardo, 
of St. Petersburg. An interesting discussion followed. 


Leeds and Liverpool Canal.—A very serious difficulty in 
connection with the working of this canal is developing. 
The getting of coal under it causes embankments to fall, 
the locks to get out of order, &c., and the purchasing of 
the whole length of minerals beneath it is out of the ques- 
tion. The net revenue of the canal last year was 51,992/., 
as compared with 47,357/. in 1887. 


Iron and Heavy Trades.—The pressure of orders in all 
branches of the iron and steel trades continue ; all those 
engaged on the turning out of railway material have suffi- 
cient work on hand to last for months tocome. Prices 
continue to go up slowly all round, but orders are not 
checked. The engineering shops are very active, and it is 
many years since this department of industry was so 
active. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Tuesday. 

The Cleveland Iron Market.—To-day there was a good 
attendance on ’Change, but the market was quiet and very 
little business was transacted. Prices were a shade 
weaker, No. 3 Cleveland pig iron for prompt f.o.b. 
deliveries being quoted 38s. 6d. per ton by merchants. 
Makers still decline to do business at any such figurre 
and in fact many of them are unwilling to book orders at 
all at present, being confident that higher prices will 
shortly rule. On Monday night Messrs. Connal and Co., 
the warrant storekeepers, had in stock at Middlesbrough 
242,209 tons of pig iron, being a decrease on the week of 
3761 tons. In Glasgow Messrs. Connal now hold a stock 
of 1,031,147 tons. With stocks rapidly decreasing in 
Cleveland and the continued very heavy shipments, it is 
difficult to see how quotations can decline much, and it is 
generally thought that the present check in the advance 
of prices is only of a temporary nature. In the finished 
iron trade there is very little alteration. Steel manu- 
facturers are busy, and quotations are maintained. 


Wages in the Iron Trade.—On Monday a meeting of 
the Board of conciliation and arbitration for the manu- 
factured iron trade of the North of England was held at 
Darlington, when a new sliding scale for the regulation 
of workmen’s wages was adopted on the basis of 2s. above 
shillings for pounds s.w. The scale will come into force 
on July 1, 1889, and continue until the last Saturday in 
July, 1891. The changes under the scale will take place 
every two months, and the variations will be the same as 
under previous sliding scales. According to this scale 
when the price of iron is 5/. per ton, the puddler will get 
7s. per ton wages, and when the price is 6/. he gets 8s., 
and so on. For every pound in the price he gets a 
shilling, and has added to the total a florin over. 


Engineering and Shipbuilding.—Engineers and_ ship- 
builders in the North of England are more actively em- 
ployed than ever and all the firms have contracts on hand 
which will keep them fully employed for many months. 
Many firms are not anxious to book more orders at present, 
believing that by waiting alittle while they will be able to 
secure higher rates. These two important industries have 
not been in such a healthy condition for years. 


The Coal and Coke Trades.—There is not much being done 
in the fuel trade just now. On Saturday mass meetings 
of miners were held at different places in the county of 
Durham, when resolutions were carried in favour of the 
abolition of the sliding scale and a demand for an advance 
of 20 per cent. in wages. 








NOTES FROM THE SOUTH-WEST. 

Cardif.—The demand for steam coal has been well 
maintained, but prices have been rather weak than other- 
wise. The best qualities have made 14s. to 14s. 3d. ; 
second-class coal, 13s. to 13s. 3d. ; and best Monmouth- 
shire, 12s. 3d. per ton. Small steam coal has been in 

‘ood request at 6s. 9d. per ton. The demand for house- 
hold coal is, of course, beginning to fall off with the ad- 
vance of the seasun, but prices have not shown much 
change at present. Makers of patent fuel have been well 
employed, but the demand is considered to be slackening 
to some extent. 


Ebbw Vale.—A meeting of iron and steel workers em- 
ployed at the lower works of the Ebbw Vale Steel, Iron, 
and Coal Company (Limited), was held on Saturday 
evening to discuss the question of an advance in wages, 
which is considered to be justified by the greater activity 
now prevailing in the iron and steel trades. It was decided 
to appoint delegates to interview the masters upon the 
subject. 


New Graving Dock.—A recently organised undertaking 
registered as the Barry Graving Dock and Engineering 
Company (Limited), has nearly completed a graving dock, 
intended to bean adjunct to the Barry Dock and Rail- 
ways. The ground taken by the company consists of 
about 44 acres at the north-west corner of the Barry Dock, 
and near the railway station. The new dock is 700 ft. 
long by 112 ft. wide, and it is capable of holding four 
large steamers at the same time. It will have two inter- 
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changeable caissons, one of which will be used to divide 
the dock. The company will be in a position to carry on 
repairs of any magnitude. Each half of the dock will 
contain 16,000 tons of water, but pumping machinery will 
clear it if necessary. Mr, J. Lowdon, formerly of the 
Tyneside Engine Works, Cardiff, will be the future 
manager of the new dock, The caissons are being built 
by Messrs. Finch and Co. 


The Bristol Channel.—A meeting of a joint committee 
appointed to consider the question of a proposed harbour 
of refuge for the Bristol Channel was held at Newport 
on Thursday, when resolutions were passed recommend- 
ing Lundy as the best site, and expressing the opinion of 
the meeting that it was the duty of the State to assist 
and encourage the scheme. The Swansea Chamber of 
Commerce still declines to give its support to the proposal 


The Landore Works.—The Landore Steel Works are 
about to be restarted. Workmen are employed in repairs 
and putting the furnaces into proper condition. 


The Bute Docks.—A Bill for carrying out an amalgama- 
tion between the Bute Docks Company and the Taff Vale 
Railway Company has been postponed till after Easter. 


Barry Dock and Railways.—A Select Committee of the 
House of Lords has passed the preamble of a pending 
Barry Dock and Railways Bill, with the condition that, 
as regards the Channel pilots, the Barry Company shall 
for three years grant licenses only to men already 
licensed by the Cardiff Pilotage Committee. Mr. Wolfe 
Barry was called to explain one or two clauses in the Bill 
which were unopposed. With regard to proposed powers 
to raise additional capital, he said that dow were neces- 
sary for two purposes ; one was for the larger fitting up 
of the dock than originally contemplated, and the other 
was for the purpose of making a deep-water lock, so that 
ships could approach the dock at a'l states of the tide. 


Welsh Railway Union.—A deputation of Welsh mem- 
bers of Parliament and others interested in the trade and 
industry of the municipality waited on Sir Michael 
Hicks-Beach at the offices of the Board of Trade on 
Thursday, to invite the support of the department to the 
Welsh Railways Union bill, now awaiting second read- 
ing. Several of the deputation having spoken, Sir Michael 
Hicks-Beach, while expressing himself generally favour- 
able to the proposed union, said the matter must rest 
with ~ Parliamentary Committee to which it would be 
referred, 


Railway Rates.—A meeting of the Federated Chambers 
of Trade of South Wales and Monmouthshire was held at 
Merthyr, on Wednesday, for the purpose of discussing the 
new classification and schedule of rates submitted by the 
various railway companies to the Board of Trade. ele- 

ates were present from Merthyr, Dowlais, Aberdare, 

3agnmawr, Tredegar, Pentre, and Abercarn. Mr. D, 
Davies, of Aberdare, the president of the Federated 
Chambers, occupied the chair; and in opening the pro- 
ceedings, Mr. Davies pointed out that it was essential 
that the traders should take up the matter in a deter- 
mined spirit, as the railway interest was very strong 
indeed. Upon the motion of Mr. M. Lewis, of Tredegar, 
it was resolved that a committee, composed of members of 
each of the Federated Chambers, should be appointed to 
go into the matter, and to report toan adjourned meeting 
on Thursday next. 


New Works at Cardiff.—Extensive new works which 
have been erected on the East Moors, Cardiff, for the 
Cardiff Tin Stamping and Enamel Company (Limited), 
were opened on Friday. The buildings, which are of 
corrugated iron and girder work, have been erected by 
Mesers. Isaac Dixon and Co., of Liverpool. The main 
block consists of a nave and two side aisles. The offices 
are situated in the centre of the front of the building, and 
behind is a shop 180 ft. long and 81 ft. wide. Shafting 
runs along the sides, and drives presses capable of making 
goods from 4 in. to 30 in. in diameter. This large apart- 
ment alsocontains, amongst other machinery, ten grind- 
ing mills. On one side of this main shop is the tinmen’s 
shop, 300 ft. long by 35 ft. wide ; and on the opposite side 
the enamellers’ shop, 150 ft. long by 35 ft. wide, the re- 
mainder of the length being taken up by the japan shop 
and the mixing shop. At the rear of the building is the 
engine-room, which contains a stationary condensing 
engine of 150 horse-power. Further back are placed 
water tanks, furnaces for annealing, melting apparatus for 
the enamelling ingredients, and a tinning shop. 


Penarth.—A new up-line station, which has been in 
course of construction at Penarth for some time, was 
opened on Monday. The building, which is of native lias 
limestone, with white brick groins, is 64 ft. long by 22 ft. 
wide, and it is divided into a commodious general wait- 
ing-room, booking office, and ladies’ waiting-room. The 
platform is 300 ft. long, and over 130 ft. of this there is a 
roofing of iron and glass. The contractor was Mr. J. C. 
Edmunds, Penarth. The ironwork was supplied and 
fixed by Messrs. Handysides and Co., Derby. Mr. H. O. 
Fisher, the engineer of the Taff Vale Railway Company, 
generally superintended the work. Thecost of the station 
will be about 50007. 


The Rhondda and Swansea Bay Railway.—The Tunnel- 
Driving Company, Limited, have now completed, by 
means of their special appliances, the driving of the 8-ft. 
heading for a distance of about one mile, commencing at 
the Treherbert end of the tunnel in the Rhondda Valley. 
The completion of this boring through the mountain, 
which is regarded as a noteworthy engineering feat, will 
enable this important line of railway. to be opened for 
traffic in the course of a few months, when Cardiff coal 
can be shipped from Swansea with ease and despatch at 
moderate rates, 





WOOD PULP DIGESTER. 


CONSTRUCTED BY MESSRS. R. DAGLISH AND CO., 


ST. HELEN’S. 





THE engraving on the present page represents a very 
large wood pulp digester of the latest design, It is 
made of the best Siemens-Martin mild steel plates, 


{4} in. thick, and is 12 ft. indiameterinside. The rivet 
holes on the inside are countersunk to present a level 
surface to the lead lining, which is patented. The 
lining is made in large sheets and is held against the 
steel shell by means ofa series of clamps fastened from 
the outside. The digester is filled through the man- 
hole, which is 2 ft, in diameter, from a high level, 
with timber and sulphite liquor, and steam passes in 
at a pressure of 70]b. through the trunnions, while 
the digester is slowly revolved by means of the bevel 
and worm gearing, as shown on the engraving. The 
manufacturers are Messrs. Robert Daglish and Co., 
St. Helen’s Engine and Boiler Works, St. Helen’s, 
Lancashire, who at the present time have upwards 
of twenty such digesters in hand for this country and 
America. 





NEW RAILWAY STATIONS AT MONTREAL. 

THE completion of the Canadian Pacific to the west 
end of Montreal took place on February 4th, simul- 
taneously with the opening of the fine new passenger 
station, the front elevation of which we give on page 
378. Up to that period all the passenger trains of 
of the Canadian Pacific arrived and departed from the 
Quebec Gate Station, at the east end of the city, which 
though well situated for the freight and wharf busi- 
ness of the road, was by no means so convenient for pas- 
sengers. The Quebec, Ottawa, and Transcontinental 
trains still use this station, whilst the Toronto, Boston, 
and South-Eastern trains run to the new depot just 
opened, 

The material of this handsome structure is the native 
limestone of Montreal, and the beautiful effect pro- 
duced by placing the stones alternately on their 
natural bed and on the edge, is seen in the varie- 
gated shades above and between the Norman windows 
of the third and fourth flats. The passenger station, 
not seen in this view, is at the back of the station 
and on a level with the main floor and the street 
at the upper end of the station, and is approached 
by a viaduct which forms the upper side of the street, 
the end of which is seen at the left-hand corner of 
the station building. The ground floor of the build- 
ing is on a level with this street, and an entrance 
from it admits passengers to the lower floor, on 
which is a handsome refreshment.room and dining- 
hall, and other offices for passenger service. On 
a level with this, and extending underneath the 
station, is a large space in which the handling, 
despatching, and storing of the luggage is attended 


to, and here the electric installation, stores, and other 
offices are placed. Hydraulic lifts connect this floor 
with the passenger arrival and departure platforms 
above it, the baggage being by this means con- 
veniently removed to and be 

without the nuisance of trucks or trollies 


m the baggage cars, 
being 








pushed about amongst the arriving or departing pas- 
sengers. A handsome stone staircase connects this 
lower or ground floor with the main floor and the train 
platforms. Here the booking-offices, waiting-rooms, 
telegraph and other offices are placed, and in connec- 
tion with these are the arrival and departure platforms 
under a long glass and iron roof about 500 ft. long and 
covering four main lines of rails, two for arriving and 
two for departing trains. From this the railway is 
carried for over a mile on a long stone viaduct at such 
an elevation that the whole of the streets are crossed 
over without inconvenience. The interior arrange- 
ment is very complete and the work is carried on with 
unusual quiet and comfort for the passengers. But it 
has proved a very expensive business, footing up about 
2,000,000 dols. for the land, viaduct, and station build- 
ings, whilst the covered station for the trains is 
obviously too small for a large business and a number 
of trains, and the shunting ground is cramped and 
inconvenient. The purchase of the houses on the upper 
street and the doubling of the passenger station and 
viaduct, are matters that already present themselves as 
necessary before the station is equal to the demands 
of all the traffic that may be expected from Montreal. 
At the foot of the steep street on which the Cana- 
dian Pacific depdt fronts, Windsor-street, and not 300 
yards distant, is the new Grand Trunk Station, a view 
of which we also give on page 378. The ground floor of 
the two buildings is about the same area, but as the 
— offices of the Grand Trunk are concentrated at 
oint Henry, two miles distant, in the neighbourhood 
of the engine shops, the freight station, and the cattle 
and coal sheds, this building was only required for pas- 
senger work and for the offices of the train service. 
The building inside is equally well finished, whilst the 
exterior is of pressed | brick profusely set off with 
encaustic tilework. At the back of this station there 
are already twelve tracks for passenger train departure 
and arrival, with a broad platform between each pair, 
and room for four or five more lines of rails without 
trenching upon the space devoted to the local freight 
which is brought by this station very conveniently to 
the wholesale business places and warehouses in the 
city. The Grand Trunk got possession of the land 
years back, when its value was nothing to what it is 
at the present time, and the line crosses all the streets 
on a level, which is more than a serious inconvenience, 
and must, sooner or later, be rectified. The cost of this 
handsome new station has been about 200,000 dols., 
but it is not all too large for the business, as already 
over eighty trains arrive and depart daily from and to 
different points. 





Frencu Ratiways.—The extent of line in operation in 
France at the close of last year was 20,4034 miles, showing 
an increase of 5463 miles, as compared with the corre- 
sponding extent of line in operation at the close of 1887. 
These figures do not include, it should be stated, indus- 
tria] lines and lines of local interest, 
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ROLLER MILLING. 
On the Latest Development of Roller Flour Milling.* 
By Mr. Henry Sion, of Manchester. 
(Concluded from page 352.) 

Roller Mill Machinery.—A few of the principal ma- 
chines, which have played an all-important part in the 
realisation of the great change in the manufacture of flour 
by rolls instead of stones, are represented in their most 
recent development in Figs. 9to13. In Fig. 10 is shown 





Rio mill, four-roller mills are used for the breaks, and 
thres-high roller mills for the reductions; in both cases 
the rolls are made of the hardest chilled iron. 

Four-Roller Mill.—In Fig. 10 is shown a transverse 
section of the four-roller break mill with fluted rolls, 
for breaking the kernel of the wheat from the bran. 
The two pairs of rolls are entirely independent of each 
other, and if required can be used for grinding two dis- 
tinct qualities of material. The course of the material 
through the machine is indicated by the arrows, starting 
from the feed hopper and the feed roller B, which are 
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a roller mill with four fluted rolls, each 32 in. long and 
10 in. in diameter. Fig. 11 shows a three-high roller mill 
with three smooth rolls, each 32 in. long and 10 in. in dia- 
meter. ‘‘ Reform” purifiers for the middlings, built in 
pairs with oscillating sieves, are shown in Fig. 12; and 
centrifugal dressing machines in Fig. 13. 


Roller mills, which have replaced grinding stones, are | 
- Cristines | at J, whereby a clutch on the feed roller is thrown out of 


of two kinds, and are used for two distinct purposes ; 
namely, break mills with fluted rolls, for extracting the 
kernel of the wheat from the bran; and reduction mills 
with smooth rolls, for reducing to flour the broken kernel 
which constitutes 





* Paper read before the Institution of Mechanical 
Engineers, 








provided with a feed regulator C adjusted by hand, and an 
automatic feed-plate D balanced by a spring. The top 
grinding roll E, which runs at a higher speed, revolves in 
fixed bearings, and the slow-running lower roll F in bear- 
ings carried in the adjustable levers G. For throwing 
the rolls apart a combined lever and eccentric H is pro- 
vided, with which is connected a link arrangement shown 


ear, and thus the flow of material is stopped. The sur- 
aces of the rolls are kept clean by scrapers K. A magni- 





fied section of the fluted surfaces of the rolls is shown in 


the middlings and semolina. In the| F 


ig. 9. ; 
| The balanced automatic feed-plate D is adjusted with a 
sufficient spring pressure to give the proper feed upon 
! the roller-mill when opened by a certain weight of feed 








in the hopper at the back of the plate. The action of the 
feed-plate keeps the quantity of feed in the hopper, and 
consequently the feed upon the roller-mill, almost con- 
stant: if the feed increases temporarily, the balanced 
plate opens till the quantity in the hopper is reduced ; or 
if the feed decreases, the plate closes until the quantity is 
increased to the proper amount, thus keeping practically 
regular the amount of feed passing over the feed roller to 
the a rolls E and e'The advant. gained by 
having the lower roll F adjustable is that all wear in the 
working parts connected with the adjustment is taken up 
by the weight of the roll itself ; and the distance apart of the 
working or grinding surfaces, which is the most important 
point in any roller-mill, can be absolutely assured by the ad- 
jJusting gear. The handwheels L are for setting exactly 
each end of the lower roll F, so that its surface may 
always be truly parallel with that of the upper roll E. 
The boxes M contain spiral springs, which can be set to 
any required tension and so give the requisite grinding 
pressure. As seen from Fig. 7, the spring pressure is so 
applied as to be in no way affected by the distance at 
which the rolls are set apart. Power is transmitted by 
belt to the upper roll of each pair; and the correct differ- 
ential speed of the lower roll is maintained by double 
helical toothed wheels running in oil-tight casings. 

Three-high Roller Mill.—In Fig.11 is shown a trans- 
verse vertical section of the three-high roller reducing 
mill with smooth rolls, for reducing the broken grain to 
flour. The centre roll here runs in fixed bearings, and the 
upper and lower rolls are carried in adjustable levers ; 
and similar means to those in the four-roller mill are 
adopted for throwing the rolls apart, for adjusting inde- 
pendently each end of the upper and lower rolls, and for 
effecting these adjustments without interfering with the 
grinding pressure. Two distinct materials can also be 
treated in this machine: the feed passing between the 
upper and centre rolls, falls thence through the spaces 
between the vertical tubes A into the under hopper of 
the mill, while the material to be ground between the 
centre and lower rolls falls through the inside of the 
tubes. This arrangement of cross channels has the ap- 
pearance of a gridiron in front elevation. The principal 
advantages of the three-high roller mill are that the 
downward grinding pressure on the centre roll is counter- 
acted by an equal upward pressure, so that the friction 
due to pressure is eliminated in the bearings of the centre 
roll ; and there are thus only four bearings under pressure, 
as against eight in the four-roller mill. Furthermore the 
three-high roller mill occupies but little floor space. 

Purijier.—In Fig. 13 is shown a longitudinal seetion 
of the ‘‘reform” purifier, the use of which is of vital 
importance in modern milling, for by its application 
a perfect purification of all middlings, from flour to 
the coarsest semolina, is possible without waste. From 
the feed hopper A, by means of the feed roller B, the 
middlings are fed upon an oscillating sieve C, which is 
hung from the suspension rods E and is moved rapidly to 
and fro by eccentrics on the shaft D. Above and close to 
the silk of the sieve is fixed the grid of channels F. 
Underneath the sieve the travelling brush G keeps the 
mesh of the silk clear. Exhausting fans are placed at 
H H, inside an endless travelling filter cloth J. The 
middlings to be purified are fed in a continuous stream 
upon the head of the oscillating sieve, and throughout the 
whole length of their travel along it are subjected to the 
action of air currents passing upwards through the silk 
direct to the fans H. The intensity of the air currents is 
so regulated as to allow all the good pure middlings to fall 
through thesilk mesh into the worm conveyer K ; but the 
semi-pure middlings are lifted up by the suction of the 
fans, the object of the grid of channels F being so to con- 
tract and intensify the air current immediately it leaves 
the silk that the unsound middlings shall be lifted ciear 
of the silk and deposited in the channels themselves, 
whilst all light branny particles still remaining in the air 
are deposited on the under surface of the filter cloth J 
travelling overhead: thus the air passing into the fan and 
thence back to the mill is free from dust, By the oscillation 
of the sieve the unsound middlings deposited in the 
channels F are carried into one main central trough, 
which delivers them at the tail end of the machine. The 
stive and branny particles are continuously removed from 
the filter cloth by the action of a portion of the strong 
blast discharged from the fans H, ny PO by suitable 
beating apparatus in the chamber L, and are delivered 
thence by the worm M, 

Centrifugal Dressing Machine.—In Fig. 12 is shown a 
longitudinal section of the author’s double centrifugal 
dressing machine. Centrifugal machines have almost 
entirely replaced the large and cumbersome reels 
which not many years ago were the only machines 
at the miller’s disposal for separating the flour from 
the other products of grinding. A two-high machine 
is here shown, because this form is the most useful in 
mills of large output, not only on account of the saving in 
floor space, but also because the upper machine is enabled 
to feed the one beneath it. The material to be dressed is 
fed by a worm conveyer at A into the interior of the 
dressing cylinder C. The flour or other product dressed 
through the silk or wire clothing of the cylinder is col- 
lected by the worm B underneath; while material too 
coarse to pass through the clothing is discharged from the 
end of the cylinder throughthe spout D. The silk or wire 
clothing is stretched tightly upon a cylindrical frame- 
work, being laced together along its longitudinal seam, 
and secured by cords at its ends to encircling rings E. 
The cylinder carrying the silk revolves slowly, whilst 
inside it revolves rapidly the finger beaters F mounted on 
the shaft G. The construction of these beaters is such that, 
whilst offering but a slight resistance, they can be twisted 
more or less so as to hasten or retard the travel of the 
material along the cylinder. Transverse partitions are 
frequently added underneath the cylinder, as shown at 
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H, so as to separate two or more sizes of flour and 
middlings along the length of the machine. 

Throwing-of Carriage.—In Figs. 7 and 8 is shown a 
throwing-off carriage for delivering grain to either side 
from a travelling band. 

Milling Process.—F rom the cleaned wheat bins the grain 


is elevated to rotary graders, which sort it into three sizes, | 





roller milling mainly consists. After each careful reduc- 
tion of the puritied semolina by smooth chilled iron rolls, 
the rolled product is passed into centrifugal dressi 
machinery with silk coverings, through which the flour an 
reduced middlings are dressed and separated out. Theflour 
goes to the flour-packing machinery ; but the middlings 
and tailings from the dressing machines are first separated 


Each sort passes between fluted rolls set with great nicety | and purified by dusting reels and purifiers, and are then 
so as to break every individual wheat grain as near as pos- | further reduced by rollers, and redressed and repurified, 
sible along its crease. The broken grain is next lifted into | until the separation of the flour from the offals is com- 
centrifugal dressers, which take out a small percentage of pleted. Inthe Rio mill this reduction by smooth rolls, 
fiour that is contaminated with the dirt released from the | apart from the granulation by fluted rolls, entails opera- 
crease or rubbed from the surface, and has also larger par- | tions which while perfectly automatic are also perfectly 


ticles mixed with it. The broken wheat thence passes to 
other roller mills, each with finer flutes, which further 
open out the berry and extract the kernel until the bran 
is clean. After each break the granulated kernel is sifted 
and separated from the bran by rotary scalping or sifting 
machines, the aim being to produce the smallest possible 
percentage of flour, and the largest possible percentage of 
groats and granular particles, technically known as mid- 





dlings or semolina, This process is continued through a 


under control. 

The flour from each of the dressing machines is deli- 
vered at will into any one of the four main flour conveyors, 
which run from end to end of the mill. This arrange- 
ment enables the miller to combine the different kinds 
of flour into any number of qualities desired. Four 
distinct qualities of offal are also collected. From the 
mill the flour is conveyed across the yard by bands 
and the offal by other bands to the flour store, where 





_Fig. 13. _ Purifier 
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series of six sets of fluted roller mills, each set being fol- 
lowed by scalpers. The duty of the last set of rolls, which | 
are very finely fluted, is to clean from the bran as far as | 
possible the last adhering portions of the kernel. The 
main object of the gradual reduction is to separate the 
kernel from the bran in as large particles as possible, with 
a view to the greater facility thereby secured for freeing | 
it from the bran and germinal impurities, and afterwards 
reducing it into flour of the highest quality, uncontami- 
nated by the presence of particles of bran. Any flour. 
made during the breaking process is necessarily of rather 
a low quality, being contaminated by admixture of bran 
and germ, &c., which it is impossible afterwards to sepa- 
rate from it entirely. In recent mills the writer has suc- 
ceeded in reducing the proportion of this break flour to as | 
little as 5 per cent. of the total flour produced. So excel- | 
lent a result has been attained by improvement in the | 
system of gradual reduction by fluted rolls, and by separa- | 
tion of the breaks ~ 4 rotary scalpers, the action of which | 
is peculiarly adapted to such work. The extracted kernel 
or break meal varies very much in value according to the 
break from which it comes. In the Rio mill it is divided 
into four distinct qualities, each of which is conveyed to 
reels and rotary graders, which dress out the break flour, 
and sort the middlings, or particles nearest in size to flour, | 
into as many as about eight distinct sizes; and also into 
the same number of sizes the semolina or larger portions | 
of the kernel, which are somewhat like rough sand. Each 
size of middlings goes into a purifier of the kind shown in | 
Fig. 13, to be freed from fluff and all branny portions before | 
further rolling. Each size of semolina is conveyed to one of 
the semolina or gravity purifiers, in which, whilst falling in 
a thin stream over zig-zag louvre boards, it is subjected | 
to a blast uf air, whereby the lighter portion or stive is 
blown away. The heavier pure semolina falls separately 
upon an oscillating sieve, by which it is further subdivided 
into four sizes. Each of these again passes down zig-zag 
louvre boards, while a current of air drawn across the 
running material by a fan sevarates it into semolina of 
first and second quality, the small bran and light stive 
being drawn away through the fan. The germ being of 
equal specific gravity with the best middlings and remo. | 
lina, is still contained in them. These therefore are all | 
now conveyed, according to their size and quality, to 
separate smooth roller mills, which are so set that they 
reduce the semolina and middlings, but only flatten the | 
germ ; the latter is therefore readily and automatically | 
separated in the dressing or separating process that follows 
each rolling. The extraction of the erm is desirable, 
because the presence of this oily tbody spoils the flour if | 
stored for a long period, and also adversely affects its | 
taste. No flour will stand a long journey by sea if the | 
germ is not extracted ; and the separated germ fetches | 
a good price for cattle food. The gradual reduction | 
is continued even in the treatment of semolina and | 
middlings, partly because the flour produced by high 
grinding or gradual reduction is better in colour and 
in baking quality than that produced by low grinding | 
or rapid reduction ; and partly because, the more gra- 
dual is the reduction into flour, the greater is the 
facility for again separating and removing further 
particles of bran, germ, and other foreign matter, which 
are still present amongst the particles of kernel, however | 
careful may have been the purification. It is in the 
elaboration of the best means of effecting this object by | 
automatic appliances that the modern improvement in 
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they are all taken off and packed into barrels or 
sacks by mechanical packers. The last part of the pro- 
cess only, namely the weighing of the flour andits storage 
and distribution, is performed by manual labour ; up to 
this point — portion of the work described, from the 
unloading of the wheat from the vessel to the packing of 
the flour, is done altogether automatically. The flour 
store has a capacity of 30,000 sacks of flour, and besides 
the packing and weighing machinery, contains three 
double friction hoists, for raising the flour for storage in 
the upper floors and for loading it into the carts. 

Dust Cotlector.—For the purpose of collecting the dust 
with which the air in flour mills is laden, a contrivance 
has recently been invented inthe United States, which is 
applicable also to any manufactures where it is desired to 
free the air from dust or fluff, with a view either to the 
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comfort of the workpeople or to the prevention of waste. 
The field for its application is thus an extensive one, and 
will become the more so when its simplicity and advan- 
tages are more generally known. 

he machine, which is called the ‘‘ Cyclone” dust col- 
lector, consists mainly of a plain inverted conical chamber 
of sheet iron, as shown in the sectional drawing Fig. 14, 
from which it will be seen that the dust-laden air, collected 
as usual by an exhaust fan and propelled through a wind- 
trunk, enters the dust collector through the inletspout A, 
and being forced against the surface of the cone, is made to 
revolve ina range direction downwards, as shown by the 
arrows. By the action of the air current and by centri- 


| fugal force, the particles of dust keep close to the conical 


surface, and are swept round and round, gradually reach- 
ing the opening B at the bottom, where they pass out, 
and are collected into any desired receptacle. The volume 
of purified air, on the other hand, finding itself confined 
in the centre 


and escapes through the central tube C at the top of the 
apparatus. The process is so simple and effective, that 








without actually seeing the machine at work it is difficult 
to credit the result, and still more to realise the complete 
manner in which, in most cases, the separation of the dust 
from the air is accomplished. 
From the engraving it will be seen that the machine 
has no moving parts, requires in itself no driving 
wer, and is practically free from wear and tear. 
t also does away with the great objection to all pre- 
vious dust collectors which strain the air through 
cloths and flannels, namely, that the latter obstruct the 
free passage of the air, and gradually, but inevitably, in 
spite of care and cleaning devices, become filled up with 
soft adhesive dust, which with the moisture of the atmo- 
sphere forms a paste, and renders the filter cloth useless 
after periods varying from a few weeks to a few months, 
according to circumstances. This objection is all the 
more serious in flour milling, because by the gradually 
increasing resistance offered to the air-current other 
machines, depending upon the regularity of the exhaust, 
are affected in the ——. of their work and otherwise. 
The cylone dust collector has the great advantage that it 
works without impairing the constant wind pressure. It 
has already been most extensively applied to many indus- 
tries in the United States, and for flour milling and wood 
working alone over 3000 machines are there in use. In 
this country more than 300 machines have already been 
set to work by the writer within a period of a very few 
months and with very satisfactory results. 





OpticaL Guiass.—At a recent meeting of the Engineers’ 
Society of Western Pennsylvania a paper was read by 
Mr. Jno. A. Brashear on ‘‘ Optical Glass.” An interest- 
ing description was given of the casting and grinding of 
the glass, the method of purification and annealing, and 
the examination for internal strains of both flint and 
crown glass. The imperfections of glass were described 
as being due to improper annealing, leaving internal 
strains, which can be detected by polarised light ; also to 
strie or chords, which are shown by lines running 
through the glass, which are liable to be formed in both 
crown and flint glass. These are shown by examining 
the glass with a lens, which gives a diffused light, and 
shows them up well in looking toward a bright light be- 
yond. Striz are caused = non-homogeneity in the glass, 
from unequal density of the mass, and from mixture of 
alumina arising principally from the clay of the pots in 
which the glass is melted. Stricz causes aberrations, 
which are cured, when they exist in small areas, by rub- 
bing the surface down at the location where the striz 
exists, in that way changing the direction of the light so 
much as to throwit entirely away from the focal plane of 
the lens system, thus making it harmless. An interesting 
description was given of the method of cutting out the 
lenses from a block of glass with emery. This is done 
in fifteen minutes’ time. The speaker claimed that optical 
glass could be made in Pittsburg, and ought to be, that 
it needed only the skill and patience of trained operators, 
such as have had long experience in France. 





Lexps ASSOCIATION OF FOREMEN ENGINEERS AND 
DRAUGHTSMEN.—At the monthly meeting of this Associa- 
tion, held on Thursday, March 28, at the Wheatsheaf 
Hotel, Leeds, the President (Mr. J. C. Moorhouse) in the 
chair, Mr. Alfred Towler, M.I.M.E., read a paper on 
‘“‘Mill Gearing,” introducing his subject by describing 
some of the earlier methods of transmitting power. Mr. 
Towler then proceeded to describe various forms of teeth, 
their proportions and properties under various conditions, 
and also the effect of high speeds and shock. The maxi- 
mum speeds at which it was possible under favourable 
conditions to run toothed gearing safely were as follows: 


Ordinary cast-iron wheels 1800 ft. per min. 


Helical ” ” 400 ” ” 
Mortice ,, et bi 2400 ,, ws 
Ordinary cast-steel wheels 2600 ,, Be 
Helical - - 3 et 8 a 
Special cast-iron machine - cut 

wheels... 5 3000 ,, i 


The horse-power of toothed gearing could be determined 
by the following formula : 


N.H.P. = J (D R) P? BM. 

M = .15 for cast steel. 

M = .043_—=Ss,,_—siron. 

M = .05 for wood. 

P = pitch in inches. 

B = breadth in inches. 

V = velocity in feet per minute. 

R = revolutions per minute. 
Mr. Towler then went on to deal with belt gearing, stat- 
ing that main driving by belts originated in America, 
where the effect of the atmosphere on a broad flexible belt 
running at a high velocity on large drums was first ascer- 
tained and taken advantage of. The horse-power of belt- 
ing could be determined by the following formule : 


Single Strape. Double Straps. 


1.75 AR 
N.H.P. N.H.P. 
D = Diameter of smaller pulley in inches. 
W = Width of strap in inches. 
A = Ratio of arc covered by strap to circumference, 
R = Revolutions of smaller pulley per minute, / 
In conclusion he took up the — of rope gearing, 


and gave the following formula for the horse-power that 
could be transmitted : 
N.HP _ CV(N-1) 
C = Circumference of rope in inches. 
V = Velocity Pe »» feet. 
N = Number of ropes, 
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MANUFACTURE OF GAS. 


1315. C. Brotherhood, Redland, Bristol. Improved 
Apparatus for Automatically Generating Gas from 
Liquid Fuel. (8d. 3 Figs.) January 28, 1888.—qa is a cistern 
for containing the oil. It may be raised or lowered by an adjust- 
able stuffing-box e’ and set srew e? to permit variation in the 
“head.” of oil, or a ball-cock b may be employed for governing the 
flow of oil through pipe d. A syphon tube e connects a to a re- 
tort f within a heating chamber g, and is fitted with a cock h and 
a sight feed appliancei. The retort fis heated by means of solid 
fuel placed on bars k, or by gaseous fuel supplied to a perforated 
burner ¢?. Fuel is fed to chamber g by a hopper g', and when 
solid fuel is used the burner ¢? is withdrawn, The products 
escape by chimneys J, and the gas generated in retort ¢ passes out 
by a pipe m, through a collector, to the points of consumption, 
n is a cock, and o a mercury safety valve. If, while n is closed, oil 
be admitted to fand subjected to the action of the fire, the pres- 
sure of gas generated will in time reach a point at which the 
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column of oil is balanced, and the flow to the retort suspended, 
but on opening cock n the gas escapes and the equilibrium is de- 
stroyed, whereby the oil resumes its flow to the retort. For heat- 
ing the retort f by, and regulating the supply of gas to, the 
burner, a valve p? isemployed, having a spindle p passing through 
achamber p!. The valve has an orifice p3 through it, and the 
spindle is connected to a lever fulcrumed at g?, and to a spindle 
extended into a chamber r'! and attached to a flexible erga 
r?, secured to chamber r!, which communicates by a pipe with 
the collector s. A pipe ¢ connects chambers 7! and p'. As the 
pressure in 7" varies the diaphragm r? is acted upon accordingly, 
and valve p? opened or closed through the medium of the lever, so 
that on a reduction in pressure the valve is opened, giving an in- 
creased supply of gas to the burner ¢?, and on an increase in pres- 
sure the valve is closed. Through the hole in the valve a eupply 
of gas maintains a “pilot” flame alight at the burner. (S 
December 21, 1888 


3495. A. McDougall, Penrith, Cumberland. Im- 
provements in Apparatus for the Manufacture of 
Gas. (8d. 8 Figs.) March 7, 1888.—This invention relates to 
arrang ts for the ti charging of gas retorts with 
coal, and the continuous removal of coke from the retorts when 
distillation is effected. The retorts a@ may be arranged in any 
convenient forms or number in the setting. b is the hopper for 















e 




















the deposit of coal to be carbonised, being in communication with 
the retorts by means of the tubes ¢, which are in syphon or such 
other form as enables them to be sealed by means of the liquid 
— d. The coal is lifted by the archimedian screw e to the 
— of the branch tubes c! when it falls b gravity to the mouth 
of the retort. Here it is carried forward by means of a second 
— oraram, which may be actuated by means of levers and 
ink motion, or by other mechanical means. Any overflow of 


ages they b 
| fixed, and blended. (Accepted February 6, 1889). 








lus coal which may be carried ot in this arrangement, 


is allowed to fall through the tube h into the hopper or a 
into which the tube dips for the purpose of ry omy the liquid 
seal intact. The resultant coke on arriving at the back end of 
the retort falls down a shoot into the receptacle b, and can either 
be withdrawn therefrom by mechanical or hand labour. The 
improvements may be carried out with many variations in detail 
without de ng from the peculiar character of the invention, 
which mainly consists in the employment, in the process of con- 
tinuous carbonisation of coal, for gasmaking or other purposes, of 
a liquid seal, for keeping the retorts always closed and yet allow 
the coal to pass through such seal into the retorts and out again 
without hindrance. (Sealed March 26, 1889). 


3538. G. Seagrave and P. A. Olivier, London. Im- 
rovements in or Connected with Apparatus for 
e Carburation of Gas or Air. (8d. 2 3.) March 7, 
1888.— This invention relates to apparatus in which gas or air can 
be carburated for lighting or other purpose. A is an outer vessel, 
and B a gas inlet leading by pipe C into ‘a tube D fitted on the 
top of an inner vessel E, the upper end of the tube being closed to 
prevent escape. F is a cover hermetically closed, and G a tube 
thereon closed at itsupperend. H areair-tight compartments, to 
enable the vessel E to float in the hydro-carbon liquid and always 
maintain a liquid tight joint by immersion. I are baffle plates 
arranged from the side of the vessel E alternately, leaving a 
clearance for the passage of gas or air as it travels through the 
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apparatus. The plates I are covered on both sides with absorbing 
material J, the lower ends of which hang therefrom and act as 
feeders to the whole of the said material. J' are loose thread 
curtains dipping in the liquid hydro-carbon and hanging across 
the See to break up the gas. K is another pipe on 
the cover F closed at top, and serves, in conjunction with the tube 
G, as a guide for the rising and falling of the tube D and also of 
the tube L, the tube L like D being closed at top, so that the im- 
pregnated or enriched gas, as it leaves the last of the baffle plates 
I, passes up the space between the tube L and the tube M, down 
which it descends to the outlet N, and from thence to the burner. 
P is a screw plug hermetically covering the feeding pipe. Q is 
also a screw plug similarly covering the pipe provided for empty- 
ing the vessel A. (Sealed March 26, 1889). 


4885. J. H. R. Dinsmore, Liverpool. Improvements 
in or Connected with the Manufacture of Gas from 
Coal, (8d. 2 Figs.) March 31, 1888.—The object of this in- 
vention is to produce a gas containing the gas produced from the 
heavier or tarry vapours, as well as those of a lighter nature, but 
in which the excess of illuminating power of the gas shall be 
diminished and replaced by an i in volume. The coal is 
distilled in retorts A in the ordinary way, the gas passing into 
the common seal trough C, where it deposits a part of its tar and 
ammoniacal vapours. It then passes through a cooled passage D, 
wherein more tar and vapours are arrested. The gas then passes 
through a hot duct B, whereby the greater part of the non-perma- 
nent portion of it is fixed. It then passes through a cooled 
passage E, and a portion of the tarry vapours, still existing, are 
condensed and arrested. The tar condensed in these passages 
and trough C and the returned tar fall into the duct B, and in the 
presence of freshly distilled gas from retort A are converted into 
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gas ; the liquors condensed in C are, however, drained away, the 
tar remaining therein. When the tar rises above the level of the 
lip of pipe d', it falls directly on to the heated surface of the bottom 
a duct B on to which also falls the matters condensed in the 
passage D. The tar condensed from the gas, after leaving the 
apparatus, is brought back thereto by gravity and introduced into 
the seal C by a pipe c?, from whence it falls into the hot duct B, 
and is gasified. To increase the volume of this gas it is admixed 
with hydrogen, water gas, or other diluent gas. The water gas is 
produced by filling the retort A‘ with coke, and admitting steam 
to the nozzle a4 by pipe a5. The steam passes through a pipe a3 
to the end of retort, becoming superheated, and then travels back 
through the incandescent coke to the mouth of retort, and up the 
pipe a! and dip pipes into the trough C. Here the water gas 
produced joins with the coal gas from retorts A, and in passing 
together through the p intimately mixed, 





6454. E. Brook, Huddersfield, Yorks. Improve- 
ments in Gas Producers. (8d. 6 Figs.) May 1, 1888.— 
This invention relates to a gas producer in which a water channel 
or jacket is included in the wall, and has one or more tuyeres 
arranged to project from the said water jacket into the fuel or 
fire. W is the water jacket provided with a tuyere T peeves 
into the fire and admitting air thereto by the internal pipe ex- 
tending through the water jacket to the outer air, where it may 
be connected to the annular blast chamber B under the water 
jacket, or be provided with its own steam blower. From the 
chamber B, which is supplied with air by a steam blower, the 
air passes into the fire, urging combustion in its outer portion. 
C is a central crossbar or air channel, extending from side to side 
of the producer, and upon which the points of the temporary 
bars, shown in dotted lines, rest whcn inserted for the purpose 





of holding up the fire. This channel is partly immersed in the 
water in the bottom and is thus kept cool, while clinker is pre- 
vented from sticking to it. O are slotsfor the passage of the 
temporary bars, and are closed by swing flaps or doors D which 
also close the openings for the removal of ashes and clinker. 
The doors D are hin at the top, and their lower edges dip 
into and are luted by the water at the bottom. When desired 








the tuyere T may be dispensed with, air being admitted to the 
centre of the fire through the crossbar C, which is perforated 
near thecentre. In this case the annular water jacket W is also 
dispensed with, and the whole of the air for combustion is d 
into the fire through the bar C. Arrang ts are also de- 
scribed wherein, although the crossbar C is cooled by water, the 
floor of the producer is not covered with water, the fire resting 
directly upon the brick base. (Accepted March 6, 1889). 


R. Good, Carshalton, Surrey. Improve- 
paratus for Injecting Liquids into Gas 
Retorts, (8d. 3 Figs.) December 7, 1887.—For the pur 
of introducing liquids such as crude petroleum or shale oil into a 
hot gas retort, a syringe or single-acting force pump is employed. 
The nozzle of the syringe or pump is provided with an india- 
rubber or other surface which, when pressed against a cock in the 
retort lid, forms a tight joint. The mouth of the cock is made to 
a knife-edge or other form to make a tight joint on the surface. 
The piston of the syringe or pump may be provided with an india- 
rubber or other surface, which at the end of the stroke comes 
against a ring inside the barrel sur ding the ing to the 














nozzle. The syringe or pump is filled with the liquid it is desired 
to inject into the retort, and its nozzle is pressed against the cock 
in the retort lid. The cock is then opened and the liquid forced 
in. At the end of the stroke of the syringe pump, the surface on 
the piston comes against the ring surrounding the nozzle, and 
makes a tight joint, thus preventing any back flow until the cock 
is shut and the syringe pump can be removed. The drawing 
shows a section of a retort with a syringe applied thereto. a is 
the nozzle of the syringe, carrying an india-rubber ring b. c¢ is 
a cock fixed in the lid of the retort, its mouth being made to a 
knife-edge as shown. dis the piston of the syringe, and eis a 
sheet of india-rubber carried by it. (Sealed December 21, 1888). 


17,337. G.M. Westman, New York, U.S.A: Process 
for the Manufacture of Illuminating Gas and Coke. 
(8d. 6 Figs.] November 28, 1888.—The process is carried out by 
making part of the gas produced, after being superheated in a 
regenerator, circulate back into the furnace containing the coals, 
and leading the gas through glowing coke when leaving the pro- 
ducer. The gas producer A may be in the shape of a shaft 
furnace, and contains the coals from which the gas is to be pro- 
duced. The gases from A pass through one of the pipes C or C! 
into the respective coke shaft D or E, one of the valves C* being 
closed and the other open. If Disconnected with A, then air is 
forced through the coke in shaft E, so as to produce a combustible 
gas, which is used for heating the reg tors N and N!. If Eis 
in communication with A, and D disconnected, then fuel gas is 
produced in shaft D in the same manner as in shaft E. The gas 
from D or E passes through a valve G into a pipe to a valve Q. 
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The air then passes through another pipe to the channel N? of the 
regenerator N, and the fuel gases entering the valve Q through 
the pipe H3 pass through the pipe R, also into channel N? of re- 

enerator N, in which they are burned. When a blast engine K 
s set in motion, the illuminating gases are driven through the 
pipe K! into a valve L, and then through the pipes L', L? to 
the regenerators N or N! at their bottoms. The gas in Fan 
through N or N' becomes very highly heated, and passes through 
the channels N? into bottom of producer A. These gases — 
through the coals in A and give and leave coke as a product. e 

ases, after passing wore Dor E, are led by the valve G and by 
Toonabes H? into coolers I and I', in which their temperature is 
reduced, They also pass into a tar receptacle, from which part of 
the gases passes away to be purified in the usual manner ready 
for the consumer, the rest being drawn through a pipe into blast 
engine K, thus completing the circuit. (Accepted February 6, 
1889). 


17,562. De W. Stearns, Des Moines, Iowa, U.S.A. 
Improvements relating to Apparatus for the Pro- 
duction of Gas from Liquid Hydro-Carbon and to 
Devices for the Utilisation of Gaseous Fuel. (8d. 10 
Figs.) December 1, 1888.—‘Lhe gas is produced in retorts consist- 
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ing of rows of pipes arranged in pyramidal form, each alternate 
retort being inverted, so as to economise space and to better 
utilise the heat from the furnace above the burner tiled. The 
outlet of the central retort b is connected to burner d by a pipe 
¢, the end of which is provided with a nozzle e! projecting into 
the closed end of the mixing chamber /, to or it the air inlets 
J’, the areas of whose orifices are controlled by valves f2, the 
chamber f ing through wall g, and entering the end of burner 
chamber d', whose upper wall is formed by perforated burner 
tiles d, and the floor composed of refractory material formed into 
two planes. The burner tiles consist of flat plates of fireclay 
having parallel slots, the upper edges of which are bevelled for 
wiemy | a seat for the burner tips d?, seated and cemented in the 
slots d* in the tiles. Superheaters are placed above the retorts 
which are supplied with steam from a pipe h!, the steam passing 











he 
62 _ 





from thence into the entrance ends of the retorts through pipes 
i, at which points it comes in contact, and mixes with the hydro- 
carbon, carrying it into the retorts. The hydro-carbon enters the 
retorts through pipes j', and to facilitate this, pipes &, Fig. 2, 
extend from the steam supply pipe to the retorts, each being pro- 
vided with an inspirator nozzle k'. The central retort b supplies 
gas to the burner d, d', d2, and the gas generated in the two 
outside retorts is carried off for use. At each side of the gas 
burner, near the bottom of furnace, is arranged a small grate, 
upon whicha fire may be kindled to initially heat the retorts. 
The lower layer of pipesof the retorts are supported on the narrow 
arch p, and the successive layers are held out of contact with each 
other by spacing bars p‘’. The burner tips d? may be readily 
removed and new ones substituted by means of the front door. 
(Sealed March 26, 1889). 


MANUFACTURE OF CHEMICAL PRODUCTS. 


3166. E. B. E. Clark, London. Improvements in 
the Manufacture of Suiphuric Anhydride and Appa- 
ratus to be Employed therein. (8d. 1 Fig.) March 1, 
1888.—This invention consists in combining pure oxygen with 

ure sulphur dioxide, the dioxide being produced by burning 

rimstone or pyrites or other materials containing sulphur by 
means of pure oxygen. The accompanying diagram shows an 
apparatus which may be used for the purposes of this invention. 
Oxygen is conveyed from a gas-holder by a tube a to a leader 
tower A filled with coke, whereby it is deprived of moisture by 
sulphuric acid. The dried oxygen is conveyed by pipe b into a 
pump B, which forces it through pipe c into the pyrites burner C, 
provided with a charging hopper d, and surmounted by con- 
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centrating panse, The mixture of sulphur dioxide and oxygen 
passes through the opening fin the crown of the furnace, and by 
the pipe /? into the dust chamber D, which at the same time 
serves as a heating chamber for the series of pipes containing the 
catalytic or contact substance, into the open end of which pipes, 
at the back end of chamber D, the gas enters, and after traversing 
the series, the vapours, now consisting of sulphuric anhydride 
with a little sulphur dioxide and oxygen, pass out at h into the con- 
denser E. The uncondensed portion passes on through a pipe 
into the vessel F, fided with the strongest sulphuric acid, where 
all the remaining sulphuric anhydride is retained. The oxygen 
and sulphur dioxide are conveyed back through the pipe & into 
the gas pump B to be repassed through the apparatus. (Sealed 
March 19, 1889). 


3182. A,M.and J. F. Chance, Oldbury, Worcester. 
Improvements in Treating the Liquors kn 
Yellow Liquors Draining from Alkali Waste Heaps 
to Obtain Sulphuretted _orogen. and in Apparatus 
Bmplovet therein, (6d.) March 2, 1888.—The yellow liquors 
which drain from heaps of alkali waste contain a considerable 
quantity of sulphydrate of calcium, together with polysulphides of 
calcium and ee or hyposulphite of lime. If these 
liquors are placed in closed vessels, and gases containing carbonic 
acid, such as those evolved from a closed limekiln, are pumped 
or passed through them, the carbonic acid decomposes the 
ote and the polysulphides with evolution of sulphuretted 
hydrogen, and, in the case of the polysulphides, with deposition 
of sulphur ; and since in the decomposition of the sulphydrate, 
for each equivalent of carbonic acid a sorbed, two equivalents of 
suiphuretted hydrogen are evolved, the issuing gases contain a 
considerably larger proportion of sulphuretted hydrogen than the 
entering gases contained of carbonic acid, and such issuing gases 
are suited for the facture of sulphurous and sulphuric 
acid, or of sulphur, or for other purposes. The gases containing 
carbonic acid are F page through the liquors contained in a series 
of vessels, in order that the carbonic acid may be completely 
absorbed ; and the vessels will be so furnished with pipes and con- 
nections that they may be worked in series in the well-known 
manner. To obtain an increased proportion of enlphuretted 
hydrogen in the issuing gases, the method for the treatment of 
alkali waste by gases containing carbonic acid described in Letters 
Patent No. 8666 of 1887, may be applied here, and the apparatus 
there described, employed. ( March 19, 1889). 


FURNACES, 
191. J. M, Bennett, Ruchill, Lanark. Improve. 
mentsin Smelting and Refining Furnaces. (8d. 3 Figs.) 
January 5, 1888.—The furnace consists of a cupola A closed by a 











cup B and cone C, through which itis fed. E represents tuyeres 
for the admission of hot air near the top. This hot blast distils 
the fuel and produces a supply of inflammable gases, which pass 
down to the bottom, where they are met and consumed by a hot 
air blast from a series of other tuyeres. SimilartuyeresG may also 
be provided, each having a stop valve. The gaseous products 
are conducted through a passage H, into one or more 
covered receivers I, lower than the sole of the furnace, into which 
also the molten metals and slag escape. This molten mass is 
allowed to settle, and the slag is run off through a tap hole, the 
metal being oy off through a spout in the bottom of the re- 
ceiver. From the receiver the ducts of busti pass 
through flues L into open-hearth refining or reverberatory fur- 
naces M, where they are met by hot-air blasts conducted through 
tuyeres N, whereby they are consumed. An oxidising blast for 











acting on the molten metal may be introduced through tuyeres O, 
so arranged as to cause the mass to sweep around the furnaces M, 
whereby the ‘‘matte” is more perfectly freed from impurities. 
The waste aman ied pass along flues P and through passages in a 
brick or other stove by which the air blasts for the furnaces are 
heated. The metal tapped from the receiver may be used for 
charging the furnaces M, but the furnace A, along with its re- 
ceiver I, can be used without the furnaces M for making pigs of 
unrefined metal, im which case the air blast and fuel is so regu- 
lated as to consume all, or nearly all, the inflammable gases at ths 
bottom of furnace or in the receiver, the waste gases passing to the 
stove either through the furnaces M, or through flues Q, dampers 
R being arranged in conjunction with furnaces M and flues Q to 
regulate the direction of the passage of the waste gases. (Sealed 
February 15, 1889). 


5665. W. Evans, Merthyr Tydvil,Glamorgan, Im- 
provements in Blast Furnaces, (lld. 5 Figs.) April 
17, 1888.—The object of this invention is to effect an increase in 
the output of metal from, and to prolong the life of, blast fur- 
naces. For this ag ey there is provided an additional set of 
tuyeres opening into the furnace at a considerable height above the 
level of the tuyeres in general use, and which tuyeres are supplied 
with blast and water, and furnished with valves for shutting off the 
blast when desired. 1 are ordinary tuyeres through each of which an 
air blast passes from an air main 2 in the ordinary manner. 3 are 
the additional tuyeres opening into the furnace some distance 
above the tuyeres 1 and at about 8 ft. or 10 ft. below the boshes 4 
of the furnace. These tuyeres are, like the tuyeres 1, furnished 
with water casings 5 and water blocks 6, and are supplied with 











blast from an additional air main 7 that is fed from the blast 
main. The water casings and blocks are supplied with water 
from a water main 9 fed from any suitable source, a stop-cock 
being provided for shutting off or controlling the water supply. 
The goose neck 10 for conveying air to each tuyere is provided 
with a valve at 10a for shutting off or controlling the blast to such 
tuyere. 11 is a platform, carried by brackets, and so situated 
that the valves for controlling the supply of air and water to the 
additional tuyeres, water casings, and blocks, can be readily 
manipulated as desired. In a furnace such as described, a large 
yield may be obtained with a moderate pressure of blast, injury 
to the lining, caused by excessive pressure of blast, being thereby 
avoided. ‘Scaffolding” is also obviated, so that the furnace can 
be worked with great regularity. (Accepted February 20, 1889). 


MISCELLANEOUS. 


3741. C, Appleby, London, (Rankin, Brayton, and Co., 
San Francisco, U.S.A.) Improvements in Ore Concen- 
trating Machinery. (8d. 2 Figs.) March 10, 1888.—The 
machine is carried on a frame @ to which is fixed a hollow column 
bv having a flange c. Around the column is a sleeve d@ provided 
with a toothed wheel e gearing into a ‘pinion f on a shaft g. The 
sleeve d is formed with a flange k turning on the flange c; it has also 
another —_— Be ge which rests a flange m on a tube n. These 
flanges are faced and may be provided with anti-friction rollers. 
The tube 7 carries a revolving pan o provided with a rim p. An 
opening at the centre of the pan is provided with a pipe descending 
into the a end of central column. Upon the lower side of 
the pan is fixed a frame carrying a crank-pin r, and upon the 
wheel ¢ is fixed a frame s provided with adjustable bearings s' in 
which revolves a vertical shaft to which is fixed a disc ¢ having a 
radial slot in which is fixed an adjustable crank-pin, level with 
pin r, to which it is connected by a rod v. If the shaft, carried in 





bearings s!, is made to revolve with the pan o, the said pan will 
also have a short reciprocating movement backward and forward 
round column } and upon the flange at the end of sleeve d, which 
movement is dependent upon the stroke of thecrank-pin. Tothe 
verticle shaft is fixed a pinion w gearing with an annular rack 
fixed upon the frame of the machine, by which the shaft is re- 
volved, The bottom of the pan o has oneor moreadjustable open- 











ings for the discharge of the substances therein, which fall through 
shoots into an annular trough D, the deposit therein belay de- 
livered through an opening by means of scrapers E carried by the 
wheel e. The water and substances passing down from the central 
pan, are carried away by a pipe F, being directed by curved 
radial guidesC. (Accepted Pavan 18, 1889). 


3965. T. R. Jordan, London. Improvements re- 
lating to the Separation or Extraction of Metals 
from their Ores by Amalgamation and to Apparatus 
therefor. [lld. 4 Figs.] March 14, 1888.—The chief feature 
of this invention is the employment of cone-shaped plates, whose 
upper surfaces are amalgamated with mercury, and are arranged 
one above the other and rotated at a suitable speed. Upon these 
plates the ores, having been reduced, are introduced, and subjected 
to frictional contact, The pulverised ores are introduced through 
a hopper L into the top cone E, and the spindle B is rotated so as 
to produce sufficient centrifugal force to cause the ore, as it falls 
on the plates E, te move up their inclined surfaces, by which 
means the particles are brought into more or less severe frictional 
contact with the upper amalgamated surface of the cones. In 
passing over the inclined surface of each plate E, some of the 
particles of gold or silver become amalgamated with the mercury, 























whilst other particles of the metal together with the sand and 
other deposit pass over the periphery of the plate, and fall on the 
inclined plate F, then, falling into the next cone E, the material is 
again subjected tothe rubbing action, the particles being washed 
onthe plate F by the water which is supplied with the crushed 
ore, the flow of water and the inclination of the plates insuring 
the motion of the particles towards the centre of machine. Live 
mercury may be introduced at intervals to assist the process of 
amalgamation, and to keep the amalgamated surfaces of plates 
E, F in working condition. The said mercury, together with any 
sickened mercury, will be caught in the mercury-saving well G at 
the base. To facilitate cleaning of the machine and the collection 
of the amalgam, the two halves of the divided casing A are moved 
along rails O in opposite directions. H is a water pipe through 
which an upward current of water is introduced into the well G, 
J areoverflow es, and K is a standpipe to prevent discharge 
when it is vertical. (Sealed March 26, 1889). 


17,270. M. Graff, Pittsburg, Pa., U.S.A. Improve- 
ments in the Manufacture of Steel. [6d.] November 
27, 1888.—The object of this invention is, during the deoxidising 
operation, to so retard the combustion of the carbonaceous 
material as to afford opportunity for the combination of the 
carbon with the oxygen of the ore, and to prevent the generation 
of such a heat as will fuse the metallic iron, which in its molten 
condition will readily combine with the phosphorus. Also to pro- 
vide for a separation of the phosphorus from the sponge without 
rolling or hammering the same, thereby avoiding the loss of 
metallic iron. The p , in facturing steel direct from 
the ore, consists in intimately mixing the ore with a carbonaceous 
material protected by a coating of lime as against rapid combus- 
tion, subjecting the mixed ore and carbonaceous material to the 
action of a reducing flame in a suitable furnace, balling the 
spongy iron so formed, thereby freeing it from slag and other 
impurities, and finally charging the ball while hot into the metal 
bath of an open-hearth furnace. (Sealed March 12, 1889). 


17,688. G. G. Mullins, Los Angeles, California. 
Improvements in the Manufacture of Iron. [4d.] 
December 4, 1888.—The object of this invention is to improve 
cast iron, make superior foundry — and enable the founder 
to use mixtures of refractory and cheap irons. In charging the 
ordinary cupola there is first placed the usual bed of coke or fuel. 
Upon this is placed a layer of silica, and upon this a layer of iron. 
In using a flux it is placed upon the topof the iron. The sequence 
of coke, silica, iron, and flux is repeated until the cupola is fully 
charged. After the cupola is thus charged, the manipulation 
proceeds in the usual well-known manner. When the heat 
ascends and the silica is fused, the iron is also fused, and running 
down, commingles with the silica, The silica and iron being thus at 
the point of fusion, b fused together, combining to form 4 
silicated iron. (Sealed March 19, 1889). 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 


(Continued from page 372.) 

ConTINUING our report of the recent meeting of 
this Institution, we have next to deal with a paper 
by Captain C. C. P. Fitzgerald, R.N., which was 
the second communication read at the morning 
meeting on the 11th inst. This paper was entitled 


Tre Protection oF MERCHANT STEAMERS IN 
Time oF War. 


The author is of opinion that the ordinary cargo 
steamer could make a very good defensive fight 
against a cruiser so long as she kept running away. 
In order to put the merchant ship in a position to 
do this Captain Fitzgerald proposes to put a thwart- 
ship coal bunker abaft the engines, say 15 ft. or 
20 ft. wide and 10 ft. thick, and mount two light 
guns, say 4 in., one on each quarter. The author 
considered that to protect steering gear would be 
too complicated a business, so it must take its 
chance. The tactics would be very simple. Keep 
your stern to the enemy and run away, head to 
wind if possible. In that case the vital target ex- 
posed by the cruiser would be larger than that of the 
merchant ship. Let it be supposed that the latter was 
45 ft. wide and 20 ft. high, whilst the beam of the 
cruiser was 40 ft. and the height 12 ft., both with- 
out superstructures. The merchant ship would be 
longer and would therefore pitch less, and so her 
vital target, i.e., the part alternately covered and 
uncovered by the waves, would be a while her 
gun platform would be steadier. There would also 
be this great advantage, that through a shot-hole in 


the bows of a vessel water will be forced i 
fast, whilst a hole in the stern will not pardon lediee 
so freely, and indeed, if the vessel be steaming 











| quickly enough, water will not enter at all, unless, 
indeed, there were very full quarters to cause an 
,eddy. The disturbance of water at the bows 
/of a ship is much greater than at the stern, 
,and most ships pivot abaft the centre, and conse- 
| quently there is more vertical motion at the bow 
than at the stern. All these points are in favour of 
the chased ship. If the steering gear were injured 
the vessel could be controlled by means of luff 
tackles in the waterways. 

The first speaker on Captain Fitzgerald’s paper 
was Mr. Dunn, one of the chief constructors at the 
Admiralty, who explained that all those things 
which Captain Fitzgerald had proposed to do had 
been considered and provided for in the merchant 
cruisers on the Admiralty list. It is agreed, the 
speaker said, that our fleet, powerful as it is, is not 
| powerful enough to defend the merchant navy 
| against the raids of hostile vessels, supposing we were 
| engaged in war with a first-class naval power. It 
| therefore behoved those whose duty it was to look 
| into such matters to see what could be done to help 
merchant ships to defend themselves. This duty 
the Admiralty had not neglected. A number of 
these vessels had been built with certain features 
which would facilitate their conversion or partial 
conversion into warships, for they were not to be 
|looked on as regular war vessels, but good for 
defending their more helpless brethren against 
similarly equipped vessels of the enemy. Provision 
had been made for arming a large number of these 
ships, and it was made a leading feature that they 
should be well sub-divided. It had been surmised 
by some persons that there might be forty ships 
efficiently sub-divided, but he could assure the 
meeting that there were ten times forty, not only 
efficiently sub-divided, but strong enough to carry 
guns. Captain Fitzgerald had said in his paper 
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that ‘‘no matter into how many compartments a 
ship may be divided, two or three shot-holes in the 
area mentioned (i.e., between wind and water) will 
either disable, capsize, or sink any iron or steel 
ship built.” Mr. Dunn did not agree with this, 
and was of opinion that some vessels were sufliciently 
sub-divided to show a bold front when the gunner 
had done his worst. The speaker was prepared to 
go with Captain Fitzgerald in most of his other 
suggestions, and he then went on to show how 
many of the proposals in the paper had been carried 
out in the year 1885, during the Russian scare, and 
it was gratifying to find what the Admiralty had 
done was indorsed by so able a naval officer as 
Captain Fitzgerald. 

aptain Colomb pointed out that the difference 
between the cases alluded to by the last speaker 
and those imagined by the author, were that the 
latter proposed owners should carry out the plans 
themselves, whilst the ships Mr. Dunn referred to 
were taken up by the Admiralty. The question of 
pitching at bow and stern was of interest, and he 
would be glad to hear from the naval architects 
which end of a ship pitched most. The proposal of 
Captain Fitzgerald to arm merchant ships was not 
a new idea, the speaker giving particulars of a like 
plan put forward in the year 1811. With regard 
to compartments, he was of opinion that too much 
faith was put in bulkheads not absolutely water- 
tight. Where there were doors they were sure to 
be left open, when they ought more particularly to 
be closed. 

Mr. Baden Powell thought the rudder neck was 
the chief source of weakness ; but it is possible that 
the necks of the officers and crew would be in 
greater danger. The question that ought to be 
solved first, in considering the policy of arming 
merchant vessels, is whether the crew would not be 
liable to be hung at the yard-arm, under the pro- 
visions of the Treaty of Paris, if they fired at a 
capturing vessel. Mr. Baden Powell, who has been 
a sailor, and is now a lawyer, would doubtless have 
had something interesting to say on this point had 
he not been stopped by the President, who ruled 
the matter out of order. The subject, however, is 
of the greatest importance, and we should be glad 
to hear some authoritative statement upon the 
question. Mr. Baden Powell was of opinion that a 
cruiser having a great superiority in speed might 
elect not to come up astern of the pursued vessel. 
For instance, an Esmeralda steaming, say, 15 knots 
and running after a merchant vessel of 10 knots, 
might come up at the side. 

Mr. Swann, of Newcastle, said he did not see the 
necessity of the coal protection, for if laden the 
cargo would effect the purpose, whilst if empty a 
shell would go through the after hold, and wreck 
the ship. Bulkheads in ordinary merchant ships 
often have no openings, and can be made water- 
tight, instances of which were seen in the petro- 
leum steamers. 

Mr. Biles, of Glasgow, wished to join issue with 
those who said that the large Atlantic liners could 
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not be used as regular war vessels, for they had 
many advantages which some war vessels had not. 
They could maintain their rate of steaming in 
average weather, whilst smaller warships would be 
reduced to avery lowspeed. The subdivision might 
not be so great as in war vessels, but it was sufficient 
for the purpose, and he would rather fight a first- 
class armed merchant vessel than a cruiser of 3000 
tons, for although they exposed a large target, they 
gave a steadier platform. The ordinary cruiser or 
merchant ship would not, he thought, be pene- 
trated bow on by a 3-pounder shot. 

Mr. Martell considered the thanks of the meet- 
ing were due to Captain Fitzgerald, but, at the same 
time, he looked upon putting guns on board a mer- 
chant steamer at allas a fallacy. The merchant 
steamer should surrender if it could not run away, 
and giving the masters guns would only be leading 
them into mischief. 

In replying to the discussion, Captain Fitzgerald 
said that he had not put forward his proposals with 
a view to rendering a cargo ship capable of fighting 
a naval engagement, but in order that she might 
not be at the mercy of every vamped-up thing that 
carried a gun. 

The next paper on the programme was on 


Tue Irattan Cruiser ‘‘ PIEMONTE,” 


and was contributed by Mr. P. Watts, of Elswick. 
This paper we shall print in full at an early date, 
and we will therefore do no more than give a brief 
abstract on the present occasion. The Piemonte 
has been built by Messrs. Armstrong, Mitchell, and 
Co., to the order of the Italian Government. She 
is 300 ft. long, 38 ft. broad, and 15 ft. mean 
draught, and her displacement is 2500 tons. She 
hasa protective deck with sloping sides from stem to 
stern, this deck being 1 in. thick along the middle, 
and 3in. thick on the slopes. Her armament consists 
of : Six 6-in. quick-firing guns, six 4?-in. quick- 
firing guns, ten 6-pounder Hotchkiss guns, six 
1-pounder Hotchkiss guns, four 10-mm. Maxim 
guns, and three torpedo tubes, while her speed is 
upwards of 21 knots. 

Four of the 6-in. guns, and four of the 43-in. 
guns are carried upon the upper deck, the 6-in. 
guns being sponsoned out so as to enable the two 
foremost to fire right ahead, and the two aftermost 
to fire right astern; one of the remaining 6-in. 
guns is placed on the forecastle, and the other on 
the poop. All of these guns have considerable arcs 
of training. Four of the 6-pounder quick-firing 
guns have right ahead fire ; two of these are placed 
under the forecastle, and two upon the after end of 
the forecastle ; and four of the 6-pounder quick- 
firing guns have right aft fire, two being placed 
under the poop, and two upon the fore end of the 
poop. The other two 6-pounders and two 1-pounders 
are placed on the top sides. Each of the two lower 
tops carries two 1-pounder Hotchkiss guns, and 
each of the two hopper tops two 10-mm. Maxim 
guns. One of the torpedo tubes fires directly ahead, 
and one on each broadside from a torpedo chamber 
immediately before the machinery spaces, 

The author then goes on to describe in greater 
detail the arrangements of armament, referring 
more especially to the new Elswick —— 
gun, the Piemonte being the first vessel on which 
this weapon has been mounted. With regard to 
the performance of this gun the author says: 

‘*The comparative rates of fire of the present 
breechloading service guns, and of our new im- 
proved guns, may be judged by the following 
instances: In some trials carried out last year 
with our oe. gun by the Admiralty, ten rounds 
were actually fired in 47} seconds, whereas an ordi- 
nary breechloading gun of the same calibre, firing 
in competition, took 5 minutes and 7 seconds to fire 
the same number of rounds. Again, the great 
accuracy of the guns, combined with rapidity of 
fire, is illustrated by the fact tht five rounds were 
fired at Shoeburyness, in which, at a distance of 
1300 yards, a target of 6 ft. square was hit five 
times running in 31 seconds.” 

The Piemonte will be capable of discharging 
against an adversary in a given time twice the 
weight of shot and shell that could be fired by 
the largest war vessel now afloat, not excluding 
the leviathan battle-ships of five or six times her 
size, which could ill withstand the torrent of shell 
which the Piemonte could pour into the large un- 
armoured portions of their structure. 

The engines and boilers are wholly below the 
water-line, and protected by the armour deck ; so 
also, of course, are the magazines, steering gear, 








&c. All apertures through the armour deck which 
would require to be opened in action are provided 
with cofferdams rising 4 ft. above water. 

Both below and above the armour deck the ship 
is sub-divided into a large number of water-tight 
compartments. Each set of engines is in a separate 
compartment, as is also each pair of boilers. 
There are a series of water-tight flats forming 
an inner bottom throughout the ship, except 
in wake of the boiler compartments and the 
crank pits in the engine-rooms. There are coal 
bunkers along the side throughout the machinery 
compartment, and the inner skin is continued on 
forward and aft as sides to the magazines. Above 
the armour deck the side bunkers extend to the 
upper deck ; and dwarf bulkheads are introduced be- 
tween the main transverse bulkheads so as to divide 
the bunkers into spaces varying from 10 ft. to 12 ft. 
long. Beforeand abaft the machinery spaces there 
are deck flats from 2 ft. to 4 ft. above the water- 
line, the spaces between these and the armour deck 
forming a raft body, which can be packed with patent 
fuel, coal, or stores as desired. 

Besides the coal on the armour deck, a quantity 
is stowed in the cross bunkers, so that the ship may 
be in readiness for steaming at speed. Patent fuel 
is stowed on the slopes of the deck up to the level of 
the top of the armour deck. Ordinary coal may 
be carried here, but patent fuel has many advan- 
tages. With the full supply of coal, the top of 
armour deck is 6 in. belowthe water-line ; but part 
of this full supply may consist of patent fuel or 
coal in sacks stowed upon the armour deck to a 
depth of, say, 2 ft., thus forming a continuation 
of the raft body forward and aft; and this fuel 
need not be disturbed until, by the consumption of 
the coal from elsewhere, the ship is lightened, and 
the deck armour is raised above the water. If in 
this condition, with the assistance of the coffer- 
dams, large volumes of water can be prevented from 
getting below (which is not likely to be difficult, 
seeing that any water finding its way to holes in 
the cofferdams will have but little head), and sup- 
posing the armour deck to remain intact, the 
buoyancy and stability of the ship may be regarded 
as to a very considerable extent assured even against 
modern shell fire. 

The machinery of the Piemonte has been con- 
structed by Messrs. Humphrys, Tennant, and Co., 
Deptford, and consists of two sets of vertical 
triple-expansion engines. Each set has two low- 
pressure cylinders, and therefore acts on four 
cranks. The cylinders are of the following dimen- 
sions : High pressure, 36 in. ; intermediate, 55 in.; 
low pressure, each 60 in., and the stroke is 27 in. 
Steam is generated in four double-ended boilers, 
adapted for a working pressure of 155 1b. Draught 
can be supplied 7 eight fans, but the stokeholds 
are arranged so that they can be worked with or 
without forced draught. Distilling apparatus of 
ample power has been provided for making fresh 
water for the boilers ; and auxiliary condensers are 
also fitted in each engine-room. An auxiliary 
boiler stands on the protective deck amidships, 
capable of supplying steam to any of the auxiliary 
engines throughout the ship. 

A series of runs were made on the measured 
mile with open stokeholds and forced draught. 
There was very little wind on the occasion, so that 
much interest does not attach to the steaming with- 
out the useof the fans. Two runs, however, with- 
out the use of the fans, showed that the ship could 
steam about 19} knots under these circumstances. 
Four runs made with a moderate pressure of air in 
the stokeholds, never exceeding a }in. of water, 
gave a mean speed of 20.168 knots, with an indicated 
horse-power of 7760. With an air pressure of $ in. 
of water, the limit fixed by the Admiralty for con- 
tinuous steaming at sea, a speed of 20.3 knots could 
with ease be obtained with about 8000 indicated 
horse-power. With closed stokeholds and forced 
draught a power of 11,600 horses was realised, but 
the trials under these conditions have not yet been 
completed. The mean of tworuns, however, when 
upwards of 11,000 indicated horse-power were 
realised, gave a speed of over 21 knots. 

With her full coal supply of 600 tons, the vessel 
will be enabled to steam 1950 knots at full speed 
with natural draught, and she will be able to main- 
tain a cruising speed of 10 knots for 55 days, during 
which time she could cover a distance of about 
13,200 knots. The after deadwood is cut away, and 
a large balance rudder is provided, immediately in 
front of which the deadwood is also removed. These 
features give the vessel good manceuvring power. 





The discussion on Mr. Watts’ paper was opened 
by Sir Edward Reed who said it would be interest- 
ing to consider this vessel if attacked by a similar 
ship. The effect would be immediate destruction. 
Accepting Sir Edward’s theory it may be presumed 
that if two ‘‘ Piemontes” attacked each other they 
would disappear all at once, like the deacon’s 
wonderful one-horse shay. Sir Edward too often 
forgets, in considering warship design, what he is 
so fully alive to in debate, that attack is the 
strongest means of defence. It would be interest- 
ing to know, he continued, what it would take to 
go through the 3 in. of sloping armour and 1 in. 
deck—Sir Edward refused to call it armour—if the 
6-in. gun could send a shot through 15 in. of 
armour, or what sort of a projectile would be 
stopped by the cofferdams. If the ship described 
by the author was a fighting machine, it had grown, 
since his time, a wonderfully easy thing to produce 
a fighting machine. The Piemonte might do well 
enough for snapping up vessels such as Captain 
Fitzgerald had described in his paper, although if 
they were armed even then she might be sunk. A 
diagram giving the wave profile had been shown, 
and this was favourable, inasmuch as it was high over 
the propeller, but it was low in the neighbourhood 
of the boilers, although this would not matter very 
much, as the ship would not be expected to fight at 
high speed. Mr. Watts said this was not the fact, 
whereupon Sir Edward added that in that case the 
design was bad. The speaker next proceeded to 
exclaim against trusting to coal defence. What 
good is it, he said, when the coal may be burnt. 
The quick-firing guns were a good feature. 

Mr. W. H. White said that the question of the 
use of this type of ship might be an open one, but 
there could be no doubt as to the skill with which 
the design had been worked out. The credit of this 
ship was entirely due to the builders, yet it would 
perhaps not become him to say too much in her 
praise, as she was the descendent of a class of vessel 
he designed when at Elswick. It would be apparent, 
however, that she had such advantages as accrued 
from high speed, a powerful armament, and good 
coal endurance associated with small size. In addi- 
tion to this she had a ‘‘deck.” It might be called 
armour, or it might be called protection, but the 
fact remained that a large weight of material had 
been sacrificed in order to get protection against 
projectiles, and this was a most valuable feature. 

Lord Ravensworth said he would like to ask the 
author how the immense quantity of ammunition 
that would be required for the exceptionally rapid- 
firing armament would be conveyed to the weapons 
with sufficient rapidity. 

In replying to the discussion, Mr. Watts said 
that the matter referred to by Lord Ravensworth 
had received very careful consideration, but he 
feared it must be relegated to the department of 
“the great undivulged.” Sir Edward Reed had 
referred to the thinness of the armoured deck, but 
nevertheless the chance of penetrating it was very 
remote. It was also not a fact that the ship would 
be sunk at once by the discharge from an armament 
similar to her own. There was the patent fuel 
(which, we understand, is not intended to be burnt 
excepting in a case of emergency) and the sloping 
armour, the latter being equal to 14 in. of horizontal 
iron plating. It was said that a raking shot might 
disable the ship, and it was also said that ‘‘a chance 
shot might kill the Devil.” As to the wave profile, 
that was only at the ship's immediate side; some 
distance out the water level would not be affected, 
and there were also the diverging bow waves. With 
regard to the patent fuel, the ship could steam at 
20 knots with 2ft. of fuel above the water-line all 
round, so that no injury to the water-line would 
affect the speed. 


Warter-TusE Borers. 

The next paper in the list was from Mr. J. I. 
Thornycroft, of Chiswick, and was entitled ‘‘ Water- 
Tube Boilers for Warships.” This contribution 
had reference to the now well-known pipe boiler 
which has been introduced by the author, and 
which we have described more than once in these 
columns. As we print this paper in full on page 
411 of our present issue, we need give no very 
lengthy abstract of it here. The chief point to 
settle in estimating the value of any pipe boiler 
—supposing it shows any primd facie claim to con- 
sideration at all, which many of them do not—is its 
durability, and it was in this direction that the paper 
and discussion were chiefly valuable. About three 
years ago, in 1886, a Thornycroft boiler was fitted 
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into a British second-class torpedo boat, and the 
boat has been in service ever since. Messrs. Thorny- 
croft and Co. obtained, a short time ago, permission 
from the Admiralty to remove some of the small 
tubes for the purpose of ascertaining their condition. 
These tubes had been cut open longitudinally, and 
were handed round for inspection at the meeting. 
They were certainly in excellent condition, the 
deposit on them being a mere film. The state of 
these tubes is fully described in the paper, and it 
may be said that their — fully bore out 
the author’s statements. It may be noted, how- 
ever, that the oxidation mentioned in the paper 
refers (presumably) to some incipient signs of 
pitting, but they were quite superficial, and we 
believe no zinc plates were fitted into this boiler. 
As stated by the author in the discussion, when 
zine is put in the boiler there is no pitting, which 
is in accordance with recognised practice. 

We have more than once in these columns re- 
ferred to the Spanish torpedo boat Ariete, having 
given a full description of her at the time of her 
trial,* when we spoke in high terms of her per- 
formance. Lately, however, the references—taken 
chiefly from the report of the Spanish naval 
manceuvres now appearing in these pages—have 
not been so satisfactory, for the boilers are 
stated to have given trouble. The reason of 
this, Mr. Thornycroft explains in his paper, is 
the bad state into which the boilers were 
allowed to get by the Spanish sailors. An accu- 
mulation of small coal, ashes, and soot had 
gathered to a depth of about 5in. in the lower 
part of the casing, whilst the ash-pan was choked 
by an aggregation of cinders and small coal ; 
indeed, the wonder was, as Mr. Thornycroft said, 
the steam could be raised at all. There was, how- 
ever, a small hole about } in. in diameter in one of 
the tubes. The history of this hole would be of 
great interest could it be traced. As there were no 
signs of pitting in the interior parts of the boiler 
examined-—in which zine plates were fitted—it 
would not appear to be due to that cause. The 
author concluded by saying that in the experiments 
lately made by Professor Kennedy, the best evapo- 
rative duty was 13.4 lb. of water per pound of coal 
from and at 212 deg., the calorific value of the coal 
being 15.41 lb. of water evaporated per pound of 
coal. This would make the efficiency of the boiler 
87 per cent. of the theoretical efficiency. 

The discussion on Mr, Thornycroft’s paper was 
commenced by Mr. W. Parker, of Lloyd’s, who 
said that it was well known that a saving in weight 
was obtained by the water-tube boiler; the ques- 
tion was, would it last? Mr. Thornycroft had 
answered that question by giving his experience 
with boilers fitted in torpedo boats, steam launches, 
&c., but the speaker had had experience at sea with 
water-tube boilers up to 4000 indicated horse-power. 
These boilers had failed, and through this the 
triple-expansion engine had been kept back several 
years. This was Rowan’s boiler, of which the 
speaker produced a model. Mr. Parker said he 
could not describe the boiler better than by adopt- 
ing the words in Mr, Thornycroft’s own paper, by 
which the author had described his own invention. 
This boiler was fitted in the s.s. Propontis in 1874, 
which vessel steamed to Constantinople and back ; 
but, in consequence of some mistake made in con- 
necting the sections of the boiler, an explosion 
occurred. This accident, however, was not attribut- 
able to any defect in the real design, but to a 
mistake in manufacture. The damage having been 
made good, the boiler continued in use, but after 
two years the pitting that occurred in the tubes 
was so serious that the boiler became unusable and 
was condemned. The speaker exhibited a piece of 
tube through which was a large hole. In connec- 
tion with this matter Mr. Parker would like to ask 
the author what precautions had been made to plug 
and replace these tubes in case of pitting. In 
1870-71 two steamers were fitted in Sunderland with 
horizontal water-tube boilers. One of these, the 
Fairy Dell, on her eleventh voyage, foundered in 
consequence of the failure of her boiler. The Marc 
Anthony was another ship fitted with a water- 
tube boiler ; it gave out, and she also foundered. 
The Montana and Dakota were also fitted with 
water-tube boilers. They gave good results on 
trials, working at 150 1b. pressure, but neither made 
& voyage, the boilers having given out after six or 
seven days’ steaming. Mr. Parker would be glad 
to see a good water-tube boiler introduced, but he 
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appeared to have a very strong opinion that it was 
not yet a possibility, and that a steam generator in 
which access could be gained to the interior for 
cleaning, &c., was the best. He stated that in- 
ternally-fired boilers worked for eight years with- 
out even a tube requiring caulking, and he had 
recently seen in Liverpool a marine boiler which 
had been in use eighteen years. 

Mr. MacGregor followed Mr. Parker, and said 
that he had had a boiler, similar to that shown by 
the previous speaker, at work for four or five years 
in large steamers with good results, although, after 
that period, he had to discard it on account of 
difficulties which arose. It was but fair to say, how- 
ever, that no serious efforts were made to overcome 
them. One difficulty was that they could not plug 
the tubes, so that when a leak occurred soot 
accumulated round the spot and corrosion pro- 
gressed rapidly. There was also a difficulty with 
the firebricks, but that could have been overcome. 
The speaker was favourable to this type of boiler, 
which he hoped to see make progress. In the 
example before the meeting he noticed that the 
tubes were introduced in the top of the cylinders, 
and this he looked on as a good feature and an 
improvement on Rowan’s boiler. 

Mr, John Scott, of Greenock, said that if this 
boiler were intended only for torpedo boats he 
would have nothing to say against it. It bore astrong 
family likeness to Rowan’s boiler. In years ago he 
had spent a great deal of time and a large amount 
of money on water-tube boilers. In 1860 he had 
laid before the English and the French Governments 
a boiler like Thornycroft’s, and had obtained an 
order from the French Admiralty to build and 
engine a despatch vessel of 660 tons in which 
this boiler was to be fitted. The working pressure 
was to be 140 lb., and there were to be compound 
engines. The English Government would also have 
ordered a corvette, but it was found impossible to 
meet the requirements of the Admiralty to keep 
the boiler 1 ft. below the water-line. After that 
many merchant vessels were fitted with this boiler 
for use in rivers in India and at sea. The ex- 
perience was not apparently of a permanently satis- 
factory nature, although upon this point Mr. Scott 
did not go into detail. One disadvantage in the 
Thornycroft boiler was that so much of the tube- 
plate was cut away in consequence of the tubes 
being so close together. But the chief danger to 
be apprehended was from pitting. The example 
shown by Mr. Parker he was perfectly familiar with. 
It had been too common an experience with him to 
have to cut out such tubes. The }-in. hole referred 
to as occurring in the Spanish boat’s boiler was 
exactly what he would have anticipated. He under- 
stood that the crew were driven out of the engine- 
room. Outside rusting of the pipes was also exactly 
what he would have expected, for it was a familiar 
phase with him in times past. It was doubtless due to 
the steam blower which was used toclear away the 
accumulations of dust and ashes. For torpedo 
boats, where it was a case of ‘‘neck or nothing,” 
no doubt the boiler shown would be highly valuable, 
but the speaker was convinced it would be unsuit- 
able for larger craft. 

Mr. Manuel, the engineer-in-chief to the P. and 
O. Company, was the next speaker on Mr. Thorny- 
croft’s paper. He said his excuse for intervening in 
the discussion was that the author had made a com- 
parison of power exerted per ton weight of boiler in 
which the name of his company was mentioned. It 
was said that the indicated horse-power obtained 
from the Thornycroft boiler per ton weight was 68, 
and this included fittings, mountings, water pipes, 
donkey, spare gear, andfunnel. A locomotive type 
of boiler in a torpedo boat would give 48 indicated 
horse-power per ton weight; whilst the boilers of 
H.M.S. Anson gave 21.3 indicated horse-power per 
ton weight, and finally the boilers of the P. and O. 
steamers gave only 16.6 indicated horse-power per 
ton weight of boiler. Mr. Manuel wished to point 
out in reference to these figures that it was hardly 
fair to make a comparison of modern war vessels— 
in which every effort was made to secure lightness 
of machinery, including forced draught—with mer- 
cantile marine practice in which lightness might de- 
liberately and wisely be sacrificed to more valuable 
qualities. The speaker in connection with this view 
of the subject went on to point out that in the 
recent summer manceuvres the boilers of more than 
one torpedo boat gave way; in one instance the fire- 
box crown plate came down, and in some cases the 
tube-plate gave out with serious consequences as 
the result, and he was of opinion that the Thorny- 





croft water-tube boiler was designed to avoid such 
mishaps, as no firebox crown or tube-plate was 
exposed to the direct action of the fire, and 
however differing in his opinion as to its suitability 
for the merchant service, he considered it an im- 
provement for the torpedo boat class where quick 
and short service is required. Mr. Manuel would be 
very glad if the Thornycroft boiler could be used, 
because it would enable higher pressures to be 
carried and would get over many difficulties now 
existing, but he did not seem at all sanguine as to 
the proposal, as other more serious troubles would 
arise. He had doubts as to the durability and 
capability for continuous steaming. Would it, he 
asked, run for the 12,000 miles of an ocean voyage ? 
He should not care to make the experiment. A 
serious trouble would be the choking of the spaces 
around the outside tubes at the lower parts with 
dust and ashes during continuous steaming, and the 
danger of disturbing the tube joints, for in this 
design there were not the same facilities for clean- 
ing as in an ordinary marine boiler. The disable- 
ment of the boiler by one tube giving out was also 
a serious objection, for the boiler would then have 
to be cooled down before the difficult job of re- 
placing or plugging the tube could be effected. 
Internal deposits of scale were also a serious objec- 
tion, for although he had no doubt the object was 
to feed with fresh water, it was well known that all 
losses during long voyages, and in cases of emer- 
gency, would have to be made good by adding salt 
water. If fresh water alone were to be used it 
would necessitate the carrying of large distillers, 
and there would be additional complication for the 
engineer, besides being extra weight and occupying 
space. No doubt it would be all right so long as 
things went well, but the speaker was of opinion 
that things would not go well at full speed for many 
days. At the same time he wished to say that we, 
in this country, were behind the age in the matter 
of water-tube boilers. In France the Messageries 
Maritime had had the Belvelle tubulous boilers run- 
ning in their vessels for two or three years past, and 
they were doing well. They possessed the advan- 
tages of lightness and compactness, but the economy 
of fuel as compared with the ordinary type of marine 
boiler for the same working steam pressure was 
doubtful. Another French firm had adopted Messrs. 
Dellast’s design of water-tube boilers for the last 
six years, and they had expressed themselves as 
quite satisfied with the venture. The speaker 
therefore hoped we might in this country yet see 
introduced some type of water-tube boiler which 
would give assurance of safety as well as of success. 

Mr. List had made a trip in the Ariete, which 
vessel he believed had made the highest speed yet 
reached by any vessel. He had had considerable 
experience with ordinary boilers of merchant 
steamers, and he found that the chief element of 
safety consisted in keeping them clean. It was now 
pretty well acknowledged that in the best practice 
with steam, at what was now called high pressure, it 
was inadmissible to make up waste by the use of salt 
water ; so the one difficulty, that of incrustation, 
was got rid of. Another difficulty was that of 
lubrication, for the oil used in the cylinders would 
get over into the boilers, and for this reason exces- 
sive oiling was dangerous. Pitting was a difticulty 
that existed with iron or steel, and he did not see 
how it could be got over, but if copper or brass 
tubes were used it would disappear. A point to be 
remembered was that if a boiler of the Thornycroft 
type were larger it would be more accessible, and 
the speaker was of opinion that if the pitting and 
oil difficulty could be overcome it would be a success. 
Nevertheless, he would hesitate before putting it 
in a large ocean-going steamer, for sufficient was 
not known about it For instance, there was the 
detail of the cutting action of the feed, which 
wanted further consideration, and pointed to the 
necessity of all parts being accessible. 

Mr. Thornycroft, in replying to the discussion, 
said that he wanted to know where he was wrong, 
and in this the speakers had certainly tried their 
best to help him. Mr. Parker had brought a model 
and said it was so like his boiler that it would be 
subject to the same chances. Here Mr. Thorny- 
croft felt obliged to differ with his friend, except- 
ing that both designs stood on the same platform 
with regard to pitting. Pitting, however, wasan old 
foe to boilermakers, and had been vanquished afore- 
times. When the surface condenser first came into 
general use pitting asserted itself so strongly that it 
was thought high pressures would have to be aban- 
doned, and we should have to go back to box 
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different temperatures of the boiler, set up expan- | clusion, Mr. Parker said that he would like to have 
sion strains affecting the strength and durability of | this matter cleared up, and further, that he could 
the shell. He also considered that the result of | not see his way now, any more than he did last 
the experiment showed that it would not be advis- | year, to advise the mercantile marine to reduce the 
able to reduce the pressure as advocated, for at scantlings that governed the safe working pressures 
450 lb. pressure the circumferential belt seams in boilers fitted in merchant ships. — 

leaked, and no doubt there was some movement of | Mr. Sennett, the Engineer-in-Chief to the Royal 
the material before this took place, at a much lower | Navy, said that last year, in his paper, he had to 
pressure; at 5201b. pressure, or at three and a half go upon theory, but Mr. Scott had lifted them 
times the working pressure, the boiler leaked so | above the realm of speculation into the region of 
much that the pumps could not keep the supply, | fact. He had indeed now shown what was before 
while in Table IT. movements that took place at low | surmised, that no gradual increase of pressure can 


pressures were recorded. For continuous working, | burst a well-made steel boiler shell. It was a well- 


such as in the mercantile marine, although the 
boiler might not leak, this state of things should 
not be approached. He could not speak for the 
Government, as their practice in regard to the 
time that their boilers were under full steam was 
different, he only referred in his remarks to the 


mercantile marine. It would have been better, he | u 
jcase had the shell given way, although in some 


thought, if Mr. Scott had given the meeting a 
drawing of the exact boiler complete, also the 
elastic limit of the steel used. According to the 
results of modern practice, with a tensile strength 
of 27 tons, the elastic limit might be expected to 
be from 14 to 16 tons. 

Mr. List said it would have been interesting 
had the straps of the experimental boiler been 
strengthened at the junction. The circumferential 
seams were double-rivetted, whereas it was the 
more usual practice to treble-rivet them. The stays 
also were reduced in body, so that they would be 


elastic and stretch more. The washers were also | 


long, which would act in the same direction. 

Admiral de Horsey asked whether the expansion 
would be the same during test as if the boilers 
were at work, 

Mr. W. Parker, of Lloyd’s, was the next to speak 
on Mr. Scott’s paper. Admiral de Horsey had 
asked if the experiments detailed in the paper, 
which were made cold, were to be taken as equiva- 
lent to the bursting of a boiler under steam. The 
speaker pointed out that it was well known that 
when a boiler burst and did so much destruction it 
was because the steam expanding into the atmo- 
sphere tore the plates, which was a very different 
matter to bursting it cold by hydrostatic pressure. 
In the third paragraph of the author’s paper it was 
said: ‘‘ No record, however, appears to exist of any 
bursting experiment made with the shell of anew 
boiler of a size used in actual practice, constructed 
of steel, and intended to work at the pressure now 
in use.” To this statement the speaker took excep- 
tion, for in 1878 the speaker read a paper* in which 
he had given details of a boiler of mild steel that 
was burst experimentally at Swindon. The internal 
diameter was 4 ft. 4 in., and it was made of $ in. 
plates, double-rivetted, as illustrated by the dia- 
gram on the wall. The speaker here read an extract 
from his paper, in which the experiment was de- 
scribed, from which it appeared that at 7201b. pres- 
sure the end plate cracked between the rivet holes. 
The experiments seemed to indicate that the stretch 
of the rivet holes would give warning before the 
plate would give way. The author had said in his 
paper: ‘‘The modern style of workmanship has 
brought the weaker parts of the structure more into 
harmony with the solid plate, and reduces the whole 
structure into a more homogeneous state than 
existed when the factors of safety, still in vogue 
with the classification societies and the Board of 
Trade, were fixed on.” In reference to this para- 
graph, the speaker said that twelve months ago, in 
the discussion on Mr. Sennett’s paper, he expressed 
his views very freely on this subject, and on reading 
this paper he found that the Admiralty rule now 
approximated more closely to Lloyd’s rules than it 
did at that time, if the meeting was to accept the 
figures quoted. Mr. Parker here made a comparison 
of these figures, in the course of which he showed 
that there was only 10 1b. difference in pressure 
between the Admiralty and Lloyd’s, the respective 
figures being 145 lb. to the square inch and 135 lb. 
to the square inch, ‘‘ This,” said Mr. Parker, ‘‘ is 
not what was represented last year, for it would 
appear that according to the rule given in Mr. 
Sennett’s paper the working pressure should have 
been 1801b. This would give a difference of 


26 per cent. between the Admiralty and Lloyd’s | 
instead of 74 per cent. as now represented.” It | 


should be stated, however, that at a later part of 
the evening some doubt was expressed whether the 
difference pointed out by Mr. Parker was not due 
to either a miscalculation or clerical error. In con- 


* See ENGINEERING, vol. xxv., page 459. 


known axiom that the strength of a chain was only 
equal to its weakest link, and it was no good having 
great excess of strength in boiler shelis over that 
of furnaces and combustion chambers. It was 
useless to heap material on to boiler shells that 
were already strong enough. In the course of his 
official career he had burst many boilers, but in no 


instances the factor of safety was only three, owing 
to error in construction. Mr. Parker had referred 
to some boilers which had been burst, but these were 
land boilersand the results had been due tocorrosion, 
or in some cases to improper treatment. Mr. Parker 
here said that it was for such contingencies that 
the factor of safety was provided. On this point 
Mr. Sennett said he was at issue with Mr. Parker. 
He would provide for corrosion and other features 
of a similar nature by a constant margin. At any 
rate, he and Mr. Parker were agreed as to the 
necessity of absolute safety, the only question upon 
which they were divided was how to get it. 

Mr. Halpin said that the elastic limit of the joint 
and of the material were quite different, and it was 
by the elastic limit that the finished structure 
should be determined. 

Another speaker, whose name did not transpire, 
pointed out that the double butt straps had shown 
results in this case never shown in testing strips. 
The tensile strength of a joint is always less than a 
plate, but in the experiments it came out that the 
stress on joint and plate wasthe same. This would 
indicate that the entire structure would do more 
work than the section taken out of the plate, pos- 
sibly because the transverse seams offered support. 
The whole, therefore, would be stronger than the 
detail. The experimental boiler was 11 ft. long, but 
the actual boiler which it was intended to represent* 
was over 16 ft. long, so that there would he a 
shorter length unsupported by the ends in the ex- 
perimental boiler. Would it have burst sooner had 
it been the real length? (viz., 16 ft. 9 in.) 

Mr. Scott, in replying to the discussion, said that 
he made the experimental boiler shorter than the 
actual boiler it was intended to represent for 
reasons of economy. He would have been glad to 
have tried one of the boilers he was making for the 
Admiralty, but he did not care to spend a few 
thousands on the tests although he did not mind 
spending afew hundreds. He would be glad if Mr. 
Manuel’s powerful company, or Mr. Parker’s society, 
which was reputed to possess untold riches, would 
carry the tests further, and he would give all the 
assistance in his power. ‘The boiler he had tried, 
however, was not unduly short compared to some 
double-ended boilers in actual use. As to heat 
strains varying from those due to hydraulic tests, 
he was of opinion that for shells the difference 
would not be very great. There might be a little 
discrepancy in cases where the water did not circu- 
late, but the introduction of circulators and feed- 
heaters had, to a great extent, overcome this objec- 
tion. However this might be, tests in this country 
were always made on a cold basis. Not a single 
rivet in the circumferential seams had shown signs 
of failure, and it was for this reason he claimed that 
with modern workmanship, if the plates were not 
too thick, a steel boiler was, practically, not to be 
burst. Mr, Parker had taken exception to the 
statement made in the paper that no boiler had 
before been tested to destruction, and had in- 
stanced one that had been so treated, a drawing 
of which was put on the wall. That, however, 
was a locomotive boiler, whilst the paper ex- 
pressly dealt with marine boilers. What was 





required, from an engineering point of view, 
in boiler construction, was the minimum scantling 
that would give safety, and this was what Lloyd’s 
rules should aim at. If makers liked to add 
material in order to increase the duration of a boiler, 
'let them do so. He had seen many boilers broken 
up, and the universal cry of owners was that they 
"——— * ‘This wasa gun-boat boiler. 








wished a new inside could be put to them. He 
thought that the difference between the figures 
given in his paper and Mr. Sennett’s of last year, 
to which Mr. Parker had referred, might be due to 
steel of different strengths being used and a different 
arrangement of butt straps. Some conversation here 
took place on this matter between Mr. Sennett and 
Mr. Parker, when it was ultimately arranged that 
the matter should be inquired into. Reference had 
been made by Mr. Manuel to experiments with 
straight joints, but the speaker maintained that 
these do not give true results when applied to 
cylindrical boilers ; but he hoped Mr. Parker would 
follow the matter up and make bigger experiments. 
If so, he thought Mr. Parker would be brought to 
an agreement with what he, the author, had claimed, 
that modern practice had brought the different parts 
of a boiler into such greater harmony that the 
factors of safety in vogue with the classification 
societies and the Board of Trade might be recon- 
sidered with advantage. 

The next paper was a contribution from Mr. 
J. Macfarlane Gray on 


Tue ErHer PressuRE THEORY OF THERMODYNAMICS 
APPLIED to STEAM. 


At the head of this paper was printed the fol- 
lowing notification; ‘‘ All rights reserved by the 
author. Not to be reprinted, except in the Trans- 
actions of the Institution.”” We may therefore 
proceed to the next business with a clear con- 
science. 

This was a paper by Professor Vivian B. Lewes, 
of the Royal Naval College, on 


THE ForMatTIonN OF Marine Borer 
INCRUSTATIONS. 


The author commenced by saying that the amount 
of deposit formed with the higher steam pressure of 
modern boilers was so great it became almost impe- 
rative to discontinue using sea water for ‘‘ make 
up,” and distillers had to be introduced for supply- 
ing fresh water for the purpose. The trouble, how- 
ever, has only been transferred from the boilers to 
the distilling apparatus, which frequently breaks 
down in consequence, and sea water has after all 
to be put in the boiler. The object of the paper 
was to put forward the results of some experiments 
made by the author, and a number of analyses 
were given of sea water, distilled water, and mix- 
tures either of sea water and distilled water or 
sea water and fresh water. The general features of 
these analyses must be fairly well known to those 
of our readers whose duties bring them into 
contact with this subject, and as it would be difficult 
to condense the various details set forth we must 
leave this part of the subject, at any rate for the 
present, merely remarking that the broad features 
are the calcic carbonate forms the chief constituent 
(75.85 per cent.) in deposit from river water whilst 
calcic sulphate (85.53 per cent.) is most largely 
found in boiler deposit where salt water is used. 
Calcic sulphate binds the deposit into a hard mass, 
an action which is aided by the presence of mag- 
nesic hydrate. A deposit of calcic carbonate, even 
if with traces of oxide of iron and alumina, sodic 
chloride, &c. is separated as a soft powder easily 
removed. 

Calcic carbonate is practically insoluble in pure 
water, but carbonic acid, which is present in all 
natural waters converts calcic carbonate into bi- 
carbonate, which is soluble. On heating the water 
the bi-carbonate is decomposed, carbonic acid gas 
escapes, and the calcic carbonate is deposited. ‘The 
calcic sulphate, the most important constituent of 
incrustation in marine boilers, is dissolved in water 
by the solvent power of the water itself, and there- 
fore boiling water at ordinary pressures does not 
cause its deposition. It is most soluble at 95 deg. 
Fahr., one part being dissolved in 400 parts of 
water. If a solution saturated at 95 deg. Fahr. be 
heated to 212 deg. Fahr. a partial precipitation will 
take place. s ; 

To trace the effect of concentration in calcic 
sulphate a considerable volume of sea water was 
evaporated at atmospheric pressure. Sea water 
of 1.027 density was allowed to concentrate by 
exposure to air until it had a density of 1.029 and 
was then evaporated. Analyses are given in the 
paper of the saline constituents at different den- 
sities ; sodic chloride being in each case the chief 
constituent, but increasing with the density. The 
deposit formed during concentration up to density 
1.05 was basic magnesic carbonate only. The 
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deposit taking place between densities 1.05 and 
1.09 consisted of 


Basic magnesic carbonate and hydrate 
Calcic carbonate Rad oa its 


Between densities 1.09 and 1.225 the deposit con- 
sisted of pure calcic sulphate only. Above that 
density the salt crystallises out. 

The experiments show that with sea water boiled 
under atmospheric conditions and the density not 
rising above 1.09, there would be no deposition of 
calcic sulphate, but with increased pressure the 
sulphate 1s deposited. This occurred even in the 
old low-pressure boilers, but with higher pressures 
the evil is much exaggerated, supposing there is the 
slightest trace of the sulphate, so that it is inadmis- 
sible to use any quantity of salt water, however much 
diluted withfresh. When a saline solution contain- 
ing calcic sulphate is heated under pressure, or con- 
centrated until calcic sulphate begins to separate, 
the sulphate will continue to precipitate even after 
the liquid has cooled down or the pressure has been 
removed ; and also when calcic sulphate has sepa- 
rated at a high temperature or pressure from sea 
water, even although the water has only the ordinary 
density (1.027), the rate at which sulphate will re- 
dissolve is so slow that the re-solution is practically 
nil, The reason for this is given in the paper. 

The author says that his experiments do not bear 

out the conclusion formed by the Admiralty Com- 
mittee of 1880 as to the presence of magnesic 
hydrate in boiler deposit ; a part of which theory 
was that the liberation of hydrochloric acid was 
partly responsible for boiler pitting. The treat- 
ment in the paper of this part of the subject is 
extremely interesting, but it is so entirely chemical 
in its nature and so little capable of being con- 
densed that we must refer our readers to the paper 
itself for information; as also we must to some 
interesting analyses of boiler deposit taken from 
H.M. steamships White Swan and Northumber- 
land. 
When distilled water only is used, there is a 
slight coating of organic matter, but any admixture 
of sea water leads, as stated, to the formation of a 
scale largely composed of calcic sulphate. In one 
instance there was 90.84 per cent., but the analysis 
is chiefly interesting, as showing 1.11 per cent. of 
copper carbonate, doubtless due to the solvent effect 
of distilled water upon condenser and brass fittings. 
It was noted that the green spots due to copper 
were all on the under side of the scale and in con- 
tact with the metal of the boiler, so that they would 
tend to produce local galvanic action and therefore 
pitting. 

The author next refers to the numbers of boiler 
compositions that have been introduced and their 
comparative uselessness, The most they can do is 
to produce a loose deposit which rapidly chokes be- 
tween the tubes, unless frequent removal is had 
recourse to. Sea water might be boiled under a 
pressure of 70 1b. for an hour in separate vessels, 
then all the calcic sulphate and the carbonates of 
lime and magnesia will separate out. This, how- 
ever, the author rightly says would lead to consider- 
able complication, and the plan he advocates is as 
follows: In order to separate the whole of the 
calcium and magnesium salts it is only necessary to 
raise the sea water to the boiling point with a proper 
quantity of sodic carbonate. This would convert 
the calcic sulphate into calcic carbonate, sodic sul- 
phate, a soluble salt, being at the same time formed, 
while the calcic carbonate precipitates as a soft 
powder, there being no calcic sulphate to harden 
it. The magnesium salts are thrown down as car- 
bonates, and a bulky precipitate, which must soon be 
removed, isthusformed. After thisremoval only the 
sodic chloride and sodic sulphate will remain, both 
so soluble that there will be no fear of anything 
depositing unless the evaporation were carried to the 
very improbable density of 1.2. 

The admixture of condenser water and sea water 
treated in this way would be preferable to condenser 
water and distilled water, as the action of the dis- 
tilled water on the plates would be done away with 
by the presence of the saline matter in solution, 
whilst the cost would be a quarter of that incurred 
for distilled water. If the engines of a vessel are 
in good condition 1 ton of water will be required 
per 24 hours per 1000 indicated horse-power for 
‘make up.” 

The way in which the author would treat the 
water has been indicated, and it only remains to 
describe the mechanical device he proposes for get- 
ting rid of the precipitate formed, and not allow- 


17.6 
82.4 








ing it to get into the boiler; for the treatment 
sketched out is to be effected in a separate vessel. 

A cylindrical vessel of 4 tons capacity has 3 tons 
of sea water admitted, and 40 1b. of soda crystals 
are added for each ton of salt water. Steam from 
the boiler is admitted until the temperature rises to 
about 230deg. Fahr. Thepowdery precipitate, before 
referred to, which is formed, then falls to the bottom 
of the cylinder, and steam is shut off. Half a pint 
of paraflin oil, free from paraffin scale, may be 
put in if the precipitate shows a sign of adhering. 
Two and a half tons of the treated water could then 
be drawn off from the top for boiler use, passing 
through a chamber fitted with a filter of asbestos 
cloth. An arrangement for washing the filters by 
a reverse flow is also proposed. The remaining 
4 ton of water is finally blown out, carrying with it 
the precipitate. The whole operation should take 
less than three hours. 

A short discussion followed, in which all speakers 
were unanimous in the praise bestowed upon the 
author’s paper. Mr. Parker gave a practical illus- 
tration of the importance of the subject by pro- 
ducing a large brick of deposit which had been 
taken out of an evaporator placed so as to utilise 
the waste gases of the chimney in a steamer. The 
evaporator was 16ft. long and 3 ft. in diameter, 
and the deposit was about 4 in. or 5 in. thick after 
ten days steaming. This would have gone into the 
boiler had it not been for the evaporator. Mr. 
Parker trusted that the author’s device would 
receive a trial, for it was difficult to exaggerate 
the importance of the subject to the shipowner. 

Mr. W. H. White followed with some remarks of 
a similar nature, and Mr. Lewis having briefly 
replied, the usual vote of thanks was moved by the 
President, and carried with acclamation. 

The meeting then adjourned until the following 
morning, Friday, the 12th inst., when the first 
paper on the list was a contribution by Mr. Beau- 
champ Tower, in which he described 


An APPARATUS FOR PRovIDING A STEADY P.at- 
FORM Fok Guns, &c., AT SEA. 


We publish Mr. Tower's paper in extenso with its 
diagrams on page 399 of our present issue, and we 
need, therefore, give no abstract of it here. 

The discussion on Mr. Tower’s paper was opened 
by Mr. Brunel, who said he had been on board Mr. 
Tower’s yacht which had been fitted with the 
apparatus described. At first he was disappointed 
because, as he thought, the sea was too calm to 
test the invention, but he found that the steadiness 
was due to the action of the apparatus, for when he 
got back to the deck of the yacht he found there 
was a considerable roll. There was a roll of about 
half a degree, but this was due to anerror in manu- 
facture which could be corrected. Of course the 
vertical motion could not be eliminated, but the 
platform could certainly be kept horizontal. 

Mr. Froude had also been on board Mr. Tower’s 
yacht and could corroborate Mr. Brunel in regard 
to his experience. The action of the gyroscope 
in the apparatus was very much analogous to 
that of a governor in a steam engine, and 
every engineer knew the difficulty of getting 
an absolute control of speed in an engine. 
In Mr. Tower’s apparatus the speaker noticed a 
more rapid vibration of a quarter of a degree, 
accompanied by a slower movement of about one 
degree, but the slow motion could be corrected by 
means of the screw, and in this way the gun could 
be kept pointed to thetarget. It was asked whether 
the gyroscope would keep the platform horizontal 
or whether it would be maintained in the plane at 
which the apparatus was started, supposing it were 
put in action at the time the vessel was heeling in 
either direction. The action would be that, sup- 
posing the instrument were locked, when it were put 
in action the motion of the vessel would be at first 
communicated to the platform, but in a few seconds 
it would settle down gradually and become steady 
in a plane with the horizon. 

Mr. Macfarlane Gray spoke of the interest of the 
apparatus, and complimented the author on the 
ingenuity of his invention. Captain Long, R.N., 
also spoke of the value of the invention from a naval 
point of view. He considered that if it could be 
successfully applied it would do much to revolu- 
tionise some branches of naval warfare. The value 
of machine and rapid guns was now becoming duly 
appreciated. With the flat trajectory now obtained 
the great point to be desired in firing was elevation. 
If a steady platform was obtained he considered 
that accuracy would be insured for distances at 





2000 yards. He would like to know what would be 
the expense of fitting the apparatus. 

Captain Fitzgerald said that fourteen years ago 
he had thought that the gyroscope might be used 
for indicating the roll of a ship, and had written to 
the late Mr. Froude unfolding his scheme. Mr. 
Froude had very courteously written him a long 
letter pointing out the fallacies contained in his 
scheme. The speaker understood that the gyro- 
scope was the controlling action, but did not quite 
understand how it came in. He suggested that the 
apparatus would be most valuable for mounting 
electric search lights. 

Sir John Hay was of opinion that the apparatus 
would not be of great use for gunnery, as the 
gunner must learn to shoot flying, and must make 
change in direction and allow for the time taken by 
the shot in travelling. He did not think that 
eliminating one difficulty would be of great assist- 
ance unless the others were got rid of too, as it 
would be disturbing the sum of the conditions. It 
was far better to train gunners to make allowances 
than to depend on mechanical appliances. 

Mr. Joy said that he had some years ago worked 
in the same direction as the author of the paper, 
and when he had heard of Mr. Tower’s apparatus 
he had gone down to Portsmouth and had been 
shown the device. Mr. Wingfield, of Chiswick, 
had also worked in the same direction, but had been 
met with difficulties which the author had sur- 
mounted by his ingenious hydraulic arrangement. 
The speaker suggested that in sighting the gun on 
the platform there might be a difficulty from the 
partial rotation of the barrel on its axis, which 
would alter the arrangement of the sights. 

Mr. W. H. White said that in laying guns at sea 
there were two difficulties to overcome, namely, 
rolling and heaving. Of these the former was 
the greater, and if this were overcome by Mr. 
Tower’s apparatus, a great point would be made. 
There were, however, other applications to which 
the apparatus could be put, and of these the de- 
termination of the angle of roll of a ship would be 
of great use to naval constructors. There were 
pendulum and gravity devices, but these were all 
open to objection due chiefly to error due to mo- 
mentum and inertia. Mr. Heck had tried to 
devise an arrangement for getting horizontality 
in a gun mounting by means of a pendulum but 
had not been successful. 

In replying to the discussion the author said that 
the error referred to by Mr. Brunel and Mr. Froude 
was due to a difficulty in getting a suitable metal 
for the chief bearing. He had tried bell-metal with 
a phosphor-bronze cup, but this was quite unsuit- 
able, for the oil used for lubrication came away 
heavily charged with particles of brass. Vulcanite 
resting in brass had given good results for a time, 
but had not lasted long; but cast iron in a cast- 
iron cup seemed to promise well. He had also 
tried steel in a phosphor-bronze cup, which pro- 
mised fairly well. His yacht had a quick period 
of roll, and with 10 deg. or 12 deg. there was no 
error, but with 15 deg. or more there was an 
error of a quarter of a degree. The yacht was 
50 ft. long and 11 ft. beam. The effect of 
rotating the wheel rapidly was to increase the 
inertia. The weight of the man on the platform 
must be balanced, or it would disturb the horizon- 
tality of the platform, but a fair amount of weight, 
say 30 1b., could be taken up and put down again 
without any sensible disturbance. Sir J. Hay had 
said that it would be better to trust to the skill of 
the gunner, but the author would back himself to 
make better practice with his apparatus than the 
most skilful gunner in the Navy without it. The 
gyroscope in his apparatus brought the platform to 
a horizontal position, because the wheel was really 
a pendulum, being suspended above its centre of 
gravity, 

(To be continued). 





THE NEWALL HIGH-SPEED COMPOUND 
ENGINE. 

THE illustrations on page 391 represent a high- 
speed compound engine manufactured by Messrs. J. 
F. Blyth and Co., Limited, 108, Fenchurch-street, 
and 219, West Ferry-road, Millwall, E. 

These engines, which are made both simple and 
compound, have been designed to fulfil the ordinary 
functions of a high-speed engine, such as driving 
dynamos, fans, centrifugal pumps, and the like. They 
are entirely closed against inroad of dust, so that 
they may be placed in stokeholds and boiler rooms 
without suffering any injury, and without the need 
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of special care or precautions. The chief features 
of novelty lie in the construction and working of 
the valve by which the steam is distributed. The 
valve is inclosed within the piston, indeed the piston 
forms a part of it, as in its upward and downward 
motion it alternately opens and closes steam ports in 
the wall of the cylinder. In asimple engine the enter- 
ing steam passes into a chamber within the body of 
the piston, whence it emerges through ports and a 
cavity in a cylindrical valve into the upper part of 
the cylinder. ‘After the piston has made a part of its 
downward stroke, say one-half, the piston closes the 
steam port in the cylinder wall, and the rest of the 
stroke is made by the expansion of the steam above 
the piston. The cylindrical valve is joined to the 
connecting-rod, and as the latter vibrates, the valve 
oscillates backwards and forwards through a partial 
rotation. The valve is so arranged that when the down 
stroke is completed an exhaust port in it opens to the 
upper end of the cylinder, and allows the steam to 
escape through a cavity in the piston and a port in the 
cylinder wall. It will thus be seen that the usual 
eccentric, eccentric strap, eccentric rod, valve rod, 
guide and stuffing-box, are all omitted, and that a pair 
of engines, whether simple or compound, have only five 
moving parts. There isalso a saving in floor space. 

Referring to the illustrations, Fig. 1 represents a 
pair of compound engines coupled direct to a dynamo, 
Fig. 2 is a front elevation, partly in section of the same 
engines ; Figs. 3 and 4 are two cross-sections of the 
engine, the former through the part of the valve which 
distributes steam toand from the high-pressure cylinder, 
and the latter through the part of the valve controlling 
the low-pressure cylinder. In each engine is a hollow 
trunk piston, bored at right angles to receive a cylin- 
drical oscillating valve, attached to the end of the 
connecting-rod in such wise that at each revolution of 
the crank-pin the valve is oscillated toandfro. In the 
compound engines each cylindrical oscillating valve 
has four separate and distinct pockets or recesses, each 
having suitable ports formed longitudinally, and 
coinciding with corresponding and similar ports con- 
tained in the hollow trunk piston. By means of the 
extension metal strips or lips on either side of the 
piston in way of the inlet and outlet ports, any re- 
quired amount of cushion may be arranged, while the 
steam may be cut off at any required portion of the 
piston’s stroke. 

The steam is led into the sleeve or central portion of 
the engine (Fig. 2) by the shorter port, and after doing 
its work in this cylinder, which is termed the high- 
pressure cylinder, the steam is then led to the annular 
space around the sleeve or pipe piece of the adjoining 
cylinder, through the longer ports as shown in Fig. 3, 
and completes its work in the low-pressure cylinder or 
annular space of the second engine. 

It will thus be seen that the two sets of cylinders 
are not independent of each other, but that the steam 
is first expanded in the central sleeve or trunk of the one 
engine, and that it is then further expanded in the 
outer or annular cylinder of the other engine. It is 
claimed that two simple engines side by side are well 
adapted to form an air compressor, pump, or ex- 
hauster ; inlet and outlet valves are entirely dispensed 
with. 

These machines may be seen any day by appoint- 
ment at the works of the makers, where they have been 
driving the machinery for twelve months past. 


RICE MILL FOR JAPAN. 

Tue illustrations on pages 394 and 395 refer to a very 
compact and complete rice mill plant, constructed by 
Messrs. J. Copeland and Co., of Pulteney-street Engine 
Works, Dobbies Loan, Glasgow. We noticed this 
plant at the time it was finished (see ENGINEERING, 
vol. xliv., page 666), and now give fuller particulars. 
The mill, which has been made to the order of the 
London representative of a Japanese house, comprises 
five sets of improved emery-faced hulling discs (page 
394). The object of these hullers is to remove the 
husk from the ‘‘ paddy” rice as it comes from the 
fields. In these machines the discs are of iron, having 
dovetailed grooves to receive and hold the special 
emery cement which forms the working face. It will 
be noticed that the under disc is the runner, instead 
of the top stone, as was the case when ordinary mill- 
stones were used as hullers, This is found in prac- 
tice to be a great improvement, and to enable more 
work to be got through than could be done under the 
older conditions of working. The mills are driven by 
mortise bevel wheels on a lying shaft, the end of 
which is coupled direct to the compound horizontal 
engine, illustrated in Fig. 2, The engine has cy- 
linders 14 in. and 24 in, in diameter respectively, 
the stroke of both being 30 in. An ordinary jet con- 
denser and vertical air pump are arranged behind and 
below the low-pressure cylinder. The air pump is of 
large capacity to enable a good vacuum to be got with 
the hot injection water found in the tropics, and re- 
ceives its motion from the bell-crank shown on the 
engraving, which also works the feed pump. The 
whole engine, as will be seen, is very neat and com- 











THE STRENGTH OF BOILER SHELLS. 





























yi 
So 











































































































be nnees mene weer anne 2 Re enna ol 
7 
H ee 
Side Elevation} 
lb; Of Boiler H 
“page ©©©OO® 
CH 
pe . © @Q©O@O©® 
In”: oF 
3 rd ©OOO@OO® 
cs 3 © © © 
« = 
—= OJOS 
' ‘of 
i 4 
: +o Y 
7 i: 
j i 
a Ee Se § sini End view of Boiler 
; : | ! 1pout 
3 ot p % ae tb me! pout 
ae a f IS Fe IB ah IB ae 1B li in 
; ' : p 4 
“TAT feast] aioe they Fig 4. Sth 
ie Jo? . a] be ! Tranverse Section ey 
' : °. », 
6 46-112 ° : ie Fig 1: ¥ 4 fame through manhole ei 
te lo 2. Qo ° fa . - 
Fo eo °° of |} : i zy aa 
ni. b-Mo oa oe : Plan of. Boiler : i 13 %--¥ 4. Spout 
LHe 9 e! igo & ' showing wooden; ks aa 
p Te 0 Pee o Of | frame& manhole Hae Sh. Showing permanent a 
rie e 8 © of! alu % E\ Bulge at 620 Ibs. eee 
te of! ; = = %. 
= 120 0 0 9 0 of | ' : ‘ 
wh Udi 2.2 29 9 0 ' ' ra | See) Prat “tile 
fap. 6g oo ies ~~ pg” ~H IS 8-15" ie 18 be [ 4 ‘é 
eos : Sa 
wu. H H BP ¥ 45 
0 é 2e 3 4 as ae n 2B anil , 


























PARTICULARS OF 


oo betes Se | 


we. 


a! % dia 


Srays, 








-..2& Screw, whitworth thread, 4 
































99.916 | ; ' ' 











a 8 c 0 € 
The bulging of the shell (A) in the neighbourhood of the manhole, 
which was very irregular, is shown on the transverse section of 
the boiler through the manhole, Fig. 4. 


pact, and reflects credit on its designers, who have 
made simplicity one of their primary aims. As 
in a rice mill, there is always plenty of husk to 
raise the necessary steam, there is no advantage 
in introducing complicated appliances to save fuel, 
such appliances being more or less sources of trouble 
in foreign countries, where engineering skill is 
difficult and expensive to procure. On the extreme 
end of the shaft already mentioned is fixed a large 
pulley which drives on the upper floor of the mill an 
overhead line shaft from which the other machines are 
driven. Among these machines are included the five 
emery-faced cleaning cones illustrated on page 395. 
These cones receive the ‘‘ cargo rice’? from the hul- 
ling mill and polish its surface by friction between the 
emery cement which forms the working face of the 
cone, and the wire covering of the outer case, the rice 
running through in a continuous stream. These cones 
are driven by quarter-twist belts from the overhead 
line shaft already mentioned. Four pearling cones 
are also included in this mill to make the ‘‘ white 
rice’ from the emery cones into ‘‘pearl rice.” One 
of these cones is illustrated on page 395 ; two of them 
were fitted with brushes and two with sheepskins. 
They are driven in a similar way to the emery cones. 
A rice mill consists essentially of two departments, 
viz.: The hulling and the cleaning mills, and for the 
Japanese mill under consideration, Messrs. J. Cope- 
land and Co. supplied the following machinery. For 
the hulling mill: in addition to the hulling discs 
already described a paddy riddle to remove stones, 
straw, &c., from the paddy rice as received from the 
fields; dust riddles, husk fans on the improved 
double blast system, which Messrs. Copeland and Co. | 





Washers 10°dia «56 thick E1ght '%; rivets in each washer 


threads per inch, -- - -- 





are now making; rotary separators covered with 
specially perforated steel and zinc sheets used to grade 
and clean the ‘‘ cargo rice ;” also the necessary eleva- 
tors, &c. 

For the cleaning mill: in addition to the cleanin 
and pearling cones before described, meal fans an 
rotary sizer to finally grade the ‘‘ pearl rice” and 
remove all ‘‘coodie” and meal from the finished 
product ; together with the necessary elevators, &c. 
Steam is supplied by two Cornish steel boilers fitted 
with improved husk-burning furnaces. The whole 
mill is automatic in its action, the ‘‘ paddy rice” 
running in from the pe ‘* godowns”’ or store, and 
never requiring to be handled in any way till it 
appears as finished ‘‘ pearl rice.” This mill has now 
been at work for some time and has given the greatest 
satisfaction to all concerned. 

We may add that Messrs. Copeland and Co, have 
also sent out to Japan several compound engines for 
paper mills; also two complete modern flour mill 
plants, one on the roller system, and they are at 
present engaged on an oil mill plant for extracting oil 
from seeds. 





THE STRENGTH OF BOILER SHELLS. 


On Experiments in Endeavouring to Burst a Boiler Shell 
made to Admiralty Scantlings.* 


By Mr. Joun Scort, C.B., F.R.S.E. 


Art the twentieth session of this Institution in 1888, a 
paper was read by Mr. Richard Sennett, R.N., Member 
of Council and Engineer-in-Chief of the Navy, on ‘* Work- 
ing and Test Pressures of Marine Boilers.” : 

he reading of this paper evoked considerable discus- 
sion, and the — of large difference of opinion 
among members of the Institution. ‘ 

It seemed possible that a practical experiment in the 
direction of endeavouring to burst the shell of a new steel 
boiler might throw some light on the subject, and furnish 
the proverbial ounce of fact so superior to the pound of 
opinion. Not a few old iron boilers, most of them having 
worked at low pressures, have, from time to time, been 
submitted to bursting pressure by various engineers, and 
Mr. Sennett’s paper stated that he had officially conducted 
a number of such experiments with naval boilers. No 
record, however, appears to exist of any bursting experi- 
ment made with the shell of a new boiler of a size used in 
actual practice, constructed of steel, and intended to work 
at the pressure now in common use. : 

The experiment detailed in the paper was accordingly 


* Paper read at the Institution of Naval Architects, 
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resolved on, and was carried out at the Greenock 
Foundry. 

During last summer, boilers were being made at that 
establishment for H.M.’s gun-vessels Sparrow and Thrush, 
intended for a working pressure by Admiralty specifica- 
tion of 145 lb. per square inch, The diameter of these 
boilers was such that an experiment on a shell of dupli- 
cate diameter could be conducted without incurring 
too serious expense. A shell of the dimensions shown in 
Figs. 1, 2, and 3 above, was accordingly constructed, 
having the same mean diameter (7 ft. 8,°; in.), the same 
thickness of plating, disposition of rivetting, and longi- 
tudinal stays, as the boilers of the Sparrow and Thrush.* 

The experiment being only to test the shell plating, no 
furnaces, combustion chambers, or tubes were fitted. The 
ends were of uniform shape throughout, with stays similar 
to those in the upper portion of the boilers being made 
for actual use. 

The number of plates and the distribution of butts in 
the experimental shell, are identical with the Sparrow 
boilers, but the total “— of this boiler was made 11 ft. 
instead of 16 ft.9in. The plates and stays used were 
subjected to the usual Admiralty tests for tension, and as 
shown on Table I. 


TABLE I.—Result of Steel Tests. 
Tensile Strength 


For what Part = Elongation in 10 in. 
art used. in Tons 4 Square per Cent. 
Flangedend me 28.1 25 


1” oe a 27.3 

End plate of shell x4 26.9 29 

é : e 27.8 25 
Middle plate of shell 27.7 25.2 
Butt straps Lae 26.2 27 
= strengthening 

ae 26.7 In 8 in. 

Boiler stays am 26.8 vet pn ; 266 


No special precautions were taken in regard to the 
workmanship other than is usual at the Greenock Foundry 
in ee for the Royal Navy or the mer- 
= service. The flanged ends were pressed by the 

eeds Forge Company’s hydraulic press at one heat, and 





* Thickness of shell plates, 44 in. ; of butt straps, 4$ in 
of boiler ends fas ale + 5 ree we oe 
strengthening JB qin washes, Sihim. 5 of manhole 





were not annealed. The shell plates were bent cold. The 
rivet holes were bored in place after bending. The 
rivetting of one end and the shell plates was done by 
hydraulic machine, adjusted to a pressure of 120 tons on 
each rivet. The closing end was rivetted by hand. The 
boiler was caulked in the usual way, and prior to com- 
mencing the experiment it was tested for tightness to the 
pressure required by the Admiralty specification for this 
class boiler, viz., 235 1b. per square inch. 

Preparation for Trial.—-The boiler was set on chocks, 
surrounded by a strong framework of wood, forming 
straight edges at six different positions, and observations 
were made at a large number of places, as shown on Figs. 
1 and 3, by which the changes in form, which resulted at 
the various trials, were read off and transferred to the 
drawings. 

First Trial.—Pressure was raised to 145 1b. per square 
inch, being the intended working pressure. A slight 
alteration of form was registered, probably arising from 
the effort of the boiler to assume a true cylindrica! shape, 
by which some parts of the boiler appeared to increase in 
diameter and others to diminish—as recorded at the obser- 
vation stations. Pressure was then raised to 235 lb., the 
Admiralty test pressure, and produced the alteration in 
form shown on Table II., and continued up to 300 lb. 
per square inch without any leak occurring. Pressure 
was then reduced to zero, and the boiler returned to its 
original figure, as noted at each of the test spots. Pressure 
was again applied, and raised gently till 330 lb. per square 
inch was reached, when leaking commenced to a small 
extent through the manhole door; all the other portions 
of the boiler remained tight. Pumping was then continued 
to 450 lb. per square inch, at which point the volume of 
water supplied by four pumps was equalled by the leakage 
from the manhole, and the trial had to be suspended. The 
remainder of the boiler was tight, except a very small 
leak from one of the corners of each of two butts, On 
examination, the strengthening plate surrounding the 
manhole door was found to be buckled, and the caulking 
round the edges started. This plate was then removed, 
and a large plate fitted (as shown on Fig. 1), secured by 
rivets spread over its surface. The permanent set assumed 
by the boiler at this stage is shown in Tables II., IIL, 





VIEW or PORT 


‘ Shaded circle is a section 
— of jet 





and IV. No otherrepair was made. 
Second Trial,— Pres:ure was raised from zero to 350 lb. | 








per square inch, without any leak. At this stage a slight 
leak recommenced at the manhole. Pressure was con- 
tinued until it reached 5201b. per square inch, when the 


Tarte IL.—Deflection at various Pressures within the 
Limits of Elasticity, in 64ths of an Inch. 





145 1b. | 2365 Ib. | 300 Ib. 


= 3 7 
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leakage overcame the supply from the pumps. In addi- 
tion to leakage from the manhole, leaks of some extent 
were visible at the ends of all the butt straps, but all 
other portions of the boiler remained tight. The perma- 
nent set found after this pressure is recorded in Tables 
III. and IV. On examining the stays inside, those of the 
centre were fcund to be reduced in diameter <y in., but 
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with great regularity throughout their length. Thecentre|rivets showing slight signs of leaking, the rivetting 
of the boiler had lengthened about | in. at each end. No | throughout remained unimpaired, and in this respect no 
starting of the butt straps was visible either externally or difference can be detected between the hand rivetting 


internally. The butt straps were caulked on the ends, 


and the machine rivetting. The final permanent sets are 


and an increased number of bolts fitted to the manhole | given in Tables III. and IV. 


door, which was re-caulked. 


| The mean tensional strength of the shell plates and 
| butt straps, as plates before bending, may be taken as 


TABLE III.—Permanent Bulge on Boiler Ends at Various 61.500 lb. It will be observed from Table VL. that at 


Pressures in 64ths of an Inch. 





Point. 450 Ib. 520 lb, 580 Ib. 620 Ib. 
No. 
1 8 40 76 98 
2 16 53 92 112 
3 20 66 104 120 
4 20 52 92 120 
5 12 40 76 104 
15 12 40 | 74 92 
16 | 20 50 | 90 100 
17 | 18 6t 104 112 
18 14 50 90 112 
19 8 88 74 100 


TABLE LV,--Permanent Bulge on Boiler Sides, at various 
Pressures, in 6iths of an Inch. 


Point. 4501b. | 5201b. 580 Ib. 620 Ib. 

















No. | 
6 4 6 4 | 4 
7 7 4 40 | 62 
K 6 1 32 48 
9 6 1 6 | 20 
10 | 7 3 16 36 
ll 5 2 8 | 24 
12 8 28 52 | 60 
13 16 45 64 64 
14 4 12 4 2 
20 + 2 4 2 
21 4 22 40 42 
22 4 l4 36 38 
23 ary 10 2 34 
24 “» 2 21 60 
25 oe an 6 26 
26 “ 4 18 30 
27 12 28 34 
28 1 6 2 


Tasie V.—Permanent Increase in the Diameter of Boiler 
at Various Pressures. 


Pressure in Pounds per Square 491, 5201b, 680 1b. 20 1b. 





in. in. in, in, 
1 


Mean increase in diameter atA .. 4 1} 1% 143 
” ” ” B..! .. “ +. th 
” ” ” ss is vs lyx 1, 
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TABLE VI.—Srresszs on BOILER AT VARIOUS PRESSURES. 


| 620 lb. per square inch of internal pressure the section of 
| the plate left after rivet holes are bored was strained to 
57,504 lb., or 934 per cent. of the strength of the solid 
plate, and without rupture or serious disturbance of the 
‘structure. To the eye the butt straps appear to be unin- 
jured. This result may tend to show that it is possible, in 
a circular structure, a doubled strapped butt, joining 
plates supported at the edges by solid plate, may be 
capable of sustaining a higher percentage of strain than 
straight samples of a similarly arranged butt without side 
| support, which may have been pulled to destruction on a 
| testing machine. 
The conclusions stated by several members of the Insti- 


_ ———|tution in the debate on Mr. Sennett’s paper, that extem- 


porised safety valves would spring into existence in a steel 
boiler exposed to extreme pressure, seems to be borne out 
by the results of this experiment. 

It will be observed from the engraving and Table V. that 
although the two circumferential seams have increased in 
diameter to the extent of }}in. and § in., they have other- 
wise maintained their form and extended in a much less 
| degree than the single plate intervening between two of 
them which has barrelled to a considerable extent. In 
the case of the boilers of the Sparrow and Thrush a 
different action was set up at the proof pressure of 235 |b. 
per square inch. From the counteracting effect of the 
| staying of the firebox, which is placed near the centre of 
|the boiler, the top and bottom of these boilers tended 
| slightly inwards in a regular curve from end to end, while 
| the sides were correspondingly extended. Attention may 
| be called to the engravings and Table IIT. showing the per- 
manent set of the boiler ends, which have assumed a 
fairly regular curve from the circumference to the centre. 

In the official experiments made by the Board of Trade, 
and detailed in Memorandum for the Information of 
Board of Trade Surveyors, 1881, an account is given of 

the breaking of a flat box with short stays supported by 
| rivetted washers. The form of the permanent set of the 
| plate is entirely different from that experienced in the 
| test boiler now under consideration, due to the length of 
|the stays. The drawing exhibiting the Board of Trade 
| experiment shows the stress to have been developed locally 
between the stays in quasi spherical shape, while the test 
boiler has assumed a regular curve throughout, from 
| centre to circumference. While in practice the longi- 
tudinal stays in common use are probably sufficiently 
| strong, it may be assumed that theoretically their dia- 
| meter should be increased to correspond with the length 
| of the boiler. 








| 
145 235 | 300 450 520 580 620 








Internal pressure in pounds per equare inch .. --| 180 | 135 
| ee 1 a | MB: Ib. Ib. Ib. Ib. | Ib. | Db. 
Stress on shell per square inch of solid plate .. -+| 10,092 | 10,840 | 11,256 18,243 | 23,288 34,933 | 40,367 | 45,025 | 48,130 
»» Ppersquare inch of section left afterrivet holes | | | 
are bored ‘ - aH op “> --| 12,057 | 12,521 | 13,448 , 21,796 27,824 41,737 | 48,229 | 53,794 | 57,504 
Stress on rivets in longitudinal seams per square | | 
inch of section (double shear) .. Pe << -.| 8,320 | 8,640 | 9,280 15,040 19,200 , 28,8f0 | 33,280 | 37,120 | 39,680 
Stress on stays per square inch of section ee --| 8,910 | 9,253 9,938 16,107 | 20,562 30,843 | 35,640 | 39,753 42,494 
| 


TaLie VII,—Permanent Set on Stays at Various Pressures. 








-Pressure per Square Inch. 526 Ib, 580 Ib. | 20 Ib. 
Greatest elongation of stays | 
ininches.. oe oo} 2s in. 3) in. 38 in. 
Greatest reduction in dia- | 
meter .. . ee .. About ,, About ¢, |About ,4, bare. 
| 


The reduction in diameter of stays was uniform throughout their 
length to within 8 in. of the ends, from which they are tapered up 
to their original diameter, and was greatest in the stays nearest 
the centre of the boiler, 


Third Trial.—Pressure raised to 350 1b. per square inch, 
at which the boiler was tight. The pressure was then 
raised continuously until 5801b. was reached, the same 
causes again arresting the trial. Leakage commenced at 
the manhole at about 3601b., and gradually increased 
until the terminal pressure of the day was reached. 
Larger leaks were observed on the ends of the butts, and 
very slightly at some portion of the sides of the butt 
straps, and also very slightly through the stay nuts, and 
at their bases. On examination, no visible change had 
taken place in the caulking of the butts outside, but the 
end of the inside butt straps were abcut «yin. open, and 
the caulking of the straps inside had started as observable 
by the eye, but not sufliciently to permit the insertion of 
the thinnest testing knife. Some of the stays showed 
a reduction of about “in. nearly from their original 
dimensions, and spread evenly over the whole length. 
Bulging of ends and permanent set of shell are noted in 
Tables III. andIV. Butts were caulked, and three addi- 
tional pumps were connected to increase the water supply. 

Fourth Trial.—Boiler-tight at 350lb. Pressure con- 
tinued and slight leakage commenced before 400 lb. was 
reached. Pressure rose rapidly in consequence of the 
large water supply, but leaks increased at the sides and 
ends of all the butt straps as the pressure reached 620 1b. 
per square inch. Although this pressure was maintained 
for five minutes, it could not be increased, and the trial 
had to be stopped. With the exception of one or two 


Average tensile strength of boiler plates in pounds per equare inch = 61,500. 


While the various portions of the test boiler seem to 
have acted in harmony, and to have shown no special line 
of weaknegs at any point, it may be remarked that at the 
butt straps, arranged as they were to obtain a percentage 
of 83.7 per cent., the wide spacing of the rivets, which on 
the edge of the straps are 5? in. from centre to centre, 
through 4 in. butt straps, may have determined the ten- 
dency to leak at the edges, which ultimately manifested 
itself asnoted above. While this spacing may be suitable 
for ordinary or test pressures, it may not be that which 
will permit a maximum amount of tightness to be reached 
at the highest pressures. The resistance of the rivetting 
throughout in this test goes far to show that this por- 
tion of boiler construction can be relied on at extreme 
pressure. The modern style of workmanship has brought 
the weaker parts of the structure more into harmony with 
the solid plate, and reduces the whole structure into a 
more homogeneous state than existed when the factors of 
safety, still in vogue with the classification societies and 
the Board of Trade, were fixed on. 

The experiment which this paper has endeavoured to 
describe seems to present some justification for a reduc- 
tion in the minimum scantlings of the shells in marine 
boilers of merchant service to at least the scale now adopted 
by the Admiralty. 





STEADY PLATFORM FOR GUNS. 


An Apparatus for Providing a Steady Platform for 
Guns, &c., at Sea.* 
By Mr. Beaucuamp Tower, Member. 

I PROPOSE to describe an apparatus I have constructed 
and tried in practice, which gives a perfectly steady plat- 
form on board a ship inaseaway. There are probably 
many purposes to which such an apparatus could be 
usefully applied, but the purpose for which this particular 
machine has been specially designed is that of mounting a 
quick-firing or machine gun, or a search light or a tele- 
scope, on beard ship, and especially on small vessels, the 


* Paper read before the Institution of Naval Architects. 
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quick motion of which, even in a very moderate sea, 
renders these weapons and appliances almest useless, 

I will first describe the construction of the apparatus by 
the aid of the diagrams. 

Fig. 1 is a section through the apparatus showing the 
working parts. 

Fig. 2 is a plan looking down from above on the 
machine, 

Fig. 3 is a side view of the machine, showing generally 
how it is mounted on the vessel. 

I will call the central part on which the gun is mounted, 
and to which the seat on which the man sits is attached, 
the ‘‘platform.” This is, in fact, the part to be kept 
steady. This platform is suspended in gimbals on the 
top cf a hopper-shaped estal, which stands on a round 
hollow pillar rising up from the vessel’s deck. The part 
which, in ordinary gimbals, is usually a ring, has in the 
present case two opposite quarters of it cut away so as to 
form two gaps for the gun, so that the gun may lie exactly 
in the plane of the gimbals. Thus no disturbing effort is 
exerted on the apparatus by the force of the recoil. The 
remaining quarters of the gimbal ring are connected 
together rigidly by a half hoop, passing below and clear 
of the fittings of the platform. These two remaining 
portions of the gimbal ring are in the form of straight 
arms, and I will call them the gimbal arms. These are 
well shown in Fig. 2. One end of each arm moves ina 
bearing attached to the top of the hopper-shaped 
pedestal, this bearing having all the motions of the 
ship; the other end forms a bearing in which the 
platform rests. These arms are made hollow, and the 
bearings contain water-tight oscillating joints, so 
that a supply of high-pressure water can be sent from a 
pumping engine through the hollow gimbal arms to the 
platform, for the purpose of actuating the mechanism 
which I am about to describe. 

Projecting down from the platform and attached to it 
are four cylinders, one at each corner; out of the top of each 
of these cylinders projects a ram or plunger, which works 
freely, yet water-tight, in a collar at the top of the cylinder; 
each ram is attached by a connecting rod tothe pedestal, 
and therefore to the = tal Supposing water under pres- 
sure to enter any one of the cylinders, it would press the 
ram out of the cylinder, and so cause the platform to be 
inclined in the gimbals. There being four cylinders 
equally spaced round the centre, the platform can, if de- 
sired, be inclined in any direction by forcing water into 
one or more of the cylinders. Connected to the bottoms 
of the cylinders is a cross-shaped frame. In the centre of 
this frame is a cup bearing, which forms the bearing of a 
heavy cast-iron disc wheel, revolving in a horizontal plane 
on a spherical journal resting in the cup, so that the 
wheel, while free to revolve, is also free to wobble through 
a small angle in any direction from the central vertical 
axis of the platform. 

The centre of gravity of the wheel is placed a small 
distance below the centre of the spherical bearing. The 
bearing has a hole through its axis to form a passage for 
conveying high-pressure water into a cavity in the centre 
of the wheel. he presence of high-pressure water in 
this passage diminishes the friction of the bearing, by 
causing the greater part of the weight of the wheel to be 
carried on the water pressure ; the wheel being made just 
heavy enough to hold itself down against the water pres- 
sure in the bearing. Water is in this manner supplied at 
a pressure of about 100 lb. per square inch to the central 
cavity in the wheel, from whence it passes by two radial 
passages to two small tangential jets, the reaction of the 
water issuing from which causes the wheel to revolve with 
a velocity of 400 or 500 revolutions per minute. There is 
also an axial pipe leading up from the central cavity, and 
terminating in a jet nozzle Zin. in diameter, and = 
coaxial with the wheel. When the wheel is supplied wit 
high-pressure water it begins to revolve, owing to the 
reaction of the tangential jets; if at starting it is not in a 
horizontal plane it begins to perform a slow conical move- 
ment, owing to the fact of its being suspended above its 
centre of gravity, the force of gravity therefore putting on 
it a couple tending to set it upright, and the wheel con- 
tinually refusing to obey this couple, but inclining in a 
plane at right angles to it after the manner of a gyro- 
scope, and thus causing the slow conical oscillation. ‘This 
conical oscillation would continue unabated were it not 
for the friction of the spherical bearing, which extin- 
guishes this motion ; and the wheel, in a short time after 
it has started, settles down to revolve in a truly horizontal 
plane with its axis truly vertical, and consequently throws 
a truly vertical jet out of the axial jet nozzle. ; 

Immediately over this vertical 3-in. jet, at a short dis- 
tance from the nozzle, four pipes or passages terminate, 
with open ends pointing downwards, These open ends 
or ports are brought as closely together as possible, in 
fact, they are shaped so as to appear as a circle with two 
narrow bars crossing its centre, so as to divide it into four 
quadrants, each of which is one of the ports. (See Fig. 5.) 
Each of these pipes ccmmunicates with one of the before- 
mentioned cylinders. The effect of the axial jet is to 
cause the cylinders to act so as to cant the platform until 
the centre of the axial jet is exactly opposite the centre 
of the circle of ports, that is to say, until the jet is equally 
distributed over the four ports, for if it is not in this 
position, the fact that one port gets more of the jet than 
another, causes the pressure in the cylinder with which 
that port communicates to be greater than the pressure 
in the other cylinders, and thus the platform is canted 
until the jet and the group of ports are concentric. 
Thus by means of the cylinders the platform is or 
and powerfully held coaxial with the revolving wheel, 
and the plane of the wheel being horizontal, the plat- 
form is also horizontal. I wish particularly to draw 
attention to what I consider is a very important 
quality belonging to this combination. The plat- 
form assumes a horizontal attitude in obedience to the 
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direction of the wheel, but at the same time there is 
no reaction whatever on the wheel tending to disturb it 
in its horizontal rotation ; the wheel acts powerfully on 
the platform, and yet suffers no reaction onitself. What- 
ever force is brought to disturb the horizontality of the 
platform, none of that force can disturb the horizontality 
of the wheel, as the wheel only acts on the platform 
through the jet, and what the jet strikes against after 
it has left the axial nozzle cannot in any way affect the 
wheel. 

It will be observed that the platform must yield slightly 
to any force tending to disturb its centrality over the 
wheel, in order that the pressures in the cylinders may be 
so modified as to balance the disturbing force. The stiff- 
ness of the platform, or its power of resisting disturbing 
forces, can he regulated by varying the proportion between 
the areas of the cylinders and the length of the axial jet. 
There is, however, a limit to the amount of stiffness 
which can be given, owing toa tendency to oscillate show- 
ing itself if the platform is too stiff, but I have been able 
to make that of the present machine so stable that 300 lb. 
on a lever 1 ft. long causes an inclination of only 1 deg. 

A man weighing 150 lb. can move the centre of gravity 
of his body 6 in. on the seat, and only produce an altera- 
tion of level of one-fourth of a degree. The amount of 
error caused by the friction of the bearings and other 
mechanism is only about three-quarters of a minute of arc. 
I should say that the man on the seat has under his con- 
trola valve governing a hydraulic training cylinder, by 
which he can turn the whole machine round in azimuth, 
so as to point in any direction. 

I will now explain the theory of the modification of the 
pressure in the cylinders by the ports being more or less 
covered by the jet. It is easy for any one familiar with 
an ordinary Giffard’s injector to realise that a high 
velocity jet can penetrate a hole in a chamber against a 
considerable pressure. The late Mr. William Froude, in 
his address to the Mechanical Section of the British Asso- 
ciation in 1875, showed that a jet of water issuing from a 
vessel under pressure, if received through a hole of its 
own diameter in another vessel, would very nearly repro- 
duce in the receiving vessel its originating pressure (see 
Fig. 4). Ifthere is no outlet from the receiving vessel 
the water of the jet is spilled at the receiving orifice, as 
the receiving vessel is full and will hold no more. If 
there is an outlet of the same size as the jet the whole of 
the water will issue through it with the same velocity as 
the jet, andthe pressure will be unaltered; but if this 
outlet is made larger than the jet the pressure will be 
diminished until it is no more than sufficient to give the 
water the diminished velocity proper to the enlarged 
orifice. Thus we can vary the pressure in the receiving 
vessel at will, from nothing up to nearly the original pres- 
sure of the jet, by varying the relative proportions of the 
escaping hole and jet. Now I consider that if a hole is 
only partly covered by a jet, that part which is covered 
must be regarded as a receiving hole, and the uncovered 
part must be regarded as an escaping hole. The relative 
areas of these and the resulting pressures are, of course, 
rapidly varied by any motion of the jet. 

I will now say a few words on the theory of the steadi- 
ness of the revolving wheel, on which, of course, the 
steadiness of the whole thing depends. It is clear that it 
is essential that the wheel shall keep its axis vertical to 
the horizon ; if it is at any other angle any alteration of 
the ship’s course will cause an alteration of elevation of 
th3 gun. I believeit has been attempted to obtain abso- 
lute fixity in space by means of a rapidly revolving and 
powerful gyroscope. But even if this were mechanically 
possible it will not answer the purpose, as a line perpen- 
dicular to the horizon is being continually inclined by the 
rotation of the earth at a rate near the equator of a degree 
ix every four minutes of time. It is therefore evident 
that the wheel must be made so as to obey gravity. 

The late Mr, Froude, in 1872, at which time 1 had the 
privilege of being one of his assistants, constructed an 
app ratus for automatically recording the rolling of a ship. 
For this purpose he hnng in a vertical athwartship plane a 
heavy wheel resting on almost frictionless bearings, the 
centre of gravity of the wheel being only a small distance 
below the centre of suspension. This wheel, owing to 
its inertia, remained stationary while the ship rolled, 
and thus the angle of roll was recorded. This wheel 
was really a very long period pendulum obeying gravity. 
but so slowly, owing to its great inertia, that the horizontal 
forces due to the wave motion could not sensibly disturb 
it during the short time they were acting in one direction. 
Now, my revolving wheel is really a long period pendulum ; 
its centre of suspension is but a small distance above its 
centre of gravity, and it is given rotation as a convenient 
way of giving it inertia, without making it inconveniently 
heavy and large. There is also the advantage that its 
r-volution about its axis obliterates nearly all the friction 
which would otherwise tend to prevent it inclining freely 
in any direction. The relation between the speed of 
rotation and the distance between the centres of gravity 
aid suspension is so adjusted that the complete period of 
its conical cscillation round the true vertical is about one 
and a half minutes. 

The water used in working the apparatus I have 
described is about 50 gallons per minute. This water, 
aiter issuing from the jets under a pressure of 100]b. per 
square inch, falls into the hopper-shaped pedestal, and 
down the hollow column into a tank, from which the 
steam pump takes its suction. The water is thus used 
over and over again, but I know no reason why sea water 
should not be used, and, in vessels fitted with a fire 
service, the pressure from the fire mains might be used 
to drive these machines. The engine which I have on 
board my yacht is an ordinary Worthington fire pump, 
which exerts, when the machine is in full work, about 34 
horse-power. 

I will say afew words to illustrate the utility of this 





machine. I will put into figures what happens when my 
yacht is rolling through the very moderate angle of 10 deg. 
on each side of the vertical. Her complete period of roll- 
ing is four seconds, that is, she takes two seconds to roll 
from one side to the other, that is, through 20 deg. This 
is a mean velocity of 10 deg. per second, and a maximum 
velocity in the middle of the roll of 15 deg. per second. 
Suppose a gun to be aimed at an object 300 yards off ; the 
relative motion of the ship and the object aimed at will 
be the sameas if the ship was steady and the object aimed 
at was flying upwardsand downwards, through a distance 
of 314 ft., with a mean velocity of 107 miles an hour, and 
amaximum of 160 milesan hour. But in reality it would 
be easier to hit the object under these conditions than it 
is when the ship is moving and the object stationary, 
because the motion of the ship is continually disturbing 
the balance of the man’s body ; he has to hold on as well 
asaim. Ifthe gun was mounted on the machine I have 
described, the motion of the object would be reduced to 
that due to the vertical rise and fall of the waves. This 
motion and velocity would in most cases be less than ,4 of 
the above figures, and I think there can be little doubt 
that the object would be much more easily and frequently 
hit, and that a ship with guns mounted on these machines 
would have a great advantage in an encounter in a sea- 
way, with a ship not so fitted, especially in these days of 
rapid fire, when one cannot afford to wait till the ship 
rolls toa convenient angle for firing, This apparatus will 
enable continuous fire machine guns, such as the Maxim, 
to be used at sea, without wasting the greater part of 
their ammunition ; it should be also very convenient for 
mounting a search light or a' powerful telescope. In 
short, it should enable many things to be used on a small 
vessel which can only effectively be used now on a large 
one. 

I am not without hopes that it may also useful 
for diminishing the horrors of sea-sickness. It would be 
easy to make it control valves governing hydraulic 
cylinders, which would keep a swinging saloon, such as 
was fitted in the s.s. Bessemer, steady, the saloon obeying 
the motion of the platform, in the same kind of way as a 
steam steering engine follows the hand of the steersman. 
Such an arrangement would use less power than would be 
used if the saloon was steadied directly by jets, but I 
think that, though sufficiently accurate for this purpose, 
it would probably not be sufficiently su for guns. As far 
as my own personal experience goes, the effect of the 
apparatus in doing away with the inconvenience of the 
ship’s motion is very marked. The sensation of calmly 
sitting on the machine at one’s ease, and seeing the ship 
roll about under one and everybody else holding on, is a 
very novel one. * 








MISCELLANEA. 
On account of increasing business, Messrs. Chubb are 
about to extend their works both at London and Wolver- 
hampton. 


Messrs. Dorman, Long, and Co., steel and iron manu- 
facturers of Middlesbrough, ask us to state that they 
have taken offices at 19, Victoria-street, Westminster, 
S.W., where their London business will in future be con- 
ducted by Mr. H. B. Powell, who will act as their sole 
London representative. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom, for the week ending April 
14, amounted, on 16,023 miles, to 1,222,511/., and for 
the corresponding period of 1888, on 15,948? miles, to 
1,196,404/., an increase of 74} miles, or 0.4 per cent., and 
an increase of 26,107/., or 2.1 per cent. 


The Series Electrical Traction Syndicate, Limited, 
have received from the Board of Trade a certificate that 
their electrical tramway at Northfleet has passed the 
Government inspection ; and a license to use electricity 
as the motive power thereon for seven years. The line 
will in consequence be opened to the public immediately 
after the Easter holidays. 


On Thursday, the 18th inst., the Australia, 12, first- 
class armour cruiser, returned to Sheerness Harbour, upon 
thecompletion of her machinery trial under forced draught. 
The ship was tested for six hours at full speed, and the 
distance covered was 102 knots, or an average of 17 knots. 
The engines worked very satisfactorily, and the boilers 
gave a plentiful supply of steam. The Australia will now 
be placed upon the active list of the Royal Navy, and will 
take part in the forthcoming naval manceuvres. 


The Government of West Australia have concluded 
arrangements for the constructson of a railway line from 
Eucla to Perth, a distance of 800 miles. This line will 
establish direct communication between Perth and Ade- 
laide, Melbourne, Sydney, and Brisbane. The arrange- 
ment between the Government and the promoters is that 
the latter shall receive 20,000 acres of land for each mile 
of line constructed. This price is probably not su great 
as it appears on the surface, as the line in question will 
oe a desert through a considerable proportion of its 
ength. 


Mr. C. J. Reynolds, of 4, King-street, Tower-hill, has 
patented a fire escape made on the principle of the common 
parallel ruler. It consists of a ladder, the steps of which 
are fixed to the sides by pin joints so that one side can 
move relatively to the other just asin the afore-mentioned 
parallel ruler. One side of this ladder is intended to be 
permanently attached to the wall of the house, and in 
ordinary conditions the other side is folded up close to it 
and maintained there by a catch. In case of emergency 
this catch is released, allowing the free side to drop, when 


* My yacht is at present lying at Portsmouth, and the 
apparatus, in operation, is open to inspection. 





the ladder opens out and forms an easy means of com- 
munication with the ground. 

A Russian paper states that ‘‘ the Minister of Ways of 
Communication will shortly examine, in conjunction 
with the Ministers of Domains and of Finance, a project 
for rendering navigable the principal rivers of Siberia. 
All the necessary information will be collected and placed 
beforethem ; and among other documents will be thereports 
of the Special Commission intrusted by the Minister of 
Domains in 1888 with the survey of the rivers of Western 
and part (Angara) of Eastern Siberia. This Commission 
will renew its work this summer with regard to the 
feasibility of connecting the rivers of Siberia by canals 
with one another, and especially with the Yenisei.” 

The Herreshoff Company are building a torpedo boat 
for the United States Government, which is to be 137 ft. 
long, 14 ft. 6 in. broad, with a depth of hold of 8 ft. Its 
draught loaded will be 3 ft. 7 in., its displacement under 
the same conditions is to be 99 tons, and the speed fully 
equipped is to be 20 knots, though it is stated that the 
builders expect to get 23. The boat is to be fitted with 
twin screws, and with engines indicating 1500 horse-power. 
Each engine has five cylinders, having diameters of 
11} in., 16 in., 224 in., 224 in., and 22}in. The price of 
the boat is to be 82,750 dols. 

Some heavy locomotives have recently been put to work 
on the mountain division of the Philadelphia and Read- 
ing Railroad. The actual weight in working order of 
these engines is 153,040 lb., 136,340 lb. of which are on 
the driving wheels. The tractive force is 271 ]b. per 
pound of average pressure on the cylinders, which are 
22in. in diameter by 28 in. stroke. The driving wheels 
are 50 in. in diameter, and the boiler is 13ft.6in. long 
over the tube-plates. It contains 270 tubes of 2} in. dia- 
meter. The firebox is 11 ft. long by 42 in. wide inside 
dimensions, and is placed above the frames instead of be- 
tween them. The total heating surface is 2345 square 
feet, 185 of which are in the firebox, The engine is in- 
tended to burn anthracite coal. 


The Admiralty have issued instructions for the new 
composite gun vessels Thrush and Sparrow, which will 
shortly be ready for delivery from the contractors, to be 
armed and completed for commission at Sheerness Dock- 
yard. Their armament will consist of six 4-in. steel 
breechloading guns, and two 3-pounder quick- firing guns, 
which are being introduced for the first time into the 
equipment of composite gunboats. They are fitted with 
engines of 1200 horse-power, estimated to propel them at 
a speed of 13 knots. Before the end of the present 
financial year the Admiralty will have nine vessels of 
this typos ready for commission. They are intended to 
replace the slow-going gunboats serving abroad, all of 
which are to be brought home at the termination of their 
present commissions, 


At a recent meeting of the National Electric Light 
Association at Chicago, the President, Mr. S. A. Duncan, 
stated that there were in America 5747 central stations 
and isolated electric lighting plants, showing an increase 
of 2067 plants in a year. There were also 219,924 arc 
lamps, making an increase of 62,625 lamps for the first 
half of the past year, or 27,424 lamps for the second half. 
There were also 2,504,490 incandescent lamps, or 754,990 
lamps more then twelve months previously. During the 
first half of last year the capital of the electric lighting 
firms increased 42,210,100 dols., and in the latter half 
27,137,634 dols., or 69,397,734 dols. in all. Six months 
ago there were 34 electric railways in operation in the 
United States, and there are now 53, At the same period 
there were 83 roads in process of construction, and there 
are now 44. 


The Planet Electrical Engineering Company, of 28, 
Victoria-street, Westminster, are introducing a new arc 
lamp, in which the upper carbon is fed by means of an 
electric motor, which drives a worm and a train of gear- 
ing. The field magnets of the motor are in series with 
the arc, the armature being connected as a shunt to the 
field magnets. The difference of potential at the two 
brushes of the armature is 2 volts. When the lamp is 
burning steadily the motor is at rest, but when the resist- 
ance of the arc increases a solenoid core pulls down a 
lever, making contact to the armature, which immediately 
commences to revclve. Should the arc be made too short 
the solenoid reverses the connections, and the armature 
revolves in the opposite direction. The advantage of the 
arrangement is that there is plenty of power to overcome 
the friction of the slide, and that with the exception of 
the solenoid there are no fine adjustments. 


M. Decauville, of Petit Bourg, the well-known manu- 
facturer of portable railway plant, has been appointed by 
the French Government receiver of all exhibits sent to 
the Paris Exhibition, for transmission to the positions 
assigned them. His office is in the Exhibition, opposite 
the Champ de Mars station, door H, where all informa- 
tion may be obtained. A special staff of workmen has 
been engaged for this department, and a tariff of charges 
will be forwarded on application either to the Exhibition 
or 7, Idol-lane, London. This contains full information 
as to rates for the reception, registration, unloading, and 
discharging of railway wagons, conveying to position, 
unpacking, and warehousing, and also as to the final 1e- 
packing, passing through customs, and forwarding to 
destination. For the above work M. Decauville has 
laid down one of his portable railways of 24-in. gauge 
with 14 lb. steel rails and sleepers, and also a fixed line 
with 19 lb. steel rails and sleepers, upon which twenty- 
three cranes are used, six of which are worked by steam. 
There is also a large supply of rolling stock and locomo- 
tives. As it would be injudicious to open the packages 
before the arrival of the exhibitor or his agent, this part 
of the work will nut ke done until ordered, or on the day 


| of exhibitor’s arrival to take charge. 
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THE THORNYCROFT WATER-TUBE BOILER. 


CONSTRUCTED BY MESSRS, JOHN I. THORNYCROFT AND CO,, ENGINEERS, CHISWICK. 


(For Description, see Page 411.) 
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NOTICES OF MEETINGS. 
INSTITUTION OF CrviL ENGINEERS,—Students’ meeting, Friday, 
April 26th, at 7.30 p,m. Paper to be read: ‘* Photography for 
Engineers,” by Messrs. C. H. Gale and V. W. Delves-Broughton, 
Studs. Inst C.E. Mr. W. Atkinson, M. Inst. C.E., in the chair.— 
Ordinary meeting, Tuesday, April 30th, at 8 p.m. Paper to 
be further discussed: ‘‘Armour for Ships,” by Sir Nathaniel 
Barnaby, K.C.B. Paper to be read, time pe mitting ; ‘‘The 
Treatment of Steel by Hydraulic Pressure,” by Mr. W. H. Green- 
wood, M. Inst. C.E. 
THE SANITARY InsTiTUTE.—Thursday, May 2nd, at 5 p.m., lecture 


Fl be delivered by Dr, Bushell Anningson, on ‘‘ Rural Epi- 
emics, 


INSTITUTION OF MECHANICAL ENGINEERS.—The ordinary general 
meeting of this Institution will be held at the Institution of Civil 
Engineers, 25, Great George-street, Westminster, on the following 
days :—Wednesday, May Ist, at 7.30 p.m., Thursday, May 2nd, at 
7.30 p.m., and Friday at 2.30 p.m., when the following papers will 
be read: ‘* Research Committee on Marine Engine Trials, Report 
on Trials of the s.s. Meteor,” by Professor A. B. W. Kennedy, 
F.R.S. ; ‘‘ Description of an Apparatus for Drying in Vacuum,” 
by Mr. Emil. Passburg, of Breslau. 
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THE ELECTRICAL CONGRESS IN 
PARIS. 

Ir the salvation of the human race could be 
attained by talk we should be on the verge of the 
millennium. During the period of the Paris Ex- 
hibition no less than sixty-nine international con- 
gresses will meet under Government patronage, 
besides a good many which will lack official sanc- 
tion. Nearly every imaginable subject will be 
under discussion before audiences which will be 
freer from conservative ideas than those which 
attend fashionable congresses in this country. 
Politics and religion are the only matters which are 
absolutely forbidden ; everything else may be in- 
vestigated and criticised, and any one may become 
a member of any section of this vast debating 
society by the payment of 20francs. A good many 
of these congresses deal with matters which will 
interest our readers, but the one which will 
be the most widely popular with English engi- 
neers and physical scientists, will be that devoted 
to electricity. There are several reasons for this ; 
principal among these is the success attained by 
the Congress of 1881. That meeting occurred at a 
time when the electric light was just kicking 
off the swaddling clothes of the laboratory, and 
needed a new outfit to enable it to make a 
start in the commercial and industrial world. A 
fresh nomenclature had to be adopted, standards of 
practical dimensions to be indorsed, and generally 
the floating ideas of many men gathered together 
and wrought into a coherent system. All the re- 
commendations of the Congress have been practi- 
cally adopted, and it has been demonstrated that 
an international authority may be very useful in 
bringing about a similarity of practice all over the 
world. 

Although the forthcoming Congress labours under 
the disadvantage, as compared with its predecessor, 
of being the second, yet there is much for it to do, 
probably more than it can get through in the eight 
days allotted to it. Fortunately it is no part of its 
business to enter into deep research or to act the 
part of a scientific prophet. Its functions are rather 
to serve as a jury, and try the various theories which 
are offered for its suffrages, accepting such as 
appear best adapted for the various uses they are 
designed to fulfil. Its most useful work will lie 
among standards and measurements. The relation 
of the electrostatic to the electromagnetic systems 
has been likened to a troubled sea, which needs to 
be very plentifully oiled before it can be passed over 
without anguish, and it remains to be seen if the 
Congress can aid in smoothing the crossing. Anew 
method of treating magnetic problems has arisen 
within the last two or three years, and awaits 
formal acceptance. Competing for public favour 
are numerous measuring instruments dealing with 
energy, currents, resistances, electromotive force, 
capacity, induction co-efficients, and magnetic field, 
and many of these will be brought before the Con- 
gress. The standard of light requires to be fixed, 
the one previously selected having proved unprac- 
ticable. 

The proceedings of the Congress will not be alto- 
gether confined, however, to its judicial functions, 
but in some of its branches will take the usual 
character of those of a scientitic society. All that 
is newest and best, both in apparatus and theory, 
will be set forth for discussion and criticism, but to 
a very great extent competing methods of attaining 
a given end will be debated concurrently. It is not 
supposed that great questions of policy, such as the 
comparative advantages of direct current and alter- 
nate current distribution, can be decided by count- 
ing votes or weighing opinions. They must be sub- 











mitted to the test of experience before their respec- 
tive values can be finally determined. But, pend- 
ing this result, the criticisms of the assembled 
leading electricians of the world will be of the 





It may be that names of equal 
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weight will be found ranged on opposite sides of 
many questions, and that the person who follows 
the debate for the sole purpose of saving him the 
labour of making an intelligent choice will find him- 
self none the wiser. But both the strong and the 
weak points of each system will be brought into 
high relief, and those who can read between the 
lines will find much that they will turn to good use. 

It is at the times of international congresses that 
one feels most keenly the inconvenient consequences 
which are credited to the building of the Tower of 
Babel. It is a comparatively simple matter to acquire 
sutlicient knowledge of the chief European languages 
to follow the movement of scientific affairs, but 
such knowledge falls short of that required to make 
a mana debater. The standard of oratory is not 
usually high in scientific societies in which the 
speakers use their native tongue, and many able men 
would hesitate to express their views in a foreign 
language even if they had a conversational facility 
in it. If, however, it should be allowed in the 
forthcoming Congress for every one to address the 
audience in whatever language is most familiar to 
him, it will be the Continental members who will 
find the greatest difficulty in following the proceed- 
ings. When questions of practical experience are 
being debated it will be to the American engi- 
neers that the audience will look for information, 
while for the embodiment of theoretical considera- 
tions in well-designed machines, the English mem- 
bers ought to be the best sources of knowledge. 
No doubt every nationality will have something to 
learn, and if the arrangements are well carried out, 
as we have every belief they will be, the Congress 
will prove most successful. For once science will 
speak with a single mouth, and her judgment will 
be delivered ex cathedrd. 








THE FOREIGN TRADE OF JAPAN 
FOR 1888. 

Accorp1ne to the returns <f the Japanese Im- 
perial Customs, which may be taken as fairly 
accurate, the total value cf the foreign trade (im- 
ports and expcrts) of the country, during the year 
1888, amounted to 131,160,744 yen as against 
104,108,992 yen in 1887, showing an increase of 
nearly 26 per cent. Taking the average value of 
the silver yen or dollar at 3s. 1d. the sterling value 
of 1888 would be about 20,220,6141. 

The following Table gives in sterling value the 
share of the chief countries trading with Japan for 
the two years 1887 and 1888, and also the increases 


Inc resses. 
188 over 187. 
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Imports and Exports 
Total Trade. 








Country. — meres 
| 1887. 1888, Imports. Exports; Total. 

United King £ £ £ £ 
dom (including | 

India and) 

Colonies, but} 
excepting | 

Hong Kong)..| 5,406,519 | 7,290,432 1,028,872 845,041 | 1,883,913 
Chinaand Hong) 

Kong .. __ ..| 2,922,362 | 3,358,805 | 366,040; 70,403| 436,443 
United States..| 3,975,715 | 4,857,862 | 214,275 | 167,922 | 382,147 
France .. ..| 1,931,631 | 2,738,221 | 173,296 633.224, 8C6,590 
Germany _..| 944,283 1,060,429, 8,871 | 107,275, 116,146 
Other countries} 869,630 | 1,414,865 ae e 645,235 

Totals ..| 16,050,140 20,220,614 4,170,474 


Thus it appears that the bulk of the increased 
trade fell to the share of Great Britain. Putting 
the figures into the form of percentages, the in- 
creases are roughly as follows: Great Britain, 35 ; 
China and Hong Kong, 15; United States, 93 ; 
France, 41, and Germany, 12}. With reference to 
the exports it must be noted that by far the larger 
part of the new trade of 1888 was due to a ‘‘ boom” 
in the silk trade, the exports of this article amount- 
ing to no less than 1,496,080/. for the months of 
November and December alone. ‘This, by the way, 
explains the abnormally high percentage of increase 
in the exports to France. 

To judge from the figures in the Table one would 
be justified in assuming that Germany has been 
losing ground, as her percentage of increase is con- 
siderably less than in former years. But this 
is only partially true, that is tosay it is true to the 
extent that the German manufacturer has not been 
doing quite so well, but the figures afford no index 
of the success or otherwise of the German mer- 
chant. The latter personage is not so patriotic as 


to order his goods in Germany when he can get 
them cheaper elsewhere, and it is probable that 
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a considerable part of the English trade comes 
through German merchants. In corroboration of 
this we have heard on the best authority of con- 
siderable orders for rails and iron manufactures 
which have been sent to this country by German 
houses in Japan-—no doubt after unsuccessful at- 
tempts had been made to place them in the Father- 
land. That the orders should come here at all is no 
doubt a matter for congratulation, but so long as 
they are transmitted through foreign agents there 
can be no doubt that the tenure is uncertain, and 
to retain their position our manufacturers ought to 
be directly represented on the spot. We have pre- 
viously referred to this branch of the subject (vide 
ENGINEERING, September 21, 1888), and it is not 
necessary now to dwell upon it at any length, but 
increased knowledge causes us to emphasise what 
we have already said. Above all things our manu- 
facturers ought to insist upon their own name being 
prominent on the articles supplied whenever it is 
practicable. To allow an agent or merchant to 
ticket his sales only with his own name is a most 
short-sighted policy, and in the long run will benefit 
neither party, and this is particularly the case with 
regard to machinery. 

It may be taken for granted that the direct 
representation of manufacturers in Japan will meet 
with opposition from merchants and agents already 
on the spot, and also from the local English press, 
or at any rate from that portion of it which has 
contracted views and confides its sympathies to local 
interests instead of those of our country at large. 
But a little wholesome opposition from home will not 
do our mercantile brethren in the East any harm, and 
at any rate will be less unpleasant to their patriotism 
and no more hurtful to their pockets than seeing 
business secured by our German and American 
rivals. Increased competition means diminished 
profits to the merchant, of course, and we are far 
from wishing to reduce any one’s profits. But 
profits have been and are still being reduced all 
over the world from this cause and Japan will be no 
exception. It is only a question whether the in- 
creased competition is to come from our own coun- 
trymen or from foreigners. We believe that we 
can make and supply most manufactures cheaper, 
quality taken into consideration, than any other 
country in the world, and if our manufacturers 
were to take means to bring themselves into more 
direct contact with the consumer, in countries like 
Japan, the result will be an increase of British 
trade and British influence, 








THE DESIGNING OF WAR VESSELS. 

Now that the discussion upon the new designs 
of battle-ships is over, those interested in such 
matters are beginning to ask themselves what has 
been gained in the way of practical knowledge 
upon the subject? We fear that the answer must 
be, for the general public, not very much ; unless, 
it may be, that we have found there is not much 
to learn. A short time ago we ventured to suggest 
that no such thing as ‘tthe science of warship 
design” existed, and the discussions at the In- 
stitutions of Civil Engineers and the Naval Archi. 
tects confirm us in this view. The experts are not 
to blame for this ; they cannot make bricks without 
straw, and until considerable sums of money are 
spent in experimental work, the value of a given 
design must be an open question, upon which any- 
body may hold any opinion he likes without greatly 
fearing to be proved wrong. 

Those who followed the discussions must have 
been struck by the remarkable dearth of concrete 
fact advanced. One disputant concludes that 
armour should be thicker or should cover a wider 
area, as the case may be, but can give no valid 
reason for his conclusion any more than it is his 
opinion. Another controversialist may say that 
there should be no armour at all ; that all the ship 
designer’s capital—i.e., displacement—should be 
thrown into armament or engines, but he does not 
support his opinion by any detailed statement. The 
only thing we do appear fairly unanimous upon is 
that a warship must be a compromise, but it does 
not require a Solon to come to this conclusion. 

Allowing, however, that ‘‘ compromise” is to be 
the key-note of the discussion it logically follows we 
ought to determine to what extent certain desir- 
able features are to be sacrificed to make room for 
others still more desirable, and it is here that the 
want of experiment is felt. There is a growing 
conviction amongst naval ofticers that the big gun 
business has been overdone of late ; that too much 





weight has been put into the monster ordnance of 
some vessels, and that it would be better not to have 
110-ton guns, but pieces about half that weight, 
putting what is saved into auxiliary armament, 
Probably this is a sound conclusion, but what, it 
would be satisfactory to know, is the basis upon 
which the conclusion is founded? The reply of the 
advocates of the lighter guns would be that the 
chance of getting a blow in from any one gun is so 
small that it is worth while to neglect it in order 
to secure the greater possibility of striking a num- 
ber of lighter blows with the additional number of 
smaller pieces. This might be an excellent reason ; 
but what arethe chances? We read through letters 
to editors, discussions before societies, Parlia- 
mentary debates, and official publications without 
getting any clue to the solution. 

Again, in the matter of armour distribution. 
Some would have no outside armour at all, as in the 
case of the big Italian ships ; others would plate the 
sides nearly all over; some would have long belts 
with small vertical extension, others would make 
them short and deep. In favour of which system 
would the majority of probable chances of war 
tend? Has any one thought out and tabulated the 
possibilities ? 

It may be objected that the probabilities of naval 
warfare are so numerous that what would be a good 
and desirable feature in one case would be quite 
the reverse were the conditions somewhat altered, 
and therefore it is impossible to arrive at any definite 
conclusion. If this be the case it is evident that not 
only is the science of warship design non-existent, but 
that it never can be created ; and we can only go 
by the rule of guess. Every man may be governed 
by the feature which happens to come uppermost in 
his mind, and any discussion must be a simple air- 
ing of hobbies. This, no doubt, is the case at pre- 
sent, and one circumstance tends to confirm the 
fact. For a long time naval officers as a body—to 
judge at least by those who give public utterance 
to their opinions—asked for more armour protec- 
tion, as if it were a thing to be got for the asking, 
or at any rate for the paying. Lately, however, it 
has been dawning upon the sailors that if enough 
armour is put on a ship’s side to prevent her being 
sunk by the enemy they must either go without 
guns, ammunition, coal, or engines, or at any rate 
a part of these, and consequently we see a healthy 
reaction setting in, and a more patient contentment 
with the possibility of being sunk, so long as they 
can get a chance to sink the enemy in return. 

This latter operation is after all the aim and 
object for which war vessels are designed, and what 
is wanted are experiments to show in which way 
the end can most probably be attained. Such ex- 
periments would be costly—-enormously costly— 
but the money would be well spent if it enabled 
those whose duty it is to design our war vessels to 
know with any approach to certainty the value of 
their work. Absolute certainty naturally can never 
be reached, but at any rate, if we spend money 
enough, we can get nearer to certainty than our 
possible antagonists. 

Another leading question that ought to be de- 
cided is, ‘‘Who is to design our warships?” 
Some are of opinion that the naval constructors at 
the Admiralty should be no more than calculators 
of displacement and stability, and that naval officers 
alone should dictate what are to be the fighting 
features of the vessels. This is the rule nominally 
in force at Whitehall, excepting so far as the First 
Lord has paramount authority. Practically, how- 
ever, it is so far departed from that ships are 
spoken of as of Sir E. Reed’s design, Sir Nathaniel 
Barnaby’s design, or Mr. White’s design. There 
is much to be said, theoretically, in favour of 
naval officers designing ships; much to be said 
against it, practically, as the Board of Admiralty is 
at present constituted. We do not believe a man 
can even initiate the design of a ship who has not 
a knowledge of the principles of naval architecture, 
let him be ever so good a sailor. It is very well to 
say that the naval officer knows what he wants and 
can leave the details to be worked out by the con- 
tractors, but these details are so much a part of the 
design—are so essentially the root or foundation of 
the design-—that the man who has the grip of them 
must be the man who knows what is possible ; and 
he who knows them not must be subservient to the 
man who does know them. At the same time, no 
one would claim that a mere naval architect—one 
who has learnt nothing of ships but as they appear 
on paper—can undertake the business. For 
instance, the talented naval constructor who the 





other day confessed that he never went to sea with- 
out being sick could hardly put himself forward 
any more than a certain gallant captain who has 
propounded more than one impossible scheme to 
the Admiralty. We do not want purely ‘‘con- 
structors’ ships” (against which officers have been 
exclaiming of late) any more than we want simply 
‘* sailors’ ships.” 

What we do want is a new kind of official alto- 
gether as a warship designer. He must know 
principally how far he can go and keep his ship 
afloat ; how far he can go and keep her keel down- 
wards. This he must know of his own knowledge, 
and not have to get the information second-hand. 
He must, therefore, be a naval architect. He must 
further know how to make his ship formidable, and 
so must be a naval tactician. He must know what 
to do to give her a fair measure of safety against 
the attacks of an enemy, and he must there- 
fore be an artillerist. He must know what other 
nations—our possible foes—are doing, and he 
must therefore spend some part of his time 
abroad where he may see the ships of foreign navies; 
and he must of course be a man of native talent to 
enable him to assimilate and put in practical shape 
the knowledge he acquires. It is evident that an 
individual of such varied attainments as the com- 
bination of naval architect, sailor, artillerist, naval 
tactician, and engineer, must devote his whole time 
and energies to his peculiar business. 

In place of such an official what do we have? 
We have a number of naval officers who are the sea 
lords of the Board of Admiralty. They are good 
men as a rule; first-class naval ofticers, but 
they have spent a great part of their life in the 
routine of their profession, a routine necessary to 
make them naval officers, but to a large extent use- 
less for training them to design ships. They come to 
Whitehall, it may be only for a few months, or it 
may be for a few years. Their position is a fortu- 
nate chance in their career; but at best it is no 
more than an episode. Our naval constructors are 
at the Admiralty for good, and this is the strong 
point in their position ; but it is also their weak- 
ness. They see too little of ships afloat, too much 
of them on paper. The time of the Director of 
Naval Construction is too much, very far too much, 
taken up by the red tape of the Admiralty, his 
attention is far too occupied by what may be called 
the politics of the department. When he ought to 
be planning and pondering over what should be the 
form and design of a war vessel, he is dancing 
attendance on the First Lord, checkmating the 
Treasury, or framing answers to those troublesome 
gentlemen who ask questions in the House. 

It may be claimed that with our present system all 
reports from naval officers, either in regard to ex- 
periments we make ourselves on observations of 
foreign ships abroad, pass through the Admiralty, 
and therefore the Board and their professional 
officers acquire all the knowledge that is to be got. 
The objection to this argument is twofold. In the 
first place no written report, however skilfully and 
fully worded, can be equal to an actual inspection 
of the thing itself. Every one knows how much 
clearer an idea will be conveyed by a picture of a 
piece of mechanism than by a printed description, 
but how still more exact and lasting will be im- 
pression acquired by personal observation. The 
second objection is that there is not sufficient op- 
portunity for a study of these reports. The naval 
members of the Board do not see many of them 
because they are not there ; and the Director of 
Naval Construction has far too often other fish 
to fry. 

Whether the designer of warships to the Navy 
should be drawn from the ranks of naval officers, 
or whether he should be first of all a naval con- 
structor, may be an open question; and how far 
such an official should be subject to control may 
also be discussed with advantage ; but it is pretty 
certain that our present haphazard and piecemeal 
system can never work for the best results ; but 
perhaps it is hopeless to expect it to be bettered 
whilst the Admiralty is simply a unit in the great 
political game which is played at Westminster, and 
which we call the Government cf the country. 
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Steam Boilers: Their Management and Working on Land 
and Sea. By James Peattiz. London and New York: 
E, and F. N. Spon. 

Mr. Pxartie states in his preface that he has 

endeavoured to write up unwritten experience in 
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his own style, and not in the stereotyped style usual 
with such subjects, and it may at once be conceded 
that he has been perfectly successful in his endea- 
vour. So long as he confines himself to practical 
advice upon the management of boilers his counsels 
are worth reading, and if all the rest of the volume 
were expunged the remainder would no doubt be 
of service to engine drivers and stokers. But when 
the author, leaving the (to him) sure ground of 
— ventures into the slippery paths of theory, 

e becomes as difficult to follow as a will-o’-the- 
wisp, and it is only here and there that a solid fact 
can be found among the quaking quagmire of error 
over which he flits so confidently. It is fortunate 
that this style of writing is nof the usual one. 

The work commences with a section on water, 
dealing particularly with the solids it contains ; 
then comes one on coal, in which, among other 
things, it is stated that hydrogen is ‘‘ the chief ele- 
ment of water, as well as that of soot and smoke,” 
and that it ‘‘ will at once seize its combining quan- 
tity of air leaving the less volatile carbon to perish.” 
Two pages further we find the following: ‘‘ At 
50 deg. in the ashpits the air in the funnel should 
be 600 deg. The chimney temperature must exceed 
that of the steam in order to produce draught, 
which is represented by the excess. Heat releases 
the captive metals from the ore just as the sun 
develops the rosebud. One pound of coal yields 
800 units of heat.” It will be seen that when 
matter fails him Mr. Peattie indulges in poetical 
similes, and that his facts and his fancies are equally 
foreign to his subject. Two pages later, under the 
heading of combustion, we read, ‘‘ The heat deve- 
loped or other useful effect derived from the latent 
power of coal, by combustion, amounts to nearly 
8800 deg. of heat or units of work, clear of all deduc- 
tions ; 44,000 deg. is the perfection of economy.” 
Probably by degrees of heat the author means units 
of heat, but where does he get his figures? Surely 
they cannot all be printers’ errors. These glaring 
mistakes we have picked almost at haphazard 
out of the first seventeen pages, and we have passed 
over many others. To treat the remainder of the 
volume in the same way would be waste of time and 
space, but we cannot pass over the author's attempt 
to explain the question of latent heat. He has 
evidently taken pains to make it simple, and the 
wonder is that he could expend so much effort to 
render the matter easy to his readers without 
finding out the fallacy of his own ideas. He com- 
mences by a reference to Joule’s equivalent, which, 
of course, has nothing to do with the subject. He 
then gives a perfectly original diagram with three 
vertical tubes marked respectively, pressure, tem- 
perature, and latent heat, all starting at a level 
representing absolute zero. The temperature and 
latent heat tubes are supposed to contain mercury, 
and starting from absolute zero, heat is applied to 
them. The latent heat tube L has two loops in it, 
one at a point corresponding to 32 deg., and the 
other at 212 deg. The temperature tube T is 
straight. Mr. Peattie says: 


Now let T and L ascend their respective tubes t»gether. 
They will keep abreast of each other all the way, but on 
reaching 32 deg. above zero, L suddenly leaves the track 
and disappears into the bush; T instantly stops, both 
having travelled 493 deg. After making a circuit of 
143 deg., L appears just where he lately disappeared. 
They walk again in company for 180 deg., where L again 
disappears ; T instantly stops as bafore, while L makes 
another circuit, this time of 966 deg., reappearing where 
he disappeared just as before. T, who has been waiting 
all this time, at once resumes his journey in company 
with P (pressure). L being worn out and unable to make 
further headway, remains for their return. P soon leaves 
T behind. On the return journey P and T arrive together 
at the place where they left L, who, on their arrival, re- 
traces his step round the loop, T again waiting for him, 
while P retires t» his own place. 


__After this exposition of the theory come some 
illustrations drawn from melting ice and cooking 
vegetables, and then follows the application thus : 


From 32 deg. to 212 deg. or 180 deg., cost 180 lb. of 
coal ; 966 deg. will therefore cost 966 lb. of coal, or 54 times 
that amount. Having now 15 lb. of steam by the steam 
gauge or pressure line, which is now our guide, the water, 
if clean, does not rise above that temperature, as the 
steam does. The question now is: What of this 966 deg. 
of heat stored up latent in the steam and the economy of 
the boiler compared ? 

Five and a half times the amount used for heating the 
water expended on latent heat is just 550 per cent. sunk 
on the latent heat. Although it can be recovered theore- 
tically, as the steam is again turned into water, for steam 
purposes it is lost. And this heavy expenditure each 


time steam is raised in a boiler tells very heavily against 
such as are cooled down and lit up very often. 
With boilers working continuously, such a3 marine 








boilers, for say 550 hours at aspell, this makes the average 
outlay on latent heat as 1 per cent., whereas an engine 
engaged say two hours per day, has an average of 2.75 per 
cent, on latent heat as loss, 

Surely Mr. Peattie must be a son of the cele- 
brated Mrs. Partington. If not the family of that 
lady must look to their laurels, for they could not 
mix up matters more hopelessly than he does. The 
subject is, however, far too serious to be treated 
with levity. Here isa book professedly addressed 
to persons who are unable to understand technical 
and scientific language, and written for their benefit 
in plain and workshop phraseology. It is issued 
by a reputable firm of publishers with all the ad- 
vantages of good paper and printing, and no doubt 
will be read by many a youth anxious to learn some- 
thing of the principles of the machines among which 
his life is passed. Yet that youth had far better 
devote his spare time to skittles or to any other 
form of healthy amusement, than cram his mind 
with the amazing errors which stud this book from 
cover tocover. As long ashe continues ignorant the 
work of improvement is comparatively easy. But 
once he has imbibed knowledge (save the mark) at 
such a muddy fount as this, it is almost a hopeless 
task to fill his mind with the clear waters of truth. 
It is to be hoped that only a small edition of this 
book has been printed, and that very few of the 
copies will ever leave the publisher’s shelves. 





Dynamo-Electric Machinery: A Manual for Students of 
Electrotechnics. By Sytvanus P. TuHompson, D.Sc., 
B.A. Third Edition, enlarged and revised. London 
and New York: E. and F. N. Spon. 

The rapid advance of electrical matters has necessi- 

tated very considerable changes to be made in the 

third edition of Professor Thompson’s book. The 
mathematical parts of the work have been curtailed, 
and to this end they have been rewritten; the 
algebraic and graphic methods of treating the 
various problems connected with dynamo-electric 
machinery were in former editions kept apart; in 
this they are combined. The growing importance 
of transformers is acknowledged by the insertion of 

a chapter devoted to them. The conception of the 

magnetic circuit has been introduced into the theo- 

retical treatment of the problems of the design of 
electrical apparatus. To the appendix have been 
added an abstract of the theoretical researches of 

Clausius, an account of some recent investigations 

respecting certain points in dynamo design, an 

inquiry into the conditions of self-excitation, and 
some references into the use of the dynamo in 
telegraphy. 

It will thus be seen that the author has spared no 
pains to bring his work up to date, and not only to 
maintain, but also to increase, the high character 
which it has already attained. 





BOOKS RECEIVED. 

How to Select Wood-Working Machinery. By J. Star¥orD 
Ransomg. London: William Rider and Son. 

Transactions of the American Institute of Electrical Engi- 
neers. Vol. V. New York: Published by the In- 
stitute. 

The Elements of Electric Lighting, including Electric 
Generation, Measurement, Storage, and Distribution. 
By Puitip ATKINSON, Am., Ph.D. Third Edition. 
New York: D. Van Nostrand Company. 

Modern Heliographic Processes. With 32 Illustrations on 
Wood and 10 Specimen Heliograms. By Ernest 
Leitze. New York: Van Nostrand Company. 

An Elementary Text-Book of Applied Mechanics. By Davin 
ALLAN Low. London: Blackie and Son. [Price 2s.] 

The Theory of the Continuous Girder ; its Application to 
Girders with and without Variable Cross-Sections. By 
Matverp A. Howsg, C.E. New York: Engineering 
News Publishing Company. 

Steamship Capability. By THomas WINGATE. Glasgow: 
James P. Forrester. 

Die Gleichstrom-Dynamomaschine. Ihre Wirkungsweise 
und Vorausbestimmung. Von WALDEMAR FRITSCHE. 
Mit 105 in den Texte gedruckten Abbildungen. 
Berlin: Julius Springer. [Price 4 marks. ] 

Yeur-Book of the Scientific and Learned Societies of Great 
Britain and Ireland. Sixth Annual Issue. London: 
Charles Griffin and Co. 


NOTES. 
Dovusiine THE GranD TRUNK. 

Tue directors of the Grand Trunk Railway Com- 
pany of Canada are steadily proceeding with the 
important work of double-tracking the main line 
between Montreal and Torontvu. The expenditure 
made with this object in the last six months of 1888 
was 164,972/. In the course of last year, the fol- 
lowing sections were double-tracked : St. Henri to 
Point Claire, 124 miles ; Coteau Landing and Bains- 
ville, 11 miles; Brockville freight yard and Lans- 
downe, 19? miles; and Moira River and Sydney, 





6} miles ; making a total of 494 miles. The portion 
between St. Henri and Point Claire is built vid 
Lachine, a new double line, three miles in length, 
having been constructed from Lachine to Dorval, 
avoiding the original main line summit of Lachine 
bank, which has come to be regarded as objection- 
able in consequence of its heavy gradients. The 
whole distance between Montreal and Toronto is 
333 miles and of this 8L miles are now double- 
tracked. A further length of 25 miles of double 
track is in an advanced stage of construction, and 
will be completed early this summer. Another 
section between Cornwall and Brockville, 57} miles 
in length, is about to be proceeded with. These 
sections, added to the sections already completed, 
will make an aggregate distance of 163 miles, or 
nearly half the whole distance between Montreal 
and Toronto. In constructing the double track, 
the most important of the heaviest gradients have 
been reduced. The condition of the permanent 
way upon the Grand Trunk system is reported to be 
improving. 

THe Witt1am Denny MeEmoriat InstitvTe. 

Some time ago we referred to the efforts being 
put forth most successfully to rear some tangible 
memorial to the late William Denny, of Dumbarton, 
and, at the same time, to perpetuate the apprecia- 
tion of his townspeople for the many excellent and 
noble deeds which characterised his brief but active 
life; and we indicated the probability of the 
memorial taking the form of an institute, which 
would benefit the whole people. This idea has 
been approved by the subscribers, and in adopting 
this scheme they have undoubtedly acted in accord 
with the spirit of the man whom they desire to 
honour. A site is ‘‘trysted” in one of the prin- 
cipal thoroughfares in the town, and on it a 
building will be erected. If the aims of the pro- 
moters be carried out, it should be the centre of 
attraction for all the scientists of the district, 
While it may give a home to the free library, 
which at the present time is located in central 
but not convenient premises, the Denny Memorial 
Institute will primarily be a place where science 
holds sway. At least, so it should be. It is 
the desire of many of the leading subscribers 
to make the principal hall in the building one 
specially adapted, not only as a lecture hall, with 
all the requisite appliances for the treatment of 
scientific subjects, but also an apartment where the 
science classes, in connection with the Kensington 
department, may be carried on most conveniently. 
This would be a fitting tribute to a man cf science 
like Denny. In addition, of course, there would 
be public reading and recreation rooms, for in 
Scotland business and pleasure are closely linked 
together ; and the possibility of having public baths 
in addition is present in many minds. The scheme 
is a good one, and although not carried out now, in 
its entirety, we understand the Committee are 
securing ground so that in the future there would 
be no difficulty in extending the buildings. There 
is no ground to fear on the score of finance. 
Already considerably over 50001. has been secured, 
and reverence for the departed and public spirited- 
ness are the guarantees that should more be 
required it will be forthcoming. 


Mr. WarREN DE LA Rue. 

Mr. Warren de la Rue, the well-known physicist, 
died on Good Friday last, in his 74th year. The 
deceased gentleman was a native of Guernsey and 
was educated at Paris, where he obtained the 
groundwork of that scientific knowledge which 
served him in such good stead afterwards when he 
succeeded his father as head of the firm of Thomas 
de la Rue and Co. The work in which he first dis- 
tinguished himself was in stellar photography, and 
during the total eclipse of the sun on June 18th, 
1860, he obtained some excellent photographs, 
which formed the subject of the Bakerian Lecture 
of the Royal Society in April, 1862. With the 
experience gained here he took an active part in 
making the preparations for photographing the 
transit of Venus in 1874. In the same year he 
fitted up a private physical laboratory, and it was 
here that his famous battery of 15,000 chloride of 
silver cells was mounted, with which he made 
numerous experiments. He was a juror and re- 
porter in the Great Exhibition of 1851, and also a 
juror at the Paris Exhibition of 1855, and pre- 
sident over Section B, Class XX VIIL., in the 1862 
Exhibition. He was a member of the Inter- 
national Congress of Electricians held at Paris in 





1881, and also served on the jury of the Electrical 
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Exhibition held there during the same year. He 
has held office in several societies. He acted for 
some time as honorary secretary of the Royal 
Astronomical Society, of which he was also pre- 
sident from 1864 to 1866. He was president of the 
Chemical Society from 1867 to 1869, and again in 
1879-88, and was till his death one of its vice- 
presidents, He was for many years president of 
the London Institution, from which he retired and 
became secretary of the Royal Institution in 1878, 
on the retirement of Mr. Spottiswoode, who was 
elected president of the Royal Society, but re- 
signed the post in 1882. He was a corresponding 
member of the French Académie des Sciences, for 
the department of astronomy ; also of the Imperial 
Academy of Sciences, St. Petersburg, the Philo- 
mathic Society of Paris, the Royal Society of 
Upsala, the Society of Agriculture and Commerce, 
Caen, the Society of Natural Science, Cherbourg, 
and the Berlin Chemical Society. Three foreign 
orders have been conferred upon him, namely: 
Commander of the Legion of Honour, Commander 
of the Order of St. Maurice and St. Lazare, and 
Knight of the Order of the Rose, Brazil. 


THE Cost oF DREDGING, 


Mr. Andrew Brown, principal partner of the firm 
of Messrs. Simons and Co., Renfrew, has contri- 
buted to the Transactions of the Institution of 
Engineers and Shipbuilders in Scotland, issued 
this week, an interesting paper on a subject on 
which he is thoroughly entitled to write with 
authority—on dredging—since his firm have taken 
a leading place in this branch of marine construc- 
tion. Mr. Brown describes the many types of 
vessels in use—bucket ladder dredgers, hopper 
dredgers, sand pump and dip bucket hopper 
steamers ; but as we have at different times during 
recent years fully described and illustrated vessels 
of these various designs, we will not refer to this 
part of the subject ; but will summarise that part 
in which Mr. Brown deals with the important 
question of the cost of dredging in connection with 
various harbour improvements now in progress in 
different parts of the world. At Belfast, as our 
readers doubtless know, great changes have re- 
cently been and are still being made, and Mr. T. 
R. Salmond, engineer to the Harbour Trust 
there, gives, through Mr. Brown, some details of 
the cost of dredging in cutting the new channel to 
the seaand deepening the entrance channel to the 
new graving dock. Two dredgers of 850 tons 
hopper capacity have been in use, and they them- 
selves take the material 11 miles down channel. 
Since commencing work in 1885 one of the vessels 
has in working expenses absorbed 14,163/., and 
raised 1,767,200 tons of material, giving a cost of 
1.92d., while the other vessel has taken for work- 
ing 13,175l., and dredged 1,748,800 tons, or 1.80d. 
per ton, or a total of 3,516,000 tons at 1.86d. per 
ton. This sum includes wages, coal, stures, and 
repairs. A small part of the time the vessels 
were worked by single crew, while for 18 months 
they worked day and night by a double crew, and 
electric light was used. In an average week of 
six days the vessel took 17 loads, dredging 20 hours 
and 45 minutes, and with the engines working 
74 hours 5 minutes. The quantity discharged was 
14,450 tons of free sand and clay, and it was depo- 
sited 10 miles down channel. The crew numbered 
14 men, the coal used was 800 cwt., oil 82 pints, 
and waste 12lb. In an average week’s work of 
six days and nights (24 hours) the number of loads 
was 27, the vessel’s engines working 118 hours 
20 minutes. The dredging plant worked 35 hours 
40 minutes, and the quantity raised was 22,250 
tons of clay and free sand, and it was deposited in 


.the sea, as in the other case, 10 miles distant. The 


coal used was 1100 cwt., oil 88 pints and waste 
7 lb. Taking the work of another hopper dredger 
Leven, of 800 tons capacity, belonging to the 
Dumbarton Harbour Trustees, equally econo- 
mical results were obtained. Mr. J. Watt San- 
deman, who had her in use at Blyth, gives a 
return of the average work done in 12 weeks, day 
and night. In 531 hours dredging the vessel raised 
153,243 tons, or 288 tons per hour, the steaming 
time was 2104 hours, the material being removed 
about 2 miles to sea and there deposited. The cost 
per ton, including wages and stores, but exclusive 
of hire, repairs, and interest on first cost, is 1.03d. 
The working of another type of vessel is given on 
the authority of Mr. G. Fosbery Lister, engi- 
neer to the Mersey Docks Board. In this case the 
vessel is a single screw hopper steamer fitted with 





four dredging cranes and dipper buckets, and hav- 
ing hopper capacity for 900 to 1000 tons of debris. 
The average cost per ton for dredging, including 
conveying 7 to 8 miles to sea, is 1.78d., made up of 
.81d. crew’s wages, .3ld. coals and stores, .66d., 
repairs and maintenance. In Bombay the Kuphus 
of 1000 tons capacity, dredges and takes the material 
4 to 5 miles to sea at a cost of 1.50d. per ton—the 
average of a year’s work; at Grangemouth the 
hopper dredger Forth, working tides, dredges and 
takes the material 18 miles away at 2d. per ton. 
At Port-Glasgow the dredger Clyde takes 1.85d. 
per ton to dredge, but she has three steam hoppers, 
each of 500 tons, to take it down the Firth 8 miles, 
and the cost of this is 1.83d., a total of 3.68d. 
per ton, but this includes interest and depreciation, 
and it is noteworthy that the cost in the case of 
the two hopper dredgers at Belfast, including 
interest and depreciation is 3.27d. and 3.15d. per 
ton, the average of 3 years’ work day and night. 


THE Propuction oF Gas IN DENMARK. 

As there is a good deal of English money invested 
in Danish gas works the following particulars 
(which are contained in a recently published article 
in a Danish paper) may be interesting to our 
readers. Copenhagen is the only capital which has 
built its gas works for its own account, and there 
are also, so far, but few capitals which own their 
gas works. Neither London, Paris, Berlin, Munich, 
Vienna, Amsterdam, Brussels, nor St. Petersburg 
are themselves gas producers. During the years 
1853-4 the English ‘‘ Danish Gas Company” built eight 
gas works in Denmark (Odeuse, Aarhus, Elsinore, 
Aalborg, Viborg, Randers, Veile, and Flensburg), 
and in 1860 one at Frederiksberg, a large suburb of 
Copenhagen. These works represent about the 
whole of what has been built by private initiative ; 
there are now in Denmark altogether thirty-six gas 
works, of which eight belong to the English Danish 
Company, one belongs to a Danish company, and 
the remaining twenty-seven are the property of the 
respective corporations. During the year 1886 the 
total production of gas in Denmark amounted to 
980,631,720 cubic feet, of which 594,517,000 cubic 
feet came from the Copenhagen gas works. The 
production of gas is steadily increasing, being only 
705,731,600 cubic feet in the year 1881. The in- 
crease is largest in the towns where the gas works 
belong to the English company, as they have done 
much in various ways to encourage the use of gas 
for heating and cooking, for which purposes the 
price of gas was reduced as far back as 1882-83. 
The largest yearly consumption of gas per indi- 
vidual is in the town of Nakskov, with 4400 cubic 
feet per each person, Otherwise the consump- 
tion varies between 1000 and 2000 cubic feet 
for each person. For comparison we append 
the figures from a few large towns with heavy con- 
sumption, viz., Birmingham, 7366 cubic feet ; 
London, 5938; Paris, 4591; Vienna, 3841; and 
Berlin, 2806 cubic feet per individual per year. For 
public lighting about 98,000,000 cubic feet are used 
in all Denmark, and the gas lamps amount to 
6832 in the twenty-seven towns with their own gas 
works. The coal consumption at all Danish gas 
works amounted in 1886 to 98,271 tons, costing 
rather more than 70,000l., the coke produced 
realising about 55,0001. The total value at which 
all the gas works in Denmark are booked amounts 
to about 818,000/. The proportion between the 
consumption of gas for lighting and cooking pur- 
poses varies greatly in the different towns ; in two 
small towns, where cooking gas has been cheaper 
than lighting gas for more than twenty years, the 
consumption of the former has been proportionately 
very large ; in one town the consumption of cooking 
gas was in 1887 more than twice that of gas for 
lighting purposes. The average sale of cooking gas 
in these twenty-seven towns, where there are 
different prices for cooking and lighting gas, is about 
27 per cent. of the total sale of gas, whereas it only 
amounts to 10 per cent. of the consumption for the 
whole country. These few figures, not very im- 
portant in themselves, tend to show ‘very distinctly 
what a wide tield for gas consumption cooking and 
heating may afford (only it appears to want some 
cultivating), a circumstance which may be able to 
counteract the competition of the electric light, 
which, so far as Denmark is concerned, is heavily 
handicapped by the many corporation gas works. 





IMMIGRATION INTO THE UNITED StatTEes.—The number of 
immigrants arriving in the United States last year from 
all countries (Mexico and Canada excepted) was 518,518, 
The corresponding number in 1887 was 510,058, 


THE INMAN LINER “CITY OF PARIS.” 

THE new Inman and International Liner City of 
Paris completed her first round voyage to and from 
New York on Wednesday, and although she has not 
exactly broken the record, she has done remarkably 
well, and gives every promise of accomplishing the 
task which, by general consent, has been set to her. 
First trips of fast steamers are usually very common- 
place performances, by reason of the many stoppages 
made in the machinery to bring about desirable 
changes dictated by the experience gained from day 
to day, and it was not therefore expected that the 
City of Paris would even do so well as she has done. 
It is true that the record was broken in her maiden 
voyage by the America, the production of the same 
eminent naval architects and marine engineers who 
have designed the hull of the City of Paris with all its 
grace of outline, and the machinery with all its 
novelties ; but owing to these very novelties, which 
include the principle of forced draught, previously 
untried in a large liner, it was not expected that 
the vessel would break the record at once. But 
there is no need to apologise for her performances ; 
she has beaten all previous maiden voyages, and that 
by along way. Indeed she was within a couple of 
hours or so of the fastest run home on record, and this 
is eminently satisfactory. Although the homeward 
journey was the faster, it may be well for the sake 
of consecutiveness to deal with the outward pas- 
sage first. She left Queenstown on April 5 and 
arrived at Sandyhook on April 11, and in spite of 
two days of heavy wind and sea and two days 
of fog, she covered the distance in 6 days 18 hours 
53 minutes. When three days out the port engine 
gave way, owing to the packing of the piston-rod 
getting wrong, and the vessel was propelled by her 
one engine for more than five hours. This reduced 
the day’s running to 390 miles. Otherwise the ma- 
chinery worked very well, and it is noteworthy that 
the amount of coal consumed was even less than in 
the case of the City of New York. Itis very satis- 
factory to note that towards the end of the journey 
the speed gradually increased, presumably due to 
greater confidence on the part of the engineers and 
consequently more being taken out of the engines. 
The steaming of 498 miles within the last complete 
24 hours of the voyage is a guarantee of the capa- 
bilities of the vessel. In giving the daily runs of the 
City of Paris we give also the runs of the Etruria on 
her fastest trip made in June, 1888, with the remark 
that she has had several years’ running, and has im- 
proved with age, so that it is not exactly for com- 
parison that we give the figures, but rather to indicate 
what the City of Paris must and probably will do 
before long. 


** Etruria.” * City of Paris.” 
Miles, Miles. 
Monday .. oe oe 455 April5 .. re ar 378 
Tuesday .. ae a 458 a ee ‘a = 415 
oe eis me = ie : a va iy = 
ursday .. ae a ’ + ne ea 
oe Oe ee we a 
Saturday .. - a 457 ~ 4 wa és he bo 
” ee 


The passage time of the Etruria was 6 days 1 hour 
47 minutes, having left Queenstown at 1 p.m. on 
Sunday and arrived at Sandyhook 10.25 p.m. on the 
following Saturday. Calculating that Friday was of 
24% hours the mean speed on that day was 20.3 knots 

er hour—a splendid sea speed. If her first trip to 
se York were placed alongside the first Atlantic run 
of the City of Paris, which might be perhaps a fairer 
comparison to the latter steamer, then the difference 
would be in her favour by nearly a whole day, and if 
the City of Paris improves as has the Etruria, what 
are the possibilities? This style of reasoning we do 
not care to follow, and we will therefore leave it to the 
imaginative reader. 7 Es 

The homeward journey, as we have already indi- 
cated, is a much more pronounced success. The time 
taken from Sandyhook to Queenstowu was 6 days 
5 hours 55 minutes. She left Sandyhook at 9.10 a.m. 
on the 17th inst., and arrived at Queenstown at 
7.40 p.m. on the 23rd inst. After she left Sandyhook 
the engines were slowed for 24 hours. The weather 
experienced was strong easterly winds with high head 
sea, andsome fog. The best day’s run was 470 knots, 
a very good record for less than 24 hours. It is very 
remarkable that the Umbria crossed the Atlantic three 
days in front of the Inman Liner, and the comparison 
between the logs is very interesting. Here they are: 


#8 Paris.” ** Umbria.” 
sndinuie Miles. Miles. 
April 17 (part day) a. = April = (partday) .. pd 
7 es ve oe es ee oa 
ae 2s ee 
a ae es vs 4Bi gn TT ve as ye 454 
=o Bh ve os sé 460 — we “s Pe 451 
= 470 » 19 447 


itday) 1. «150, «20 (partday) °. 301 
Vansant ogee ten. 55 min. Voyage, 6 days 3 hrs. 50 min. 

The Umbria had fresh breezes throughout. The 

Etruria three weeks ago took 6 days 9 hours to cross, 





her log giving the longest day’s run as 440 knots. The 
Umbria in November last made the record 6 days 
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2 hours 32 minutes, having left New York at 2.29 p.m. 
on Monday, November 12, and arrived at Queenstown 
10.1 p.m. on the Sunday following. She thus beat by 
2 hours 18 minutes the record of the Etruria in July 
last. The logs of these two voyages are given, with 
that of the City of Paris, in the following Table : 


* Umbria.” ** Etruria.” “* City of Paris.” 

iles. Miles, Miles. 
Nov. 13 at noon 380 July,1st day out 334 April 17 442 
ge a 45 » 2ad ,, 460 ,, 18 432 
ro ee 412 ,, 3rd SS ae 440 
ie 44 —C<‘«<«‘#‘éa‘KCti‘(<é'é‘i‘(ar« C«‘(é«C‘é 461 
es Jae oes mh «, & », 460 
;, 18(34hrs ) 632 » 6th < oe co oe -- 470 
Part 7th day 280 =, 23 (part) 150 

Time, 6 days 2 hrs. 6 days 4 hrs. 6 days 5 hrs. 

32 min, 15 min, 55 min. 


It will therefore be seen that the City of Paris has 
but 3 hours 23 minutes to take off her time, se that 
the chances of her breaking the record can ke easily 
appreciated. 








INDUSTRIAL NOTES. 

Losing Time through Drink.—In the last monthly 
report of the United Society of Boilermakers and Iron 
Shipbuilders there is an important statement and 
announcement upon the question of men losing time 
through drink, and the stopping of work thereby, 
which ought to be more widely known. The report 
says: ‘* ‘lhe Council is again under the painful neces- 
sity of calling attention to this hydra-headed monster. 
No outsider who is not fully acquainted with the in- 
ternal workings of this office, can form any just con- 
ception of the magnitude of this demoralising evil, or 
the vexation, loss, and annoyances caused thereby. It 
is almost incredible the numerous complaints we are 
daily receiving from firms in different localities, all 
echoing the same question, namely, Can your Council 
assist us in any way in stopping loss of time by men 
being off work through drinking? So general and 
widespread is the disease that some peremptory and 
stringent measures will have to be immediately 
adopted to stamp out the growing pest.” The report 
goes on to say that the Council ‘‘have repeatedly 
pointed out the degradation and misery this pernicious 
habit entails upon members and their unfortunate 
families,” and also ‘‘ the losses sustained by employers 
by delay of work, non-fulfilment of contracts, and the 
penalties incurred by the late delivery of vessels that 
are urgently needed.” It is further pointed out that 
great loss is inflicted upon the Society—its funds and 
deserving members—through this wilful and unneces- 
sary waste of time. It goes on to give illustrations of 
the inconvenience and loss caused to certain classes of 
workmen, by the abstention of other classes from 
work, thus necessitating a stoppage of the steady 
men, by the intemperance of those who drink ; ‘‘ thus 
the effect of this far-reaching evil is to punish the 
innocent along with the guilty.” 

The Council’s Determination.—The report continues : 
‘*We have tried persuasion, advice, and reason, and 
finding these ineffective to eradicate the bad habit, 
we are determined to try a remedy of another kind— 
more forcible and not easily forgotten.” It then says: 
‘Our rules say that ‘if any employer should be 
injured by the misconduct of any member, or members, 
such member, or members, shall be fined from the sum 
of 10s. to 5/.’ This rule must be putin force by all 
branches and district committees against members 
who injure their employers by losing time.” It 
further states that some district committees have 
rendered good service in this direction, notably at 
Liverpool and Birkenhead. A special committee is 
appointed to deal with it in Greenock and Port- 
Glasgow, with full power to punish all offenders. 
The other portion of the Clyde district is to deal 
with the upper reaches of the Clyde. The Council 
call upon the steady men to assist them in removing 
the ‘‘ accursed evil.” 

_ The Subbing System.—The report next calls atten- 
tion to what it terms ‘‘ another kindred evil,” com- 
plaints as to which have been received from em- 
ployers, namely, ‘‘the corrupt system of subbing or 

borrowing money on account from the firm for work 
not executed.” ‘‘ This degrading practice is injurious 
in several ways ; purely and simply it means nothing 
more nor less than borrowing money from the firm for 
services to be rendered at some future time.” ‘‘ This 
destroys the dignity and independence of the working 
man ;” he ‘‘is not a free agent, being bound to the 
firm by debt.” Furthermore, ‘‘the practice is in- 
jurious to the employers themselves, as it encourages 
the men to lose time.” ‘‘It often leads to fraudulent 
conduct, for, after getting the advance on the shallow 
pretext of paying his helpers, the unscrupulous subber 
will abscond, leaving the firm in debt, his poor helpers 
unpaid, and his contracts unfinished ; and it frequently 
happens that extra fines have to be paid by the em- 
|e to another workman to complete the jobs.” 

€ report states that the number of such cases is 
legion, and that ‘the Council have decided to put 
down with a strong hand these dishonest and scan- 
dalous transactions, and to compel, if necessary, the 


common honesty.” The Council asks that the em- 
ployers shall ‘‘co-operate with them in securing this 
object, by refusing subs, or advances to dissolute, im- 
provident workmen.” 

The Boilermakers and Iron Shipbuilders’ Society 
have purchased a piece of land from the Newcastle 
Corporation, for the erection of offices and residence 
for the general secretary. It is expected that the 
premises will be completed during the current year. 

It is stated that the blacksmiths of Scotland and 
some other Scottish trade unions have invested a por- 
tion of their funds in the Greenock Harbour Trust, 
and that the financial difficulties of that trust are due 
to the sugar bounty system. 

At a supper, recently, at Silverdale, in Stafford- 
shire, some of the ironworkers grumbled at the pay 
of some of their union officials ; one of them, a steward 
of the union, retorts that his pay during the last 
quarter, for thirty-three and a half hours’ work, was 
2s. 9d., or about one penny per hour. 

Judging by the speeches and remarks at a meeting 
of the Warrington ironworkers, by the officers of the 
Ironworkers’ Union, it would appear that the chief 
offenders in connection with Saint-Monday, so fre- 
quently complained of, are the non-union men. One 
of them was foolish enough to interrupt a speaker at 
the recent meeting, by asking if he, the speaker, 
referred to him. This was denied, but the questioner 
was told to wear the cap if it fitted. The practice of 
keeping Saint-Monday was condemned. 

Although condemning the practice of keeping Saint- 
Monday, in the irregular way in which it is now kept, 
to the great disadvantage of other workmen, a resolu- 
tion was carried at the meeting in favour of abolishing 
Monday work, on the ground of the enormous amount 
of labour entailed upon the men on Sundays. It was 
alleged that this was the chief cause of the Monday 
holiday. The whole question is to be taken up by the 
trade, and is to be dealt with at the ensuing conference 
shortly to be held. 

In introducing the Sugar Convention Bill, Baron de 
Worms referred to shipping as one of the industries 
injuriously affected by the bounty system. This con- 
tention is hardly borne out by facts. If we take the 
six years 1889 to 1885, inclusive, we find that the total 
steamships’ tonnage built by Germany, France, Italy, 
Norway, Sweden, Denmark, Holland, and Austria was 
467,054 tons, while the total built in the United 
Kingdom amounted to 3,100,531 tons. In sailing ships 
the total tonnage of the eight countries named was 
448,148; in the United Kingdom, 736,966 tons, the 
totals being—the eight countries—915,202 tons ; in the 
United Kingdom, 4,285,645 tons. A comparison of 
this total output does not indicate any serious compe- 
tition in shipbuilding, even when taking the combined 
mercantile fleets of the eight powers named, with 
Great Britain and Ireland. 

Notwithstanding some apelin, the revised sliding 
scale has been adopted by the North of England Arbi- 
tration Board, for the manufactured iron trade. It 
comes into force on the Ist of July next, and continues 
in force until the last Saturday in July, 1891. An 
effort is to be made to induce ‘‘ outside employers to 
join the Board.” 

A meeting of the workmen at the Consett Tin Mill 
Works, held to consider the sliding scale on the basis 
recommended by the committee, broke up in coufusion 
without any definite conclusion. But the feeling of 
those present appeared to be averse to the scale. But, 
as the chief cause of the lively scene was the umbrage 
taken against two of the speakers, probably the scale 
will be adopted after the resolution at Darlington, 

The Durham miners appear to be more strongly 
averse to the continuance of the sliding scale than the 
ironworkers are. A demand is being made in some 
quarters for 20 per cent. advance, as the proper pro- 
portion to the rise in price. But the drawback is 
that many coal contracts are made far in advance, and 
consequently the actual rise to the colliery owner is 
far less than the present market price. Upon these 
grounds the continuance of the sliding scale is op- 

osed 
, Arise in wages is being demanded in the Bristol 
and Somersetshire coalfields districts. By a large 
majority, at twenty-one pits, the colliers have agreed 
to enforce the demand. No notices have as yet been 
given, however. 





SOCIETY OF ARTS ENGINE TRIALS. 
To THE EpiTor oF ENGINEERING. 

Srr,—I am prepared to give Mr. Atkinson full credit 
for his practical success, and more, to congratulate him 
on it; but I believe that success is not due to any realisa- 
tion of ideas peculiar to him (which he seems to imply), 
but rather to the carrying out of certain conditions which 
it was well known were essential to obtain economical 
results before he turned his fertile brain to the improve- 
ment of the gas engine. , 

As he clearly states, his belief that the walls or cylinder 
end and piston give up heat to the gases before the end 
of the ex i 
The final mean tem- 





members to treat their employers with justice and 


Fahr. absolute, or 1559 deg. Fahr. Now I believe that 
the gases near the metal surfaces are cooler than the 
central gases during expansion, for if the walls carry away, 
say, 30 per cent. of the total heat during the explosion 
stroke, it is incredible that there would not be some 
difference of temperature. Of course I did not use the 
term layer to denote a portion of the gases separated by a 
sharp surface from another portion at a very different 
temperature, but merely from want of a better word. 
Neither did I mention the action as taking place during 
the early or any particular part of the explosion stroke, 
though it is likely that the gases next the walls are 
— cooler than the more central mass, for Mallard 
and Le Chatelier’s experiments showed that the effect of 
cold surfaces was to slow down the combustion very 
much. 

After the attainment of maximum pressure it does not 
appear to me that there will be much commotion pro- 
duced by the combustion, but whether this be so or not, 
everything points to the likelihood that the gases near the 
walls will be cooler than those towards the centre of 
volume. It is another matter to say how much cooler 
they will be. 

If, instead of receiving heat from the hot gases, the 

metal surfaces were to give up heat the distribution of 
temperatures would be reversed, that is the surfaces 
would be warmer than the gases in contact with them, 
and the latter warmer than the central gases. And if the 
transmission of heat to the gases is to be sufficient to 
have any appreciable effect on the expansion curve, the 
difference in temperature would have to be considerable, 
say 400 deg. or 500 deg. Fahr. From this it would foliow 
that during the latter portion of the stroke the tempera- 
ture of the surfaces could not be less than 2000 deg. Fahr. 
in the ‘* Cycle” engine. 
If the working surfaces of the cylinder ever reached 
such a temperature, no matter how thin the heated lamina 
be supposed to be, the engine, to say the least of it, would 
not be the most economical heat engine. It would re- 
quire the application of external power to keep it in 
motion. 

Icannot quite make out whether Mr. Atkinson seeks 
to evade the difficulty in accounting for the fact that the 
lubrication does not break down, by assuming that it is 
only the dull surfaces which give up their teat to the 
expanding gases. The following simple experiment will 
illustrate how the oil may remain at alow temperature 
though in contact with highly heated gases : 

If a bright smooth metal ball be taken, and a thin 
handkerchief be wrapped tightly round it, the whole ma 
be placed in a flame and so long as the ball remains cool, 
the handkerchief will not burn. The cold metal absorbs 
heat so rapidly that the temperature of the handkerchief 
does not get up to its igniting point. 

In the same way, so long as the walls of a gas engine 
cylinder remain cool the oil will not burn or decompose ; 
but let the metal get hot, then the oil will be worse than 
useless. The fact that the lubrication is very good in gas- 
engine cylinders, is ample proof that the working sur- 
faces never rise to anything like the temperature of the 
expanding gases. 

If Mr. Atkinson could adduce any valid evidence that 
the absorption of heat by the dull surfaces, owing to their 
contact with the hot gases, was very different to the 
absorption by contact with the bright surfaces, he might 
get over the difficulty in —— for the lubrication 
being good, but there are other difliculties to be met which 
are no less serious, 

Before touching on these, I should like to refer to 
his quotation from Peclet’s experiments, 

It is well known that one of the great difficulties in 
measuring the conductivity of plates by exposing the faces 
to fluids at different temperatures, consists in determining 
what the temperatures of the surfaces really are. It is 
certain that the surface on the hotter side is at a lower 
temperature than the fluid in contact with it, while the 
other surface is at a higher temperature than the fluid to 
which it is giving up heat. But how much the difference 
is depends on so many circumstances, such as the rate at 
which the heat passes through, the nature of the fluids, 
and the nature of the metal surfaces, for if the latter be 
covered with even a very thin layer of non-conducting 
substance, the real difference in the temperature of tke 
faces is much less than than that of the fluids. 

I am not conversant with Peclet’s experiments, but 
presume that he used water or steam and melting ice, as 
other experimenters did. It would not be legitimate 
to apply the results of such experiments to the case of the 
passage of heat from heated metal to gases, and vice versd, 
even if we had noinformation on the lattersubject. But 
Dulong and Petit showed that the rate of cooling of a hot 
body surrounded by cool gases was entirely independent 
of the nature of the surface of the body: it did not matter 
whether it was silvered or blackened, the rate at which it lost 
its heat was the same. 

Now it might be objected that from this the reverse 
could not be inferred to be true, that is, that the abstrac- 
tion of heat from hot gases by a cold body would be 
entirely independent of the nature of the surface, but if 
an equilibrium of temperature merely means that the gain 
of heat is exactly balanced by the loss of heat, and that 
there is still a constant interchange, it seems to me that 
at least it would be approximately true that the gain of 
heat by a cold body exposed to hot gases is independent 
of the nature of the surfaces of that body. But fortu-- 
nately we have some experimental evidence that the law 
of cooling a hot body in a cool gas is similar to that of 
the cooling of a hot gas inclosed by cold metal walls. 

Dulong and Petit found that the rate of cooling of any 
hot body, due to its contact with a cool gas, varied as 
91.288, ve ch @ represents the difference in temperature 
between the hot body and the gas, and Witz found that 





nsion stroke, I would like to again point out 
what such an action would imply. 
perature of the gases is shown in the report to be 2020 deg. 





the rate of cooling of ahot gas surrounded by cold metal 
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walls varied as 61-216 for moderate temperatures, and gives 
the value of the exponent as 1.203+.0005 9 for any excess 
of temperatures. For an excess of 60 deg. Cent. this 
becomes identical with Dulong and Petit value. 

I have not time here to go further into this question, 
but enough has been said to show that the preponderance 
of evidence is in favour of the supposition that the loss of 
heat by contact with the metal walls does not depend 
much on the nature of the surfaces exposed. 

I referred above to the other difficulties which would 
have to bs met if the gases were to receive heat during 
their expansion from the dull surfaces. As the area ex- 
posed by the dull surfaces diminishes, in proportion to 
that exposed by the working surfaces, during the expan- 
sion stroke, if the former give up heat to the expanding 
gases, while, as has been shown above, the latter absorb 
heat, the temperature of these surfaces must be very much 
higher than that given above. 

When the piston of the *‘ Cycle” engine has made 94 in. 
of its stroke, the area of the bright surfaces is about twice 
that of the dull surfaces, and if there is to be a gain of 
heat on the whole from the wal!s at this point by the 
gases, then the dull surfaces must give up more than twice 
as much heat per unit area as the bright surfaces absorb. 

It would follow that the temperature of the dull sur- 
faces would require to be much greater than 2000 deg. 
Fahr., for Witz found that the rate at which hot gases 
gave up heat to cold inclosing walls was, with the same 
temperature difference, greater than that at which hot 
metal walls gave up heat to cold gases inclosed by them. 
The working surfaces cannot reach a temperature higher 
than say 600 deg. Fahr., and with the inclosed gases at 
1560 deg. Fahr., the temperature difference would be 
960 deg. Fahr. 

Even assuming that the excess of temperature of the 
dull surfaces over that of the gases is the same, though it 
would require tobe much greater, we should have as the 
temperature of the du'l surfaces 2520 deg. Fahr., that is 
to say, only 10 deg. short of the maximum temperature 
attained. 

Ihave taken the temperature of the gases as that at the 
end of the stroke point F on the diagram, but if the tem- 
perature be taken at the point corresponding to 9} in. 
of the stroke of the piston, we should have the absurd re- 
sult that the temperature of the dull surfaces would have 
to be greater at this point than the maximum temperature 
attained by the gases, in order that the latter should on 
the whole gain heat from the cylinder surfaces, 

I have gone into this point at some length, not because 
there would be any danger of a person who knows the 
laws which regulate the transmission of heat falling into 
the error of supposing that the metal surfaces could ever 
attain a sufficient temperature to give up heat to the ex- 
panding gases in such gas engines as are made at pre- 
sent; but because Mr. Atkinson’s long and varied expe- 
rience of the gas engine would give his opinion some weight 
with those who have never studied the subject. 

I fail to see any meaning in the last line of Mr. Atkin- 
son’s letter, and suppose there is a misprint, but if he 
means that the re-evaporation during expansion and 
exhaust in a steam engine is due to heat given up by the 
cylinder walls to the steam, or rather to the water de- 
posited on them, he is somewhat late in the field, for 
** theorists ” have bean acquainted with this action for a 
long time, and it has not been reserved for him to make 
this great discovery, 

I would, however, point out that in the case of an un- 
jacketted cylinder the reason why the walls give up heat 
to the water during expansion and exhaust is that they 
have been raised to nearly the temperature of the enter- 
ing steam by initial condensation, Just as the cylinder 
walls of a gas engine would have to be raised to the maxi- 
mum temperature of the gases in order that they should 
give up heat to these gases towards the end of the expan- 
sion stroke. 

The water resulting from initial condensation, being at 
nearly the temperature of the entering steam, would, of 
course, also have some heat stored up which would be 
available for re-evaporation when the temperature falls. 
I do not say, without going further into the matter, 
whether the combustion is more complete in the Otto or 
the cycle engines. In my first letter I pointed out one 
reason for the discrepancy in the heat accounts as given 
in the report of the trials. 

Though the stroke takes muca less time in the cycle 
engine, it must be remembered that the mass of explosive 
mixture is less per stroke than in the Otto, and also that 
the final temperature is lower, and probably both causes 
would tend to diminish the time required for complete 
combustion. 

There are other reasons for the difference in behaviour 
of the two engines, and for some of the results of the 
trials, which I intended to draw your attention to, but as 
this letter has extended beyond the intended limit, I will 
reserve them for a future communication. 

Yours faithfully, 
J. H, HaMILron, 

Newcastle-on-Tyne, February 16, 1889. 


To THE Epitor OF ENGINEERING. 

Str,—In my note inserted in your issue of April 12 
there are two omissions, both of which Mr. Hamilton has 
very properly spotted. I defined one gramme raised one 
centimetre per second as the C.G.S. unit.of power, but 
I should have added in gravitation measure. This unit 
must be divided by 981, the intensity of gravity in C.G.S. 
units to give the absolute unit of power which is the erg 
per second, It would have been better if I had defined 
the C.G.S. unit of power as one gramme moved one centi- 
metre per second against the force of a dyne, but the com- 
parison would not have been so direct and it would have 
introduced a new unit—the dyne. I wanted to keep the 





erg and the dyne, which are scientific and not practical 
units, out of it, 

Secondly, the definition of the watt in electrical terms 
would read moreaccurately thus: ‘‘One ampere flowing 
through one ohm expends energy at the rate of one watt” 
or *‘ one watt is the unit of power which maintains one 
ampere flowing through one ohm.” Of course it requiresa 
constant difference of electric pressure of one volt to main- 
tain an ampere flowing uniformly through one ohm, just 
as it requires a constant average pressure on the piston 
to maintain uniform power in a steam engine. Hence 
watts are measured practically by the product of volts 
and amperes, and this is how we get at the rate at which 
energy is given out in any part of a circuit, such as a 
lamp or a motor. 

April 19, 1889. W. H. Presce. 

To THE EDITOR OF ENGINEERING. 

Srr,—Mr. Preece’s ‘‘ mental disturbance” has made 
him talk what appears to me nonsense, but I will not 
quarrel with ‘‘33,000 foot-pounds raised per minute,” and 
other mechanical gems in his letter of the 10th inst. 

But may I askin all humility, and as one who is neither 
electrical nor scientific, what is meant by ‘‘1 ampére 
Jlowing through 1 ohm for one second expends one watt”? 

And may I ask with less humility if there is to be a 
re-arrangement of mechanical units in order that the 
initials of a well-known authority on telegraphy may be 
—Sue. ! Thus: One kilowatt=1 watt horse power 
ons ! 

London, April 20, 1889. 
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WATER GAS. 
To THE Epitor oF ENGINEERING. 

Sir,—In reply to Mr. Thwaite’s letter in your issue of 
the 19th inst., 1 may say that I simply followed his calcu- 
lations, in which there was no question of Siemens or any 
other producer gas; Mr. Thwaite referred to absolutely 
pure carbonic oxide gas made from perfectly pure carbon, 
and in my previous letter I corrected aclerical error in the 
chemical equations relating to such gas given in Mr. 
Thwaite’s letter of the 5th inst. Mr. Thwaite said: ‘‘ Let 
2N40+C=8N + CO, and8N+C0O2+C=8N+ 
2 CO, then the combustion would be effected as follows : 
8N+2C0+20+4N=12N+C0O,.” The mistake 
made was in the proportion of nitrogen, and the equation 
should be 2(CO + 4N) + 2(0+4N)=16N+COo. Again 
taking the combustion of such gas for 12 grams of carbon 
and a temperature of 500 deg. Cent. in the chimney he 
gave the following equation : 


Co. N 
500 (19°32 x 0.217) + (e4 x 0,944) = 15,222 units lost, 
which should be 


CO, 8N 
500 (12 +32 x 0,217) + (112 x 0,244) =18,438 units lost. 

I then proceeded to show that, taking Mr. Thwaite’s 
figures, water gas was only 0.5 per cent. better than the 
producer gas referred to, which is equivalent to a saving 
of 10 cwt. per 100 tons of fuel consumed in the regenera- 
tive gas furnace. 

But I might have taken 370 deg. Cent. (700 deg. Fahr,), 
see page 385, vol. i, of the ‘‘ Collected Works of Sir 
William Siemens,” as the chimney temperature ; the loss 
by the use of water gas would then be 

45.534 x 370=16,847 units sensible heat, 
18 x 606.5=10,917 latent heat of steam, 


27,764 units of heat lost ; 


whilst by using producer gas there would be only 36,876 x 
370=13,644 units lost, or in the first case 


27764 x 100 
: = 22, ’ 
125208 17 per cent. loss, 
and in the second case 
13644100 _ 
67234 20,27 per cent. loss, 


or aslight saving of about 2 per cent. in favour of producer 
gasas compared with water gas. 

I cannot help thinking, however, that a more practical 
way of testing the efficiency of an industrial appliance is 
the work done. In my last letter I drew attention toa 
letter published by you on August 10 last, in which it was 
clearly shown, from figures supplied by water gas autho- 
rities, that to melt steel on the open hearth with water 
gas it would cost 74 per cent. more for fuel, than with 
Siemens gas burnt in a properly designed regenerative 
gas furnace. In that letter it was assumed from data 
given by Mr. Wilson in his paper read before the Iron and 
Steel Institute in the spring of last year, that ‘‘ 17,500 
cubic feet of water gas were required to melt a ton of steel 
on the open-hearth.” If 22,000 cubic feet are requir 
(the number given by Mr. Thwaite in his letter under 
reply) the cost of doing the work with water gas will be 
cent, per cent. dearer than with Siemens producer gas. 

I may say that it is quite requisite to distinguish the 
gas made in the Siemens producer for a definite purpose, 
from the waste product made in the water gas converter, 
honoured with the title of producer gas in the reports of 
the water gas syndicate, and accepted under that title by 
Mr. Thwaite. This water gas apparatus has been de- 
signed to produce during a third of the time it is em- 
ployed, heating gas of high calorific value, whilst 
during two-thirds of the time it is used, it is producing 
what is practically a waste product. The Siemens pro- 
ducer was designed with the object of making heating 
gas without any waste product whatever, this gas to be 
used in the regenerative furnace, a furnace in which the 
highest temperatures required in the arts have been pro- 
duced with facility for the past twenty years. 

At the close of his letter Mr. Thwaite remarks that of 


32,000,000 British thermal units contained in a ton of coal 
only 11,760,000 are absorbed by water gas. The rest must 
be utilised in some other way, or lost. At page 220, 
vol. i. of Sir William Siemens’ works, already referred 
to, is the following analysis by volume of gas, made in 
1865 at St. Gobain, and used in the regenerative gas fur- 
nace, viz.: CO 237 per cent., H 8 per cent., and hydro- 
carbons 2.2 per cent. ; 170,000 cubic feet of such gas being 
produced per ton of coal. 





Per Specific 
Cent. Gravity. B.T.U. 
CO = 23.7 x .078 x 4,330 = 8,004 
= 8 x .00559 x 53,000 = 2,370 
Hydro-carbons = 22 x .04 x 22,000 = 1,936 
12,310 


per 100 cubic feet, or 20,927,000 British thermal units out 
of 32,000,000 given by Mr. Thwaite. 

By means, however, of the Siemens improved appa- 
ratus introduced in 1883, a gas of much higher calorific 
value has been obtained of the following composition ; 


Per Specific 
Cent. Gravity. B.T.U. 
= 26.6 x .078 x 4,330 = 8,984 
H=1l x .00559 x 53,000 = 3,259 
Hydro-carbons= 4 x .04 x 22,000 = 3,520 
15, 763 


per 100 cubic feet, or 26,797,100 British thermal units per 
ton of coal, or an efficiency of 84 per cent., assuming 
32,000,000 units per ton, instead of an efficiency of 37 per 
cent. in the case of water gas. In cases of this kind, how- 
ever, there is not much use in comparing actual results 
with average possibilities; at St. Gobain the coal was 
probably not equal to 32,000,000 unite per ton, and in the 
case just given it was probably above that average. 
Water gas burns with a transparent blue flame, which 
must be carburised as in America to produce a luminous 
flame, or it must be used to render some solid body in- 
candescent, ‘and then if combustion is not perfect 
poisonous fumes will be emitted; it is a gas of high 
calorific value, but in its production, according to recent 
practice, only one-third of the coal empioyed is utilised, 
and it must therefore be costly. As has been shown, if 
employed in the regenerative furnace, with a chimney 
temperature of 500 deg. Cent., it is theoretically only 
0.5 per cent. better than producer gas, and with a chimney 
temperature of 370 deg. Cent. it is 2 per cent. worse, 
whilst in actual practice in the regenerative gas furnace 
it is from 74 to 100 per cent. more costly than Siemens 
producer gas. Yours, &c., 
London, April 23, 1889. Gas. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The demand for steam coal has shown less 
activity and appears to be falling off. The best qualities 
made 133. 9d. to 14s. ; good dry coal 12s. 6d. to 12s. 9d. ; 
and best Monmouthshire, lls. 6d. per ton. Small steam 
coal has continued in pretty good demand. The inquiry 
for household coal has shown a marked falling off, as was 
to be expected from the advance of the season. No. 2 
Rhondda has made 10s. to 10s. 3d.; and No. 3 ditto 
12s, 9d. per ton. The demand for patent fuel has been 
less active; the local manufacturers are, however, still 
well employed. Iron ore has been in good demand. 
The manufactured iron and steel trades have shown a 
fair amount of activity ; and in the case of forward orders 
slightly higher prices are asked. Heavy section steel 
rails have made 4/. 10s. to 41, 12s, 6d.; and light section 
ditto, 4/. 17s. 6d. to 51. 15s, per ton. 


Quick Despatch.—The Lowlands, steamer, arrived at the 
Bute Docks, Cardiff, on Tuesday at 8 a.m., and went into 
the Bute Engineering Dry Dock at 10.30 a.m. After she 
had been there cleaned below the water-line and that part 
of her had received a coat of paint, she left the dry dock 
and went into a coal-loading berth in the Roath Basin 
8 p.m. the same day, and there completed loading 
2252 tons of cargo and 279 tons of bunker coal in 16 hours. 
The loading was done by one fixed and one movable tip. 


The ** Vulcan.” —The Shagbrook, steamer, has arrived 
at Portsmouth with the boilers for the Vulcan, which is 
rapidly approaching completion and will soon be ready 
for launching. These boilers are said to be the largest 
ever manufactured for any ship belonging to the Royal 
Navy. Four of them weigh 45 tons 4 cwt. each, while 
the auxiliary boiler weighs 22 tons 15 cwt. 


The Electric Light in the West.—The directors of the 
Okehampton Gas Company have summoned a meeting of 
the shareholders at which it will be proposed to apply for 
powers to lay cables to enable the company to supply the 


ed | electric light and to raise additional capital. 


Maesteg. —On Wednesday the Four-foot Seam was 
struck at Garth, the property of the Garth Merthyr Steam 
Coal Company. The coal is exceedingly clean, and the 
seam has a strong blue cliff top. The pit has been sunk 
240 yards from the surface. It is stated that North 
Navigation Collieries Company will sink a pair of pits on 
Blaen-Caeran as soon as possible, Arrangements are also 
being made by a new company to sink two pits at Lletty 
Brongu. 

The “ Magicienne,”—The steel cruiser Magicienne, built 
by the Fairfield Company, Govan, went out of Ports- 
month on Wednesday for a second trial. The machinery 
had everything in its favour, but after several runs on the 
mee mile a speed of 17.5 knots was only amen, 
and the horse-power again fell short of that contracte 
for, being but 8400, which was worked up at several 
attempts. 





The ‘*Lapwing.”—The Lapwing, gunboat, recently 
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launched at Devonport, has been moved into the north 
basin for the purpose of having her engines placed on 
board. The machinery has been made by the factory 
hands at Keyham, under the direction of Mr. R. Robb, 
chief engineer of the dockyard. The Lapwing is the third 
vessel of the third class which has been engined at 
Keyham. Machinery for her sister ship, the Ringdove, 
which will be launched at Devonport on Tuesday, is also 
under construction by the factory. 

Water Supply of Weston-super- Mare. —In 1886, a 
scheme, prepared by Mr. E. Cousins, of London, for re- 
modelling the water supply of Weston-super- Mare, and 
providing largely increased means of distribution, was 
approved by the Weston Improvement Commissioners, 
and obtained the sanction of the Local Government 
Board. Since then extensive works necessary for the 
accomplishment of the scheme have been in progress 
under the direction of Mr. Cousins, assisted first by the 
late Mr. Willacy as resident engineer, and since Mr. 
Willacy’s death by Mr. A. Powell. Thescheme prepared 
by Mr. Cousins includes a new well, a very considerable 
increase of the pumping plant, new rising mains to both 
the high and low service reservoirs, a new supply main 
from the low service reservoir, with branches and connec- 
tions forthe purpose of distribution, an arrangement of 
the supply main from the high service reservoir, and an 
improvement of the fire hydrant system of the town. 


Barry Dock and Railways.—The directors of the Barry 
Dock and Railways met on Tuesday for the first time at 
the new offices at the docks. The hydraulic engines were 
brought into operation, and the accumulator was worked. 
The caisson was also tested with water on the sea-side. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday, owing to the 
holidays, there was only a very poor attendance on 
’Change, and the amount of business transacted was only 
small. The tone of the market, however, is undoubtedly 
more cheerful than it was a week ago, and prices are 
again tending upwards. Yesterday’s quotations for Cleve- 
land pig iron were 6d. in advance of prices last week, 
No. 3g.m.b. for prompt delivery being quoted 39s. per 
ton by merchants. Makers have kept to 403. as their 
minimum, and they report business done at this figure. 
It is almost impossible to obtain a quotation for forward 
delivery. Middlesbrough No. 3 warrants are 39s. 3d. 
cash. There is a great scarcity of forge pigs and prices 
are improving steadily. Grey forge pigs are 383. to 
383. 3d. per ton. Shipments of pig iron from Middles- 
brough continue particularly heavy and stocks are still 
being considerably reduced. In the finished iron trade 
the demand is rather quiet but prices are well maintained. 
Common bars are 51. 15s. per ton; best bars 67. 5s. ; iron 
ship angles 5/. 15s. ; iron ship plates 6/. 538.; and boiler 
plates 7/. 5s., all less the usual discount for cash. The 
steel trade is steady and prices are firm, rails being 
41. 12s. 64. for heavy sections, ship plates 7/. 7s. 6d., and 
angles 6. 17s. 6d. at works. 


End of the Wages Dispute at Darlington Steel Works.— 
The result of negotiations which were agreed upon some 
days ago between representatives of the employés at the 
Darlington Steel Worka and of the company, is to arrive 
at a mutual understanding without the intervention of an 
arbitrator. It will be remembered that the recent com- 
plication was due to the action of the hot bank men, who 
came out upon a notice demanding an increase of 1s. per 
day, but who modified their claim to one of 7d. per day 
increase. Mr. While, the manager, has agreed to give, 
and the men to accept, 4d. per day additional and 5 per 
cent. on the old terms, which will represent an increase of 
about 64d. per day to the hot bank men. With regard to 
the other classes of steelworkers they will receive a 5 per 
cent. increase. This arrangement is to continue until the 
expiration of the present year. 

Engineering and Shipbuilding.—Engineers and ship- 
builders are as actively employed as ever, and so busy are 
some of the firms in the North that they have found it 
necessary to continue working all through the holidays. 


The Coal and Coke Trades.—The fuel trades are rather 
quiet. The Durham miners are still agitating for an 
advance of 20 per cent. in their wages. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Coal Crisis.—The demand of the colliers for a 
further advance of 10 per cent. in their wages is causing 
considerable uneasiness in commercial circles throughout 
the district. The masters’ deputation and that from the 
men have had an interview. The former expressed their 
willingness to make the concession, but urged that the 
present time was not opportune, as the average of prices 
obtained throughout the district would not warrant it. 
Further, old contracts were not yet completed, and 
no advance had been secured on them, although 
&@ concession of 10 per cent. had so recently been 
made to the men. Within the past few days mass 
meetings of the colliers have been held throughout the 
whole of South and West Yorkshire, and they empowered 
their representatives to indorse any resolutions arrived at 
at the Nottingham Conference on the wages question. 
Were it to depend on the miners of this district alone, 
notices to enforce the demand would be sent in at once. 
The union only numbered 6000 members prior to the 
obtaining of the last advance; it has now 27.000 on its 
rolls, and the number increases every week. Speak'ng at 
Rotherham last night Mr. Pickard said that stocks of 
coal were smaller, and the output half a million tons 





larger than a year ago, trade better, and prospects brighter. 
If they never asked they would never have, because so 
long as firms could go on paying 64 per cent. dividends 
they would never disturb the other trade and traffic of the 
country. It is understood that after the question of 
prices is settled the men will commence an agitation for 
the restriction of working hours to eight per day. 


Tron, Steel, and Engineering Trades —The holidays have 
in the majority of instances been curtailed to two days, 
as order books in all the heavy branches are well stocked. 
Both the iron and steel markets are very firm, hematite 
pig realising from 60s. to 62s. per ton, and Bessemer 
billets 5/. 53. at the works. Converters of the latter 
absolutely refuse to book forward heavily at this 
figure, as there are evidences of prices still further 
ascending. Owing to the increasing demand for 
Siemens-Bessemer steel, the whole of the plant in the 
district is fully employed, and before long it may be ex- 
tended. Bar irons are in very full request at 5/. 10s. to 
51. 15s. 6d. at the works; best, 6/. 10s. ; ordinary hoops, 
5/. 12s. 6d. ; best, 67. ; and best best, 7/. 7s. Bridge and 
girder plates areselling very freely from7/. 10s. at the works, 
upwards. As boilermakers are exceptionally active, the 
plate trade is very brisk, the generality of boiler plates 
realising 8. to 8/. 15s.; but some special qualities for 
extra high-pressure purposes are commanding 13/. 10s. to 
141. per ton. The producing of these, however, is con- 
fined to a few houses. All the engineering firms engaged 
on ordnance and marine work are running full time, and 
in one or two instances are extending their plant. Orders 
for agricultural machinery and in connection with elec- 
tricity keep the engineering establishments in the Leeds 
district particularly busy. Business prospects are very 
healthy, if an abnormal rise in the price of fuel does not 
prevent the closing of important contracts in the heavy 
trades. Local iron and engineering houses, it must be re- 
membered, are in close competition with those of Lanca- 
shire and the North. 


Cutlers and their Wages.—The cutlers of Sheffield are 
forming a union, under the encouragement of the Sheffield 
Federated Trades Council. For years past wages in this 
branch have been steadily on the decline, particularly 
since the introduction of cheap foreign goods, and an effort 
is to be made to ameliorate the condition of the workmen. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The market was firm this 
day, but the business done was limited in amount. Scotch 
iron was advanced in price to 44s. 2d., at which there were 
sellers in the afternoon. Other makes also had their 
prices advanced a little. The closing settlement prices 
were—Scotch iron, 44s. 14d. per ton : Cleveland, 38s. 9d. ; 
hematite iron, 48s. 9d. per ton. On Thursday the buoyant 
tone of the market was continued, and the prices of war- 
rant iron went up all round—Scotch, 34d. per ton; 
Cleveland, 4d. ; and hematite iron, 4$d. per ton; and 
the settlement prices at the close were, respectively 
—44s. 44d. per ton, 39s., and 493. 14d. Friday was 
a dies non in the iron market, and so also was 
Monday of this week. When the market opened yesterday 
after the holidays there was a fairly good tone, and a 
fair amount of business was done during the forenoon, an 
advance of at least 3d. per ton being made in the price 
of Scotch iron. A further slight advance was reported 
in the afternoon, but was not sustained. At the close 
the settlement prices were—Scotch iron, 44s. 74d. per 
ton; Cleveland, 393. 14d. ; hematite, 49s. 14d. per ton. 
The warrant market was firm at the opening to-day, 
and the price of Scotch iron gained 3d. per ton on yes- 
terday’s close; but later there was some selling, and the 
price went back 2d. per ton on reports of depression 
on the Stock Exchanges. In the afternoon business 
was done up to 44s. 6d. per ton cash. At the close 
buyers were offering 39s. 1d. cash for Cleveland and 
493. cash per ton for hematite warrant iron. Threatened 
difficulties with the miners on account of a_ re- 
duction of wages announced by the Lanarkshire Asso- 
ciated Coalmasters are exerting a somewhat firming 
influence in checking speculative business in warrant iron. 
It is thought, however, that the labour difficulties will 
likely be arranged. Still, there is just a possible chance 
that one or more blast furnaces may have to damp down 
or blow out, owing to wantof coal. The following are the 
quotations for some cf the leading brands of makers’ No, 1 
iron: Coltnezs, 56s. per ton; Langloan and Summerlee, 
55s. ; Shotts and Calder, 53s. 6d.; Gartsherrie, 53s. per 
ton. The number of blast furnaces in actual operation 
still remains at 82, as compared with 87 at this time 
last year. Last week’s shipments of pig iron from 
all Scotch ports amounted to 8153 tons, against 11,512 
tons in the corresponding week of last year. They in- 
cluded 1122 tons for Canada, 775 tons for Austrailia, 
132 tons for Italy, 160 tons for Germany, 105 tons for 
Russia, 585 tons for Holland, 100 tons for Belgium, 
150 tons for China and Japan, smaller quantities fur 
other countries, and 2636 tons coastwise. The stock of 
pig iron in Messrs. Connal and Co.’s public warrant 
stores stood at 1,030,622 tons yesterday afternoon, as 
compared with 1,030,987 tons | pam week, thus show- 
ing for the week an increase of 365 tons. 


Foreign and Colonial Shipments of Machinery, d:c.—The 
shipments of machinery, &c., from the Clyde reported 
last week included the following: Locomotives and ma- 
chinery for St. Michael’s, valued at 3300/.; sewing 
machine parts, of the value of 5797/., chiefly for Rouen 
and Stockholm ; billets, blooms, plates, bars, and other 
steel manufactures, valued at 9600/.; pipes and other 
castings, plates, sheets, bars, tubes, and miscellaneous 
iron manufactures, of the value of 30,000/., Sydney alone 
being set down for 6220/. worth of goods. 








New Wagon Works at Motherwell.—Ground extending 
to about 9 acres on the Braidhurst estate, near Motherwell, 
has been leased by an English wagon building company, 
whose intention is at once to proceed with the erection of 
workshops for the building of railway wagons and car- 
riages. It would be difficult to get a more suitable place 
in Scotland to locate such an industry. 


Union Steamship Company of New Zealand.— It is stated 
that the Union Steamship Company of New Zealand 
have again resolved to procure a couple of new steamers 
to add to their already very extensive fleet; and, 
almost as a matter of course, the order for them is likely, 
if not certain, to be placed with Messrs. William Denny 
and Brothers, Leven Shipyard, Dumbarton. The fleet 
consists of forty-two vessels, of which at least one-half 
have been built in that famous yard. Some of the others 
were built by such firms as Messrs. Alexander Stephen 
and Sons, and Messrs. A. and J. Inglis. The company’s 
traffic is specially an intercolonial one, the steamers 
calling at all the leading ports on the New Zealand and 
Australian coasts. In some instances, however, the 
‘‘round voyages” extend to San Francisco, the Fiji 
Islands, and other islands in the Pacific, 


New Shipbuilding Contracts.—The Fairfield Shipbuild- 
ing and Engineering Company are reported to-day to 
have contracted to build a large steel screw steamer for 
foreign owners. It is understood that she is intended for 
the Atlantictrade. She will be fitted with triple-expan- 
sion engines of sufficient power to give her a high rate of 
speed at sea. The Anglo-Chinese Shipping Company 
have placed an order with the London and Glasgow Ship- 
building and Engineering Company to build and engine 
a steel steamer of about 2000 tons. Her engines will be 
of the triple-expansion type, and she will have accommo- 
dation for 40 first-class passengers, 


Local Coal Trade.—There is a distinctly more cheerful 
feeling in the local coal trade. For export the demand is 
good and the prospects are satisfactory. The past week’s 
shipments from Scottish ports aggregated 107,753 tons, 
showing an increase of fully 25,000 tons, as compared with 
those of the corresponding week of last year. Now that 
the Baltic demand will be added, the expectation is thst 
the trade will be more active. The inland department is 
very busy, the consumption of furnace coals being large, 
and the household inquiry good forthe season. Thesteam 
coal trade has been doing very well, and in the course of 
the past week prices of all sorts have been hardening, and 
a 1d, or 2d. a ton more than was asked last week is not 
difficult to obtain. The following are to-day’s prices at 
the ship’s side in Glasgow : 

F.o.b. per Ton, 
d. s. d 


8. ae 
Splint 7 3to7 8 
Main coal 7 Oto7 3 
Steam 8 9to9 6 
1: ie es 7 3to7 9 
Ayrshire coal 6 9to7 3 


Institution of Engineers and Shipbuilders in Scotland.— 
At the ate annual meeting of this Institution, 
Dr. A. C. Kirk, President, in the chair, the treasurer’s 
annual financial statement was submitted by the secre- 
tary in the absence of Mr. J. M. Gale. It showed 
that the funds were in a very satisfactory condition. 
The chairman announced, in regard to the award of 
medals for papers read during session 1887-88, that the 
Council did not feel warranted in recommending that the 
Institution Medal should be awarded this year. It was 
subsequently agreed, on the motion of Mr. Robert Dundas, 
C.E., seconded by Mr. C. P. Hogg, C.E., to award the 
Railway Engineering Medal to Mr. Robert Simpson, 

.E., B.Se., for his paper on ‘‘The Construction of 
the Glasgow City and District Railway”; and on the 
motion of Mr. Mollison, seconded by Mr. Henry 
Dyer, the Marine Engineering Medal was awarded 
to Mr. Nisbet Sinclair, for his paper on ‘‘ Experi- 
ments on the Strength of Copper Steam Pipes.” A 
premium of books was voted to Mr. George C. Thom- 
son, F.C.S., for his paper on ‘‘Copper Castings.” The 
election of office-bearers then took place. On the motion 
of the chairman, who stated that his term of office as Pre- 
sident was now at an end, Mr. Eben. Kemp, of Linthouse 
Engine Works, was unanimously elected to succeed him 
in the chair. Mr. John Ward, Leven Shipyard, Dum- 
barton, was elected vice-president in succession to Mr. 
Henry Dyer. Five vacancies in the Council were filled 
by the election of Professor P. Jenkins, Mr. Ralph 
Moore, late inspector of mines, Mr. David C. Hamil- 
ton, Mr. James Weir, and Mr. Charles C. Lindsay, 
C.E. Discussions afterwards took place on (1) Pro- 
fessor Jenkin’s paper on ‘‘The Stability of Oil Carry- 
ing Steamers ;” (2) Mr. Andrew Brown’s paper on 
** Dredging and Dredging Appliances ;” and (3) on 
‘*Some Experiments on Evaporation,” by Mr. Charles 
Lang, Holm Engine Works, Cathcart. The President 
then brought the proceedings of the session to a close by 
making a few valedictory remarks, and on the motion of 
Mr. John Mayer, the best thanks of the Institution were 
heartily awarded to Dr. Kirk for the manner in which 
he had presided over its affairs during the past two 
years, 


Royal Scottish Society of Arts.—A meeting of this Society 
was held on Monday night in Edinburgh, the President 
(Mr. F, B. Imlach) in the chair. Mr. Wm. Bruce, in- 
spector of works, New Public Library, read a paper on 
‘*Improvements in Ventilation, Air Currents, and Tem- 

ratures in Dwelling Houses.” Mr. A. D. Mackenzie, 
} one rm engineer, Edinburgh, next read a paper on the 
risk of fire from steam and hot-water pipes, in which 
he related the result of numerous experiments to ascer- 
tain the chance of fire-raising from these modes of heating. 
The paper was mainly designed to show that in the ordi- 
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nary use of hot water or steam pipes there was not the 
slightest danger of substances being set fire to. Diecus- 
sion on the paper was deferred. 


Appointment as Submarine Diver.—Mr. Charles Tait, 
Greenock, has just been appointed to the manage- 
ment of submarine operations for the Durban Harbour 
Board, Natal, South Africa, under the superintendence of 
Mr. C. W. Methuen, who was long connected with 
Greenock Harbour works. Mr. Tait has been about 
seven years employed as diver to the Greenock Harbour 
Trust, and formerly he was employed at the South Break- 
water, Aberdeen, the Tay and Forth Bridges, and other 
important works, 


Shipment of Sugar Machinery.—Messrs. Blake, Bar- 
clay, and Co., engineers, Greenock, have just despatched 
a large amount of machinery for a sugar refinery at 
Sydney, New South Wales. It consists of alarge double- 
acting vacuum pump of the displacement type, the dia- 
meter of the plunger being upwards of 42 in., also four 
auxiliary pumps, with all fittings complete, and weighing 
in the aggregate about 30 tons. 


New Sugar Machinery.—Messra. John Walker and Co., 
sugar refiners, Greenock, have recently set to work a 
number of new machines for the manufacture of cube 
sugar, which are according to a patent by Messrs. Pater- 
son and Walker. The patentees are the members of the 
firm and their manager, Mr. T. L. Paterson. 





LAUNCHES AND TRIAL TRIPS. 

Tak London and Glasgow Engineering and Iron Ship- 
building Company, Limited, launched from their yard at 
Govan, on Wednesday 3rd instant, a steel screw steamer 
built for Messrs. MacVicar, Marshall, and Co., Liver- 
pool, and intendsd for the Indian trade. The vessel was 
named Indramayo, and is of the following dimensions: 
Length, 400 ft. ; breadth, 45 ft.; depth moulded, 31 ft. 
6 in. ; the gross tonnage being 4500 tons. The engines 
are of the triple-expansion type, with cylinders 29 in., 
47 in., and 76 in. in diameter, and adapted to a stroke of 
5lin. The surface of the condenser is 3400 equare feet. 
Steam is supplied from two double-ended steel boilers, 
14 ft. in diameter and 16 ft. 6 in. long, having in all 
12 corrugated furnaces, 3 ft. 54 in. in diameter. The 
heating surface is 6820 square feet : and the grate surface 
228 square feet. The working pressure is 150 lb. to the 
square inch. The building of the ship was superintended 
on behalf of the owners by Captain Leslie, and Mr, Gil- 
bert S. Goodwin supervised the construction of the 
machinery. 

A new steamer was launched on April 4th from the 
Sédra Varfolt, Sweden. She was built for account of the 
Gotland Steamer Company, and has been christened 
Polhem. The principal dimensions are, length 130 ft., 
breadth 25 ft., depth in the water, when loaded, 104 ft. ; 
the engine will be 90 nominal horse-power. The steamer 
has to be ready towards the end of May, and is intended 
for the home traffic. The Sédra Varfolt has further in 
hand two steamers of 25 nominal horse-power each ; one is 
a passenger boat, built for a Finland company, the other 
is a tug for Linképing. 





The s.s. Star of England, built by Messrs. Workman, 
Clarke, and Co., Belfast, and engined by Messrs. John and 
James Thomson, Glasgow, for Mesaers. J. P. Corry and 
Co., London and Belfast, went down the Clyde on her speed 
trials on wr H 5th inst. The dimensions of the vessel 
are 371 ft. 6 in. long, 44 ft. beam, and 30 ft. 10 in. deep. 
When on trial she had 5700 tons deadweight cargo on 
board for Bombay, her draught forward being 23 ft. 1lin., 
and aft 25 ft. The engines are of the triple-expansion type, 
having cylinders 264 in., 44 in., and 70 in. in diameter 
respectively, with a stroke of 4 ft. The air pump (single- 
acting) is 26 in. in diameter, circulating pump (double- 
acting) 15 in. ; and feed and bilge pumps 4 in., all with a 
stroke of 2ft. The crankshafting is 13} in. in diameter, 
and the bearings 14 in. long. The thrust-block has six 
shoes, of the horseshoe type. Steam is supplied by two 
boilers, 13 ft, 3in. in diameter and 17 ft. 3in. long, 
having twelve corrugated furnaces, 344 in. mean diameter. 
The heating surface is 5430 square feet, the tube surface, 
4536 square feet; grate surface, 190 ft. ; and condensing 
surface, 2890 squars feet. On trial, with the engines 
working to 63 revolutions, the horse-power developed was 
1°69 indicated horse-power. The nominal power is 350. 
The speed attained was 11 knots. The blades of the pro- 
peller are of cast steel, the diameter is 17 ft. 6 in. ; pitch, 
20 ft. ; and the surface, 88 ft. 

On April 8, the steamship Pharos, of the Moss line, 
went down the Mersey for the official trial of her ma- 
chinery, The Pharos has been lying up for the last few 
weeks, having her engines converted to triple-expansion, 
with three cranks and new high-pressure boilers. She 
is a steamer of 2239 tons gross, and is 330 ft. long by 
35 ft. broad, with a hold depth of 23 ft.6in. When the 
vessel was new the compound cylinders were 35 in. and 
70 in. in diameter respectively, and these have been re- 
placed by three cylinders 224 in., 36 in., and 60 in. in dia- 
meter, by 48 in. stroke. Her new boilers are single-ended, 
working at 150]b. per square inch ; they are 14 ft. 6 in. in 
diamoter, by 10 ft. 6 in. long, fitted with Purvis’s patent 
ribbed furnaces. The performance of the machinery was 
highly satisfactory, the engines running smoothly at 64 
revolutions per minute, and the vessel attained a mean 
speed of 12knots per hour. All the work has been carried 
out by Messrs. Rollo and Sons, of Fulton Engine Works 
to the specification and under the superintendence of 
Messrs. William Esplin and Son, the company’s consult- 
ing engineers, 


The official trial trip of the s.s. Antionette, took place 





on Tuesday, April 9. The ship, which is 224 ft. between 
perpendiculars long, 34 ft. bread, aid 9 ft. 1 in. deep, has 
been built to the order of Mr. C. A. Jones, of Monte 
Video by Messrs. S. and W. Smith, of North Shields 
and Newcastle, and is intended for the general trade in 
the River Plate. The engines, which are twin-screw of 
the triple-expansion type, have been built by Messrs. 
Ernest Scott and Co , Close Works, Newcastle-on-Tyne, 
and are fitted with cylinders 11 in., 17 in., 28in. by 21 in. 
stroke. The steel boiler was made by Mr. J. 8. Eltringham, 
South Shields; it is 13 ft. in diameter by 10 ft. long, 
fitted with three Fox’s corrugated furnaces 38 in. in dia- 
meter for a working pressure of 160 1b. per square inch. 
Upon arrival in the Tees the vessel was tried on the 
measured mile and attained a speed of over 10 knots, the 
horse- power developed being 455, revolutions 155, vacuum 
274 in. 

Messrs. Russell and Co. launched from one of their 
yards at Port-Glasgow lately a steel screw steamer named 
the Strathendrick, built by them to the order of Messrs. 
Burrell and Son, Glasgow, for the general trade. The 
vessel is 298 ft. long, 40 ft. broad, and 193 ft. deep, with a 
cargo-carrying capacity of 3600 tons. The engines are to 
be fitted by Messrs. James Howden and Co., Glasgow, 
and are of the triple-expansion type, the cylinders being 
of the following diameters: High-pressure, 224 in. ; inter- 
mediate, 35 in. ; and low-pressure, 584 in., with a stroke 
of 39in. There are two boilers 13 ft. in diameter and 
11 ft. long, each having three furnaces 3 ft. 2 in. in dia- 
meter, with a grate surface of 68 square feet. The boilers 
are worked on Howden’s system of forced draught, and 
the pressure is 160 lb. to the square inch. 


The s.s. Aslacoe, which has been built by Messrs. 
Raylton, Dixon, and Co., of Cleveland Dockyard, left her 
builders’ yard on Saturday afternoon for her trial trip to 
the Tyne. She is a steel vessel of over 3700 tons burden, 
and of the following dimensions : Length, 305 ft. ; breadth, 
42 ft.; depth moulded, 21 ft. 4 in. Her engines, 
having cylinders 23 in., 37 in., and 61 in. by 42 in., by 
Messrs. Blair and Co , of Stockton, worked with complete 
success on trial trip. 





Messrs. Raylton, Dixon and Co. have just launched 
from their No. 2 dockyard the first steamer which 
has been built in this new yard, and which is No. 296 
on their list. Sheis named the Delmar, and is built to 
the order of Messrs. G. Tweedy and Co., of London and 
Odessa, of the following dimensions: Length over all, 
305 ft. ; breadth, 38 ft. ; depth moulded, 22ft. 10 in. She 
will carry 3600 tons deadweight, and will be fitted with 
—- of 210 horse-power by Mr, George Clark, of Sun- 

erland. 


On Saturday, the 13th inst., there was launched from 
the shipbuilding yard of Messrs. C. S. Swan and Hunter, 
Wallsend, a steel screw steamer named the Aldersgate, 
and of the following dimensions: Length, 300 ft. ; breadth, 
39 ft.; depth moulded, 22ft. 3in. The vessel has been 
built to the order of the Aldersgate Steamship Company, 
Limited, Lendon (Mr. H. W. Dillon managing director), 
and her engines, which are of the triple-expansion type, 
have been constructed by Messrs. Blair and Co., Limited, 
Stockton-on-Tees, and are capable of indicating 1200 
indicated horse-power. 
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Messrs. Scott and Co., shipbuilders, Gr i. 
built of iron, 


on Friday, the 13th inst., a screw steamer 
to the order of the Ocean Steamship Company, Liver- 
pool. The vessel, which is named Calypso, is 190 ft. long, 
30 ft. 6 in. broad, and 11 ft. 9in. deep, and 535 tons gross. 
She will be supplied by the builders with compound 
engines of 500 horse-power, having cylinders 194in. and 
38in. in diameter, and a piston stroke of 30in. The 
vessel is intended for the Straits Settlement coasting 
trade, and is fitted with an awning deck 8 ft. in height. 


From their yard at Aberdeen, Messrs. Hall, Russell, 
and Co. on Saturday, the 13th inst., launched a screw 
steamer of 1940 tons, built by them for the Adam Steam- 
ship Company, and intended for the Mediterranean and 
Atlantic trades. The vessel, which is named Alford, is 
820 ft. in length, 37 ft. in breadth, with a depth of hold of 
21 ft. 6 in. She will have triple-expansion engines of 
210 horse-power nominal, two steel boilers supplying 
steam of 160 lb. working pressure. 


Messrs. Hall, Russell, and Co., of the Aberdeen Iron 
Works, launched on Saturday, the 13th inst., a steel screw 
steamer of 2000 tons gross, and fitted with triple-expan- 
sion engines of 210 horse-power, which has been built for 
the Adam Steamship Company, of Aberdeen. 


On Monday, the 15th inst., Messrs. Caird and Co.; 
Limited, Greenock, launched the second of four cargo 
steamers for the Peninsular and Oriental Company for 
the East India and China trade. Her name is Hon 
Kong, and she is similar in all respects to the first vesse 
completed, Bombay. The length is 350 ft.; breadth, 
42 ft.; and depth, 29.9 ft.; the net registered tonnage 
being 2047 tons, gross 3168 tons, and carrying capacity 
5100 tons. She will be supplied with tri-compound en- 
gines of 2200 indicated horse-power, and two double-ended 
steel boilers to work to a pressure of 160 lb. Accommoda- 
tion is provided for thirty first-class passengers. 








Messrs. Workman, Clarke, and Co., Limited, recently 
launched from their yard at Belfast a steel screw steamer 
built to the order of Messrs. R. P. Houston and Co., 
Liverpool, for the River Plate trade. She is 320.4 ft. long, 

ro 





40.2 ft. broad, and 26ft. deep. The engines are being 


supplied by Messrs. Bow, McLachlan, and Co., Paisley, 


and are of the triple-compound type, having cylinders 
24 in., 40 in., and 64 in. in diameter and a stroke of 
45in. The high-pressure cylinder is fitted with a piston 
valve and the other two with ordinary flat-face valves. 
The boilers are of the double-ended type, each having six 
of Purvis’s ribbed flues, and made of mild steel throughout 
for a working pressure of 160 lb. to the square inch. The 
engines are expected to indicate 1800 horse-power on 
trial. 





The Ponani, a new screw steamer owned by the Bom- 
bay Steam Navigation Company, has just left the Clyde 
for Bombay, from which port she will trade. She was 
built by the Whitehaven Shipbuilding Company, and is of 
the following dimensions: 180 ft. by 29 ft. by 19 ft. 6 in. to 
awning deck. She has extensive accommodation for native 
passengers. Messrs. Dunsmuir and Jackson, Govan, 
supplied the propelling machinery, which is of the triple- 
expansion type, with cylinders 16 in., 26in., and 40 in. 
in diameter, and adapted toa piston stroke of 30in. One 
single-ended boiler, 13 ft. 6 in. in diameter and 10 ft. 6 in. 
long, supplies steam. There are three furnaces 3 ft. 4 in. 
in diameter. The heating surface is 1591 square feet ; 
grate surface, 56 square feet; and condensing surface, 
923 ft. The boiler has brass tubes, and is worked under 
forced draught on the closed stokehold system, a 5 ft. 
6 in. fan, and engine having been supplied by Messrs. 
Tangye. On trial on the Firth of Clyde the speed 
attained was 10 knots, the vessel having 820 tons dead- 
weight on board, the draught forward and aft being 
12 ft. 6in. and 14 ft. 6 in. respectively. The engines 
made 112 revolutions, and the pressure in the boiler was 
160 lb. to the — inch. The power was 915 indicated 
horsepower. The cargo is to be worked by hydraulic 
wacanag & Messrs. Fullerton, Hodgart, and Barclay, 
Paisley, having provided compound surfacs-condensing 
engines for this purpose. 





THE CivtL AND MECHANICAL ENGINEERS’ Socrety.—A 
meeting of this Society was held on the 17th instant at 
the Westminster Palace Hotel, when Mr. R. E. Middle- 
ton (President) read a paper “‘On the Water Supply of 
Small Towns and Villages.” The author instanced five 
schemes, three of which were gravitation, and two pump- 
ing schemes. After describing the way in which the 
water was obtained in each case, he gave a summary 
showing that gravitation supplies cost at the rate of 
1l. 6s, 114d. per head of population, that the annual 
charge per head for thirty years is 2s. 1d., and after 
that period has elapsed 1s. 14d. The average cost 
of the pumping system is per head 11. 16s, 44d., the yearly 
charge being for thirty years 3s. 34d., and after that time 
1s. 7d. ; the gravitation schemes thus compare favourably 
with those where pumping is employed, the annual charge 
being less by about 38 per cent. in the former case, than 
in the latter for the first thirty years, and by about 
30 per cent. for the remaining period. 


Tue IstHMUS OF PanaMA.—While M. de Lesseps has 
unfortunately managed to engulf a good many solid 
millions of French capital in the prosecution of his abor- 
tive Panama Canal project, the Panama Railroad Com- 
pany appears to have had a good time of it in 1888, the 
net revenue acquired by it last year from all sources having 
been 1,654,621 dols., as compared with 1,141,115 dols. in 
1887, 615,360 dols. in 1886, and 612,550 dols. in 1885. 
During the ten years ending with 1888 inclusive, the 
stockholders of the Panama Railroad Company received 
an average dividend of 13} per cent. per annum, although 
they had to go without any return upon their capital in 
1886 and 1887. The share capital of the company is 
7,000,000 dols., and this capital must now have been 
practically recouped, since the opening of the line which, 
although it only extends from Aspinwall to Panama, is 
one of the most lucrative railway properties in the world. 
The line has now been in operation for 34} years, having 
been opened throughout January 28, 1855. 


Mr. RoBert STIRLING NEWALL.—The following appeared 
among the obituary notices in the Zimes last ‘Thursday. 
‘*The death is announced of Mr. Robert Stirling Newall, 
D.C.L., F.R.S., F.R.A.S., J.P., of Ferndene, Gateshead, 
whose name is well known in connection with the inven- 
tion and manufacture of wire rope. Born in Dundee in 
1812 of an old and respectable Scotch family, he entered 
a mercantile office and afterwards came to London, where 
his talents found more genial employment under the late 
Mr. Robert M‘Calmont in connection with experiments 
on the rapid production of steam. In 1840, Mr. Newall 
took out a patent for making wire rope; it was this in- 
vention that made submarine telegraphy possible. He 
established works at Gateshead and his firm manufac- 
tured and laid the Dover and Calais cable in 1850, 
the Holyhead and Howth and Port Patrick in 1852, 
and the Dover and Ostend, the Firth of Forth, and the 
Holland cables in 1853. In November, 1854, Mr. Newall 
suggested a cable from Varna to Balaclava to the Duke of 
Newcastle, then Minister for War. When this cable was 
completed Mr. Newall received the thanks of the Duke of 
Newcastle. The Black Sea cable was laid by Mr. Newall 
in 1855, and the Red Sea cable in 1859. After laying the 
latter Mr. Newall was wrecked in the Alma, when his 
courage and coolness proved of the greatest help to the 
shipwrecked passengers. He devoted much of bis time 
to scientific work, and had constructed a 25-in. refracting 
pyri 3 which just before his death he offered as a gift 
to the University of Cambridge. To local matters Mr. 
Newall devoted much of his time. He was twice Mayor 
of Gateshead, and he was unanimously asked to be 
mayor again this year, when the British Association visit 
Newcastle.” 
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Messrs. WHITAKER BROTHERS, of Horsforth, Leeds, 
have devised a steam excavator to work in combina- 
tion with a steam locomotive crane, and some seven- 
teen of their machines have been at work for several 
months past, with very satisfactory results, on the 
Manchester Ship Canal. 

The chief advantage that such a machine presents is, 
that the portion doing the work of an excavator is 
merely attached to an ordinary steam travelling crane, 


and by a few minutes’ work it may be removed, so | 


that the crane may be used separately for ordinary 
purposes, On works where the larger class of steam 
excavators are not applicable this combination presents 
many advantages to contractors. There are few works 
where steam locomotive cranes are not used. In such 
cases, with little trouble and moderate cost, the 
excavator may be brought into use. No alteration in 


construction is necessary, for the excavating arm and | 


bucket can be fitted to the ordinary pattern of steam 
locomotive crane such as is turned out by most manu- 
facturers. 

The illustration above shows how the excavator 
may be fitted to the jib of a crane. There are two 
main attachments, one for the bucket arm and the 
other for an oscillating cylinder, which latter works 
the in-and-out racking motion of the bucket. The cut 
is made in the ordinary way by winding the hoisting 
chain which passes over the pulley on the point of the 
jib. The racking motion of the bucket is effected by 
the steam cylinder. The steam is brought from the 
boiler of the crane by a small pipe; this is let into 
a 15-in. cylinder, and at 65 lb. pressure gives a thrust 
equal to 5 tons on the piston. The piston works on 
the long arm of a bell-crank lever, while the bucket is 
connected to the short arm, so that the thrust is 
multiplied until equal to 10 tons; the engraving shows 
the bucket thrust out to its full limit. As the hoist- 
ing chain is drawn up the bucket is raised and makes 
the cut, the steam in the oscillating cylinder keeping 
it against the face of the cutting. Should a large 
boulder, piece of rock, or other unyielding body meet 
the teeth of the bucket with a greater resistance than 
equal to 10 tons, the resistance overcomes the pressure 
in the cylinder, and the bucket comes back from the 
face of the excavation ; the hoisting being all this time 
continued. When the resistance is passed the steam 
cushion in the cylinder immediately exerts its thrust- 
ing power, and the bucket gets to work again. Another 
advantage, of no small importance, with this machine 
is, the triangular construction of the bucket arm causes 
the pull from the hoisting chain to work direct over 
the teeth of the bucket at the beginning of the cut, 
thus doing away with a considerable amount of strain 
which is ordinarily put on the bucket when raised by 


the trunnions on the side; as the bucket reaches the | 


middle of the cut the pull is then direct from the 
trunnions, 

Messrs. Whitaker fit these machines with l-yard 
buckets to cranes as emall as 5 tons, but they have 
fitted several with 23-yard buckets to 10-ton cranes ; 
two of their excavators working in the Salford Docks 
fitted with 14 yard buckets to 10-ton cranes, weigh 
complete (crane and excavator) some 32 tons, and for 








some time past have been filling about 800 cubic yards 
each daily. Most travelling cranes are fitted with 
double = orn so as to run on a7 ft. and 4 ft. 84 in. 
gauge, and are therefore very convenient for moving 
from place to place. When working the excavators 
it is more advisable to have a 7 ft. way so as to get a 
more solid base. 

Messrs. Whitaker claim that, by increasing the 
length of the bucket arm or lowering the brackets on 
the jib, their machines may be used for digging 
trenches, but so far they have not been used for this 
work on the Manchester Ship Canal. 





ENGINES OF §.8. ‘‘CLUTHA 4.” 

WE illustrate on our two-page plate a set of two-crank 
Cigleenpenan engines, designed and constructed by 
Messrs. Walker, Henderson, and Co., Glasgow, for a 
small twin-screw steamer belonging to the Clyde 
Navigation Trust, and engaged with others in main- 
taining a passenger service from one end of the harbour 
to the other. The vessels are all named Clutha—a 
name which the student of Scotch history will recognise 
as appropriate —and are distinguished by numbers. 
Originally all the vessels had non-condensing engines, 
the working pressure being 801b. per square inch. 
Although of great service the fare charged — ld. 
for a maximum distance of over two miles — re- 
sulted at first in a loss, and there was a desire to 
economise. Pretty much as an experiment it was 
agreed to alter the engines of Clutha No. 4 to reduce 
the coal consumption. Other considerations favoured 
achange. As the Clyde water was impure, the feed 
water had to be taken from the city supply from Loch 
Katrine, which necessitated a loss of about five 
minutes an hour in filling the tanks. At first com- 
pound engines were thought alone practicable owing 
to the size of the engine-room; but Messrs. Walker, 
Henderson, and Co. produced a design of engine of 
the tri-compound type, which took up a few inches 
less space than that previously occupied by the non- 
condensing engines. Compactness is the special 
feature of the engine. Fig. 1 is an elevation of the 
after end; Fig. 3 is an elevation of the forward end ; 
Fig. 2 is a cross-section athwartship showing the 
interior arrangements of valves and condenser ; Fig. 6 
is an athwarts ip elevation ; Fig, 4 is a sectional plan 
of framing ; and Fig. 5 is plan and sectional view of 
cylinders. 

As will be seen from the plans and elevations this 





compactness is secured by placing the condenser 
athwartship between the twin engines, and so arrang- 
ling it that it forms the main support of the engines 
| (Fig. 6). Toit are fixed all the cylinder guide posts 
and reversing brackets, and yet their accessibility is 
not interfered with. The high-pressure and inter- 
mediate cylinders are placed alongside each other (see 
Fig. 5) and the pistons working in them are connected 
to a wrought-iron crosshead and operate upon the 
crank by means of one connecting-rod (see Fig. 1). 
This arrangement merely increases the number of 
working parts, as compared with the non-condensing 
engine, by the addition of one piston-rod and one valve 











spindle. The pumps are wrought by a separate 
engine (Figs. 1, 3, and 6), it being desirable to main- 
tain a vacuum when the vessel is at the floating land- 
ing stages, of which there are a number in the harbour. 
This auxiliary engine is controlled by a small governor 
and maintains uniform motion irrespective of the speed 
of the main engines. The propelling machinery is con- 
trolled from the bridge by a simple arrangement of 
levers and with the twin screws the vessels are easily 
worked at the stages. 

The diameters of the cylinders are 44 in., 64in., and 
13 in. respectively, with a piston stroke of 12 in. 
Each has slide valves. The condensing surface is 
160 square feet. Steam is supplied at a pressure): 
156 lb. to the square inch from a single-ended return 
tubular boiler, 64 ft. in diameter and 64 ft. long. There 
is one of Fox’s corrugated furnaces 2 ft. 9in. in dia- 
meter. The grate surface is 10 square feet, and the 
tube surface 200 square feet. The engines work to 
220 revolutions and give the vessel a speed of about 
10 statute miles an hour. The consumption of coal 
was reduced from 2 tons 4 cwts. per day, in the case 
of the non-condensing engines, to 16 cwts. in the tri- 
compound engines. The patentee is Mr. C. Hender- 
son, 9, York-street, Glasgow. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 11, 1889. 

Last week the Board of Control of the Bessemer 
Steel Company, Limited, announced an additional 
allotment of 200,000 tons, of which up to this writing 
about one-fourth has been taken. There is a great 
disparity between the amount of business done by 
steel rail companies and the amount of projected work. 
New roads are projected in all parts of the country. 
Some of the lines are long, running from 100 to, in some 
cases, 300 miles in length. Rail inquiries are few in 
number and only for small quantities. A new road 
has been projected in Arkansas to run from Pine Bluff 
to New Orleans. Another in Colorado to form a junc- 
tion between the Grand and Green rivers. Another 
in Oregon to develop rich coal mines. Another, in 
Tennessee, to run from Chattanooga, Tenn., to 
McLamoore’s Cave. The Philadelphia and Reading 
Railway has purchased a large number of steel rails 
from the Bethlehem Steel Company to double track its 
line to Atlantic City, and it has also ordered fifty 
passenger coaches from the Pullman Company and 500 
gondola coal cars to be built at Buffalo. The capital 
of the Southern Pacific Railway has been increased 
from 100,000,000 dols. to 150,000,000 dols. It has 500 
miles in completed road, with 1000 more than last year 
in progress or projected. The Northern Railway Com- 
pany of Baltimore has 400 miles completed and 300 
miles in progress. Besides this 500 miles of the 
Oregon, California road will be included. The 
Northern Pacific Railway Company has secured money 
enough to carry out a system of improvements upon a 
large scale. The sum of 880,000 dols. will be expended 
this year at Tocoma and the siding capacity will be 
increased from 250 cars to 1100. Maneinctesing 
establishments are springing up at this point. The 
Denver and Rio Grande has also reorganised, and has 
now 509 miles of constructed narrow gauge road. 
While the iron trade is active in Great Britain and on 
the Continent, it is dragging along in the United 
States without any prospects of an early improvement. 
One cause for the depression in Pennsylvania is to be 
found in the fact that freight rates are much more than 
they should be, because manufacturers and shippers 
are unable to obtain any redress because of the political 
influence of the railroad companies among the law- 
making bodies. Southern iron interests are expand- 
ing wonderfully, and the offerings of cheaper iron in 
New York and Philadelphia markets is p oe much 
to shake the confidence of manufacturers in their 
ability. to control their trade. The most activity is 
found among the makers of machinery of all kinds, but 
there will be no general or permanent improvement till 
railroad building is resumed upon a basis of 10,000 
miles per year. 





WATER-TUBE BOILERS FOR WARSHIPS.* 
By J. I. THornycrort, Member of Council, 

In modern warships the weight to be carried is an ever 
increasing source of difficulty. The essence of a skilful 
design is the combination of great powers of offence and 
of defence, of speed and coal endurance, in a limited dis- 
placement. In the ironclad of to-day, evidence may be 
seen in every part of the struggle of the designer to reduce 
the weight of his elements without impairing the efficiency 
of the structure as a whole. Forced to increase the thick- 
ness of his armour, he covers with it only a small portion 
of the hull, and he hardens the face of his plates to in- 
crease the resisting power of a given weight of material. 
The structure of the hull has been elaborated until the 
amount of material has been reduced to a minimum con- 
sistent with safety. The weight of the guns has been 
reduced, I am inclined to think, quite as much as is 
desirable when the amount of the charge is considered ; 
and the engines, like the guns, have had their pressures 


* Paper read at the Institution of Naval Architects, 
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and velocities increased until progress in these directions 
appears to have reached a limit. In the boilers, however, 
there is still much room for reduction of weight, not onl 
by economising material but also by economising fuel. 
Mr. Sennett’s paper, last year, shows how strong is the 
pressure week to bear upon the engineering department 
with a view of saving weight in the boilers. His answer 
has been, reduced test pressures and reduced thickness of 
material, Economy of fuel in steam boilers depends 
greatly on the armount of pentng surface that can be 
allowed for a given evaporation. If we can estimate the 
weight of a unit of heating surface in different classes of 
boilers, it becomes a very simple matter to calculate the 
comparative weight of the boilers for a given economy of 
fuel. On the other hand, for a given weight of boiler we 
can estimate the saving in fuel, or the increase of power, 
due to a change from one class to the other. 
Some experiments were made at Portsmouth two years 
ago having a direct bearing on this subject. By an eva- 
rative trial, atnatural draught, of two boilers, the one 
ocomotive, and the other water-tube, the heating surfaces 
of which were in the ratio of 1 to 2.3, it was found that in the 
case of the latter boiler the rate of evaporation could be 
increased in the ratio of 1 to 2.36 with the same economy. 
It follows that a water-tube boiler will evaporate a little 
more water per foot of surface than a locomotive when 
working equally economically, and therefore, under these 
conditions, the weights of the two types will be propor- 
tioned to one another as the weights of a unit of heating 
surface. The weights of boiler and water and fittings per 
foot of heating surface of the locomotive and water-tube 
boilers tried at Portsmouth, were 25.6 lb. and 9.61 lb. 
respectively. The weight, therefore, of a water-tube 
boiler and water, working at the same economical rate as 
a locomotive boiler and water, will be less than half. In 
practice we prefer to make a smaller reduction in weight, 
and to work the boilers less hard by giving a larger 
allowance of heating surface for a given quantity of water 
to be evaporated. hy this means better economy is ob- 
tained, and much less stress is put upon the boilers. 
Whereas the common wind pressure for locomotive 
boilers in torpedo boats is from 4 in. to 5in. of water, we do 
not usually exceed 14 in. to 2in. with the water-tube, and a 
corresponding reduction could doubtless be made in war- 
ship practice. The following figures will show the amount 
of the saving in weight : 
Indicated 
Horse- power. 
er ton weight of 
all fittings, 
onkey, spare 


Indicated horse-power 
water-tube boiler, includin 
mountings, water pipes, 


gear, and funnel cae she <3 .. 68 
Locomotive boiler of same power in a tor- 
pedo boat ae ne ee ae “5 ee 
Locomotive boiler in latest English torpedo 
catcher ... ee et ; ve ee 
Boilers of H.M.S. Anson ose .. 2L3 
o. P. and O. steamers ... ... 16.6 


This boiler has other qualities which render it par- 
ticularly suitable for warships. In addition to the saving 
in fuel due to the greater economy, the power of getting 
up steam in a short interval of time must tend to further 
saving, for when it takes a long time to raise steam it 
must be kept up continuously, if there is a possibility that 
it may be wanted with onlya notice of an hour or two. 
With the power to get up steam quickly, it would be 
sufficient to keep steam in one boiler, for the purpose of 
starting auxiliary engines and warming the main engines. 
It has been found that steam can be raised in from 15 
to 20 minutes without risk of injury, and forced firing has 
never caused leakage of the tubes. 

The water-tube boiler consists simply of three cylinders 
lying parallel to each other, the smaller being at the 
base of the structure, and the larger one at the top. 
(See Fig. 1 of engravings on page 402). These cylinders are 
connected by means of two large tubes at the firedoor 
end, and are stayed at the opposite end by a triangular 
frame. A further connection exists between the top and 
bottom cylinders in a great multitude of small tubes. 
These are the steam-generating tubes. On looking care- 
fully, i¢ will be noticed that the inner row of tubes, form- 
ing what would be the crown of the firebox, and the outer 
row, forming what would be the shell in an ordinary boiler, 
are, by means of a very simple alteration of their ends, 
made to lie quite close together, ao that none of the products 
of combustion can pass between them (Fig. 3). The lower 
_part of the upper cylinder is thus protected from the direct 
action of the heat. The tubes are fixed in the cylinders 
by expandisg in the ordinary way, and an outer casing 
of thin steel covers the whole. In the upper half of the 
upper cylinder a curved baffle-plate with serrated edges is 
fixed to protect the steam pee, and effect the separation 
of the water and steam. The firebars are disposed at the 
base of the boiler, and between the two lower cylinders. 
They are surrounded by firebrick slabs, which act as pro- 
tectors to the lower cylinders, and a; bridges over which 
the flame must pass on its way to the chimney. 

hen steam is required the boiler is filled with water 
up to nearly the middle of the upper cylinder, and the 
fire is — The products of combustion pass over the 
side bridges and through the spaces between the lower 
ends of the generating tubes, into the s 8 between the 
tubes, and along them to the upper half of the upper 
=, whence ~~ pass to the funnel. In addition to 
the heat absorbed from the gases a great amount of 
radiated heat is received by the tubes forming the crown 
of the furnace. The heat absorbed by the tubes is at first 
only communicated to the small volume of water within 
them, so that the density of the water is rapidly reduced. 
At the same time the two large tubes which connect the 
upper and lower cylinders are filled with water of the ori- 
ginal density, thus more than balancing the weight of the 








contents of the generating tubes, and causing rapid circula- 
tion. The discharge from the tubes into the upper cylin- 
der is a mixture of steam and water, and these elements 
are separated as they flow over a curved baffle-plate, 
which is placed immediately under the openings of the 
tubes, and incloses a considerable space above the water 
surface protected from spray, and from which the steam 
is taken. 

The absence of leakage may be briefly explained as 
being due to the facts that the tubes can expand freely, 
and that their connections with the upper and lower 
cylinders are not exposed to the heat of the fire, while in 
fire-tube boilers the part of the tube exposed to the most 
severe heat is its junction with the tube plate, around 
which there is no water to cool it. 

Opinions have been expressed that this boiler will have 
but a short life. Opinions on such a matter are not of 
much value, and the author thinks it will be of interest to 
the Institution to learn how the boilers of this type 
which are already at work have stood the test of time. 
The first one was made for the Congo Mission steamer 
Peace. The vessel was tried on the Thames in 1882, then 
taken to pieces, the boiler included, and re-erected in 
Africa by the Rev. George Grenfell, with black assistants 
only. She commenced work on the Congo in the spring 
of 1884, and has performed continual service since. The 
last news we had of her was contained in a letter from 
Mr. Grenfell dated the 18th of September last. He says: 
** The boiler itself is doing splendidly, and we have no 
difficulty in keeping up steam sufficient for 400 revolu- 
tions ; in fact, quite steam enough for any purpose, and 
when head to wind often too much. 

The next boiler was fitted in a second-class torpedo 
boat for the British Navy, and tried early in 1886, It has 
therefore been at work for about three years, I obtained 
permission from the Admiralty to remove some of the 
small tubes for ascertaining their condition. These speci- 
mens were cut out last week, and are exactly in the con- 
dition in which they were taken from the boiler. In 
examining them I was exceedingly pleased to find that 
the deposit in them was so very small in amount. It 
appeared possible that this boiler might fail, from the 
tubes becoming obstructed by deposit, and as it is impos- 
sible to gain access to much of their interior, this would 
have been a very serious drawback. I am not aware that 
the boiler from which these tubes are taken has been 
treated with any special care; the surface condenser is 
of the ordinary kind, and is not specially made to prevent 
leakage. 

A few of these tubes, however, are not in such good 
condition as I had hoped ; oxidation seems to have taken 
place toa slight extent within them, and the external 
surface of those taken from the outer rows has been very 
much rusted, and seems to indicate that these tubes have 
been wet fora considerable period. This is corroborated 
by the fact that the plates forming the external casing 
are also decayed in places. It is most satisfactory, how- 
ever, to find that the tubes in the flue, and also those 
forming the firebox, are in most excellent condition. The 
blue scale is still visible on the outside, and the parts of 
the tubes exposed to the most intense heat do not show 
the least trace of injury from the fire. 

The next examples are the boilers of the Ariete and 
Rayo. It will be remembered that an exceedingly high 
speed was attained in these vessels, due largely to the 
lightness and steaming power of the boilers, of which each 
boat had two. They were delivered to the Spanish 
Government in August, 1887. Very soon afterwards, 
newspaper reports appeared as to defects having mani- 
fested themselves, and it was stated that the boilers were 
condemned, and were to be replaced by others of locomo- 
tive type. We had nocommunication made to us officially 
concerning these alleged defects. 

Seeing in the newspapers an account of certain manceu- 
vres in which these and other torpedo boats were engaged, 
where it was stated that one of the boilers of the Ariete 
was disabled, we applied to the Minister of Marine for 
permission to send an engineer over to examine the 
boilers, and to put right any defects which had arisen. 
After much delay this was granted, and our engineer 
reports as follows: 

‘The work of removing pipes, casing, &c., was com- 
menced March 15th. On removing the front and back 
plates of boiler casing, all the small tubes were found 
covered with a coating of soot from 4 in. to ;; in. thick. I 
then caused the side casing to be removed ; when this was 
done the lower parts of the casing (adjoining the coal 
bunkers) were found wasted away, caused by small coal, 
ashes, and soot being allowed to accumulate to a depth of 
about 5 in., the steam-cleaning gear pipes being imbedded 
and partially destroyed. 

‘** The front frame plate carrying the ashpan doors was 
then removed, and I found the ashpans firmly fixed in a 
bedding of small coal and soot which had been allowed to 
accumulate ; this had to be dug away before the ashpans 
could be removed, and through this accumulation it has 
to some extent corroded the sides of ashpans. On going 
inside the firebox I found the firebricks much damaged, 
and they have been in this condition for some time; 
those on the port side will have to be removed. The centre 
firebrick on the inside of end casing, nearest the safety 
valve end of boiler, is missing, and from the crumpled 
appearance of the plate, has been in this state for some 
time. The inside of separator tube and collector tubes 
are very fair, no appearance of pitting being discernible, 
although the collector tubes have a deposit on the bottom 
of 8 in. of lime, &. The separator dash-plates (zinc) 
have wasted in their thickness from } in. to 4 in. on the 
part that has been in the water, while the upper parts 
have a great deal of sediment fixed on them, The zinc 
bars in the collector tubes are but slightly worn. 

**T have examined the safety valves and stop valves, 
and these are in a very fair condition. This day I have 





tried the small tubes with water, and have discovered one 
tube in the row marked I, or the second row countin 
from the top centre of separator, and it is the deveate 
from the safety valve end of boiler; this is the only one I 
have discovered, and it is caused through a small hole in 
tube of about jin. in diameter. I propose to draw this 
tube and refit a new one, to remove all sediment from 
the collector tubes, clean zinc dash-plates and bars, refit 
new firebricks, well cleanse the outside of small tubes 
from the soot, and remove the damaged parts of side 
casings and fit strips of plate 8 in. deep to take the place 
of damaged parts. 

“IT would add that there is nothing in these repairs, 
excepting the damaged tube, but what could have and 
should have been done by the stokers belonging to the 
ship, but which, from the total neglect the boiler has 
received, has very seriously impaired the efficiency of 
the boiler, until the neglect is rectified. In reference tu 
the damaged tube, there are a number of special plugs 
supplied with the boat for the purpose of putting out of 
use any defective tube or tubes. Had this been applied 
—and the application of it is very simple—no annoyance 
would have been experienced, except instead of 918 tubes 
there would have been 917. From the general appear- 
ance of the boiler and fittings, it shows it has been greatly 
neglected, for in addition to the steam cleaning gear, there 
are brushes supplied to assist ; these have not been used, 
nor have the end plates been removed for this purpose 
nor for inspection, since the boat left England.” 

The next vessels in order were the Danish torpedo 
boats Stéren and Soléven, delivered in 1887. Since then 
we have supplied water-tube boilers in all the new tor- 
pedo boats built for that Government, and are now 
replacing the locomotive boiler in a boat 54 years old, 
with two water-tube boilers. 

Careful experiments have recently been made by Pro- 
fessor Kennedy on one of these boilers, in order to ascertain 
the evaporative efficiency at different rates of working. 
The best result was with natural draught, when the eva- 
—— duty reached 13.41b. of water per pound of coal, 

rom and at 212 deg. The calorific value of the coal, as 
determined by analysis, was 15.41 lb. per pound of coal. 
The efficiency of the boiler with natural draught was 
therefore 87 per cent. of the theoretical evaporation, 
which we have reason to believe is the highest on record.* 





ROYAL METEOROLOGICAL SOCIETY. 


THE usual monthly ogee J of this Society was held on 
Wednesday evening, the 17th inst., at the Institution of 
Civil Engineers, 25, Great George-street, Westminster, 
Dr. W. Marcet, F’,R.S., President, in the chair, 

Mr. R. C. Mossman and Mr. E. H. Ryan-Tenison, 
M.R.C.S., were elected Fellows of the Society. 

The following papers were read : 

1. **On the Deaths caused by Lightning in England and 
Wales from 1852 to 1880, as recorded in the Returnsof the 

istrar-General,” by Inspector-General R. Lawson, 
LL.D. The total number of deaths from lightning sa | 
the 29 years amounted to 546, of which 442 were males an 
104 females. In consequence of their greater exposure 
the inhabitants of rural districts suffer more from light- 
ning than those of towns. It appears also that vicinity 
to the west and south coasts reduces the chances of inju 
by lightning, and that distance from the coast and hig 
land seems to increase them. : 

2. “* The Diurnal Range of the Barometer in Great Bri- 
tain and Ireland,” by Mr. F. C. Bayard, F.R. Met. Soc. 
The author has reduced the hourly records of the baro- 
meter at the nine observatories, Aberdeen, Armagh, 
Bidston, Falmouth, Glasgow, Greenwich, Kew, Stony- 
hurst, and Valencia during the years 1876-1880. The 
curves of inland places are smoother than those of places 
on the sea-coast, and the curves of places to the westward 
are more irregular than those of places to the eastward. 
As we go from south to north the general tendency of 
the curve is to get flatter with a leasened diurnal range. 

3. ** Note on a Working Model of the Gulf Stream.” by 
Mr. A. W. Clayden, M.A., F.R. Met. Soc. The author 
showed this interesting model at work. It has been con- 
structed to illustrate the formation of ocean currents in 
general, and of the Gulf Stream in particular. a 

4. “On the Rime Frost of January 6th and 7th, 1889, 
by Mr. C. B. Plowright, F.L.S. The author gives an 
account of the very heavy rime which occurred in the 
neighbourhood of King’s Lynn on these days, when the 
fringe of crystals upon twigs and branches of trees was 
about 2 in. in length. The weight was so great that nearly 
all the telegraph wires were snapped, and an immense 
number of branches of trees broken off. 








Tur CANADIAN Matts.—The Canadian Government has 
received an offer from the Orient Steamship Company to 
build three steamships of 7500 tons each, to steam not less 
than 20 knots per hour, and to carry the Canadian mails 
from Halifax to Plymouth in five days. 





* Figs. 4 and 5 are diagrams illustrating the saving in 
space effected by the substitution of Thornycroft’s water- 
tube boiler for a locomotive type boiler in the steam yacht 
Gitana. 


Old New 
Boiler, Boiler. 

Grate surface in square feet 16.2 22.7 

Heating surface, firebox 51.87 750 

= we tubes 653 1335 

7 - total 705 1410 
Weight of boiler in tons 6.25 5.9 

a water in boiler... 1.87 1.35 

Total weight ... ee as 8.12 7.25 
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RECORD. 
Compitep By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888, 

number of views given in the Reation Drawings is stated 
wie parce dag pe «A the Names, 
&e., of the Communicators are given in italics. : 

ies of Specifications 


—, in ge ot of et 4 Rg the 
atent sealed, wi 0, ing is given. 
i Srom the date oj 


‘ tice at the Patent O, opposition to the grant 
Salas sus af tie eee eed tats 4k ii 


MACHINE TOOLS. 


J. W. Wailes, Walsall, Staffs. Improvements 
in Machinery or eo for Cutting and Shaping 
Heated Metal. (8d. 2 Figs.] February 4, 1888,—This inven- 
tion relates to apparatus for cutting off or partly cutting off and 
for shaping rings or discs of metal from hollow or solid heated 
ingots of circular cross-section. 0 are rollers carried in bearings 
con the frame a. The rollers are operated by gear d. e is the 
heated ingot or metal to be cut. / is a roller free to rotate in 
bearings g on hydraulicramh. ¢ is a cutting disc secured to 
roller f. j is a cylinder for the ram h, and ka lifting ram fitting 
in a cylinder 2 superposed on the cylinder j. m are tie-rods con- 
necting the rams and. Valves and gear of any usual kind are 
used for controlling the flow of water to and from the ram 























cylinders. The Lan is pushed forward to be cut by a feed ram 
working ina cylinder, the ram being secured to a rod provided 
with a chain, passing over a pulley, and attached toa weight for 
drawing the ram back in its cylinder, after it has completed its 
stroke. A valve of ordinary construction is used for regulating 
the flow of water to and from this cylinder. The action is as 
follows: The ingot e is pushed into position by the feed ram, the 
rolls b are set in motion so as to cause the heated ingot to rotate, 
hydraulic pressure is then allowed to act on the ram h, and the 
disc i is pressed against the ingot. The disc i rotates with the 
ingot and cuts off the portion required. At the same time 
the rollers band f give to a certain extent the required shape to 
the ingot. (Sealed March 1, 1889). 


2393. G. Pickles, Hebden Bridge, Yorks. Improve- 
mentsin Machinery for Wood, (8d. 4 Figs.) 
February 17, 1888.—This invention consists in making the under 
cutter spindle to rise and fall, in addition to being drawn out of 
the machine endwise. c is the cutter spindle secured in journals 
d forming part of the sliding head e, and f is the driving —. 
The slide ¢ has a handle g, and is inserted into YW grooves formed 
in another slide A capable of moving up and down in a bracket i 
secured to the f k of the hi The slide A carries a 
lug j through which passes a screw k entering a screwed part l of 
the stationary bracket i, On the handwheel m being turned, the 
sliding head e, together with the cutter tool, will be either raised 








or lowered accordingly, whereby the cutters may be adjusted to 
the wood being operated upon. The sliding head e and spindle c 
can also be slid endwise in either direction by simply opera- 
ting the handle g, by which means the sliding head and 
spindle may be drawn out of the side of the machine, the 
framework of which is cut away for the purpose, consequently the 
cutter can be easily got at for changing or other purpose. B 

this means the cutters and spindles can be easily adjusted accord- 
ing to the required thickness of material to be cut off, in addition 
to being drawn out of the machine, which offers every facility for 
ieee sharpening, or adjusting the cutters. (Sealed March 1, 


2633. J. McGhie, Coatbridge, Lanark. Improve- 
ments in Apparatus Used in the Manufacture of 
Metal Tubes. (8d. 2 Figs.) February 22, 1888.—This inven- 
tion relates to mechanism whereby tubes are straightened and 
ground, polished or finished. The apparatus consists of a framing 
A carrying two rotating skew rolls B, between which the tubes C 
pass, and are rotated and etraightened. D is an emery wheel 
carried by a lever E centred at F on brackets G, tied to the fram- 
ing by bars H. A spring or springs connect lever E to the 
brackets so as to maintain the circumference of the wheel D in 
frictional contact with the tube C to grind and polish its surface 
as it is rotated and drawn through the apparatus. The wheel D 
is rotated by an endless belt J passed round a pulley K keyed on 
@ shaft L, from which pulley the belt passes over tno pulleys 





M, N, centred on lever E, from which it is conducted round a 
pulley O on the hub of wheel D. Whilst the spring or springs 
maintain wheel D always in contact with the tube, the D ong! N, 
supported in arms P secured to lever E, insures that the belt is 
always kept stented and in proper driving position, its bearings 
being carried in blocks Q through which pass screws R having 
bevel wheels on their lower ends gearing with wheels on a shaft 
operated by the handwheel T. The bearings of one or both 
of the rollers B are adjustable, being carried in blocks moved 
inwards or outwards by screws to adapt the rollers for taking 
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different diameters of tubes, and the peripheries of the rollers 
are grooved to receive the emery wheel D, which, with its pulley 
O, is provided with a cover W connected to lever E. The wheel D 
is raised by means of a chain connected to the lower end of lever 
E, hung from a stationary beam, which chain is provided with a 
rigging screw to adjust the depression or elevation of the wheel 
D according to the diameter of tube being ground, the said chain 
being also ted ther chain attached to and operated by 
alever. (Sealed March 1, 1889). 


2671. C. D. Holmes, Kingston-upon-Hull. Im- 
| tp in the Manufacture of Corrugated 
bes and in Apparatus therefor. (8d. 5 Figs.) Feb- 
ruary 22, 1888.—Two strong arms @ and b are firmly fixed and 
tied together at their lower ends, above which connection there 
is room between the arms to receive the side of the tube to be 
corrugated ; ¢ is the tube suspended by a chain so that it can be 
rotated as the work progresses ; d isa die whose form corresponds 
to that of the corrugation it is desired to produce, and ¢ is a 
similar die. The die d is rigidly fixed to one of the arms, whilst 
eis capable of a short movement to and fro, at right angles 
to the arm which carries it; fis an hydraulic press mounted on 
the arm for producing the movements of the die as water under 























pressure is admitted to or allowed to escape from its cylinder. The 
tube is heated in a furnace, shown in Fig. 2, which consists of a 
casing lined with firebrick and loosely surrounding the tube. The 
casing opens readily to let the tube in or out, and gas and air are 
introduced into the furnace by pipes connected at the holes g. 
By the gas burning within the furnace, the tube is highly and 
equally heated, and in order that the heat may be distributed, 
the tube can be turned whilst in the furnace. When sufficiently 
heated the tube is conveyed to the machine and the corrugation 
produced by a series of pinches between the dies, the tube being 
rotated slowly and step by step. When two corrugations are to 
be simultaneously produced, the movable die or dies are actuated 
by two hydraulic presses. (Sealed March 1, 1889). 


2937, R. B. Codling, Bristol, Conn., U.S.A. Im- 

rovements in Machines for Turning. [8d. 15 Figs.) 

ebruary 27, 1888.—The machine consists of a bed A having 
longitudinal guides a, upon which are mounted two sliding heads 
B, C, the former carrying the driving centre b, and the latter the 
opposite centre c. To each head is connected a lever D pivotted 
to the bed A, its opposite end resting in a groove cam E onashaft 
F, whereby B and C are moved to and from each other at each 
revolution of the shaft F, but have a period of rest at each limit 
of their movement. Between B and C isa supplementary bed G, 
bearing a chute d for receiving a stack of blank caster rollers, 


Fig. 1. 
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underneath which is a slide H provided with a carrier f and chisel 
or turning tool g. The slide H is drawn backward by a weight h, 
and thrown forward by means of the cam I on shaft F, the 
two positions being shown in the drawings. The hubs of the 
casters are square, and the driving centre b is provided with a 
square socket to receive one of the hubs. A spring-pressed 
follower is arranged within the centre b, and alike follower within 
centre c, the followers being limited in their outward movements. 
While the socket in b engages the hub of the caster roller, the 
roller is centred upon both sides by the centres bearing upon the 





inside of its rim. The cam shaft F is driven slowly by a belt and 
pulley K, while the spindle centres are driven rapidly by belte 
and pulleys. When the cams E are holding BC apart, the cam 
I permits weight A to draw slide H backward, so that the lower- 
most caster drops into the hollow of the carrier f, made in the 
form of a flat spring, curved. The cam I then throws slide H 
forward to bring the roller resting on the carrier into alignment 
with the centres b and c, a spring holding the roller within 
the carrier until the centres have been advanced by their cams 
far enough to engage the roller. As the centres approach, the 
follower in centre ¢ first strikes the hub of the roller, insuring the 
opposite hub entering the socket in centre b. After the centres 

e the caster roller the slide H moves backwards and the chisel 
y on the periphery of the caster roller. (Sealed March 1, 


3961, E.Mapplebeck, Birmingham: An Improve- 
ment or Improvements in ae me or Apparatus 
for the Manufacture of Twisted Metallic Tubes, 
Rods, d@ Wire. (8d. 3 Figs.] March 14, 1888.—This im- 
provement consistsin reducing to a minimum the friction between 
the die and the plate it works against. »b is the rotating die or 
twisting tool, the draw hole d in which is fluted spirally for giving 
the required twist to the tube, rod, or wire drawn through it. a is 
the supporting plate of the tool situated parallel thereto and 
having a plain draw hole cin it asusual. In that face of thedie 6 
working nearly in contact with the plate a, an annular groove f is 
made nearly semicircular in cross-section, and cx tric with 
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the axis of the hole d in the die, and in the opposed face of plate a 
a similar groove e is made, Inthe grooves e, f,a seriesof hardened 
steel balls g is pee filling and bearing closely against the 
grooves. Thus the balls g prevent the die b and plate a coming 
into actual contact, the balls performing a rotary motion in the 
grooves on the rotation of the die b. The rotating die or twisting 
tool b is used in the ordinary way, the tube, rod, or wire being drawn 
through the die in the direction of the arrow. By this arrange- 
ment, the freedom with which the twisting die rotates, even 
under great pressure, results in extreme uniformity in the twist 
produced in the tube, rod, or wire operated upon. (Sealed 
February 22, 1889), 


13,826. E, Fontaine, Auburndale, Ohio, U.S.A. Im- 
At eee relating to the Manufacture of Wire 
ailsand to Machines therefor. (3d. 7 Figs.) September 
25, 1888.—A is the wire feeding device, and B the movable shear 
of the wire-cutting device, adjustably mounted on the end of a 
power lever opera by a revolving cam. Below the lever is 
pivotted a small lever whose rear end is depressed by a spring, 
while to the forward end is secured a finger of spring metal. A 
vertical arm secured to the power lever, depresses this spring 
finger whenever the wire is cut off. G isa stationary die, and 
H a movable one mounted on the end of a power lever J, 
actuated by a cam K. Each of the dies is grooved u its face, 
and they firmly a the free end of the wire at certain intervals, 
Lis a plunger die which forms a head on the end of the wire. 
M', M2 are three discs forming a rotary carrier. The discs 
M, M2 are mounted on shafts c, f, as shown, but the disc M' is 
loosely mounted on the shaft f. All the discs revolve in one 
direction, the two outer ones at equal speeds, while the central 
one revolves at a greater speed. This is accomplished by means 





of gear-wheels k, 1, p, &. The discs M, M' have formed 
around their peripheries radial pockets r. A tension strap N 
attached to an arm O and to a tightener P bears upon a portion of 
the periphery of the disc M*. R are rotary cutters or emery 
wheels. As soon as the wire feed has delivered the necessary 
length of wire, the dies G, H clamp the face thereot between them, 
while the plunger die forms the head, and the shear B cuts off the 
proper length. The spring finger being actuated with the shear, 
then passes the piece of wire released from the dies, into the rim 
of the cam-wheel, where it drops into the first set of pockets 
brought underneath, the finger continuing to hold it down in the 
rim of the wheel M? until the rotation of the carrier introduces it 
underneath the strap. Thus the pockets are filled with the nail 
blanks, which, owing to the greater speed of disc M2, are caused 
to rotate, whereby the point is formed by the action of the rotary 
cutters R. As soon as the blanks are freed from the strap, they 
+ of the pockets as finished wire nails. (Sealed March 1, 


15,788. J. Imray, London. (J. Bartsch, Gottesberg, Ger- 
many.) eri Apparatus for Gresiing Minerals. 
3 Fige.] November 1, 1888.—This invention relates to appa- 
ratus wherein the movable jaw is actuated directly by an eccen- 
tric on the driving shaft, the connection of the crushing jaw to 
the actuating link being effected by a pin so constructed as to 
give way under undue strain, and wherein the acting surfaces of 
the jaws are made reversible. The jaw A is connected to the link 
B by a pin consisting of a tubular bolt C through which passes a 
screw bolt D. Thiscompound bolt is made strong enough to bear 
the strain put upon it by the operation of crushing minerals, but 
when a hard material such as a hammer or piece of iron inad- 
vertently enters between the jaws, the tubular bolt will break, 
and thus prevent the fracture of the machine, The link B is 
mounted upon an eccentric part E! of the driving shaft, so that 
the rotation of the shaft causes the requisite to-and-fro motion to 
be imparted tothe jaw A. The brasses of the eccentric and the 
safety pin C D are made to fit with spherical surfaces in corre- 
sponding recesses in the link B, whereby any unequal strain on 
the bearings is avoided, and easy driving of the machine facili- 
tated. The link B is constructed of two wrought-iron or steel 
straps secured over cast metel packing pieces and brassesby screw 
bolts, the distarce between the centres of the driving shaft and 
pin C D being rendered adjustable by the wedge F and packing 
pieces G, G' for adjusting the distance between the jaws. The 
cheeks H, H! of the jaws are formed go as to be reversible, that on 
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the movable jaws being made with bevelled ends fitting undercut 
surfaces on the jaw and on a screw bolt I, so that on withdrawing 
the latter, the cheek H can be taken out and reversed. Thecheek 


tothe shovel or scoop. The action is as follows: Steam is ad- 
mitted to the bottom of the cylinder whilst the cut is being made, 
and to the top of the cylinder so as to draw the shovel or scoop 
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H! fits with flanges over the fixed jaw, and is held in position by 
wedges J, on removing which this cheek can also be reversed. 
(Sealed February 22, 1889). 


SMALL TOOLS. 


2907, H. C. Capel and J. Young, London. Improve- 
ments in and relating to Cutting Devices, te 
Designed for Opening MetalCans. (8d. 5 Figs.) Feb- 
ruary 27, 1888.—The object of this invention is to provide for 
opening metal cans in a neat, easy, and expeditious manner 
without liability to injury to the hands of the person using the 
cutting device, a is a casting made of polygonal form, or ribbed, 
fluted, or otherwise formed as to enable a firm hold of it to be 
obtained ; a! is a recess in the underside of a, to fit over the end 
of a can to be opened; bd is a knife formed with two pins or studs 
b' fitted into holes in the part a and secured therein by means of 
cement or in any other convenient manner. The knife is also 
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formed with a shoulder to bear ag of the part 
a. The cutting edge of the knife is slightly inclined to facilitate 
the cutting operation. By securing the knife in the part a by 
means of the two pins or studs, twisting or turning of the knife 
therein is effectually prevented, even when cutting thick metal 
cans. The part @ is made of metal, glass, earthenware, or other 
suitable material. When this cutting device is applied to the end 
of a can, the can itself will serve to guide the device when rotated 
for the 1 of opening the can, The cutting device may be 
provided with one or more projections or handles to facilitate the 
cuttin one. A modification is also described and shown. 
(Sealed arch 1, 1889). 


6503. T. L. Richardson, Murrawoombie, and R. 
Dixon, Sydney, N.8.W. An Improved Apparatus for 
Shearin Sheep. (8, 12 age.) May 1, 1888.—This inven- 
tion consists in the use of a revolving cutter, and a flexible arma- 
ture with endless belt for driving the same. A is the lower casin 
of the apparatus, and B are steel blades forming a comb scoured 
to the underside of casing by screws. C isthe upper part of the 
casing, hinged at K, and D a grooved pulley attached to a spindle 
F, to which is also secured a pinion. E', E* are pinions fastened 
to the ends of a shaft G carried in bearings L. The revolving 
cutter M is centred on a pin N, and is driven by apinion O having 
a collar for securing the knife. An adjustable pin Q presses on 
the pin N and keeps the knife down upon the comb. Friction 
rollers R are placed under the knife to reduce friction. Locking 
gear H, held secure by a spring, keeps the two parts of the 
casing together, a spring S raising the upper part of casing when 

















the gear is r d, anda dist pin I regulating the tore 
of the casing. Fig, 2 shows the casings separated, whereby 
the cutter M is stopped by throwing the wheels E? and O out of 

ear. For driving the shears, a round piece of flexible material 
s used, to the ends of which are secured brackets i, holding 
grip rollers j, Small brackets 2 are placed at intervals along the 
arm, having guide rollers j' on their outer ends to guide an 
endless band m which transmits the motion from the driving shaft 
to the apparatus. This band passes round a grooved pulley n on 
the driving shaft, then between the rollers j and under the rollers 
j', and then between the grip rollers of the brackets i, thence 
around the — D and again between the grip rollers on the 
other side of brackets ¢, and thence under the outer rollers of the 
sheaves J, and — through the grip rollers on the other side of 
the brackets @' to the grooved pulley n fixed on the driving shaft. 
The whole of this mechanism is sur ded with a protecting 
cover of flexible material, such as an india-rubber tube. (Sealed 
March 1, 1889). 





MISCELLANECUS, 


2204. J. H. Simpson, London, and 5. Porter, Birken- 
head, Chester. Improvements in Excavators. (8d. 
2 Figs.) February 14, 1888,—The object of this invention is to so 
construct excavators that the oscillation of the shovel or scoop 
may be varied in such manner that the depth of cut may be 
readily adjusted, and that the area capable of being operated on 
by the shovel or scoop may be greatly increased. a is the frame- 
work of a derrick, provided with a boiler and windingengine. 0b 
is the jib, and ¢ the shovel or scoop. d is a fulcrum or pivot 
carried by the jib. e a crosshead fitting around the pivot d. / 
guide bare attached to scoop ¢ and fitting around crosshead e. 

cylinder attached to scoop ¢ and provided with a piston, the rod 
4 ot which is ted to crosshead ¢, i is asteam pipe and j an 
exhaust pipe coupled to the crosshead. From the pipes t, j, ways 
lead toa valve k, from which a way passes — the piston-rod 
h into the cylinder. Motion is given to valve k bya handwheel 
and gearl. The pipes i, j, are flexible and carried in movable 
bearings. A chain leads to the winding barrel for giving motion 








away from the cut when it is being lowered into position to take a 
following cut. The elasticity of the steam allows the shovel or 
scoop to give when any obstruction is met with during the cut. 
(Accepted December 15, 1888). 


2400. F. H. Stacey and H. Wilkinson, Sheffield. 
Improvements in i for Blowing, ust- 

g, and Pumping, being also Applicable for Motive 
Power. (8d. 6 Figs.) February 17, 1888.—Two or more vanes 
are secured by bolts to the end of the driving shaft B. The shaft 
B and pulley C are supported partly by a bearing D, formed inthe 
casing E, and partly by the standard F, both of which are erected 
on the baseplate G. Each vane is shaped to the form of a segment 
of a circle, and the path of their revolution describes the configu- 
ration of the interior of the casing E. A circular division plate or 
disc H is mounted on the end of a shaft I fixed at an angle to 
the shaft B, thedisc having its centre covered by a ball or sphere 
J, one half of which revolves with the disc, the other half having 
an elongated part secured to the casing, and forming the bearing 
for the disc shaft I. The disc is made of two circular plates 





secured together with a space between, to admit the insertion of 
self-adjusting slide-pieces K. The disc is also provided with four 
radial slots L tapered, and wide enough toallow the disc to revolve 
freely with the vanes. To allow of a certain amount of twisting 
action in the vanes A as they move to and fro through the slots L, 
when they and thedisc revolve, slides K are introduced between 
the plates of the disc (seo Fig. 2). These slides are aaee at one 
end to fit upon a circular boss M on shaft I between the disc plates, 
on which there is a short radial movementregulated by stop-pieces 
which are attached to the disc. The vanes move through slots in 
the slides, and while moving laterally to and fro, the slides can 
also move backwards and forwards between the disc plates, the 
slides acting as baffle-plates to prevent leakage. The disc divides 
the interior of casing obliquely into two compartments, each 
having an inlet and an outlet. The inlet may consist of a number 
of openings made through the casing, and the outlet is formed 
through the casing at R. (Sealed March 1, 1889). 


4488. A. E. Rugeroni, Herne Hill, Surrey. Im- 
provements in Dredging Apparatus. (8d. 5 Figs. 
March 23, 1888.—This invention consists essentially in the employ- 
ment of an aspirator comprising two hollow cones 1, 2 arranged 
concentrically one with the other, so as to leave a small annular 
space 8 between them similar to that of an injector. The lower 
end 4 of the cone piece 1 terminates in a bellmouth, and the 
upper end 5 of cone 2 is connected to the discharge pipe 6. The 
cones are surrounded concentrically by a chamber 7, into which 
water under pressure is conveyed through a force pipe 8, and 
from thence PA comes ee through the space 8 between the 
cones to the delivery pipe 6. The upward flow of water produces 
in the part 4 a certain vacuum, sufficient to draw loose materials 
found under the bellmouth through the hollow cones, whence 
they are carried by the water up the delivery pipe 6 and overboard 
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through so into barges. For breaking up the material in front 
of the bellmouth, steel blades 10 are fixed on a shaft 11 working 
in bearings on the bellmouth, and rotated by means of a chain 
driven by a steam engine on the deck of the dredger. This engine 
is mounted on a carriage, which is traversed backwards and for- 
wards on rails placed longitudinally on the dredger, by means of 
an arrangement of rey elk yg and racks somewhat similar 
to the reversing motion used in planing machines. The aspirators 
are connected to the chains of two travelling winches, running on 
the before-mentioned rails, and connected to the traversing 
carriage on which the engine is mounted. ‘The force pi are 
connected together and hinged at their upper ends to the travers- 
ing carriage, so that the aspirators can thus be lowered by means 
of the winches to dredge at any depth not greater than the pipes 
8, 6. The aspirators can also be drawn into a central longitudinal 
opening in the dredger when not in use. (Sealed March 1, 1889). 


14,770. W. Cross, St. Peter's, Newcastile-on-Tyne. 
A New or Improved Locomotive Steam Engine an 
ulic Crane Combined. [8d. 7 Figs.) October 13, 
1888.—The side water tanks a of the locomotive are bolted to the 
side plates b, the tanks serving as abutments for the superstructure, 
which consists of a segmental arch spanning the boiler, cast in 
one with the central vertical crane pivot and carrying the lower 
roller ring, and upon this pivot js fitted the crane barrel and top 


roller ring, the rollers intervening. d are the steam cylinders 

ting the pump rams in the cases d? furnished with relief 
valves. The rams deliver their water at the designed pressure 
througha pipe d! direct from the case d? to the central valve case 
d3, within which are the ports and hydraulic slides for effecting 
the various ram movements of the crane controlled by hand levers 
d4, The water is led from the pumps through d! and d3, to the 
turning union d8 and delivered into the back end of cylinder d9 
containing a hollow lifting ram, the pressure acting on which 
forces it outwards raising the crane chain, the lift being propor- 
tionate to the stroke multiplied by gear. For returning the ram 
a separate cylinder is not employed, but a barrel or case d!0 ig 
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fixed at one end into the counterbalance at the rear end of jib, 
the other free end passing through a gland within the outer end 
of the lifting ram, and working between the multiplying sheaves. 
Upon the fixed barrel d!9, as well as upon side motion bars, the 
hollow ram reciprocates so that at the end of its outstroke the 
barrel is almost wholly within the ram and vice versa. To supply 
the power for the return stroke, a free connoction is made from 
the case d® by small pipe d5 continued through the barrel direct 
into the interior of the ram, which thus becomes a returning ram 
at a constant pressure. d7 are the turning rams operated by 
hydraulic pressure conveyed to them from the pump rams through 
valve case d3, (Sealed February 15, 1889). 


16,049. W. P. Thompson, London, (C. G. W. Kapler, 
Berlin, Germany.) Improvements in or to 
Roller Mills. (6d. 6 Figs.) November 6, 1888.—This mill 
has three rollers placed one above the other so as to form two 
re courses, the grist which comes from the right-hand feed 
roll a! being drawn between the rollers W' and W3. It is then 
threwn off by scrapers b', b2 on to a continuous cloth band T, 
which takes it along the side of the middle roller to a ket c, 
through which it falls into a compartment d2 of the discharge 
a The partition ¢ prevents the material, coming from the 
left-hand feed roll falling on to the band T, the plate f leading 
the material between the cylinders W? and W8, from whence it is 
taken by scrapers b and 64, and falls into the second compart- 
ment d!, The rollers over which the band T runs receive their 








motion from the roller W2 by means of pulleys and conical wheels 
g. In order that the partition e should not prevent the material 
from being handled it is provided with valves h, having a roof- 
shaped projection on the inside, which, when the valves are open, 
throws off the material te the right and left of the opening as it 
falls from the feed roll a?, and thus prevents the material becom- 
ing mixed. The feed and action of the rollers is regulated by 
slides adjustable by a rack and pinion, actuated by worm- 
wheels and pinions outside the wall of the hopper, The middle 
roller W? is fixed, while the rollers W' and W* are attached to 
levers ¢, centred at t!. The distance of these rollers apart is 
adjusted by means of the eccentric shaft c provided with a regu- 
lating lever, the rod w being provided with a handwheel and a 
volute spring x. (Sealed February 22, 1889). 


NITED TES PATENTS AND PATENT PRACTICE. 
| p eras B tt of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENemxERine, 36 and 36, Bedford- 
street, Strand. 








Mexican Ratiways.—The most important railway 
enterprise now on hand in Mexico is the Interoceanic line, 
which is to unite Vera Cruz to Acapulco, A new com- 
pany has bought up 309 miles of existing sections, and has 
undertaken to supply the missinglinks. Another important 
enterprise is the Sierra Mogada Railway to be built by 
an American-European syndicate, originated at St. Louis. 
This line is to bring the San Felipe coal region in the 
State of Coahuila in communication with the Sierra 
Mogada mines and it is to join the Mexican Central at 
Ximenes. The line will be 400 miles long and will con- 
nect the Mexican National, the International, and the 
Central, by means of a track running from east to west. 





Tur MESSAGERIES MARITIMES.—This company has added 
two steamers to its fine and considerable fleet —the Douro 
and the Mpanjacka. The Douro, which is a vessel of 2570 
tons burthen, has been launched at La Seyne, near Toulon. 
She is to be fitted with triple-expansion engines working 
up to 1500 horse-power, and she is expected to attain a 
speed of 13 knots per hour. Although intended more 


| particularly for the conveyance of goods, she will *have 


accommodation for thirty-six passengers. The Mpanjacka 
is to be devoted to an annexe service on the coast of 
. Her burthen is about 970 tons, and she is 





to be fitted with triple-ex ion engines working up to 
450 horse-power. She will be ready Tor sea in April. 
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THE PARIS EXHIBITION. 


INTRODUCTORY. 


Tue Commission in whose hands is vested the 
control of the Paris Exhibition about to be opened, 
estimate that 13,000,000 of visitors will pay for 
admission between May 6 and October 31, and the 
payments to be made for privileges granted to 
concessionaires, the scale of the restaurants, the 
accommodation generally, are based upon this figure. 
Enormous as it is, there is very little doubt— 
unforeseen mischances apart—that it will be 





Exhibition of Philadelphia, the great Column of 
the Republic. In 1878, the Champ de Mars was 
closed quite early in the evening, no means being 
then known for lighting the buildings and grounds. 
The electrical celebration held at the Palais de 
l’Industrie in 1881, first proved that an exhibition 
whose attractions were almost purely scientific, 
could nevertheless draw vast crowds nightly, 
whilst the experience of the series of London 
Exhibitions showed that brightly illuminated 
gardens and buildings commanded far larger 
patronage from the public than the more sober 
hours of daylight ; the lesson taught at Manchester 





nation has to be strained, that dominates the 
surrounding neighbourhood, and follows the visitor 
about the grounds, so that he can never get away 
from it. A unique chef-d’ceuvre of construction— 
until the Americans surpass it—the stupendous 
lights in its lantern will fling down their beams 
from a height of 1000 ft., and prove an irresistible 
beacon to bring Paris to its feet every night. The 
Machinery Hall, the widest building ever covered 
in with a single span, another triumph of the 
engineer, will also be thrown open in the evenings, 
lighted from end to end, and throughout its vast 
height and breadth. These, and the illuminated 
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Fic. 2. GENERAL PLAN OF THE EXHIBITION. 


largely exceeded, and in all 
15,000,000 admission tickets will be sold. The 
crowds of visitors who flock to Paris during Exhibi- 
tion times, prove the correctness of the assertion 
that the French metropolis is, 


probability more than 











(See page 416.) 


and Glasgow was the same. And if this wasso, with 
our uncertain climate and sedate nation, what may 
not be expected ‘at Paris, where everyone is by 
| preference a night bird, and even Englishmen and 
of all cities in the|Englishwomen carry out the old proverb, and act 


world, the best in every respect for such a celebration |like true Romans when sojourning in the Eternal 


of art and industry. In 1878, more than 13,000,000 
people passed through the entrance gates to a show 
= 9 i me Baris that of the present year. For 
ow the highest talent that France possesses hz 
pressed into the service, -t poets 
ments, to construct the la: 
put into execution. the 





to design the best arrange- 


| City. To Frenchmen, too, this class of evening féte 
will be something new, and novelty always attracts 
as nothing else can do. 
special attractions on the Champ de Mars, of 
n ti which the most conspicuous is the Eiffel Tower, 
est buildings yet seen, to that bitterly abused triumph of the engineer, 

am of the Centennial |to define the practical uses of which the imagi- 


But there will be other 


(See page 416.) 
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| its prestige, and to give it greater prominence in 


| limit of their horizon, because it should bring with 












































fountains stretching down the centre of the garden 
in jets and cascades, from the front of the monu- 
mental entrance, to beneath the great arch of the 
Eiffel Tower, and the brilliant quadrangle of poly- 
glot restaurants, will form a series of attractions 
for night visitors never before attempted ; to say 
nothing of theatres, concerts, and all the many 
pleasures Paris can provide in the open air at 
night. 

There is little doubt, therefore, that as regards 
attendance, the Paris Exhibition of 1889 will not 
only far surpass all previous records, but will exceed 
the most sanguine estimates of its promoters. But 
if this be so, if the anticipated thirteen millions are 
doubled and the revenues from all concessions in- 
creased in proportion, the final balance sheet will 
still show an enormous deficit. The associations 
that advanced some twelve millions of francs towards 
the work, are guaranteed by the ample security of 
the sale of tickets, and they will in addition realise 
handsomely by their speculation. But the Govern- 
ment and the Ville de Paris regard their advances as 
investments of another kind, not to be repaid into 
their treasuries, but as seed sown which must yield 
a bountiful harvest. To the State the Exhibition will 
be a further proof of the greatness of the Republic, of 
the colossal industry of France, of the extension and 
consolidation of its trade. Politics have done much 
to bring the country into discredit among other 
nations ; the Exhibition will do far more to restore 


Art, Industry, and Science. What are thirty or 
forty millions of francs compared with such objects 
as these? With the great mass of Frenchmen, their 
Exhibition is the most important object within the 


it peace and prosperity. Universal exhibitions are, 
as we know too well, no indications of these lasting 
blessings, but rather harbingers of war and discord. 
But people are ever hopeful, and in the immediate 
presence of this great celebration, political strife is 
thrust aside for the present, and the clamour of 
parties is suppressed. 

To the Ville de Paris the subscription of 320,000/. 
will bring a more immediate, if indirect, return. 
Money will flow from the pockets of the visitors 
during the summer and autumn to enrich the 
Parisian ; every article consumed by the largely in- 
creased population will be made to contribute to the 
revenues of the Municipality. With forty or fifty 
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thousand Americans, will come millions of dollars, 
that will remain behind after their original owners 
are departed and forgotten. From this country 
the streams of traffic will be incessant, and if the 
Englishman abroad is now less appreciated than of 
old, the more modest sums he brings to leave, will 
be equally welcome. From all the provinces of 
France, from every part of the world, the direction 
of travel will converge towards Paris. Therefore the 
harvest must be plentiful, and no pains will be spared 
to make it so. To the Government this Exhibition 
has also a special value in another direction. The 
French dream of splendid colonisation has not 
faded, and the present occasion has offered a good 
opportunity for making Frenchmen acquainted with 
the actual details of their possessions abroad, and 
for encouraging them to do their part in increasing 
and developing them. The beautiful exhibition on 
the Esplanade des Invalides will doubtless fill the 
native breast with colonial ardour, and will do some- 
thing towards stimulating emigration. Whether it 
would be good for France and her people to become 
a colonising nation, is not a question for our discus- 
sion, the fact remains that the Colonial Exhibition 
will not only be of great interest, but will have a 
State importance; more than that, it will inaugurate 
the foundation of a French Colonial Institute, the 
influence of which cannot fail to be highly important 
hereafter. 

In the following pages we have endeavoured to 
give, with as much detail and accuracy as has been 
possible, an account of the French Exhibition 
buildings, the organisation under which they have 
been completed and will be directed, the extent and 
nature of foreign co-operation, the scope and classi- 
fication of their contents, and thearrangements made 
for the convenience of exhibitors and visitors. The 
information is at best imperfect, and the subject is 
too large a one to obtain justice in the limits of 
space at our disposal. We have derived much of our 
information from official and other published docu- 
ments, and we have especially to mention our 
obligation to M. Gustave Eiffel, M. Décauville, the 
Bulletin Officiel, the Génie Civil, and M. Max de 
Nansouty. We also take pleasure in mentioning 
that a large part of our perspective illustrations 
have been engraved from photographs specially pre- 
pared for us by M. A. Fernic, 31, Rue de Fleurus, 
Paris, one of the official photographers at the 
Exhibition. 


GENERAL ARRANGEMENTS.—I. 

Tue Paris Exhibition of 1878 was laid out upon 
the huge quadrangle formed by the Champ de Mars 
on one side of the Seine, and the Trocadero on the 
other side. The principal group of buildings occu- 
pied the greater part of the Champ de Mars and 
consisted of two halls running parallel with each 
other, and with the longitudinal axis of the inclosure, 
but separated by a broad central space; at each 
end, a halls were connected by transverse 
vestibules running the whole width of the buildings 
and forming two monumental facades, one facing 
towards the Seine, the other towards the Avenue 
de la Motte Piquet. The middle of the central 
space just referred to, was occupied by the Ville de 
Paris, which erected a very large and elaborate 

avilion surrounded by a garden ; to the right and 
eft stretched a long row of interesting buildings, 
forming together the Street of Nations. The space 
in the Champ de Mars, not occupied by the main 
body of buildings, was filled, with the exception of 
the gardens facing the Seine, with a great number 
of separate sheds and pavilions; many others 
were scattered within the gardens, and the river 
frontage on each side was bordered with miscel- 
laneous buildings ; the steep grounds of the Troca- 
dero also contained many pavilions, and the heights 
were crowned by the Palace oi the Trocadero with 
its great central rotunda and curved speading wings. 
Nearly one-half of the main buildings on the Champ 
de Mars was allotted to foreign nations ; the greater 
part of the independent ilinias, however, were 
French. 

This year a very different distribution of space 
has been made, and the general arrangement of 
the Exhibition buildings must commend itself, 
not only as a great improvement on 1878, but also 
as something far in advance of all that has been 
before attempted in exhibition design. Standing 
on the broad-terraced heights of the Trocadero 
Palace, which alone remains to recall the glories of 
1878, one sees the plan of the present Exhibition 
stretched below, and its general arrangement can 





be understood after a very brief examination. The 
gardens of the Trocadero, with their great fountains 
and cascades, have been but little altered ; numerous 
pavilions are scattered about them, and kiosks 
without end, for the sale of newspapers and miscel- 
laneous trifles. If comparative quiet and seclusion 
are to be found within the Exhibition inclosure, it 
will be upon these beautiful grounds, but during 
the summer they will undoubtedly form one of the 
great centres of public attraction, for here will be 
held numerous flower shows and other gardening 
competitions. The Trocadero grounds are, in fact, 
given up in the main to those sections of the Exhibi- 
tion relating to floriculture, arboriculture, and other 
similar subjects, and one of the principal pavilions 
is that of the French Department of Woods and 
Forests. Beyond the Trocadero grounds, the Pont 
de Jena forms the connecting link with the busiest 
centre of the Exhibition ; to the right and left along 
the river slopes outside the quays, are a number 
of pavilions ; on the right the International Exhi- 
bition of Petroleum and its products ; beyond, the 
pumping stations for supplying the general water 
service; an electric lighting installation, and a 
shed devoted to subjects grouped under Class 52, 
that of general machinery. On the left is another 
petroleum pavilion, the great shed filled with 
maritime and fluvial exhibits, and the panorama 
of the Transatlantique Company. Behind these, 
and stretching for the whole width of the 
Champ de Mars, is the interesting range of detached 
buildings, designed by M. Charles Garnier, and 
illustrating the history of human habitations. 
Dominating everything by its vast proportions, but 
crushing nothing on account of its graceful curves 
and light construction, rises the Eiffel Tower, 
standing on a square base, the girth of which is 
nearly a quarter of a mile. On each side, the 
limited gardens of the Champ de Mars are crowded 
with pavilions ; to the right, those of the Argentine 
Republic, Mexico, Venezuela, Brazil, Bolivia, 
Chili, Uruguay, &c.; the Children’s Palace, the 
Indian Pavilion, and a number more. On the left 
are the buildings of the Manufactures de 1’Etat, 
Finland, Sweden, Great Britain, the Folies Pari- 
siennes Theatre, and so forth. Beyond these 
pavilions are the main buildings of the Exhibition ; 
collectively they form three sides of a quadrangle, 
inclosing the central gardens. Actually they con- 
sist of four independent and vast structures, but 
these are all connected by galleries, so that they 
constitute an unbroken covered area. The chief 
exhibition buildings commence with the Machinery 
Hall, the great roof of which can be seen in the 
distance extending for nearly the whole width of 
the Champ de Mars, parallel with, and close to, 
the Avenue de la Motte Piquet. Joining this are 
the lower roofs of the main body of the Miscel- 
laneous Industries Courts, devoted almost ex- 
clusively to French exhibits ; from either end of 
this building extend the wings given to foreign 
nations that are taking part in the Exhibition, and, 
forming an extension to these wings, are the twin 
buildings of the Beaux Arts and the Arts Libéraux, 
the latter adjoining the Avenue de Suffren, the 
former close to the Avenue de la Bourdonnais ; the 
domes of these two structures, and the monumental 
entrance to the Miscellaneous Industries Galleries 
stand conspicuous, and mark three of the principal 
points of the buildings. Between the outer sides 
of these latter and the inclosing fence, there is 
but little room, but it has been utilised to the best 
possible advantage ; on the left for French exhibits 
mostly, on the right for Oriental pavilions. 

To the extreme left of the Champ de Mars in the 
corner adjoining the Quai d’Orsay, is the entrance 
to the long range of narrow galleries devoted to 
agricultural machinery and food products ; from the 
heights of the Trocadero, the further end of these 
galleries can be seen, as well as the tall and graceful 
towers of the palaces of Algeria and Tunis upon 
the Esplanade des Invalides, and the great entrance 
to the Exhibition grounds close to the Foreign 
Office. The bird’s-eye view of the Champ de 
Mars, and the plan of the Exhibition grounds (see 
Figs. 1 and 2, page 415), will give an idea of the 
general arrangement we have described. 

The plan of the Exhibition lends itself ad- 
mirably (with one —e to a favourable 
arrangement of artistic gardening ; the grounds are 
inclosed on one side by the Miscellaneous Indus- 
tries Galleries, the central dome of which forms so 
conspicuous a feature in all parts of the inclosure ; 
on each side extend the wings of these galleries, 
joined, by means of the Desaix and Rapp galleries 








with the Arts Libéraux and Fine Arts buildings 
respectively. The garden is thus inclosed on three 
sides of a square, containing open courts devoted to 
restaurants, the decoration of these courts being 
carried out with a boldness and brilliancy of colour- 
ing that only the special circumstances of their 
existence could justify. Beyond the Fine Arts and 
Arts Libéraux buildings there is no continuous limit 
except the inclosing fence, but, as just described, the 
ground is thickly crowded with pavilions of many 
nationalities and designs, that form a framework for 
the flower beds, lawns, and walks. In the centre, 
following the axis of the Champ de Mars from the 
front of the monumental dome of the Miscellaneous 
Industries Galleries to beneath the vast archway of 
the Eiffel Tower, the succession of fountains stretch 
through the gardens (see Fig. 59, page 442). Beyond 
are the terraced slopes of the Trocadero gardens, 
the narrow Seine scarcely breaking the line. The 
work of laying out the grounds was commenced in 
October, 1887, by M. Laforgade, chief gardener to 
the Ville de Paris, and they were completed the 
following December. A great number of trees 
were planted, masses of rockwork arranged, and 
groups of shrubs distributed over the grounds. 
These having passed well through two winters, are 
in full vigour; the trees especially, considering 
their large size, have done remarkably well. The 

ths, walks, and drives in the grounds were made 

y M. Lion, who had charge of the general levelling 
of the ground and the construction of the sewers. 
At the sides of the Champ de Mars, as well as in 
front, beside the Eiffel Tower, the space originally 
allotted for gardens has been more and more en- 
croached upon by separate pavilions, and very little 
room has been left to the gardener, but what there 
is has been turned to the best advantage, and every 
building is surrounded by grass and flower beds. 
Along the main walks in the grounds, a framework 
is erected to support awnings for sheltering the 
public from sun and rain. This feature is carried out 
largely in the open spaces; even the Pont de Jena 
is covered by velums, and the same system is ex- 
tended in the Trocadero gardens. Here, of course, 
there has been time for trees to grow, and planta- 
tions to extend, since the grounds were laid out in 
1878, but a great deal has been done further to 
beautify these gardens for the present Exhibition. 
In this part twenty-six conservatories have been 
built for the flower shows and horticultural exhibi- 
tions that will take place at different periods during 
the summer, and in addition tents will be erected 
covering over 30,000 square feet. 

We said above that the plan of the Exhibition 
lends itself admirably to artistic gardening with one 
exception, which is likely to mar the whole effect. 
This is due to the action taken by the Ville de 
Paris, which has erected two rectangular pavilions, 
parallel to and facing the restaurant quadrangle, 
thus cutting off the view, to a great extent, of the 
fountains and gardens. No amount of decoration 
could render these structures tolerable in the situa- 
tion that has been: allotted to them, and it is difti- 
cult to understand why the Ville de Paris should 
have thus sinned against the general effect, when 
one remembers the beautiful structure erected by 
the Municipality in 1878. 

The general distribution of objects in the Exhi- 
bition has been made under the following arrange- 
ment : 

1. Champs de Mars. (a) Fine Arts building. 
—Works of art. In this building the distribution 
will be made by galleries or groups of galleries 
corresponding to the different national exhibits. 
(b) Palace of the Liberal Arts.—Education and 
teaching ; material and processes used in the liberal 
arts. Here the space will be divided into two 
sections each arranged into classes, one for French 
and the other for foreign exhibits; it will also 
contain the great collection of retrospective ex- 
hibits, illustrating the history of labour. (c) The 
galleries of Miscellaneous Industries.—Furniture 
and accessories.—Fabrics, clothing, and accessories. 
—Extractive industries ; raw and manufactured pro- 
ducts. About 1,000,000 square feet are included 
in these galleries, three-fourths of which are de- 
voted to French exhibits and the remainder divided 
among foreign nations. (d) Machinery Hall.— 
Machines and processes of mechanical industries ; 
electricity. This te like the galleries of 
Miscellaneous Industries, has about three-fourths 
of its area given to France, the rest having been 
allotted to foreign exhibitors. : 

2. The Quai d'Orsay. (a) The Palace of Ali- 
mentary Products. This building, which has several 
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floors, will contain international exhibits, divided 
by classes, of food products. (6) The Agricultural 
Galleries. —Agriculture, viticulture, and pisciculture. 
These galleries will be divided by nationalities. 

3. Esplanade des Invalides.—Open spaces planted 
with trees forming a separate part of the agri- 
cultural section. Miscellaneous exhibitions, such 
as the French Colonies, the building of the War 
Department, Social Economy, Hygiene, &c. 

4, The Trocadero. The International Exhibitions 
of Horticulture and of Arboriculture. 


HISTORY AND ORGANISATION.—II. 
PRELIMINARY LEGISLATION. 

On November 8, 1884, the French Minister of 
Commerce presented a report to the President of 
the Republic on the subject of a Universal Inter- 
national Exhibition, which should be opened in 
Paris in May, 1889; acting upon this report a 
decree was passed by M. Grévy, approving of the 
scheme, and recommending that a Commission 
should be formed to investigate the question and to 
report upon the best means that could be adopted 
for bringing it to a successful issue. On August 1, 
1885, a credit of 4000]. was given by the French 
Government to the Minister of Commerce, to 
defray the expenses of the preliminary investiga- 
tions. Invitations were issued to French engineers 
and architects, to submit plans for the Exhibition 
buildings, the actual site of which had not at that 
time definitely been decided upon. On April 3, 1886, 
M. Edouard Lockroy, then Minister of Commerce and 
of Industry, brought before the Chambers a Bill to 
authorise the construction of the Exhibition as a 
Government undertaking. By this Act it was pro- 
posed that the organisation should not be left in 
private hands, to avoid the evils inseparable 
from private speculations ; and equally it sought 
to avoid throwing all the responsibility upon 
the State, in order to secure the most economical 
means of carrying out the undertaking. It reverted 
to the system under which the Paris Exhibition of 
1867 was brought to a successful conclusion, a 
system where the organisation by the State was 
combined with the aid of a responsible guarantee 
society. 

Such an association would guarantee to the 
Government a sum of 720,000/., and in the event 
of the expenses incurred exceeding the estimates 
provided, it would, after having been reimbursed, 
abandon all claim to any profits. It was proposed 
that this society should be controlled by a Commis- 
sion composed of eight municipal councillors, of 
eighteen senators, deputies, and Government 
officials, and of eighteen guarantee commissioners. 
The Commission would divide with the State and 
the Municipal Council the right of advising the 
Minister of Commerce on all financial questions con- 
nected with the Exhibition. In this way it was 
intended that while the Government kept the chief 
control over the undertaking, the Paris Municipality 
should have ample means of surveillance, and the 
Guarantee Society would be able to look after its 
financial interests; the Government would be 
repaid, at all eventsto a great extent, by the great 
influx of visitors which the Exhibition would bring 
to France, and the indirect benefits arising there- 
from; the Ville de Paris would be partly reim- 
bursed by the large increase in the Octroi duties, 
and the money spent by visitors in the city ; while 
the loan made by the Guarantee Society would be 
secured with the receipts taken at the door of the 
Exhibition. 

The preliminary report of the Investigating Com- 
mittee above referred to, stated that the total out- 
lay connected with the Exhibition, so far as France 
was concerned, ought not to exceed the sum of 
1,720,0001., allotted in the following manner : 

1, The various buildings on the Champ 
de Mars, the fitting up of the gal- 





leries, and the general service of £ 
the Exhibition a oan ... 1,447,409 
2. The agricultural buildings ... as 104,000 
3. Expenses connected with the Fine 
Art Exhibition * ae < 48,600 
4. Unforessen expenses... 120,000 
Total 1,720,000 


The following were the estimated receipts : 


1. Season tickets and money taken at 


ee 580,000 
2. Sale of materials ed -- 104,000 
3. Concessions and miscellaneous re- 

ceipts ... ae a is aes 76,000 
Total "760,000 





This estimate provided for a deficit of 960,0001. 
to be covered by a State contribution of 680,000/., 
and a subsidy of 320,000/. by the Ville de Paris. 
It was considered by the Commission that this esti- 
mate was extremely liberal, judging from the ex- 
perience obtained in 1878, when the total expenses 
incurred reached the figure of 2,213,0001., including 
the cost of the Trocadero, which was 545,0001. 

A Commission was appointed on May 21, 1886, 
to examine into, and report upon, the various plans 
which had been submitted for the Exhibition. 
There were 107 competitors, and on May 26 the 
drawings were exhibited at the Hétel de Ville ; 
after due consideration eighteen projects were 
selected, and twelve of these received awards. The 
first prize of 4000 francs was given to the scheme 
of MM. Dutert, Eiffel, and Formigé. The second 
prize of 3000 francs was allotted to MM. B. Cassien, 
Nachu, De Perthes, and Rolan. The third prize of 
2000 francs was given to MM. Ballu, Fouquiau, 
Hochereau, Paulin, Pierron, and Vaudoyer. The 
other approved designs received honourable men- 
tion. 

THE GENERAL DIRECTION. 

On July 6, 1886, the Government passed the law 
constituting the Exhibition as a Government 
scheme ; this law was based upon, and embodied 
the principles we have just described. Some months 
before, on March 29, a convention with the 
Guarantee Society had been signed, the parties to 
the contract being the Minister of Commerce and 
Industry representing the Government, the Prefect 
of the Seine acting for the Ville de Paris, and M. 
Albert Christophle, Governor of the Credit Foncier, 
acting on behalf of the Guarantee Association. On 
July 28adecree was passed organising the various ser- 
vices of the Exhibition. By this decree the Minister 
of Commerce and of Industry was appointed General 
Commissioner of the Exhibition, and immediately 
under his orders were to be three directors, each 
bearing the title of Directors-General. To the first of 
these was allotted the control of works, which in- 
cluded the following: (a) The architectural and 
engineering works of the Exhibition. This com- 
prised the preparing and approving of plans, specifi- 
cations, and schedules ; the direction and execution 
of the works, with their maintenance and removal 
after the close of the Exhibition ; the approval of 
concessions and supervision of all buildings erected 
by concessionaires ; the police service during the 
execution of the works. (b) The gardens and 
drainage of the Exhibition. This section includes 
the charge of plantations and gardens; the appro- 
priation and maintenance of roads and bridges 
within and without the Exhibition grounds, and 
their restoration after November next; gas and 
water supply ; the control of public fétes ; interior 
fittings and decorations ; preparations for the open- 
ing ceremony. (c) The control of the special 
pavilions and other buildings. (d) The medical 
service. 

The duties of the Director-General of Manage- 
ment are as follows: (a) The transport service 
comprising the organisation, supervision of the 
general service for transport, and unloading in and 
around the Exhibition, both for the requirements 
of the authorities and of exhibitors ; the reception 
and delivery of packing cases ; the classification and 
storing of empty cases during the Exhibition ; the 
returning of goods after its close. (b) The French 
and foreign sections service. In this are included 
the classification of groups and sections ; dealings 
with the various commissioners and exhibitors ; 
allotments of space ; regulations for admission and 
installation ; juries and awards ; control of restau- 
rants, vestiaires, and other locations granted to 
concessionaires. (c) The mechanical and electrical 
service. The establishment and distribution of 
motive power, and the execution of works connected 
with it ; the regulation of expenses of this part of 
the undertaking ; the conditions under which exhi- 
bitors are supplied with power. (d) The service of 
internal installation. This included the arrange- 
ment of exhibitors in classes, and in such a way as 
to cover the cost of internal fittings, decorations, 
police, and insurance. (e) The internal police 
service for guarding the buildings and gardens of 
the Exhibition and exhibits. 

The duties of the Director-General of Finance are 
as follows: (a) Accountants’ department ; (b) the 
pay department ; (c) arbitration and litigation ; (d) 
the finance duties connected with the service of 
material and entries to the Exhibition. 

The Directors-General take their instructions 
from, and are responsible to, the Minister of Com- 





merce and of Industry, acting as Commissioner- 
General. This latter is president of an executive 
committee composed of the three directors-general 
and of the director of the personnel of the Minister 
of Commerce. This Council holds weekly meetings 
to receive the reports of each director-general, and 
to consider questions of administration and policy. 
According to Art. 7 of the law of July 6, 1886, the 
Commissioner-General has to submit to the President 
of the Republic, each year, a detailed statement of 
all expenses and receipts connected with the under- 
taking. 

The Director-General of Works is M. Alphand, 
who appointed as engineer-in-chief M. Bartet, 
recently deceased. The architects are M. Formigé, 
in charge of the Fine Arts and Liberal Arts Palaces ; 
M. Dutert, in charge of the Machinery Hall; and 
M. Bernard, for the galleries of Miscellaneous 
Industry. The engineers responsible for the iron- 
work are MM. Contamin and Charton. MM. 
Laforcade and Lion have control of the gardens and 
plantations. 

The Director of General Management is M. 
Georges Berger, so well known for his eminent 
services in previous exhibitions. In this division 
the principal officers are M. Monthiers, controlling 
the French sections ; M. A. de Lacretelle, secretary 
of foreign sections; M. E. Halphen, engineer to 
the foreign sections ; and M. Vigreux, chief of the 
mechanical department. 


MIscELLANEOUS COMMITTEES. 


By a ministerial decree dated August 26, 1886, a 
general committee was appointed, consisting of three 
hundred members, and called the ‘‘ Grand Conseil 
de Exposition Universelle de 1889.” This general 
committee is divided into 22 sub-committees, in- 
cluding the Guarantee Association already referred 
to. It also includes a special electrical committee 
to assist the Director of General Management in the 
lighting of the Exhibition and grounds, and a tech- 
nical committee to advise upon matters connected 
with the exhibits in the Machinery Hall. This 
latter is divided into three sub-committees, the first 
of which has charge of the steam generators ; the 
second will advise upon the question of motive 
power, while matters connected with the transport 
service of this section of the Exhibition are referred 
to the third. 

A series of decrees issued at various dates com- 
mencing on November 6, 1886, provided for the 
constitution of sub-committees not only in all the 
departments of France, but also in the principal 
arrondissements. As may be imagined these sub- 
committees are very numerous, and as each of 
them comprises all persons of local standing and 
influence, it will readily be understood that a vast 
organisation was rapidly and with but little trouble 
created throughout the country, and which could 
second the efforts of the central authorities in 
stimulating manufacturers and others to take a part 
in the Exhibition and in affording information and 
assistance upon all subjects connected with it. By 
this means the labours of the central organisation 
were much lightened, and the exhibitors were fur- 
nished with ready sources of information. 

On March 11, 1887, a decree was issued autho- 
rising the creation in Paris, under the control of the 
general direction, of eighty-four selection com- 
mittees ; the first of these had to deal with Classes 
1 and 2 of the objects exhibited, and the others with 
the remaining eighty-three classes. The duty of 
these committees was to examine into and report 
upon every application for space coming from 
France, from French colonies, or from French pro- 
tectorates. From this numerous body was elected 
a series of superior committees of groups composed 
of the presidents of each of the eighty-four selection 
committees. To this body were to be referred all 
differences of opinion which might arise among the 
members of each of the eighty-four committees, or 
between any two or more of the committees them- 
selves upon the subject of the allotment of space, the 
classification of doubtful objects, and other difti- 
culties of a similar nature. Lastly, the presidents of 
all these group committees were associated into a 
final decision committee, the chief duties of which 
were to settle any disputes arising among the group 
committees, and to prepare the final list of French 
exhibitors. 

A decree dated May 14, 1887, provided for the 
organisation of a permanent French Colonial Exhi- 
bition which will be inaugurated this year and form 
a part of the Universal Paris Exhibition. The 
Council controlling this undertaking is composed 
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of the colonial representatives in the Senate and | colonial governments, is expected to be ultimately | dated June 9, 1887. As we shall refer to this matter 
in the Chamber of Deputies, of colonial Govern- | self-supporting, and will probably do much to pro-| on a later occasion we need not at present consider 
ment delegates, of members elected by the colonial | mote the colonial interests of France. Another | the details of this decree. 

Chambers of Commerce and Agriculture, and of a| important feature of the Exhibition, and which is| A committee of installation was appointed on 
number of other persons. This undertaking, which | also to be made permanent, is the institution of | December 12, 1887, for each of the Groups II. to 
will be subsidised by the State, as well as by the | Social Economy, which was authorised by a decree| VIII. The duties of these committees were to divide 
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“Plastic 
amongst the French exhibitors admitted by the 
selection committees, the spaces allotted to each 
class ; to prepare the detailed installation plans 
and the decorations, subject to the approval of the 
Administration ; to complete detailed estimates of 
the cost of installation and decoration, of main- 
tenance and guardianship for each class ; to divide 
these expenses fairly between the exhibitors and 
to collect the sums due from each. The selection 
committees already referred to were declared by 
the decree of the date above mentioned, to con- 
stitute also the installation committees, for the 
classes in Groups II. to VIII., but the numbers 
of these committees were in each case strengthened 
by two or four exhibitors nominated by the 
Minister of Commerce, and by four other exhi- 
bitors elected by the general y of exhibitors 
in each class. Each installation committee had to 
approve of and accept, an architect or engineer 
nominated by the Minister of Commerce and who 
was intrusted with the work of installation and the 
decoration of each class, such work being carried 
out under the control and to the approval of the 
General Director of Management. Any disputes 
arising among the members of the installation com- 
mittees, or between them and the exhibitors, were 
to be referred to the group committees and the 
final revision committee, to which reference has 
already been made, as having been constituted by 
the decree of March 11, 1887. 





PROTECTION TO INVENTORS. 
On October 30, 1888, a law was passed to pro- 
tect the rights of inventors or patentees during 
the period of the Exhibition. 


According to this 
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law, any person holding ‘patents in France, or his 
representatives, can, without, risking the validity 
of his patent, bring into the Exhibition objects 
manufactured abroad in accordance with his patent. 
But if such objects are not taken out of France 
within three months after the official closing of the 
Exhibition, the patent rights granted will be 
forfeited. Any person holding a patent in France 
who shall show in the Exhibition an object made 
in accordance with his specification, shall be con- 
sidered to have worked this discovery or invention 
from the date of the opening of the Exhibition. 
Objects shown at the Exhibition, for which patents 
shall have been taken in France or which shall be 
protected by registration, or under the Trades Mark 
Acts, and which shall be charged as infringe- 
ments, can only be distrained by description 
when in the Exhibition, Objects exhibited by 
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foreigners cannot be distrained either within or 
without the precincts of the Exhibition, if the 
distrainer is not protected in the country to which 
the object distrained belongs. In any case such 
objects cannot be sold in France, and they must be 
taken out of the country within three months after 
the closing of the Exhibition. 


GOVERNMENT GRANTS TO DEPARTMENTS. 

By a law passed June 9, 1888, the amount of the 
grants voted by the Government, as the State con- 
tributions towards the expenses of the Ministerial 
Departments taking part in the Exhibition, was 
defined at 238,4241., as follows : 





£ 
Grant of 1888 79,692 
3. 158,732 
Total .. 238,424 
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This sum was divided amongst the various depart- 
ments, and for the several special purposes detailed 
below ; the list, however, is not quite complete. 


The Department of Public Instruction, Science, and Art. 
(a) Public Instruction Service. 


£ 
7 1889 10/640 
Total... 16,000 
() Science and Fine Arts, 
rom eS # ie se oa 


46,360 


Total... 





For 1888 
», 1889 


Total... 


3. Department of the Marine and the Colonies. 


(a) Naval Section. 


For 1888 
»» 1889 
Total... 4d ae 
(b) Colonial Section. 
For 1888 oe aa 
” 1889 


Total... 





2. Department of Public Works. 


2,480 
4,920 


7,400 


4,600 
9,184 


13,784 


7,800 
15,600 


we 98,400 


4. The Home Department. 


a) France. 
For 1888 fe = a3 1,320 
»» 1889 4,280 
Total... oe es ead 5,600 
(b) The Algerian Government, 

For 1888 __.... 2 ne i aa 4,000 
»» 1889 8,000 
Oe oe 

5. Foreign Department. 
For 1888 __... _— ed ms Be 680 
»» 1889 1,320 
Total ae rem 2,000 

6. Department of Agriculture. 
For 1888... ae ad ’ is id 22,600 
»» 1889 44,800 
Total ... ... .. 67,400 
7. Commerce and Industry. 
For 1888 __... oa an ~ me 600 
»» 1889 1,200 
Total oad me 1,800 
8. Justice. 

For 1888 a ait ‘aa 600 
»» 1889 1,200 
Total az Por 7” 1,800 

9. Ministry of Finance. 
For 1888... “a Ses Rep aa 2,600 
»» 1889 5,400 
Total 8,000 


All of the foregoing Government departments will 
make separate exhibits of special interest, the most 
important being those of the Colonial Section and 
the Ministry of War. 

EDUCATIONAL ExuHIBITs. 

Special legislation provided that primary educa- 
tion shall form a conspicuous subject at the Exhibi- 
tion, and special efforts have been made to assemble 
under Class 6 such a collection of plans, documents, 
models, and other objects, as shall illustrate com- 
pletely the systems adopted in France for early 
scholastic training and the results obtained. In 
August, 1887, the Minister of Public Instruction 
addressed a circular letter to the heads of primary 
educational institutions throughout France and to 
others interested in the question. In this cir- 
cular he explained the scheme which had been 
elaborated by his department and invited the 
co-operation of all those who could render assistance 
in making the collection complete and valuable. 
The exhibitors in this class come under two denomi- 
nations, the Minister of Public Instruction and 
those exhibitors who have placed themselves undcr 
the auspices of the Ministry preserving their per- 
sonality however, and their rights to recognition 
from the jury ; these include primary public schools 
of all kinds, the communes, the departments, the 
members of instructing bodies, and primary and 
academic inspectors. The exhibits will be divided 
into seven sections, which are specified in the 
general classification given elsewhere. The main 
object in each of these sections will be to repre- 
sent the actual installations, either as a whole or 
in part, to illustrate the methods and processes of 
teaching; and to show the results obtained by 
specimens of work done and instructions required. 
The exhibit of the Department of Public Instruc- 
tion will include a collection of the laws and regula- 
tions bearing on primary public instruction ; docu- 
ments relating to the organisation and administration 
of the Superior Council of Public Instruction ; pro- 
grammes and instructions issued by this body ; 
statistics, budgets, reports of inspectors, catalogues 
of school libraries, class books recognised by 
inspectors, and general documents. The exhibits 
of public schools for primary teaching are divided 
under the three general heads of installations, 
methods, and results. Under the first head- 
ing will be included plans and photographs as 
well as models of scholastic establishments; in 
connection with these, special attention is directed 
to the importance of giving in as full detail as pos- 
sible information upon the sanitary systems fol- 
lowed, specially as regards heating and ventilation. 
Under the second heading the directors of schools 
are specially invited to contribute such objects as 
will illustrate the systems they employ, particularly 
relating to the moral training of the pupils; the 
encouragement given for thrift, social intercourse, 
humanity to animals, amusements, and discipline. 
It is intended that as far as possible the results 
exhibited shall be those which illustrate the fair 





average progress made in these schools; with this 
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object it was made a condition that no work shall | Exhibition was Sunday, the 5th May, 1889, but it 
be done by the pupils for the purpose of exhibition, | was afterwards determined that as this date (which | 
but that what is shown shall be the production of | is also the anniversary of the death of Napoleon I.) 
ordinary class teaching ; directors of schools, how- | possesses a political significance, the French Govern- | 
ever, are invited rather to prepare statistical evidence | ment should defer “the opening celebration to 
of the progress made, than to illustrate by the work | Monday, the 6th May. 
of the pupils themselves. | List or THE EXECUTIVE. 
| The following is a list of the principal officers | 
\responsible for the construction of the Exhibition 


"he date officially decided on for opening the 


VIEW SHOWING BRACING BETWEEN STANDARDS OF EACH COLUMN. 


(See page 433.) 


buildings and for the general management ; it 
includes only heads of departments and their 
immediate associates. 

A. 1. The Superior Commission. —M. _Tirard, 





Minister of Commerce and of Industry, Commis- a 
sioner-General; MM. Dautresme, Rouche, and 
Dupleix. 


B. 2. General Direction of Works.—M. Alphand, 
Inspector-Général des Ponts et Chaussées, Director- 
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General ; M. Charles Garnier, member of the In- 
stitute, consulting architect ; MM. De Mallevoue 
= yates secretaries, 

_ 2% Lepartment of Works.—(a) Engineering Sec- 
tion. M. Contamin, pe Mare. ro : ‘ 
Charton, Pierron, Escande, Archambault, Sacquin, 
Gros Claude. (b) Miscellaneous Industries Gallery. 

Bouvard, chief engineer; MM. Gravigny, 

Bergon, Lesueur, Grand. (c) Machinery Hall. M. 

Dutert, engineer ; MM. Blavette, Deglane, Ponsin, 


M. | Water supply. 


|Herard. (d) The Fine Arts building. M. Formigé, 
engineer ; MM. Henard, Devienne, Morisset. (e) 
The history of habitation. M. Garnier, architect ; 
MM. Cassien- Bernard, Nachon, Reynaud. (f) 
M. Bechmann, engineer; MM. 
Richard and Harbulot. (g) Parks and gardens. M. 
Laforcade. (h) Earthworks, sewers, lighting, roads, 
&c. M. Lion, engineer ; MM. Villevert and Level. 
(i) Railway material and signals. M. Charton, 
engineer ; MM. Journes and Flachet. (k) Agricul- 


(See page 433.) 


tural galleries, customs, and miscellaneous. M. 
Pierron, engineer ; MM. Gerbold and Nickard. (I) 
Food products. M. Raulin, architect. (m) Pavilion 
of hygiene. M. Girault, architect. (n) Social 
economy. M. Errard. (0) Press pavilion, posts, 
and telegraphs. M. Vaudoyer, architect. (p) 
Marine. M. Bertsch-Proust. (q) Entrances and 
bridges. M. Gauthier, architect. 

4, Medical Department.— M. Moizard; MM. 
Dandieu, Helme, and Poupon, 
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5. Architects of French Pavilions in the Parks and 
Gardens.—Algeria, M. Ballu; water colours, M. 
Escalier ; French asphaltes, M. Molo ; Chambers of 
Commerce, M. Girault ; Social Economy, M. Trelat ; 
Woods and Forests, M. Leblanc; Folies Parisiennes, 
M. Letorey ; Gas pavilion, M. Picq ; Minister of 
War, M. Walvein ; the Children’s Palace, M 
Ulmann ; the Panorama of Tout Paris, M. Yvon; 
Panorama Transatlantique, M. Menot; the Pastel 

avilion, M. Hermant ; the Petroleum pavilion, M. 

lazy ; Posts and Telegraphs, M. Boussard ; Public 
Works pavilion, M. De Dartein; Tunis, M. Salidin ; 
&e. 

6. Architects of Foreign Pavilions in the Parks and 
Gardens.—The Swedish dairy, M. Pilter ; the Dutch 
bakery, M. Kaiser; Brazil, M. Dauvergne ; Diamond 
Cutting pavilion, M. Van Soalem; Bolivia, M. 
Fouquiau ; Hungarian pavilion, M. Kaiser; the 
Swedish chalet, M. Vasseur; Chili, M. Picq ; 
Belgian Commission, M. Jallet ; Spain, M. Melida ; 
Equador, M. Chedanne ; Guatemala, M. Gridaine ; 
Hayti, M. Bon; British Commission, Mr. Hum- 
phreys ; Russian pavilion, M. Allian ; Japan, M. 
Gauthier ; Mexico, M. Auza; Morocco, M. Deligny ; 
Monaco, M. Janty; Nicaragua, M. Sauvestre ; 
Paraguay, M. Moreau; Portugal, M. Hermant ; 
Argentine Republic, MM. Ballu and Chancel ; 
South African Republic, M. Marchegay; San 
Domingo, M. Courtois-Suffit ; Salvador, M. Le- 
queux ; Uruguay, M. Debry; Venezuela, M. 
Paulin. 

C. 7. The General Direction of Management.—M. 
G. Berger, Director-General ; M. E. Thurneyssen, 
secretary. (a) French Section. M. Monthiers ; 
M. Giroud, Ossude, Vincent, Maindron, Got. 
(b) Foreign Sections. M. A. de Lacretrelle ; MM. 
Millas and Moreau. (c) Mechanical and electrical 
department. M. Vigreux ; MM. Collignon, Bour- 
don, Soubeyran. 

8. The Electrical Committee.—President, M. Mas- 
cart. (a) Sub-committee for electric lighting. Vice- 
President, M. Lemonnier ; members, MM. Baille, 
Chatard, Fontaine, Gariel, Huet, De Meritens, 
Vivarez, Monier, Bruniquel, Lucas ; secretary, M. 
de Nansouty. (b) Sub-committee for experiments. 
Vice-President, M. Becquerel ; members, MM. 
Lippmann, Bergon, Carpentier, Joubert, Planté, 
Postal-Vinay, Potier, Violle, Loewy, Mercadier ; 
secretary, M. Seligmann-lui. (c) Sub-committee 
for generators and electric motors. Vice-President, 
M. Levy; members, MM. Marcel Deprez, Hospi- 
talier, Rothschild, Sciama, Napoli, Cornu, Armen- 
gaud, Menier, Boule ; secretary, M. de Nansouty. 
(d) Sub-committee for various applications (tele- 
graphy, telephony). Vice-President, M. Cael 
members, MM. Fribourg, Jousselin, Lazare-Weiller, 
Richard, Sartiaux, Vigouroux, Denayrouze, Sebert. 


Summary of Expenditure on Exhibition Works. 





























. . Original | Actual | De- 
Object of Expenditure. Estimate.| Cost. | Excess. becnne: 
1. Palais des Beaux Arts, £ £ £ £ 
and Arts Libéraux, 
and Portes Rapp and 
Desaix Galleries 254,809 | 270,584 | 15,685 
2. Machinery Hall 289,335 300,557 | 11,222 
8. Miscellaneous Indus- 
tries Galleries -| 281,456 | 235,425 | 3,969 
4. Sewersand levelling .. 20,993 20,993 
6. Horticultural exhibi- 
tion... * «.| 12,000 12,000 
6. Agricultural exhibi- 
tion .. ss ne 24,000 24,000 
7. Parksand gardens ..| 123,306 81,306 42,000 
8. Offices and police sta- 
tions .. =e Be 18,356 18,353 
9. Fencing .. 18,000 18,000 
10. Roads .. Se as 8,200 1,026 2,174 
11, Bridge communication 8,000 8,000 
12. Water and gas .. 24,000 24,000 
13. Railways ° «-| 14,530 14,530 
14. Lavatories ae ° 7,000 ee 7,000 
15. Restorations .. is 12,000 12,000 
16. Reserve fund for Nos. 1, 
2,8,4.. a .-| 192,608 | 123,282 69,326 
17. Special reserve for Nos 
1, 2, 3,4 a a 3,315 3,836 521 
18. Supplementary reserve} 49,194 * os 40,194 
19. Service, Machinery Hall 8,720 8,720 
20. Horticultural shows .. 2,640 2,640 
21. Social Economy 8,024 8,024 
Totals -|1,306,576 |1,177,279 | $1,397 | 860,604 





9. The Machinery Committee. — President, M. 
Philipps ; Vice-Presidents, MM. Laurens, Haton 
de la Goupillitre, Duval ; secretaries, MM. Halphen 
and Delions. (a) Sub-committee for boilers. Pre- 
sident, M. Laurens; members, MM. de Combe- 
rousse, Cornu, Debize, Delaunay, Bechmann, 
Hirsch, Lecceuvre, Levy, Richmonde. (b) Sub- 
committee for machinery. President, M. Haton 
de la Goupilliére ; members, MM. Resal, Barba, 





Bariquand, Bethouard, Bougault, Farcot, Feray, 
Lecouteux, Perignon, Piet, Raffard, Richard, 
Rouart. (c) Sub-committee for transport. Presi- 
dent, M. Duval ; members, MM. Colignon, Con- 
tamin, Krebs, Reymond, Tissandier. 

10. Installation Department.—M. Sédille ; MM. 
Hermant, Bonnier, Marchegay. 

D. 11. General Direction of Fisvance.—M. Grison, 
Director-General ; M. Savoye, secretary; MM. 
Chastnet, Chabert, Renard. 

We subjoin an approximate statement of the 
expenditure incurred in the buildings and grounds 
of the Exhibition, not including the works on the 
Esplanade des Invalides. 


ADMISSION REGULATIONS. 

No turnstiles will be placed at the doors giving 
access to the Exhibition for the public, but admission 
will be obtained by means of tickets of different 
classes, the regulations connected with which formed 
the subject of careful consideration, embodied in a 
report addressed to the Minister of Finance, and 
dated the 5th of November last. Upon this report 
various decisions were arrived at, of which the 
following is a summary: There will be no free 
admissions into the Exhibition grounds, excepting 
those issued, under certain conditions, to exhibitors 
and to authorised officials and exceptionally 
qualified persons. The prices fixed for admis- 
sion are: during the day, 1 franc for each 
person, excepting on certain special occasions, when 
the charge will be 2 francs. In the evening during 
the week, the price of admission will be 2 francs, 
and one franc on Sunday. On the occasion of 
special fétes at night, additional charges will be 
made, the details of which will be settled as occasion 
arises. Season tickets are sold for 100 francs, 
which give the right of entry at all times while the 
Exhibition remains open. Members of commissions 
and committees are able to purchase season 
tickets at a reduction of 74 per cent. The amount 
realised by the sale of tickets for the evening 
admissions, as well as 6 francs on each season 
ticket, will be carried to a special account in accord- 
ance with an arrangement made with the electric 
lighting syndicate. Tickets may be purchased in 
all parts of Paris; their sale is compulsory at all 
tobacco shops, post offices, and telegraph stations ; 
a large number of kiosks for the sale of tickets are 
distributed around the outside of the Exhibition 
grounds, in the Champ de Mars, the Trocadero, and 
the Esplanade des Invalides. Their sale is optional 
with the railway, omnibus, tramway, and steamboat 
companies, as well as with hotel keepers. Persons 
applying for season tickets must present two copies of 
their photographs (carte de visite size) at the central 
office of the Treasury, where one of the photographs 
will be preserved and a receipt for payment will be 
pasted on the back of the other photograph, which 
will then constitute a season ticket, as soon as the 
signature of the owner is added. For the con- 
venience of foreigners, forms will be remitted by 
post, on the receipt of an application addressed to 
the Minister of Finance (Caisse Centrale du Trésor, 
Paris) accompanied -with a post office order for 
100 francs, or for 26 francs as the case might be, 
and 50 centimes for postage. The acknowledg- 
ment of this application will be exchanged for a 
season ticket when the owner arrives in Paris. 
Members of commissions and committees, who 
have the right to season tickets at the reduced price 
of 26 francs, must produce, on applying for it, a 
certificate from the Minister of Finance. Only one 
free ticket is given to each exhibitor or to his 
representative, and is identified by its carrying the 
portrait of the person in whose name it has been 
issued. If the exhibitor requires the services of 
one or more assistants, temporary passes will be 
supplied to them under certain conditions. Special 
passes will also be granted to employés, workmen, 
and guardians in the service of the Exhibition. 
Fifteen hundred free tickets have been placed at 
the disposal of the French and foreign press. 


THE GENERAL CATALOGUE. 

The arrangement of the general catalogue, and 
the conditions under which it should be prepared 
and issued to the public, formed the subject of very 
minute and stringent regulations by which the 
successful competitors had to be bound. The work 
offered to public tender in the spring of 1888 in- 
cluded the right to publish an official catalogue in 
the French language of all the objects contained 
within the precincts of the Exhibition, as well as 
the names of exhibitors. This undertaking had 
nothing to do with the foreign or sectional catalogues 





printed in the languages of the respective sections 
under the responsibility of the various commis- 
sions ; the Exhibition authorities, however, allowed 
these latter catalogues to be sold only under certain 
conditions, and subject to a commission payable to 
the Exhibition treasury. The general French cata- 
logue will be divided into eight volumes, each cor- 
responding to one of the groups of the classification 
as follows : First volume, Group I. (Classes 1 to 5). 
Works of art. Second volume, Group IT. (Classes 6 
to 16). Education and teaching; materials and 
processes for the liberal arts. Third volume, 
Group ITI. (Classes 17 to 29). Furniture and acces- 
sories. Fourth volume, Group IV. (Classes 30 to 40). 
Fabrics, clothing and accessories.. Fifth volume, 
Group V. (Classes 41 to 47). Extractive industries ; 
raw and manufactured products. Sixth volume, 
Group VI. (Classes 48 to 66, with the exception of 
Class 49, which will be included in the eighth 
volume). Machines and processes used in mecha- 
nical industries ; electricity. Seventh volume, 
Group VII. (Classes 67 to 73). Food products. 
Eighth volume, Group VIII. (Classes 73 to 77). 
Agriculture, viticulture, and pisciculture ; Classes 78 
to 83, Horticulture ; and Class 49. 

Besides the foregoing, catalogues of special ex- 
hibits will be contained in additional volumes, such 
as the retrospective exhibition of French art, his- 
torical monuments, national manufactures, &c.; the 
retrospective exhibition of industry and anthropo- 
logical sciences ; the exhibition of social economy ; 
the temporary exhibitions of live animals ; tempo- 
rary exhibitions coming under Groups VIII., the 
eighth volume of the general catalogue referring 
only to permanent exhibits in those groups. Each 
volume of the catalogue will contain, following its 
title-page, the detailed classification of the Exhibi- 
tion and a list of the volumes referring to the dif- 
ferent groups. It will also contain a detailed list of 
exhibits arranged in the numerical order of classes, 
and in the alphabetical order of the names of ex- 
hibitors, so far as the French Section is concerned. 
For the foreign sections the exhibits will be cata- 
logued according to the alphabetical order of the 
countries, and for each country in the numerical 
order of classes and the alphabetical order of exhi- 
bitors’ names. The paper on which the catalogues 
will be printed has to be made in France of a weight 
equal to 25 lb. the ream, the size being octavo ; the 
characters of type selected are distinctive for the 
names of exhibitors, the addresses, and the subject 
matter ; it was made a condition that the whole 
work should be done in France by a French printer, 
who had the right if he desired it to issue separate 
catalogues of the different classes. He also has the 
privilege of publishing a French art catalogue with 
more or less costly illustrations of the objects shown 
in Classes 1 to 5; but this privilege will not inter- 
fere with the liberty of selling photographs of such 
objects within the Exhibition. 

Every exhibitor has the right to three lines in the 
catalogue explaining the objects he exhibits, free of 
charge, and this applies to each class in which 
he may exhibit. He had also the right to demand 
the insertion of five additional lines on the payment 
of 10 francs a line, giving further descriptive in- 
formation regarding his exhibits. Official or muni- 
cipal exhibitors had, however, the right to ten lines 
of description free of charge. The Administration 
reserves to itself the first and second pages of the 
cover, leaving the third and fourth to the conces- 
sionaire for advertisements, who could also insert 
advertisements at the end of each volume. The 
first edition of the catalogue has to be placed at the 
disposal of the authorities eight days before the 
opening of the Exhibition, and the concessionaire 
will be liable to a fine of 401. on each occasion that 
it may be proved that catalogues are not on sale 
within the building. The price at which the 
volumes wili be sold may vary according to their 
size, but in no case must they exceed 3 francs; the 
price at which the catalogues of classes are sold 
must not exceed 1 franc. 

From the foregoing it will be seen that the pur- 
chase of the general French catalogues will be a 
somewhat formidable matter, not only as regards 
price, but on account of the number and size of the 
volumes issued. No doubt the arrangement adopted 
will bring a larger revenue than if the general cata- 
logue had been made complete in one volume, but 
this will be secured with much expense to the 
public. The contract was secured by M. Danel, 
of Lille. 

JURIES AND AWARDS. 
The questions of juries and of recompenses to 
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exhibitors, remained unsettled until a few weeks 
ago. The problem is one very difficult of success- 
ful solution ; exhibition jury work is at best super- 
ficial, necessarily arduous, and always thankless. 
Exhibitors, excepting those few who are fortunate 
enough to obtain the highest awards, are rarely 
satisfied, and the general opinion, borne out on 
several recent and successful occasions, has been 
distinctly opposed to any official examinations or 
recognition. In international exhibitions especially 
Jury awards are regarded with distrust, because, as 
the juries are composed of members of different 
nationalities in proportions corresponding to the 
importance of countries they respectively represent, 
it follows as a matter of course that the juryman of 
the country in which the exhibition is held, must 
largely preponderate, to the real or fancy prejudice 
7 of foreign exhibitors. For these reasons we think 

it is rather to be regretted that the French autho- 
rities decided, at the eleventh hour, to have any 
uries at all, or to make awards upon their reports ; 
ut now that the system has been determined upon 
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(See page 432.) 


the difficult task must be faced of selecting the 
most efficient men who may be found willing to 
do the difficult work gratuitously, and to spare no 
pains in getting the fullest recognition for the 
exhibitors in whose interests they are employed. 
There will be three classes of members elected to 
constitute the different juries, of which there will 
be eighty-five in all, corresponding to the dif- 
ferent classes of the general arrangement ; they 
will be made up of official members, supplementary 
members, and of experts called in to give their 
assistance on special subjects ; the total number of 
the first two classes will not exceed 900, and each 
jury will be constituted as far as possible of dif- 
ferent nationalities, proportional to the number of 
exhibitors and the importance of the exhibits. The 
number of supplementary members is not to exceed 
one-third of the whole, and they will not have any 
vote unless they represent for the time being any 
official member who may be absent. The French 
members of the jury will be nominated by an 
official decree, prepared under the advice of the 
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President of the Council, the Ministe¥ of Commerce, 
the Commissaire Générale of the juries, and the 
Minister of Public Instruction. The foreign juries 
will be nominated by their respective commissions. 
Exhibitors who may elect to serve on the juries 
will be, except for Group I., placed hors de concours; 
and the same restriction applies to any experts 
who may serve, if they are working with the jury for 
any class in which they may be exhibitors. Act- 
ing upon the economical precedent first invented, 
we believe, at the Havre Maritime Exhibition some 
years since, the awards will take the form of paper 
diplomas representing respectively, (#) Grands Prix; 
(b) gold medals ; (c) silver medals ; (d) bronze medals ; 
(e) honourable mention. It is intended that the 
general jury work shall be completed between 
June 1 and September 1, except for those groups 
in which temporary exhibitions will take place 
and which may extend through the whole course 
of the Exhibition. The distribution of diplomas 
will be made some time in September. The 
juries will be divided amongst themselves into 





Cegp abod sag) “ASVOUIVIS TVUIdS GNV AMOS ISU “$Z ‘OL 





OK Ee. pnp. 


=) ae ata 


. [ _ aan 4 
b, © i q 
. = £ 
= PF ise * A 
- +] ie 4 EF 
TE RY 4 Bp 





U 
Z 
m4 
ea 
ea 
Z 
O 
a 
ea 























UAMOL TUAdAITa GHL 





U 
Z 
pe 
{x) 
[x) 
Z 
O 
Z 


E 


‘OUST [VOIJVUIENIWIT ‘¢ 

‘sry xnVeg °Z 

*80I}99'T SOTA “T 
: Speoy Sutmosjoy oy} ropun sypofqns 
oy} Sursyissejo Aq pouteyqo oq prnoo odoos oprm 
ATQUSLOYyNS B YVYZ PITOpIsUOd SVM AT «“pozBatz Oq 04 
syolqns oy} Jo oanqeu ayy Aq osTe ynq ‘sozeqap 93 
qe s1oUsI0I10] Jo souLysISse BY Jo UosveI Aq ATUO you 
‘Teuoyeusequt ATTeryUEsso oq prnoys AoyZ yey pue 
‘sqgoofqns jo AZOLIvA OFIVT B GOVIQUIO P[NOYs ssetf} 


Czep abnd aa) “LNAKISAAY OTIAVAGAH 40 SNVAW ONIMOHS NKOTOO 40 aSVG “GZ ‘PIA P 


|qey3 { uedo Suteq 831 Jo ow oy} Sutmp ‘ploy jo Suystsuoo Aimf ewods W ‘suorepuourmtoser| jo syroder oy, ‘ope oq Ayworjovsd TTA spree 
| 9q pl[hoys seous1ejyu0D pueT sosseisu0d JO SOLIOS 8B m9q3 Aytpoutr 10 ULIGUOD 03 put ‘sdnois jo sort 9} SUOTFRPUOUIMIODNI ITOq4 uodn pue ‘quauresIOpUt 
vy setyLIOYyNe oy Aq pouTUTZozOp sear 4t ‘UOTZIqTY | oY} Jo sy1oder oy} ouTUIeXxe 0) OZ ySNSnY uo 4oour | 10 UOTSTAG TIOY} ATOZ sdnoas jo sotinf oy} 07 poyqrar 
-X@ OY} JO UONYsTURF10 oY} UT OSs AJIvO UL LY [TIA 9] ‘squeujredep quouruseaor) Jo spray outos|-qns 0q [LM syoder osoyy, “eT Aqn f uey 104°T 
‘III pue ‘suOIssTUIUIOD USTEI0y Jo syuoprIserd oy} ‘UOT}| JOU yUSMIEsBULT_ Jo [eIOUEN)-I0OWeTIC OY} JO spury 

‘SHONATUTANOO UNV SASSAUDNOO | “FAMX 943 Jo s10;00Irp 94} opnyouT [TM s1equioUT | oy] UT pooerd oq 07 oavy [TM YoryTM sz10der Jo sorros 
datas Sj]  ‘syueptserd ; 901A 9H} Sureq einy~nousy jo|v Sutmedeid jo pue ‘syqryxe Surreduioo puy Sut 

‘oun jo Suruutseq ayy pur uoyonsysuy onqng Po sroysturpy oy ‘eoroururog | -ururexe jo ourqynoa Axeurpro oy epnyout [TEA sosseyo 

qe oUurty 4S1y 9Y3 10 Surjoour ‘uorziqryxg Awouoog | jo 1oysTuT ve JUOptserd sqrt’ 10g oAvY [LM Ainf puss | jo sormf{ oyy jo ytom oyy, ‘Amo pues oy} pur 
[epog 943 uodn y1zodoer [IM szoquiout 0M3-AZI1Y} | OY, “eT ysn3ny Aq poqo,duroo oq ysnut soranf osoyy ‘sdno1is jo soy} ‘sesse[> Jo osoyy $ sor10803%"0 


oor1yy 


FG OLA 








I 
Ss 
“iy 





Wyn 


“iif ly 


i } 
th 


i 





ya rma 


ESN ‘ \ A\ \ 


1. 


“A 
Y f 
“4! 


f 


J 


> 
4 So 
a ee 
4 


Lain 
Z, a 
SO Keuail 
ae aw. 
EIS. 
Ta ae 


Fe 
[Fa 
NS 


Al 
2 


BU 
TA tee 
7 
< 


<r, 
vai 

~ 

\A 


& 
Pn. 





GAs 
ore 


Z 
Sn 


oe 
awe oe 4 


4 


\— 
—<\ 


ca/ x 


K\K Ws 

thiReaaneens 
Ay 74 ~ 
Wy %s,. 














UAMOL TAHHAICD AHL 








428 


ENGINEERING. 


[May 3, 1889. 








. History and Archeology. 

5. Physical and Chemical Science. 
. Natural Sciences. 

. Geographical Science. 

. Political Economy and Legislation. 
. Hygiene. 

. Social Economy. 

. Instruction. 

. Engineering. 

. Agriculture, 

. Industry. 

. Commerce. 


It was decided that the programmes for these 
various congresses and conferences should be pre- 
pared by fifteen special committees, each composed 
of nine members, and that out of their numbers a 
superior commission should be elected, comprising 
the presidents of the fifteen sections and the 
Director-General of the Exhibition ; the responsi- 
bility of organising and directing the congresses 
and conferences rests with this superior body. 
These meetings will be under the direct surveil- 
lance and patronage of the French Government ; 
which will not, however, be responsible in any 
shape for opinions expressed or resolutions passed ; 
all religious and political subjects are strictly ex- 
cluded from the programme. The programmes of 
each congress will be prepared by the special com- 
mittees, and sub-committees will be formed to deal 
with the several branches included under the main 
title. 

The meetings will be held in buildings within the 
limits of the Exhibition, and detailed reports will be 
published of the proceedings. Persons desiring to 
take part in any of the congresses or conferences 
will have to pay a small fee for becoming a member 
of the particular class in the group with which he is 
interested. It is difficult to imagine the practica- 
bility of carrying out so vast a scheme in anything 
like completeness ; the annual labours of the British 
Association sink into insignificance before such a 
programme as is comprised by these sixteen groups 
and their subdivisions, especially as most of them 
will certainly be attended very largely by foreigners. 
The following is a detailed list of the congresses 
that will be held : 


. Accidents to workmen. 

. Agriculture. 

. Anthropology and archeology (prehistoric). 
. Anthropology (criminal). 

Applied mechanics, 

. Architecture. 

. Assistance publique. 

. Bibliography of mathsmatical sciences. 

9, Chronometry. 

.- Coinage. 

Commerce and industry. 

. Co-operative stores, 

. Dentistry. 

. Dermatology and siphilography. 

. Education (primary). 

. Education (advanced). 

. Education (technical, commercial, and industrial). 
. Electricity. 

. Emigration and immigration (State intervention in). 
. Fire prevention and extinction service. 

. Fluvial navigation. 

. Geographical science. 

. Horticulture. 

. Hydrology and chrisatology. 

. Hygiene. 

5. Labour contracts (State intervention in). 

. Literature. 

. Marine engineering. 

. Meteorology. 

. Mines and metallurgy. 

. Otology and larynxology. 

. Participation in manufacturers’ profits, 

. Pathology. 

. Photography. 

. Physical exercises connected with education. 
5. Physiology. 

- Popular traditions. 

. Processes of construction. 

. Proprietary rights of industrial artists. 

. Protection of monuments and works of art. 
. Share companies. 

. State regulation of prices of provisions, 

. Statistics, 

. Therapeutics. 

. Transfer of property. 

. Unification of time. 

: Veterinary medicine. 

. Workmen’s dwellings. 

. Zoology. 

As an illustration of the complete manner in 
which it is intended that the Congress work shall 
be carried out, we give a summary of the Elec- 
trical Congress prepared by the organising com- 
mittee ; this Congress was authorised by a minis- 
terial decree, dated July 16, 1888; at the end 
of last year the committee had prepared its 
programme, and completed all its preliminary 
work, It has been decided that the Congress 





shall open on August 24 next and shall last 
over a period of eight days. The President of the 
Commission is M. Mascart, the Vice-Presidents 
are MM. Fontaine, Gariel, and Lippmann ; the 
secretaries are MM. Hillairet, Hospitalier, and De 
Nerville. Applications from all those who desire 
to assist at the Congress should be addressed to 
the President, M. E. Mascart, 176, Rue de Il’Uni- 
versité, Paris ; the amount of subscription will be 
20 francs. 

In a circular prepared by the Commission it is 
pointed out that the International Electrical Con- 
gress held in Paris in 1881 had an importance the 
value of which could not be exaggerated. The 
decisions arrived at during that Congress have been 
accepted all over the world, alike by men of science 
and by manufacturers. The Paris Exhibition of 
1889 suggests the necessity of a similar reunion, 
not only on account of the vast progress that has 
been made in electrical science since 1881, but also 
because many important problems which could not 
then be solved, can now be approached with con- 
fidence on account of the great experience which 
has been obtained during the last eight years. The 
following programme has been drawn up by the 
Commission for this Congress : 

First Section; Measurements. — Units ; recent 
investigations on the unit of resistance ; reports on 
electro-magnetic and electro-static units; new 
practical units ; instruments for measuring elec- 
trical energy, currents, resistances, electromotive 
force, capacity, induction co-efticients, magnetic 
field, &c.; practical standards of current and 
electromotive force. 

Second Section ; Induction Machines. — Trans- 
formers. — Distribution. Recent progress in the 
theory and construction of generating and receiving 
machines ; processes of automatic regulation ; defi- 
nitions and measurements of efficiency ; compari- 
sons between alternating and continuous current 
machines ; transformers for continuous and alternat- 
ing currents ; mathematical investigations ; measure- 
ments of efficiency ; comparison of the two systems. 
Systems of distribution; canalisation. Central 
stations ; advantages and disadvantages attending 
the use of extremely high-power machines compared 
with that of an equivalent group of small-power 
machines; reserve machines; advantages and incon- 
veniences of electrical and mechanical connections 
between groups of machines. 

Third Section ; Electro-Chemistry.—Batteries and 
accumulators. Different types employed in com- 
merce ; electromotive force, discharge, capacity, 
duration ; cost price of electrical energy. Electro- 
lysis ; electromotive force necessary for commercial 
purposes ; electrotyping ; strength of currents, com- 
position of baths, temperatures employed ; their 
influence on the quality of depositions ; separation 
and refining of metals. Electro-metallurgy ; elec- 
trical furnaces ; electrical welding. 

Fourth Section; Lighting.—The lighting of dwel- 
lings, workshops, and public thoroughfares ; amount 
of light necessary for each case ; measurement of 
light ; distribution and intensity of the sources em- 
ployed ; comparison between the voltaic are and 
incandescent lamps ; high-power incandescent lamps. 
Regulators ; means employed for reducing resist- 
ances and lamps. Incandescent lamps ; new methods 
of manufacture ; their efficiency and duration. 
Methods of working central stations. 

Fifth Section ; I. Telegraphy.—Use of machines 
for the production of currents ; installation, employ- 
ment and duration of underground lines ; overhead 
lines ; apparatus for rapid transmission ; multiple 
telegraphy ; lightning conductors. II. Telephony. 
—Improvements in telephones and microphones ; 
batteries. Establishment of lines; effects of induc- 
tion ; long distance telephony. Organisation of 
central stations; commutators. Subscription and 
public stations; the use of one line for several 
stations. Service regulations; statistics and legis- 
lation, III. Miscellaneous Applications.—Electrical 
clocks ; chronographs ; recording apparatus ; signals ; 
applications to military and naval service and to 
public works ; earth currents. 

Sixth Section ; Electro-Physiology.—Comparison 
of effects obtained in the use of various medical 
apparatus ; the necessity of defining the nature of 
currents employed. The nature of electrical phe- 
nomena observed in living beings. The effect of 
continuous and alternating current discharges upon 
animals. Electrolysis of tissues ; precautions to be 
taken in electrical installations. 


Note.—More detailed reference to these will be found 
on another page. 








THE EIFFEL TOWER.—IV. 

On the 5th of November, 1886, the Finance 
Committee of the Paris Exhibition voted a credit of 
1,500,000 francs as a subsidy for the unique and 
monumental work M. Gustave Eiffel had undertaken 
to construct, and which was to be one of the great 
original features of the Exhibition. The idea of 
erecting a tower 1000 feet in height was received 
with a very general feeling of distrust and even of 
dismay ; not that any one doubted the capability of 
the bold and successful engineer to complete the 
work to which he had pledged himself, but the 
misgivings were very general as to the effect that 
such a novel construction would have upon the 
architectural features of the Exhibition, and a wide- 
spread cry of influential voices went up from Paris 
as a protest against the engineering outrage that 
was to be inflicted upon the French metropolis. It 
is rather curious, now that the tower is completed, 
and the great consensus of public opinion is loud in 
its approval, to recall the remonstrance addressed 
to M. Alphand, the Director-General of Works, 
against the proposed column. ‘*‘ We wish—authors, 
painters, sculptors, architects, enthusiastic lovers of 
beauty, which has hitherto been respected in Paris 
—to protest with all our energy, and with all the 
indignation of which we are capable, in the name of 
art and of French history now menaced, against the 
erection in the heart of our capital of the useless 
and monstrous Eiffel Tower, which public satire, 
often full of good sense and a spirit of justice, has 
already christened the Tower of Babel. Without 
falling into extravagance we claim the right to 
assert that Paris stands without a rival in the 
world. Above its streets and boulevards, along its 
quays, amidst its magnificent promenades, abound 
the most noble monuments which human genius 
has ever put into execution. The soul of France, 
creator of chefs-d’ceuvre, shines forth from this 
wealth of stone. Italy, Germany, Flanders, so” 
justly proud of their artistic heritage, possess 
nothing comparable, and from all corners of the 
universe, Paris commands admiration. Are we 
then going to allow this to be profaned? Is the 
city of Paris to permit itself to be deformed by 
monstrosities, by the mercantile dreams of a maker 
of machinery ; to be disfigured for ever and to be 
dishonoured ? For the Eiffel Tower, which even the 
United States would not /countenance, is surely 
going to dishonour Paris. /Every one feels it, every 
one says so, every one is plunged into the deepest 
grief about it, and our voice is only a feeble echo 
of universal opinion, properly alarmed. When 
foreigners will come to visit our Exhibition they will 
cry in astonishment: Is this horror that Frenchmen 
have invented, intended to give us an idea of the 
taste of which they are so proud? And they will 
be right so to mock us, because the Paris of the 
sublime architects, the Paris of Jean Goujon, of 
Germain Pilon, of Puget, of Rude, of Barye, will 
have become the Paris of M. Eiffel. Nothing fur- 
ther is wanting to prove the justice of what we say 
than to realise for an instant this tower dominating 
Paris, like a gigantic and black factory chimney, 
crushing, with its barbarous mass, Notre Dame, the 
Sainte Chapelle, the Tour St. Jacques, the Louvre, 
the Dome of the Invalides, the Arc de Triomphe ; 
all our monuments humiliated, all our architecture 
shrunken, and disappearing affrighted in this be- 
wildering dream. And during twenty years we 
shall see, stretching over the entire city, still 
thrilling with the genius of so many centuries, we 
shall see stretching out like a black blot, the odious 
shadow of thé odious column built up of rivetted 
iron plates.” And so forth, and so forth. To this 
vehement protest were attached the names of many 
of the best known men of France——Meissonier, 
Gounod, Garnier, Sardou, Gerome, Bonnat, Bou- 
guereau, Dumas, Coppée, &. But these well- 
meant, ill-judged remonstrances were not heard, 
and to-day the Eiffel Tower stands completed, the 
marvel of the Exhibition and the glory of the con- 
structor. The noble monuments of Paris apparently 
thrill as much as they did before with the genius of 
the centuries, and the grand proportions of the 
Are de 1’Etoile do not seem to have suffered because 
a great French engineer has achieved a triumph of 
construction. If foreign criticism was not set forth 
in such brave words as those we have quoted above, 
it was none the less hostile, but foreign criticism is 
generally more or less coloured by jealousy, and is 
therefore not of much account. 

Gustave EIFFEL. P 

Before proceeding to speak of the Eiffel Tower in 
detail, occasion may be taken to say a few words 
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about Gustave Eiffel and his works. Born at Dijon 
in 1832, he passed brilliantly through the Ecole 
Centrale, and commenced the active pursuit of his 
profession in 1855. One of his first works was the 
completion of the foundations of the great railway 
bridge of Bordeaux by means of compressed air, a 
system then but little known in France. After this 
work, M. Eiffel constructed a large bridge over the 
Nive at Bayonne, and two others at Capdenac and 
at Florac. In 1867 he was intrusted by M. Krantz, 
the Commissioner-General of the Paris Exhibition 
of that year, with the task of checking experi- 
mentally the calculations made for the large build- 
ings. In 1868 he constructed, under the direction 
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THE EIFFEL TOWER. (See page 432.) 





of M. de Nordling, engineer of the Orleans Company, 
the viaducts with iron piers, upon the line between 
Commentry and Gannat. It was in these viaducts 
that he first employed the system consistently fol- 
lowed by him afterwards, of wrought-iron braced 
structures, instead of cast-iron columns or masonry 
piers. A little later he introduced, with great suc- 
cess, a system of launching bridges from their site 
of erection on the ground across the piers previously 
built to receive them; his first attempt in this 
direction was in 1369 with the Sioule viaducts, fol- 
lowed by another at Vianna, in Portugal, where 
iron girders more than 1800 ft. in length were 
launched into position. Then came the viaduct of 
Tardes, near Montlucon, which was launched at a 
height of 328 ft. above the ground, over piers 
340 ft. apart. M. Eiffel was the first amongst French 
engineers to employ the system of erecting bridges 
of great span without scaffolding, by building out 
the structure piece by piece; his first work of 
this class was at Cubzac, near Bordeaux, where he 
crossed a river with a bridge 236 ft. span without 
any staging. At Tan-an, in Cochin China, he 
erected in a similar way a bridge of 262 ft. span. 














Of arched bridges built in the same manner, the|in height, of wrought iron, and about 150 ft. dia- 
most important—until it was surpassed by the| meter at the base. Finally, in 1881, a M. Sebillot 
viaduct of Garabit—was the great bridge over the| proposed to light Paris electrically by a 1000 ft. 
Douro, at Oporto, the central span of which is|tower. Excepting the American project none of 


534 ft., and the rise of arch 138 ft., the height of | 


rails above the water level being no less than 200 ft. 
But he surpassed himself in the Garabit viaduct, 


these schemes had any practical value, but the 
roposal of Trevithick is worth referring to here. 
e suggested in a letter published in the Morning 


where an arch 541 ft. span crosses the torrent of | Herald of July 11, 1832, that the passing of the 
the Truyére 400 ft. above it. Amongst the other | Reform Bill should be commemorated by a gigantic 


great engineering works carried out by M. Eiffel 
must be mentioned the Pesth railway station, the 


tower made of cast iron, 1000 ft. in height, 100 ft. 
in diameter at the base, and 12 ft. in diameter at the 


Szegedin bridge, the principal fagade of the Paris | top; it was to be set upon a stone plinth 60 ft. 


Exhibition of 1878, and the dome of the Observatory | 
at Nice, 75 ft. in diameter, and weighing more than | 
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THE EIFFEL TOWER ; THE EDOUX ELEVATOR. (See 
page 433.) 

100 tons, which floats within a circular trough, so 
that the effort required to move it is almost inap- 
preciable. Scarcely less remarkable as an engi- 
neering work, and as a triumph of the founder’s 
art, is the gigantic statue of ‘‘ Liberty,” modelled 
by Bartholdi, and presented by France to the 
United States, where it now stands lighting the 
entrance to the harbour of New York. The great 
series of locks which were to have formed a sort of 
giant staircase for the passage of ships across the 
Isthmus of Panama, was elaborated as to design, 
and considerably advanced as to execution, when 
the great work collapsed. From the foregoing rapid 
sketch it will be seen that few engineering con- 
structors have carried out so many important and 
original works as M. Eiffel, and the success which 
has uniformly attended him was a guarantee for 
the stability and beauty .of his latest effort, the 
Column of the Republic, and his own monument. 

Of course the idea of a tower of gigantic height 
is not a new one. Not to mention the efforts of 
the early engineers which had the unexpected 
result of inventing foreign languages, there are 
three better authenticated and more recént pro- 
posals than the instance in which the sons of men 
said, ‘‘ Go to, let us build usa tower whose top may 
reach unto heaven, and let us make us a name.” 
The earliest was that of the splendid but eccentric 
genius Trevithick in 1833 ; then came the proposal 
of the well-known American engineers, Messrs. 
Clarke and Reeves, who offered to construct for the 
Philadelphia Exhibition in 1876, a tower 1000 ft. 


high, and was to have a capital 50 ft. in diameter 
supporting a colossal statue ; the shape was to be 
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CAMPANILE OF THE EIFFEL TOWER. 
(See page 433.) 


that of a cone, and an internal cylinder 10 ft. in 
diameter was to run from the ground to this top of 
the structure. Trevithick proposed that the tower 
should be composed of 1500 symmetrical segments 
with internal flanges around their edges for boltin 

them together ; each segment was to be pierce 

with a , A circular opening for lessening the 
weight and reducing the wind pressure. The total 
weight was to be about 6000 tons, and each of the 





cast-iron panels was to weigh about 3 tons. The 
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Fig. 31. 


contract price offered for the castings was 71. per 
ton, the total estimate of expense was under 
80,0001., and Trevithick undertook the erection of 
the column in a period not to exceed six months. | 
Passengers were to be raised to the top of the tower | 
in the central cylinder, which was to be fitted with 
a piston providing accommodation on its upper | 
surface for twenty-five persons, and the piston was | 
to be raised from the bottom to the top by com- | 
pressed air forced into the cylinder and con- | 
trolled by suitable valves. Fortunately for the | 
memory of Trevithick this scheme remained upon 
paper. 

The Eiffel Tower is the natural development of 
the class of work upon which its constructor has 
been occupied for so many years ; it was the direct 
outcome of a series of investigations undertaken 
by M. Eiffel in 1885, with a view of ascertaining 
the extreme limits to which the metallic piers of 
viaducts could be pushed with safety, this special 
line of investigation having reference to a proposed 
bridge with piers 400 ft. in height and 140 ft. of 
base. The idea of the great tower followed, prelimi- 
nary plans were prepared, and calculations made by 
two of M. Eiffel’s principal engineers, MM. Nouguier 
and Koechlin, and by M. Sauvestre, architect. 
Naturally the leading principle followed was that 
adopted by M. Kiffel in all his lofty structures, 
namely, to give to the angles of the tower such a} 
curve that it should be capable of resisting the 
transverse effects of wind pressures, without neces- 
sitating the connection of the members forming 
these angles, by diagonal bracing. The Eiffel Tower, 
therefore, consists essentially of a pyramid com- 
posed of four great curved columns, independent of 
each other, and connected together only by belts of 
girders at the different stories, until the columns 
unite towards the top of the tower, where they are 
connected by ordinary bracing. Iron and not steel 
was used in the construction throughout. 
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THE VERTICAL ERECTING CRANE AT A HEIGHT OF 800 FT. 


32. Lowrk PART OF VERTICAL ERECTING CRANE. 
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; large inclosure lying to the back of the Quai d’Orsay 
Location oF THE TowER. is the property of the Ville de Paris, and various 

The first plans and calculations for the structure | imperative conditions fixed the location of the tower 
having been completed, they were, in June, 1886, | upon Municipal and not upon State ground. It was 
submitted to the Superior Council of the Exhibi- | for this reason that arrangements had to be entered 
tion, which had been nominated by M. Lockroy, | into between the State, the city, and the concession- 
then Minister of Commerce and of Industry, the |aires, and it is the Ville de Paris that has granted 
president being M. Alphand, the present Director- | the right by which the tower is to stand for twenty 
General of the Exhibition buildings. At this meet- | years as the property of the concessionaires, after 
ing M. Eiffel’s proposal was formally accepted ;| which (if it have so long a life) it will belong to the 
the following November, as already stated, the | Municipality. 
subsidy of 1,500,000 francs was voted, and on 
January 8, 1887, -the convention between the Go- | The actual work of the foundations was com- 
vernment and the Ville de Paris was signed, fixing |menced in January, 1887, but before that time a 
the conditions under which the tower was to be|very careful investigation of the ground had 
constructed. Naturally the site to be selected was | been made in order to ascertain with certainty 
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(See page 433.) 


Fic. 33. THE EIFFEL TOWER ; JUNCTION OF BRACING WITH STANDARDS. 


a problem that required the most serious attention |the nature of the formation upon which the 
before a decision could be reached. Many loca-| integrity of the structure had to depend. A great 
tions were proposed and rejected—Courbevoie, the| number of borings on the Champ de Mars re- 
Trocadero, Mont-Valerien, and others, but ob-| vealed a bed of hard compact clay about 52 ft. in 
viously as soon as it was definitely settled that the | thickness, resting upon a chalk formation and able 
Exhibition of 1889 was to be held upon the Champ | to carry with safety from 3 to 4 tons per square foot. 
de Mars, the Champ de Mars alone was the appro- | This bed of clay falls slightly from the Ecole Mili- 
priate site. Equally apparent it soon became, that  taire towards the Seine, and underlies a deposit of 
the proper function of the tower was that of aj| compact sand and gravel which offers good material 
gigantic and triumphal portal to the Exhibition for foundations. Within the precincts of the State 
grounds, and that it must stand, as it were, a sort of area of the Champ de Mars the thickness of this 
advanced guard to the marvels of construction and of | gravel is tolerably uniform at 20 ft., but beyond, 
industry beyond. The whole plan of the Exhibition | towards the Seine, the action of the water in past 
being symmetrical, the great entrance to the Mis- | times is apparent, the gravel is reduced in thickness 
cellaneous Industries Galleries, the Pont de Jena, | and becomes irregular, disappearing entirely near 
and the dome of the Trocadero Palace, ranging | the present course of the stream. Above the de- 
in one line, and that line the axis of the Champ de) posit of gravel is a layer of fine sand and made 
Mars, it followed as a matter of course that the tower | ground. Figs. 6 and 7, page 420, are sections of 
must be placed symmetrically also in front of the | the ground at the site of the tower. 

ont de Jena. The whole of the Champ de Mars} There are four independent foundations, each 
does not belong to the French Government ; the | Standing at one angle of a square, about 330 ft. on 





a side ; the two piers nearest the Seine were known 
as numbers 1 and 4, those adjoining the Champ de 
Mars as 2 and 3. On the site of the two founda- 
tions 2 and 3, the bed of gravel was met with 23 ft. 
below the surface ; the thickness at this point is 
about 18 ft. The conditions for obtaining a good 
foundation were therefore extremely favourable, 
and the piers were built upon a bed of cement con- 
crete 7 ft. in thickness. The two piers nearest the 
Seine required different treatment. The bed of 
sand and gravel was only met with about 40 ft. 
below the surface, that is to say about 16 ft. 
lower than the mean water level of the Seine, and 
it was overlaid by soft and permeable deposits. 
Excavations were pushed, by means of caissons 
and compressed air, to a depth of about 52 ft. 
below the surface, and it was found that under 
the gravel, variable deposits of fine sand, formed 
of limestone and sandstone, had accumulated, 
having been left there by the water after the clay 
had been washed out in hollows by the stream. 
Owing to this there existed a good and incompres- 
sible bed about 10 ft. thick under the western pier 
on the Grenelle side, and nearly 20 ft. thick under 
the north pier on the Paris side. Apart, therefore, 
from the difficulties in sinking for the foundations, 
the conditions were very satisfactory. The mode of 
sinking adopted was that of compressed air with 
iron caissons 49 ft. 2 in. long by 19 ft. 8 in. wide ; 
four such caissons were required for each pier, and 
they were sunk to a depth of 40 ft. below the sur- 
face or 16 ft. lower than the Seine mean water level. 

The diagram, Fig. 5, page 420, shows the manner 
in which each of the four piers that make up a 
foundation, are arranged ; all four foundations 
being symmetrical. Figs. 8 to 11 show the arrange- 
ment in greater detail. Taking first those founda- 
tions nearest the Champ de Mars, it will be seen 
that each of the four piers forming a foundation 
rests on a mass of concrete 32 ft. 9 in. long, 19 ft. 
8 in. wide, and 6 ft. 6 in. thick, except the central 
pier, where the concrete is 46 ft. in length and 
about 24 ft. wide ; this difference was made to give 
a platform for the elevator machinery. The form 
of the masonry piers, resting on this concrete, is 
shown in Fig. 8; each pier is built with one 
face vertical towards the centre of the tower, 
the outer corresponding face being inclined at the 
same angle as the column of the tower; the two 
other faces are vertical and parallel ; the top of the 
pier is at right angles to the back face, and, there- 
fore, normal to the springing of the column ; 
Fig. 12 is an enlarged view of a part of one of the 
piers, and shows also the method of anchoring 
adopted. Two bolts about 3.94 in. in diameter, 
and placed 4 ft. 10 in. apart, are built for a depth 
of 20 ft. into the piers, and are secured to mooring 
plates 8 in. deep. This anchorage was not neces- 
sary to insure the stability of the tower, which is 
maintained in position by its own weight, but it 
was considered advisable to adopt it, especially for 
providing additional strength during the work of 
erection. The concrete bed is made with Boulogne 
cement, mixed with about 25 per cent. of sand, and 
the masonry, which is of Souppes stone, is set in 
cement mixed with the same proportion of sand. 
The bed stones on top of the piers are from the 
quarries of Chateau-Landon, and are able to resist 
a crushing strain of over 1600 lb. to the square inch; 
as the greatest load which can be brought upon 
these stones does not exceed 425 lb. to the inch, 
there is ample margin for safety. The total load 
which each of the piers on the two foundations 
nearest the Champ de Mars have to carry is 1970 
tons, and the load on the masonry is equal to 
about 3 tons to the square foot. It will be seen by 
reference to Fig. 9 that the centres of the four 
piers are 49 ft. 2.55 in. apart in each direction, and 
they are surrounded by an inclosing wall measuring 
85 ft. on each of its four sides ; this arrangement 
is clearly indicated in Figs. 8 and 11, where it will 
be seen the top of the wall is carried to about 4 ft. 
above the ground level. These surrounding walls 
have no weight to carry, but they serve to support 
some of the iron framework and mouldings which 
conceal and decorate the base of the tower (see 
Fig. 24, page 427); they are built upon arched 
piers as shown in the illustration, Fig. 35, page 
434. The whole of the foundations are covered 
by earth filling brought up to the level of the 
ground, with the exception of the piers, where 
chambers have been provided to receive the steam 
engines and boilers required for working the 
elevators ; the engines are of 500 horse-power. As 
already stated, it was found necessary to execute the 
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foundations for piers Nos. 1 and 4 by means of 
caissons and compressed air ; the caissons were sunk 
to a depth of about 16 ft. 6in. below the mean 
level of the Seine, or 42 ft. below the ground level ; 
the construction of the caissons presented no 
peculiarity, and their general arrangement is shown 
in Fig. 13, page 420 ; they are 49 ft. 2in. long by 
19 ft. 8 in. wide, and are covered by cement concrete 
to a depth of 19 ft. 8 in. above the lower edge of the 
caisson, the level of the upper surface of the con- 
crete being 36 in. above the mean level of the 
Seine. From Figs. 8 to 11 it will be seen that the 
upper part of the foundations Nos. 1 and 4 are 
similar to Nos. 2 and 3 already described. Work 
was commenced upon the foundations on January 
28, 1887, and terminated on June 30 following ; 
during this period 31,000 cubic metres of earth 
were excavated and 12,000 cubic metres of masonry 
were completed. — 

The section Fig. 12 shows the form adopted for 
the cast-iron baseplates upon which the different 
standards composing the columns rest; they are 
cylindrical in form, about 40 in. in diameter, and 
26 in. in depth ; these receive cast-iron shoes, the 
upper part of which is bolted to the standards of 
the column, while the lower part enters the bed- 
plate to some little depth ; this arrangement con- 
stitutes in fact a hydraulic press, upon which a 
pressure of 800 tons can be exerted ; a means was 
thus provided of adjusting, if necessary, the level of 
the different parts, thin steel packing plates being 
introduced between the flanges of the cylindrical 
bedplate and shoe to produce any desired variation 
of level ; Fig. 25, page 427, which is a perspective 
view of the base of one of the sides, shows this 
arrangement very clearly. 


ERECTION OF THE First Story. 


The lower portion of the column was erected 
without difficulty, the only plant employed being 
derricks and winches; the derricks were of 
the simplest possible construction, and except for 
their height, which was 72 ft., presented no pecu- 
liarity ; they were made of timber and were provided 
with pulleys at the top, controlled by the winches 
below. The four standards, placed one at each angle 
of the four columns, measure about 31 in. ona side, 
and were delivered on the ground in lengths weigh- 
ing from 2 to 3 tons ; these were handled by means 
of the derricks, and were bolted one upon the other; 
as this part of the work advanced, the standards 
were connected together by the permanent lattice 
work and _ cross-bracing, which held them in 
position and consolidated the structure. The 
various pieces were at first connected together by 
bolts, and these were afterwards replaced by rivets 
as soon as it was ascertained that the different parts 
of the work were in their proper place. .When 
the erection had been continued in this manner to 
a height of about 50 ft., the use of the derricks had 
to be abandoned and the work carried on by special 
appliances. With the increasing height fresh con- 
ditions entered into the operation ; scaffolding could 
not be employed except to a very limited extent, 
and the inclination of the columns set a compara- 
tively narrow range upon the height to which they 
could be carried without danger of falling; this 
height was about 98 ft. The erection was continued 
in the manner we have described until this elevation 
was nearly reached and a weight of 1450 tons had 
been set in place. A strong scaffolding 100 ft. high 
and carried on timber piles driven into the ground 
to prevent settlement, was erected on the inner 
side of each column, so that the latter might be 
supported when the necessary height was reached. 
(See Fig. 16, page 421, and Fig. 40, page 438.) 
This scaffolding consisted of three independent 
pyramidal structures, the head of each of which 
supported one of the three members of the column. 
At the top of each staging was a platform on 
which were placed sand boxes similar to those 
used on the centring of arched bridges. Brackets 
bolted to the members of the column and provided 
with a projecting horizontal face, took their bearings 
upon the sand boxes. In this way a permanent 
= was obtained, and the work of erection 
could be continued up to the level of the first story 
of the tower. The sand boxes were found extremely 
useful as a means of adjustment. If it were de- 
sired to slightly lower the column, the sand was 
allowed to escape from the boxes, and the iron- 
work sank under its own weight. If, on the other 
hand, the column had to be raised, this was easily 
done by means of hydraulic jacks placed upon the 
platform beside the sand boxes. In this way the 





work was kept under the most perfect control. In 
the construction of the twelve stagings just described 
about 20,000 cubic feet of timber were employed, 
and the erection was carried on without any further 
scaffolding up to a height of 165 ft., the level at 
which the series of horizontal girders was introduced 
to form the first story. After the use of the 
derricks had been abandoned, cranes of a special 
construction (which will be referred to later on) 
were employed. They had a range of 39 ft. and a 
lifting power of 4 tons. They were placed in the 
centre of each column, and worked upon the in- 
clined girders which formed the path for the 
elevators. (See Fig. 3, page 418.) By this 
arrangement all the parts of each column could 
be controlled by one crane. The first story of 
the tower stands at a height of about 180 ft. 
above the ground, and it was somewhat below this 
that the first great belt of horizontal connecting 
girders was introduced. These girders, which are 
24 ft. 7in. deep, weigh each of them 70 tons, and 
their construction is such as to adapt them to the 
inclined faces of the four converging columns. Owing 
to their form, the work of erection was a somewhat 
difficult one, independent of the great height at 
which they had to be built. It was therefore found 
necessary to construct a special scaffolding 148 ft. 
high, and having a platform at the top 86ft. long. 
Four such scaffoldings were constructed, one for 
each face of the tower. (See Fig. 16, page 421.) 
The central part of each of the four great horizontal 
girders was mounted and rivetted on these stagings, 
then the adjacent portions which were to be attached 
to the columns, were raised and extended right and 
left, this operation being carried on upon all four 
faces at the same time. As soon as the ends of 
these girders were rivetted up to the columns, the 
structure became, of course, extremely rigid, and 
served as a platform, from which the shaft of the 
tower was built up. Figs. 14 and 15, page 421, are 
diagrams of the column up to the level of the first 
story, and give some idea of the bracing, as well as 
the arrangements of the platform. In these dia- 
grams, A A are restaurants, B B are the entrances to 
the elevators, C C are four corner pavilions, 50 ft. 
square, D is an exterior gallery running around the 
platform, and E E are internal galleries. The length 
of each of the four restaurants is 105ft. The plat- 
form upon which these various pavilions stand, is 
carried upon wrought-iron floor beams attached at 
the outer side to the girders surrounding and con- 
necting the outer face of the column, and on the 
inner side to a similar system of girders, which unite 
the columns on their inner sides. The space between 
the floor beams is filled in with hollow terra-cotta 
panels which are extremely light and strong. The 
system of surrounding girders was difficult to erect 
as well as costly in construction, owing to the fact 
that while the web of each girder is inclined to the 
same angle as that of the sloping column, the top 
and bottom flanges are horizontal. As will be seen, 
this system of surrounding girders, which is in all 
about 48 ft. in depth, consists of two independent 
lattice girders on each side, making sixteen in all 
for the outer and inner faces, and connected with 
each other by a complete system of vertical and 
horizontal bracing and wind ties. To the upper 
girders on each face, external and internal, brackets 
are secured carrying the inner and outer galleries 
that surround this story ; over these galleries is 
erected a series of arcades in ornamental ironwork, 
their general appearance being as shown in Fig. 26, 
page 429, and Fig. 41, page 438. The columns 
are connected together on each face by an iron arch 
springing from the ground level and rising nearly to 
the under side of the lower surrounding girders, the 
angles being filled in with decorative ironwork as 
shown in Fig. 41. This arch does not add to the 
strength of the structure, but is introduced to in- 
crease the architectural effect. The lower portion of 
the tower may be regarded as its base or plinth, the 
column itself starting its graceful curves only above 
the level of the first story. It is impossible to give 
an adequate idea either by description or drawings 
of the stupendous and complicated mass of bracing 
running in all directions from one standard of the 
column to the others, and uniting the whole struc- 
ture in one rigid mass ; the various perspective 
views, however, are typical of the construction. 


Tue Erscrinc CRANEs. 

It-has already been stated that up to a certain 
height the only lifting appliances used were der- 
ricks ; accordingly when a distance of about 50 ft. 
had been reached it became necessary to devise 





some new means for handling the pieces of iron, 
which, rivetted up in lengths upon the ground, had 
to be lifted and bolted into place. The engineers 
had therefore to scheme some simple and compact 
appliance which should be suitable for the work as 
the tower advanced, and which, at the same time, 
should be easy of manipulation and kept constantly 
under control. The problem was solved by M. 
Guyenet, who, in combination with M. Eiffel, de- 
signed the cranes which were used throughout the 
work up to the summit. Figs. 19, 20, page 425, are 
diagrams showing the arrangement of these cranes. 
Each consists of a long arm turning on a pivot and 
mounted on a frame in the form of a triangular 
pyramid upside down ; the pivot supports a long 
vertical post to which the crane arm is hung about 
half way of its length, and it carries a platform from 
which the crane is manipulated. At the bottom of 
the frame is another small platform. As the work of 
building up the columns advanced, there was erected 
within each of them an inclined path following the 
same angle as the column, and consisting of two 
girders, the upper flanges of which were destined 
to serve as a roadway for the elevators (see 
Fig. 3, page 418); these girders were made use 
of to attach the crane, the upper flanges being 
pierced with a series of holes at equal dis- 
tances from one another ; similar holes were 
made in the lower framework of the crane, which 
could thus be bolted to the girders and held 
securely in place. It was of course necessary that 
the girders themselves should be fixed in advance 
so as to afford a rigid support. As soon as all the 
pieces within the range of the crane had been raised 
and rivetted together, it became necessary that the 
latter should be shifted upwards, additional sections 
of the elevator girders having, of course, been pre- 
viously put in place. The proceeding then was as 
follows: a strong iron crossbeam, through the 
centre of which passed a screwed bar, was bolted at 
its ends to the two elevator girders and about 8 ft. 
above the frame of the crane; the screw was then 
passed through the frame and secured by a nut ; the 
bolts securing the frame to the girders were then 
removed, and the crane was left hanging by the 
screw. On turning the nut of the latter the crane 
was gradually drawn up into a new position, when 
the bolts were replaced and the frame was once 
more secured to the girders. When it was desired 
to raise the apparatus through a greater distance 
than one range of the traversing screw permitted, 
the bolts connecting the cross-beam to the girders 
were removed, and by turning the nuts afresh the 
beam was pushed upwards; when the end of the 
screw travel was reached, the beam was once more 
fastened to the girders, the bolts securing the frame 
again removed, and the operation first described was 
repeated. In this way the crane could be raised 
into any desired position ; safety appliances were 
always employed to prevent accidents in the event 
of the lifting screw breaking. It was necessary to 
obtain a wide range of travel for the jib of the 
crane, so that the pieces of ironwork could be set 
at any desired point within its maximum travel ; 
experience showed that the limits of this range 
varied from 10 ft. to 42 ft. The object was obtained 
by attaching the tie-rod from the end of the crane 
arm to a nut mounted on a vertical screw at the 
back of the crane post ; this nut was provided with 
rollers working against the post, and it was raised 
or lowered by a handwheel and gearing driving the 
screw. Special care was taken in attaching the 
pieces to be raised to the crane, to fix them in such 
a position that they hung approximately at the 
angle they were to permanently occupy ; by this 
precaution considerable trouble was saved in 
rivetting up the work. Four of the apparatus we 
have just described were used with perfect success 
until a height of 400 ft. was reached, when the re- 
duced dimensions of the structure made it necessary 
to reduce the number to two and to adopt a slight 
modification. Each of these appliances weighed 
12 tons and were worked constantly to a load of 
2 tons. 
ERECTION OF THE SECOND STORY. 

As soon as the first story was completed and the 
flooring laid, a circular railway was put down upon 
it, as well as a 10-horse portable engine working a 
crane, the chain from which down through 
the square opening inside the platform, and the 
ironwork having been delivered on the ground, was 
brought beneath the crane and lifted by it into the 
wagons on the circular railway ; by them it was 
distributed to the different columns, and was rails 
by the cranes already described. As the work 
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advanced the dimensions of the ironwork became 
lighter and the progress more rapid; a height of 
377 ft. was reached on July 14, 1888, and fire- 
works celebrating the national féte were discharged 
from the second platform. The various illustrations, 
Fig. 4, page 419, Figs. 34 to 43, pages 434 to 439, 
and Fig. 44, page 442, illustrate more or less clearly 
the system of bracing employed, and convey an ex- 
cellent idea of the progress of the work from the 
lowering of the caissons in the spring of 1887 to 
the completion of the upper story in March, 1889. 
When the second platform was completed, it served 
as a new point of departure, and as on the lower 
stage, a portable engine and crane were placed for 
raising the pieces of iron direct from the first story 
and delivering them to the erecting cranes within 
the columns. Above the level of the second story 
considerable modifications had to be introduced in 
the mode of erection. The curve of the tower was 
bringing the columns rapidly together, and their 
tapering form also restricted the available space for 
working, to narrow limits. The two elevators do 
not rise beyond the second story, but are succeeded 
by one with a vertical lift as far as the foot of 
the campanile, so that the facilities for securing 
and lifting the cranes already described did not 
exist. The same type of crane as before was em- 
ployed, but modified in details in such a way as to 
adapt them for being raised against a vertical guide 
instead of resting on an inclined support. In order 
to balance them, two cranes were fixed back to 
back on the opposite sides of the central column of 
the elevator ; to increase the support offered by this 
column, transverse iron frames were bolted to it in 
such a way that the framing of the cranes could be 
secured to them; these frames also served as 
attachments for the hoisting screws by which the 
cranes were lifted into new positions. Additional 
precautions were taken with the safety appliances, 
and the two cranes were firmly braced together 
so as to form one solid structure. Fig. 21, 
page 425, and Figs. 31 and 32, page 430, clearly 
show the arrangement adopted. The time re- 
quired for each shift of the crane into a higher 
position, was forty-eight hours, the weight to be 
moved including all the accessories being about 
45 tons ; once fixed, no further change was neces- 
sary until a complete panel from 30 ft. to 40 ft. in 
height had been raised and rivetted in place. In 
erecting the tower from the second story to the 
summit, the plant used in addition to the cranes we 
have just described, consisted of a crane and 10 
horse-power engine on the first story for raising the 
pieces from the ground to that level; of a second 
steam crane on the succeeding stage, 377 ft. from 
the ground, for lifting the ironwork from the first 
story, and of a third steam winch placed on a tem- 
porary platform at an elevation of about 650 ft. for 
lifting the pieces a third time and bringing them 
within the range of the chains of the erecting crane. 
It should be mentioned that during all the stages 
of the work, movable platforms were employed which 
could be placed in any desired direction so as to 
bring the rivetters within reach of their work ; these 
platforms were protected by handrails and screens, 
so as to guard against accidents ; the precautions 
taken were so efficient that during the whole of the 
work only one man fell from these platforms. 


THE Top oF THE TOWER. 


The tower terminates at a height of 896 ft. above 
the ground, with a platform about 53 ft. square ; the 
width of the column at this level is 33 ft., the gallery 
being carried by brackets which are sufficiently wide 
to afford a considerable area of platform ; it is 
almost unnecessary to state that this space is securely 
protected by a railing and glass to prevent any 
voluntary or involuntary catastrophe. Above the 
platform rises the campanile, which is of the design 
shown in Figs. 29 and 30, page 429; in the lower 
part of this is established a spacious and very com- 
pletely fitted laboratory, closed to the public and 
intended for the prosecution of scientific research 
and observation. Four latticed arched girders 
rise diagonally from each corner of the lower part 
of the campanile and unite at a height of about 
54 ft. above the platform; by means of a spiral 
Staircase yet another gallery is reached, about 19 ft. 
in diameter and surrounding the lantern which 
crowns the edifice and brings the height of the struc- 
ture to 984 ft. ; above this rises the great lightning 
conductor. Within the lantern, which is 22 ft. 
high, will be placed a very powerful electric light, 
placed within a lantern of the first order, and pro- 
jecting white, blue, and red beams ; reflectors will 





throw these beams over Paris and will help to illu- 
minate the Champ de Mars. Provision is made for 
protecting the structure from the effect of lightning 
by means of cast-iron pipes, 19 in. in diameter, and 
passing through the water-bearing strata below the 
level of the Seine for a distance of 60 ft. At one 
end these pipes are turned vertically, and are con- 
nected with the ironwork of the tower ; there are 
eight pipes in all, two for each column. The total 
weight of wrought and cast iron that has been used 
in this unique structure is 7300 tons, not including 
the weight of the caissons employed in the founda- 
tions nor the machinery installed for working the 
elevators. 
ELEVATORS AND STAIRCASES. 

The means adopted for ascendingthe tower remain 
to be described-—they consist of staircases and ele- 
vators. The staircases from the ground level to the 
first floor are very easy and comparatively wide; there 
are two of these staircases, one fixed in the western 
and the other within the eastern column; each flight 
is straight, and there are numerous landings on 
account of the frequent turns inthe stairway. One 
staircase will be devoted to visitors going up, and the 
other to those who are descending, and it is estimated 
that they will afford accommodation to 2000 persons 
an hour. Between the first and second stories a 
winding staircase, 24 in. wide, is built in the centre 
of each column, around wrought-iron tubes 15 in. in 
diameter, and connected to the framework of the 
structure at intervals of 35ft. by means of cross- 
girders ; the diameter of this staircase is 5 ft. 3in. 
measured across the handrails, and the height of the 
stepsis 7in. The diagram Fig. 22, page 425, shows 
the arrangement ; from this it will be seen that the 
central tubes are in lengths of about 30 ft., and are 
stepped forward successively, so that the whole 
stairway consists of a number of short spirals con- 
nected by inclined planes divided into eleven steps 
with a somewhat greater rise, terminating in a land- 
ing about 6 ft. wide. From the diagram Fig. 22, it 
will be seen that the series of short spirals comprise 
four complete turns each, each of the series being 
advanced some 16 ft. from the lower one, to which 
it is connected by the inclined portion before spoken 
of and the landing. Two of these stairways are for 
the ascending, and the other two for the descending 
traffic ; they also afford accommodation for the cir- 
culation of 2000 persons an hour. From the second 
story up to the summit of the tower there is one 
spiral staircase 196 ft. in height, which is reserved 
to the service of the tower, and will not be placed 
at the disposition of the public. 

The manner in which the area of the first floor 
of the tower has been utilised has been already re- 
ferred to. Each of the four restaurants constructed 
there, will contain from 500 to 600 persons, and will 
present a considerable variety in their architecture 
and purposes ; they comprise an Anglo-American 
bar, a Flemish beer saloon, a Russian restaurant 
and a French restaurant. The outer gallery which 
runs round the four faces of the tower is 8 ft. 6 in. 
wide, and has a development of nearly 1000 ft. ; 
the area of this story is 38,000 ft. 

The second floor, the surface of which is 15,000 
square feet, is surrounded by a covered gallery 8 ft. 
6 in. wide, with a total length of 490 ft. The central 
portion of this floor is devoted to the elevator 
service, considerable space being necessary here to 
provide for the ascending and descending current 
of traffic. Finally, on the summit of the tower, 
there is a large hall covered in on all sides with 
glass, from which, when the weather is favourable, 
a magnificent panorama stretching for more than 
100 miles, will be visible. Above the top platform 
a spiral staircase gives access to the lantern ; this is 
illustrated by Fig. 29. 

In addition to the staircases, means of ascending 
and descending the tower are provided by a number 
of elevators on three different systems. From the 
ground to the first story there are four lifts, of 
which two have been provided by MM. Roux, 
Combaluzier, and Lepape ; the two others are Otis 
elevators. From the first story to the second, the 
two Otis elevators are extended from the ground, 
and from the second story to the summit there is 
one lift on the Edoux system. The problem of 
constructing elevators which should travel not only 
on an inclined path, but on one in which the angle 
of inclination is constantly varying, was wholly new, 
and presented considerable difficulties. In all of 
the different systems adopted, however, these diffi- 
culties appear to have been overcome with great 
success. In the elevator constructed by MM. Roux 
et Cie., the ordinary rigid plunger has been re- 





placed by articulated chains or columns, and acting 
by compression like an ordinary rigid plunger ; they 
are inclosed in suitable guides which prevent any 
lateral movement, and are formed with paths on 
which run small wheels attached to the upper end of 
each section of the travelling chain, which passes over 
wheels fixed on the ground level and on the first 
story of the tower. One side of the elevator cabin 
is attached to this chain, the other side being also 
attached to a similar one ; the cabin thus follows 
the movements of these two chains, the deadweight 
of the whole system being almost balanced ; in the 
event of any part of the chain giving way, the whole 
system would become rigid and remain secured in 
the guides. Movement is imparted to the chains 
by a double system of pistons 39 in. in diameter 
and 16 ft. 4 in. stroke, driven by a head of water 
stored in reservoirs and placed in the tower at 
a height of 380 ft.; the travel of the pistons is 
transmitted to the driving wheels, with a ratio of 
movement of 1 to 13, the motion being given by 
means of pitched chains passing over pulleysmounted 
on the wheel shaft. The speed at which this 
elevator works is about 200 ft. a minute, and the 
cabin is large enough to accommodate 100 persons. 
The weight dealt with is about 18 tons, divided as 
follows : 


Tons 
Weight of 100 passengers 
a cabin ... =, ae wd Pre 5 
Deadweight of piston ... pe “ae ‘4 5 
Weight due to friction... aaa sad pce 1 
Total ... P se ee 


The American Otis elevators establish a means of 
communication between the ground floor and the 
second story ; they have each a capacity of fifty 
passengers, but as they are worked at a speed of 
400 ft. a minute, their total carrying power is the 
same as for the elevators we have just described. 
The principle of this elevator is well known. A 
few words may be said as to its special application 
in this instance. A cast-iron cylinder 37.4in. in 
diameter and 36 ft. long is fixed at the foot of the 
tower parallel to the inclination of the girders form- 
ing the column within which the elevator works. 
Inside this cylinder is a piston operated by the 
head of water stored in reservoirs placed on the 
second story of the tower, atid therefore equivalent 
to a pressure of about 1601b. to the square inch. 
The piston-rod operates on a carriage carrying 
twelve pulleys 55 in. in diameter, the whole consti- 
tuting a gigantic twelve-purchase tackle. The cables 
from this system pass over guide pulleys placed at 
intervals as high as the second story of the tower, 
and then return to be attached to the pulley. By 
this arrangement it follows that a movement of 1 ft. 
of the piston imparts a travel of 12 ft. to the cage. 
The deadweight of the moving system is almost 
balanced by rolling counterweights beneath the 
elevator path. The cabin is secured by six steel 
cables in all, two of which are connected to the 
counterweights, and four belong to the system of 
pulleys described. As an additional precaution, 
safety brakes with automatic clutches are provided, 
which will operate in the event of a breakdown, or 
even if, from any unforeseen cause, the cables should 
stretch beyond their normal amount ; the counter- 
weights are also fitted with safety brakes. These 
elevators will be used chiefly for raising passengers 
from the ground floor to the second story, a journey 
which they will accomplish in about a minute. 
There will be two of them, and they will thus form 
the express service of the tower. 


Tue Epoux ELevaror. 


For the last section of the tower, that is to say, 
from the second story to the upper platform, the 
elevator work has been carried out by M. Edoux, 
of Paris. The height to be overcome was 525 ft., 
that is to say, twice the height of the towers of the 
Trocadero, the ascension of which gave so much 
satisfaction to thousands of visitors during the Ex- 
hibition of 1878. An intermediate stage con- 
structed midway between the second story and the 
upper platform is the starting point of the Edoux 
elevator, which is a vertical hydraulic plunger lift 
similar to that of the Trocadero. One cage is placed 
at the top of a pair of pistons, and travels from the 
intermediate stage to the upper platform, that is to 
say, a distance of 262 ft. ; the cage is connected by 
cables to a second cabin which acts as a counter- 
weight and carries passengers from the second 
story to the intermediate stage, also a distance of 
262 ft.; the arrangement is such that when the 
elevator is at work the cages are travelling in 
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opposite directions ; at the intermediate stage the 
passengers change from one cage into the other, 
and in this way the whole journey is accomplished 
by the one system. The elevator is guided by a 
central vertical girder built up in the middle of the 
tower through the whole height of 525 ft., and by 
two other smaller girders, one on the left, going 
from the second story to the intermediate stage, 
the other on the right, rising from this latter to the 
top of the tower. The first cabin is carried by two 
hydraulic pistons, 12.60 in. in diameter, and work- 
ing within steel cylinders, 14.96 in. in diameter. 
These two pistons are articulated at the top to a 
crossbeam, in the middle of which the cage is 
secured ; by this means the regular movement of 
the latter is secured, and the effect of slight varia- 
tions in the travel of the rising pistons, is avoided. 
From the top of this cage and from the ends of the 
crossbeam supporting it, rise four steel cables which 
pass over pulleys fixed at the top of the tower, and 
then descending, are secured to the second cabin ; 
two of these cables are secured to a crossbeam, to 
the centre of which the latter cabin is hung, the 
other two are fixed to the framework of the cage and 
thus serve as safety cables. Figs. 27 and 28, page 
429, explain the arrangement adopted ; the two 
sages are calculated for a capacity of 750 persons an 
hour ; they cancarry about63 persons, and the upand 
down journey occupies about five minutes, oneminute 
and a half being allowed from the point of starting 
to the central changing place, and one minute for 
the shifting of passengers from one cage to another. 
The weight of each cabin loaded is about 8 tons, 
and the weight unloaded 4 tons. Special precau- 
tions were taken to protect the various parts of the 
elevator from the action of the wind ; for the whole 
length of their travel the hydraulic pistons are 
shielded within a hollow cast-iron column, grooved 
on the inside to afford a guide for the cross- 
beam carrying the cage ; within the same columns 
are placed the suspension cabies of the cabin B (see 
Fig. 27); this arrangement is applied to the upper as 
well as to the lower portion of the elevator. The 
total section of the pistons is 248 square inches, and 
the pressure of water required to work the system 
is equal to 114 Ib. per square inch. The ascent of 
the cabin B, which of course corresponds to the 
descent of the cabin A, is controlled by a system of 
valves which allow more or less water to escape 
from the cylinders ; the descent of the cabin B is 
regulated by the admission of water under the 
pistons of the cabin A. The pistons each weigh 
9.6 tons, and are formed of two hollow sections, the 
upper one of steel and the lower one of cast iron. 
The steel portion weighs 3.9 tons and is 196 ft. 
10 in. long ; the proportions are so calculated that 
the strain upon the metal does not exceed 1} tons 
per square inch. The cylinders within which these 
pistons work, are 14.96 in. in diameter outside ; 
they are made of steel .39 in. thick ; the various 
sections by which they are built up are connected 
by screwed sleeves, the end of each section being 
threaded right and left to make a good joint. Both 
cylinders are supplied with water from the same 
distributor, in order to assure an equal movement 
for each. This distributor is itself supplied by a 
reservoir placed in the top of the tower and having 
a capacity of about 4500 gallons. The water is 
lifted into the reservoir by two pumps placed on 
the ground and forcing it up to the whole height 
of 900 ft.; but M. Edoux has so arranged the 
system that the power employed is only that neces- 
sary to raise the water through a height of 262 ft. ; 
this is effected by allowing the water after it leaves 
the cylinders to return to the pumps where it acts 
upon the pistons with a pressure corresponding to 
x head of 971 ft. When the elevators are in full 
operation both pumps are worked together, but 
when the traftic is slack one pump only will be 
used. As will be seen all the different elevators 
are worked by hydraulic pressure ; pumps on the 
Girard system are used for the Roux and Otis ele- 
vators, while Worthington pumps are employed for 
the Edoux lifts; their total efticiency is equal to 
300 horse-power. The capacity of the elevators 
is equivalent to 2350 persons per hour for the first 
and second stories, and 750 persons per hour for 
the top platform. The total time occupied in going 
from the ground to the summit is seven minutes. 
Including the stairways, 5000 people per hour will 
be able to visit the column. 


UsrEs OF THE TOWER. 


No doubt during the period that the Exhibition 
is kept open the ample facilities thus provided for 
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Fic. 35. View oF PIERS AND ENCLOSING WALLS. 

















Fic. 36. THE EIFFEL TOWER ; COMMENCEMENT OF THE IRONWORK, JULY, 1887. 


the public will not be found excessive, but_it is ; away, and the vast column alone remains to sug- 
scarcely reasonable to suppose that after all the | gest the glories of the departed centennial celebra- 
buildings on the Champ de Mars have been swept |tion, that great number of visitors will go so fay 
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Fic. 38. THE FOUR COLUMNS OF THE EIFFEL TOWER ; OCTOBER, 1887 











Fic, 39, THE EIFFEL TOWER AT A HEIGHT OF 180 FT, ; JANUARY, 1888, 
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out of Paris as the Champ de Mars, to enjoy a 
sensation which by that time will have ceased 
to be novel. It is to be hoped that by the time 
the Exhibition closes, the enterprising syndicate 
which has acquired the Eiffel Tower, will find them- 
selves repaid to a large extent, otherwise there is 
reason to fear that their speculation may not turn 
out profitable, and that their twenty years’ con- 
cession will scarcely suffice to make their specula- 
tion a satisfactory one. 

‘But of course the tower has other uses than that 
of money-making, some uses which are now appa- 
rent, and others which the existence of the structure 
will suggest as time goes on. But on this point of 
utility we prefer not to hazard an opinion of our 
own ; we would rather let a French writer of autho- 
rity enlarge upon the various uses to which the 
column will readily lend itself. We quote the fol- 
lowing paragraphs from a little book recently pub- 
lished by M. Max de Nansouty : 

‘*We have said that the 300-metre tower is one of 
the highest developments of modern constructive 
science, and has much in common with the con- 
struction of high bridges and of viaducts. From this 
point of view it will be full of useful information 
for the future, and will extend the long list of con- 
quests made by the art of the engineer in the 
realisation of great works in metal. 

‘* But this is by no means the limits of its réle. A 
tower of 300 metres in height reared upon the 
Champ de Mars will allow of the carrying out 
of a host of investigations and researches. The 
most famous scientists have been consulted on 
this subject, and their approbation has been 
unanimous. We will summarise their opinions 
here, prefacing them with the remark that those 
who have been consulted, and whose names are 
known to the whole world, include General Perrier, 
so prematurely lost to science; General de Nan- 
souty ; the late Hervé-Mangon ; MM. Becquerel, 
Mascart, Camille Flammarion, and Georges Berger, 
the eminent Director-General of the Exposition. 
The technical and scientific press of France and of 
foreign countries expressed, from the commence- 
ment of the scheme, confident opinions that this 
unique structure, if completed, would at once lend 
itself to many serious uses, and that as time went on 
many more would suggest themselves. The follow- 
ing are those which are apparent. 

“1. Strategical Observations.—In the event of 
war or of siege, it would be easy, from the summit 
of the tower, to observe the movements of the 
enemy within a radius of more than forty miles, 
and to look out far beyond the heights which 
surround Paris, and upon which are constructed its 
owerful lines of defence. If we had possessed the 
Pitfol Tower during the siege of Paris in 1870, with 
its electric lights, who knows whether the issues of 
that great struggle would not have been altogether 
changed? The Eiffel Tower would have provided 
constant and easy communication between Paris 
and the provinces ; it would have rendered invest- 
ment impossible, and the orders for the concentra- 
tion of our troops would have been transmitted at 
will through prodigious distances. The optical 
telegraph, whose functions, combined with secret 
correspondence, have attained remarkable per- 

. fection, would have established permanent com- 
munication between Paris and Rouen, Alengon, 
Beauvais, &c. Nothing could have stopped or 
interrupted these signals, which would have con- 
tributed to unite all the armies organised in the 
provinces against the investing forces. 

**Certainly the enemy would attempt to concen- 
trate its fire upon the tower ; but even supposing that 
a chance shell struck it now and then—and such 
projectiles would only be guided by chance—the 
effect would be no more than that produced by a 
small lead shot thrown against a spider’s web ; some 
of the bracing would be broken, would be rapidly 
repaired, and that would be all. That is one of the 
useful ~ jlications of the Eiffel Tower. 

me. Ricorehential Observations. —An observatory 
will be established in the tower at a height of 300 
metres from the ground. It will be easy to find 
amongst our scientific men some one ready to devote 
himself to this post. This observatory will furnish 
the most favourable conditions for investigating the 
phenomena of hygiene and of science, the direction 
and the violence of atmospheric currents, the con- 
dition and chemical composition of the atmosphere, 
its electrical and hygrometrical conditions, &e. 

‘*3. Astronomical Observations.—At this great 
height the purity of the air and the absence of the 
lower fogs which so often shroud the horizon of 





Paris, will allow of many astronomical observations 
being made which it is impossible to carry on 
regularly in this part of France. 

“4, Electric Lighting at Great Elevations.—One 
of the most interesting practical applications will 
be that of electrically lighting the Exhibition and 
a part of the city of Paris. This will be done by 
fixing at various heights upon the tower as well as 
on the summit, powerful electric lights, such as at 
present exist in many American cities, and in Paris 
itself upon the Place du Carrousel. Thus brilliantly 
illuminated, the 300-metre tower will present from 
a distance a gigantic and fairy-like appearance. 

‘5, Scientific Experiments.—Many other appli- 
cations will be at once realised, belonging either to 
the domain of practice, as for example the signalling 
of time at great distances, or to the region of science. 
Resting for the first time on a firm and stable 
foundation, instead of in the swinging and uncertain 
car of the balloon, it will be easy to follow up and 
complete the work commenced or planned out upon 
many subjects ; amongst others, the fall of bodies 
through the air, the resistance of the air at different 
velocities, the loss of elasticity, the compression of 
gases, the oscillations of the pendulum, &. The 
field of research thus pid, is as vast as it is 
useful, and it offers a large and curious scientific 
programme which it would be useless to attempt 
without the Eiffel Tower. A preparation of such a 
programme would be worthy of a special congress, 
to which all the leaders of science throughout the 
world should be invited, and it is probable that 
M. Eiffel will call together such a meeting during 
the course of the Exhibition.” 

We may conclude this notice with a few miscel- 
laneous particulars of this interesting work. The 
total weight of iron employed in the structure itself 
is 7300 tons. The weight of rivets is 450 tons, and 
their total number 2,500,000. Of this quantity 
800,000 were rivetted up by hand on the tower 
itself, during the work of fixing together the finished 
pieces which had been completed at M. Eiffel’s 
establishment at Levallois-Perret, and which were 
delivered on the Champ de Mars ready for erection. 
The number of pieces of iron of different forms is 
12,000, and each of these required a special drawing ; 
there were thus no less than 12,000 working draw- 
ings sent into the workshop, to say nothing of the 
innumerable sketches and plans prepared before 
the final details were decided upon. The total 
thrust upon the foundations is 565 tons, not in- 
cluding the effect of wind, and 875 tons under 
& maximum wind pressure. The tower is painted 
of a rich chocolate colour, the tone of which is 
lightened from the base towards the summit ; the 
painting, which was of itself a considerable work, is 
very effective, especially when lighted by the sun. 
But little decoration has been attempted ; it would 
have been wasted labour and expense ; the level of 
the first story is marked by a bold frieze on the 
panels of which, around all four faces of the tower, 
are inscribed in gigantic letters of gold, the names 
of the famous Frenchmen of the century who have 
most contributed to the advancement of science. 
“It is as it were under their patronage that this 
monument is erected, and the constructor has 
desired to consecrate to them the place of honour, 
and upon it to write their names in letters of gold, 
as an evidence of public recognition, and as of 
homage paid to their efforts without which such an 
enterprise could never have been attempted.” 
Above this frieze the four-sided arcade, covering the 
exterior gallery, is elaborately decorated, and con- 
siderable exception has been taken to this feature 
as marring the bold and graceful outline of the 
tower. A similar arcade encircles the tower at the 
level of the second story, and the same objection may 
be raised with regard to it, but with less force, because 
the great height makes the arcade look insignificant. 
The sloping arches and spandrel fillings which con- 
nect the columns of the tower on the four faces 
beneath the first story are singularly well adapted 
to the gigantic scale of the work. 

Very careful observations were made from time 
to time as the erection of the tower advanced to 
check its verticality ; these observations showed 
conclusively that the foundations had not yielded at 
all under their very moderate load, and that if any 
deviation from the vertical existed, it was so slight 
as to be scarcely appreciable with the most careful 
measurement. All the other calculations of M. 
Eiffel have been so complete and accurate, and his 
experience with high structures so exceptional, that 
his assurance may be taken with confidence that 
the oscillations of the tower at the summit under 





the most unfavourable conditions of wind pressure 
will not exceed 6 in., while the periods of vibration 
will be relatively slow ; under ordinary conditions 
of weather, the tower will remain absolutely rigid. 

The success of the many problems attending the 
erection of the tower has been complete, and does 
M. Eiffel much honour. 

The remarkable regularity with which this erection 
has been accomplished, and the fact that no correc- 
tion of any kind was ever required, is an ample proof 
of the precision with which the innumerable parts 
that compose the structure were turned out from the 
ateliers of Levallois- Perret. This achievement 
also shows how well the arrangements for the 
erection were combined, all having come to pass, 
as had been foreseen, without error, without acci- 
dent, and without delay. 

To obtain such a result M. Eiffel has been 
admirably seconded by MM. Nouguier and 
Koechlin. M. Nouguier, who is chief engineer 
to the Eiffel firm, had the entire management of 
the erection of the famous bridge over the Douro 
(Portugal). He and his colleague, M. Koechlin, are 
well known for their entire competence in matters 
regarding iron structures, and have for twelve years 
taken an active part in all the works achieved by 
M. Eiffel. 


THE MISCELLANEOUS INDUSTRY 
COURTS.—V. 

THE vast galleries devoted to Miscellaneous In- 
dustries, extend nearly across the whole width of the 
Champ de Mars, from the Avenue de la Bourdon- 
nais to the Avenue de Suffren ; they stand between 
the Fine Arts and the Liberal Arts buildings, and 
the Machinery Hall, and consist of one large rectan- 
gular inclosure 1344 ft. long and 626 ft. wide, and of 
two wings, the axes of which correspond to those of 
the Fine Arts and Liberal Arts buildings respec- 
tively ; these wings measure each 403 ft. by 344 ft., 
and they inclose between them a part of the central 
garden. Several different types of construction are 
introduced into these galleries; the greater part 
of the area is covered in by roofs of the form shown 
in Fig. 73, page 445; these roofs are 82 ft. 2 in. 
span, and they rest upon columns placed 27 ft. 4 in. 
apart. Dividing the main body of the gallery is 
an arched transept about 100 ft. span ; as will be 
seen from our coloured plan, this gallery lies in the 
axis of the Champ de Mars, and it forms the main 
approach not only to the galleries we are now con- 
sidering, but also to the Machinery Hall beyond, a 
large dome being erected over the entrance. The 
wings of the Miscellaneous Industry Courts are 
connected by a longitudinal arched vestibule 49 ft. 
2 in. span, to the main body, and running around 
the whole structure are exterior galleries of a dif- 
ferent type of construction ; those galleries facing 
the central garden will be devoted to restaurants, 
and the exterior courts will be occupied by dit- 
ferent nations for a variety of attractive purposes ; 
the inner range of restaurant galleries are marked 
Ain plan, Fig. 44, page 440; the connecting arched 
vestibule is marked C ; and at E E are constructed 
junction pavilions, which give an architectural 
finish to the building, and serve as a convenient 
means of connecting the various galleries and vesti- 
bules. The main entrance to this building is marked 
D, this portico giving access to the central gallery 
under the great connecting dome. 


FounDATIONS. am 

The preliminary investigation and the building of 
the foundations were preceded by a series of borings 
to obtain precise information on the nature of the 
ground. These borings, which were carried out 
during October, 1886, consisted of eighteen shafts 
of varying depths, but averaging about 28 ft. They 
showed that at this part the subsoil of the Champ de 
Mars consisted, beneath the surface of made ground, 
of a succession of deposits of sand and clay. The dia- 
gram, Fig. 57, page441, gives a good example of these 
borings. Each wing of the galleries under con- 
sideration, comprises sixteen bays in three openings, 
with roof trusses 82 ft. 3 in. wide, and spaced 
27 ft. 4in. apart. The outer columns stand upon 
masses of béton, with masonry arches turned 
between them; the intermediate columns are placed 
on independent piers ; on each side of the Central 
Gallery there are twenty-one panels of seven spans 
each, carried on six rows of columns, standing on 
independent foundations of béton, those supporting 
the outer rows, however, being connected together 
by masonry arches. 

Around the central garden the external gallery, 
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49 ft. 2 in. wide, is made, partly with a basement 
and partly on the ground. The former is constructed 
in panels 23 ft. long, and the latter in panels 
26 ft. 3in. long, resting on a foundation of béton 
piers 253 in. by 234 in., connected by arches. The 
basement, which will serve as cellars for the restau- 
rants, is formed of cross-walls 25% in. thick, 
22 ft. 1lin. apart, and 82 ft. 2in. long. On the 
other side the exterior galleries, 49 ft. 2 in. wide, 
are without any basement, the foundations consist- 
ing of piers in béton with masonry arches turned 
between them and transverse arches 49 ft. 2 in. 
apart (see Figs. 49 to 56, page 441). 

As the surface to a depth of 6 ft. consists of 
rubbish and made ground, the foundations had to be 
carried down to the sandy stratum. Each indepen- 
dent pier rests on a bed of béton of the form indicated, 
about 40 in. wide by 80 in. long, and truly levelled 
bedstones were laid on it with cement to receive the 
columns, sheet lead being placed between to insure 
perfect bedding. The contract for the masonry 
for this part of the work was let on December 19, 
1886, to M. Mansury, who undertook its completion 
within three months. On January 30, out of 550 
pits 14 ft. deep on an average, 400 were finished, 
and the filling with béton commenced. By February 
12 the masonry arches were commenced, and were 
finished, as well as the basement, by the end of 
March. In April the capping stones were in place, 
and the erection of the ironwork commenced on 
May 4. The contract for this ironwork was let in 
four lots on December 4, 1886. 


CONSTRUCTION OF THE BUILDING. 


The two rectangular areas on each side of the 
Central Gallery comprise seven bays of roofing. 
Longitudinally the wings are made up of sixteen 
bays of roofing, and the rectangular part of thirty 
bays. The roof trusses adopted are of the form 
shown in Figs. 62 to 64, page 444, with straight 
inner and outer main rafters connected together 
by single intersection panels ; the inner rafters are 
inclined so as to be tangential to a circle with a 
radius of 29 ft. 5in. These principals rest on two 
iron standards of which the type is shown in Figs. 
78 to 85, page 446, and of which the inner one, 
having to carry more load than the outer one, is of 
heavier proportions. As will be seen from the 
drawings, the roof truss contains sixteen panels, 
with eighteen verticals ; purlins (see Fig. 62, page 
444) are connected to the verticals 1, 3, 5, 7, and 
9, and over Nos. 5, 7, and 9 are the standards 
which carry the double lantern of the roof. The 
girder connected with vertical No. 1 forms a side 
to the gutter over the middle columns between the 
spans. The colunms are formed of two lattice 
standards of uniform section placed parallel to 
each other and connected with plates and angle 
irons. They are 26 ft. 3 in. high, and are placed 
82 ft. 2}in. apart from centre to centre. The 
clear height from the ground in the centre of the 
roof truss is 36 ft. 1 in. To the top of the pur- 
lins are secured the small rafters supporting the 
match boarding and zinc sheeting forming the roof 
covering. They are placed 19 in. apart and extend 
only to the standards of the lower part of the double 
lantern ; there are seventeen of these small rafters 
to each bay. The lantern is filled in with heavy 
glass set in iron sash-bars, and the spaces between 
the roof and the lower part of the lantern, and 
between the lower and upper portions of the lan- 
tern, are filled with ventilators ; the sash-bars are 
ay 19 in. apart. The total width of the lantern 
1s t. 

Fig. 62, page 444, shows the construction of the 
verticals in the roof truss, their respective positions 
being indicated by numbers. They are formed 
of a web plate 13.78 in. wide and .24 in. thick, 
with gusset plates at top and bottom ; these are all 
at‘ached by angle irons 2.56 in. by 2.56 in. by 
-20 in. ; Fig 63 is an enlarged section on the line 
C D. _ The top and bottom angle irons are 2.76 in. by 
2.76 in. by .28 in., and the upper and lower plates 
rivetted to them are 11.81 in. by .24 in. and 9.84 in. 
by .24 in. respectively. To the gusset plates before 
mentioned are rivetted the angle irons (2.76 in. by 
2.76 in. by .28 in.) forming the lattice between the 
verticals, as well as the web of the main rafter 
(7.87 in. by .24 in.) ; this latter is attached to the 
flange by angle irons ; the purlins are secured to 
the verticals by plate iron brackets. The purlins 
are 15.75 in. deep, with web plates .28 in. thick, 
and angle irons 2.17 in. by 2.17 in. by .14 in. 
Fig. 64 is a detail of the lantern at a, showing the 
T iron standard, the angle iron longitudinal, 2.76 in, 


DerTAILs OF Erection OF IRONWORK IN MISCELLANEOUS INDUSTRIES GALLERY. 
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by 1.97 in. by .20in., to which the brackets are 
rivetted carrying the cruciform sash-bars, 2.76 in. 
by 1.81 in. by .24in. Fig. 64 shows the ridge 
standards, with the ridge piece formed of two 
angles, 3.15 in. by 3.15 in. by .24 in., and con- 
nections. The proportions of the central standards 
are shown in Figs. 77, 78, and 79, page 446, where 
it will be seen they measure 25.6 in. by 15.75 in., 
and are built up in one direction with end plates 
of the latter width and .35 in. thick. In the other 
direction the standards are of open lattice work 
for eleven panels with top and bottom panels of 
plate iron. The panels are formed with vertical 
angle irons 2.76in. by 2.76 in. by .28in., horizontal 
angles, double, 2.36 in. by 2.36 in. by .24 in., and 
diagonal plates 2.36 in. by .24 in. attached to gusset 
plates at the corners. The base of the column, ex- 
tended to a length of 5 ft. 6 in., is made up of plate 
.24 in. thick on each side, strengthened with angle 
irons. Fig. 77 shows the head of the standard and 
the plate and angle iron brackets carrying the ends 
of the principals. The space between the ends of 
the principals above the columns is filled in with a 
gutter which is supported between the columns on 
a light lattice box girder, of which the details are 
given in Figs. 77 to 90, showing the mode of 
attaching the ends of these girders to the standards 
by brackets. At suitable intervals down pipes pass 
through the columns to carry off the water from the 
gutter (Fig. 56, page 541). The columns, it may be 
added, rest simply on the foundations, which are 
made true with cement, and are not bolted down. 

On December 4, 1886, the ironwork for these 
galleries, so far as the special type we have been 
considering is concerned, was offered to public 
tender; the estimated official price was 73,5701., and 
the total weight of ironwork 5142 tons. The con- 
tract was divided into four lots, as follows : 


Tons. 
First Lot: Galleries between the 
Avenue de la Bourdonnais and the 
central garden 667.28 


Second Lot: Galleries between the 
Avenue de la Bourdonnais and the 
Avenue de Suffren _... saa we 667.28 

Third Lot: First half of main gallery 1903 72 

Fourth Lot: Second half of main 
gallery ... ee es at .. 1903.72 


Total ... ... 5142.00 

Fifty contractors sent in tenders for this work. 
The following is a summary of the detailed 
estimate of quantities: The first lot was entrusted 
to the Société des Ponts et Travaux en Fer, who 
offered a reduction of 13 per cent. on the official 
price ; the second lot was given to the Société 
Générale des Forges de Saint Denis with the reduc- 
tion of 11.40 per cent. ; the third lot was obtained by 
M. J. Roussel, with a reduction of 10.50 per cent. ; 
and the fourth by the Société Anonyme des Forges 
dela Franche-Comté et Besancon, with a reduction of 
8.30 per cent. The weight of ironwork per square 
metre of space covered amounted to 123 lb. for 
the columns, principals, purlins, and longitudinal 
girders, and to about 150 lb. per square metre 
including the ironwork of the lanterns. The 
average price per square foot of surface covered, 
amounted to about 4s. 8.7d. The first principal 
of these galleries was erected by the Saint Denis 
firm on May 5, 1888, and the work was carried 
forward at the average rate of three bays in five 
days. The principals were delivered on the ground 
in three pieces, and were rivetted up before being 





raised, The columns weighing 1.5 tons were lifted 





entire by two winches, and when they were in place 
the principal was hoisted by means of two hoists, 
placed in the space between the two columns ; as 
soon as the principal was lowered into place it was 
bolted to the brackets on top of the columns, 


Mopes or ERECTION. 


A few words about the methods employed by the 
different contractors for the erection of the building 
may be found of interest, and the above Table gives 
particulars of the work carried out by the four con- 
tracting firms. 

The Société des Ponts et Travaux en Fer employed 
two large gantries about 50 ft. high, and each 
mounted on eight wheels. On the top of these 
gantries was a crane arm projecting 20ft. (see Figs. 69 
to 72, page 445), at the end of which was a suitable 
tackle for hoisting the ironwork; the gantries 
travelled upon a movable permanent way. These 
gantries served to raise the whole of the ironwork, 
commencing with the columns, which were laid 
upon the ground with the top lying over the foun- 
dation ; the crane arm being brought immediately 
over the column, the hoisting chain was attached 
to the head and the column was raised into posi- 
tion in a few minutes. As soon as one pair of 
columns were secured the corresponding principal, 
which had meanwhile been rivetted up, was brought 
upon rollers underneath the crane arms of the two 
gantries and hoisted into place. This method of 
erection proved to be extremely simple, and the 
work was carried on by it with great rapidity ; 
considerable care, however, was required to avoid 
straining the principals when carrying them on the 
rollers beneath the gantries. M. Roussel, the third 
contractor, adopted a different and more complicated 
system ; for raising the columns a light staging, as 
shown in Fig. 66, page 445, was employed. Two 
such stagings were occupied at the same time for 
erecting a pair of columns, which were hoisted into 
place by the pulleys on top of the staging ; for raising 
the principal a large travelling gantry was used. 
This was mounted upon rails laid in the centre of 
the span, and raised above the level of the ground 
so as to pass over the principals as they were placed 
ready to be lifted. In the operation of lifting, 
which is indicated in the diagrams, the principal was 
attached to the crane on the gantry in the middle 
of its length, and so lifted into position. The 
purlins and intermediate framing were raised and 
fixed by means of the same scaffolding that was 
used for lifting the columns. The Société des 
Forges de Franche-Comté followed a plan different 
to either of the foregoing, and possessing several 
original features ; the arrangement is indicated in 
Figs. 73 and 74, page 445. Instead of the travelling 
stages employed being caused to traverse down the 
centre of each span, they travelled in the other 
direction, so that the principals of two consecutive 
bays were erected for the whole series of six spans, 
the gantries travelling from left to right until the 
sixth span was in place; then they were displaced 
through the distance of two bays and caused to 
traverse from right to left, and so on until the whole 
of the framing was in place. The staging was of 
the form shown, and consisted of a rectangular 
framing mounted on wheels, and with cranes above. 

Tue 30-Metre GALLERY. 

The great gallery, 98 ft. in width and 626 ft. long, 
divides the main body of the Miscellaneous Industry 
Courts, and forms the main entrance into the Exhi- 
bition. It is composed of seven principal girders 
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of the form shown in Fig. 104, page 450, resting 
upon columns placed about 82 ft. apart, so as to 
correspond with the spans of the Miscellaneous In- 
dustries roof. The height of these columns is 41 ft. 
10 in., and the vertical outer side of the roof prin- 
cipals rises to a further height of 21 ft. 3 in., mak- 
ing the total height from the ground to the upper 
side of the gutters 63 ft. 1 in. ; it will thus be seen 
that this central gallery has a far greater height 
than that of the surrounding roofs; the vertical 
sides above the latter are filled in with glass. In 
the centre from the ground to the ridge of the roof 
the height of this gallery is no less than 78 ft., a 
dimension which with the large span gives to the 
structure almost monumental proportions. The out- 
side of the roof is flat and inclined at an angle 
of 26 deg. 43 minutes, the inside is curved as 
shown, the curves meeting at a point in the centre. 
The straight member of the girder is formed with a 
web 15.75 in. deep and .35 in. thick, and a flange 
17.72 in. wide and .31 in. thick, connected with 
angle irons; the web of the inner member is 
13.78 in. by .35in., and the flange 17.72 in. by 
.31in. ; the form of bracingis shown inthe engravings. 
As the distance between the principals is so large 
the purlins are unusually heavy ; there are seven in 
all, 3 ft. 7.3in. deep ; the top and bottom members 
are composed of angle irons 5.90 in. by 2.76 in. by 
0.43 in., and with flanges rivetted to them 0.31 in. 
thick ; these are connected together by N bracing 
similar to that in the principal rafters ; these pur- 
lins are spaced 12 ft. 2in. apart. The interme- 
diate framing of the roof consists of iron rafters 
resting on the purlins ; similar rafters are carried 
down the vertical sides of the gallery until they 
meet a girder which abuts against the roofs of the 
Miscellaneous Industries Courts, and is shaped to 
their contour ; beneath this and corresponding to 
the level of the springing of the last-named roofs, is 
another girder stretching from end to end of the 
gallery. The space between these two girders is filled 
in with brickwork, and above the upper girder 
as far as the gutter, the space is filled with stained 
glass windows, which constitute exhibits of the 
manufacturers. Of course the arrangement de- 
scribed applies to both sides of the gallery, access 
from which to the Miscellaneous Industries Courts 
is obtained by a series of doorways made in the 
framing, and which are richly decorated with carved 
wood and draperies to harmonise with the interior 
of this magnificent structure. This part of the work 
was carried out by M. Roussel and by the Société 
des Forges de la Franche-Comté. Figs. 104 to 114, 
page 450, illustrate the construction of this roof. 

In erecting these galleries it was decided that all 
the rivetting up should be done upon the ground ; 
this involved the raising of 30 ton weights to a 
height of 92 ft. The scaffolding employed consisted 
of a travelling gantry nearly 100 ft. high, carrying 
at the top the necessary cranes and hoisting appa- 
ratus, and of two winches shown at tland ¢2, 
Fig. 99, page 449. The standards were erected by 
means of small travelling gantries of ordinary con- 
struction. When a principal had been rivetted to- 
gether and laid upon the ground, as shown in Fig. 
100, it was attached tothe hoists on thestaging at four 
points, and was raised into a vertical position. The 
feet of the principals were then set upon small 
travelling carriages c and cl, and the whole weight 
was divided between the winches on the side 
stagings and those of the central gantry. The whole 
was then advanced until the principal was over near 
the pair of standards to which it was to be con- 
nected ; then the hoists on the central gantry took 
the whole of the weight, and the principal was 
raised into position, the feet being kept from swing- 
ing by means of guys ; this operation involved the 
necessity of raising the principal somewhat higher 
than its ultimate position and then lowering it upon 
the standards. The work of fixing the purlins and 
intermediate framing was a‘tended with certain 
difficulties on account of the great distance between 
the principals, and it was found necessary to be able 
to support them at any point of their length. For this 
reason the staging shown in Figs. 101 and 102, page 
449, wasemployed. This staging was of such a width 
that it occupied the space between two principals, 
and had to travel at right angles to the axis of 
the gallery ; as the individual parts to be raised 
were of no great weight the hoisting apparatus 
presented nothing special. The work was com- 
menced by shifting the staging to the outer side 
of the gallery, and the purlin adjoining the gutter was 
fixed ; the staging was then shifted from left to right 
towards the centre of the gallery, and in this way the 
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Fig. 103, page 449, shows the work at this stage. 
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y up to the centre ; the ; for hoisting the ironwork was turned through an 
jangle of 180 deg., it being mounted upon a turn- 


table for that purpose. The whole staging was then 








shifted over to the other side of the gallery and the 
purlins on that half of the roof fixed in place. As 
soon as one bay had been completed in the manner 
described, the staging was shifted back to the centre 
of the gallery, and then moved forward to the next 
bay, but as there was not suflicient head room for 
the crane to pass, the latter was mounted on a hori- 
zontal axis, so that it could be lowered to any desired 
angle. The rate of progress with this system was 
rapid, as all the purlins in one bay could be fixed 
in a day and a half. The raising and fixing of the 
intermediate framing, sash-bars, &c., present 
nothing of particular interest. It will be remem- 
bered that the contract for this work was divided 
between M. Roussel and the Société de la Franche- 
Comté, each firm having half of the work ; what we 
have described refers to the operations of the last- 
named contractors, who finished their part of the 
gallery in less than three weeks. 


THe CENTRAL ENTRANCE AND DOoME. 


In front of this gallery and facing the central 
garden is the principal entrance to the Exhibition. 
This portal, which is beneath the dome 200 ft. in 
height and 98 ft. in diameter, is situated exactly in 
the axis of the Champ de Mars, and therefore 
immediately opposite the Eiffel Tower and the 
Trocadero. To the right and left of the dome are 
pavilions which are built in two stories ; on the 
ground floor these give direct entrance to the Mis- 
cellaneous Industries Court, whilst the first floor is 
occupied by large salons, which will probably be 
used for the conferences during the Exhibition. 
Access to the first floor is gained by means of four 
staircases which also communicate with a gallery 33 ft. 
above the ground, running around the dome, and in 
front widened out into a balcony (see Fig. 61, page 
441), from which a view of the central gardens is ob- 
tained. Fig. 95, page 447, gives an idea of the pro- 
portions and arrangements of the dome and flanking 
pavilions ; it will be seen that while the lines of con- 
struction are preserved, the ironwork is concealed 
beneath a mass of decoration. The cupola is enriched 
with stained glass, which forms the exhibits of diffe- 
rent manufacturers ; the body of the dome is painted 
with panels and enriched with tapestry and draperies, 


| which are also exhibits. Porcelain and other ceramics 





440 ENGINEERING. [May 3, 1889. _ 














PLAN OF THE MISCELLANEOUS INDUSTRIES COURTS. 


(See page 436.) 
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enter largely into the decorations. On each side of 
the portal are monumental figurestypical of Industry 
and Commerce, and around the entrance are painted 
shields with the arms of different towns in France, 
and those of foreign countries taking part in the Ex- 
hibition. The architect of the dome and entrance 
is M. Bouvard, and the work was executed by M. 
Moisant. The work of erecting a dome of such pro- 
portions and in so short a time as was at the disposal 
of the contractor, was one of no small magnitude. The 
dome is supported upon eight great columns 131 ft. 
high arranged in a circle 98ft. in diameter, and 
connected together at different heights by circular 
girders. The dome itself is framed of eight half 
—— and eight intermediate half principals ; 
these latter rest upon a curb secured to the top of 
the circle of columns; the eight main principals are 
practically a curved continuation of the columns 
themselves. All the framing of the dome meets 
near the centre in a ring which also serves as the 
base of the crowning decoration, an allegorical group 
of figures over 30 ft. in height. The construction 
of the side pavilions calls for no special mention 
here ; the total amount of ironwork in these and 
the central dome is 867 tons. The method of 
erecting this great work was extremely interesting. 
The main scaffolding employed consisted of an 
annular sixteen-sided polygon, about 150ft. high and 
12 ft. deep, the diameter being such that the outer 
face of the staging lay just within the standards 
carrying the dome. From the diagram, Figs. 75 
and 76, page 445, it will be seen that the space 
within the staging, about 68 ft. across, was left 
clear. The scaffolding was divided into eight 
stories, connected by stairways, shown in Fig. 75, |. 
which also indicates the mode of bracing adopted. 
The top of the stage was boarded over its whole 
width and protected by inner and outer hand- 
rails; this top platform was made wider than 
the main body of the stage, and was carried on 
corbels as shown. As the whole of this structure 
was extremely light, it was necessary not only to 
reduce the weights of ironwork ee lifted, but 
also to avoid throwing any great strain upon the 
staging. The crane employed for raising the iron- 
work, the weight of each piece of which was limited 
to three tons, is indicated in Fig. 75 ; it consisted Fic. 48, CorNER JUNCTION PAVILION. (See page 441.) 
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of a carriage mounted on coned wheels and a light 
braced arm about 40 ft. long. This crane was free 
to traverse around the annular platform on the top 
of the staging ; in raising weights the crane was 
operated from below in the centre of the open space, 
and in order to keep the load always central, the 
hoisting chains passed over carriers rolling on the 
main arm of the crane, and the position of which 
could be shifted, according to requirements, in such 
a way that they were always at equal distances from 
the centre. Above the staging we have described, a 
second conical scaffolding was erected for the con- 
struction of the dome, making the temporary 
structure about 220 ft. in height. The ironwork 
for this latter part of the erection was first raised 
by means of the crane we have described to the 
main platform, and thence it was lifted by means of 
. — travelling crane to any required point of the 

me. 

Tue Wines or THE MISCELLANEOUS INDUSTRIES 

Courts. 

The two wings of the Miscellaneous Industries 

Courts are separated from the main body of the 
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building by a space of 49 ft. 2 in.; this space is 
roofed over by an arched span forming a gallery 
or vestibule connecting the different parts of the 
courts; the ends of this vestibule terminate in 
each wing with a square pavilion, the top of which 
rises above the level of the surrounding roofs; 
the vestibule roof is carried upon two rows of 
columns eight in each row for both the wings. 
These columns are arranged to correspond with the 
spacing of the roofed principals in the main General 
Industries building. As the three spans forming 
the wings of the gallery run at right angles to those 
of the main building, the columns on the side of 
the latter are of a somewhat different type to the 
ones opposite them. The level of the springing of 
the vestibule roof is 26 ft. 3 in., the same as that 
of the springing of the General Industries roof. The 
former is of the design shown in Fig. 97, page 448, and 
consists of a semicircular principal rafter composed 
of two U irons 8.66 in. by 3.15 by .39 in., rivetted 
together back to back ; at the springing this rafter 
is tied together by a rod .79 in. in diameter, held up 
in the middle by a slight suspension bar, Upon 
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the top of the rafter is framed the straight inclined 
part of the roof, built up of light angle irons braced 
with flat bars. Fig. 97 shows the position of the 
seven purlins as well as the vertical side of the 
principal to which the gutter is secured; the 
vestibule is lighted by a lantern occupying about 
19 ft. of the roof on each side. The intermediate 
rafters, spaced about 4 ft. 6 in. apart, rest upon the 
girders connecting the tops of the columns. 


CoNNECTING PAVILIONS. 


The connecting pavilions placed at the ends of the 
vestibules just described, are four in number, and 
serve to connect the open galleries running around 
the Miscellaneous Industries Courts, facing on the 
central garden, and the exterior galleries adjoining 
the Avenues de la Bourdonnais and de Suffren. 
These pavilions are of two types, the inner ones 
being somewhat different to those on the outside. 
Their general design is, however, the same ; the 
former are about 50 ft. square, the latter 50 ft. by 
53 ft. The general design is shown in Fig. 48, 
page 440; the principal features in their construction 
are four columns about 39 in. square, placed at the 
corners of each pavilion. These columns carry the 
superstructure and raised roof of the pavilion, as well 
as the somewhat complicated connections between 
the vestibule, the exterior gallery, and the framing 
of the General Industries Court. The height of the 
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PLAN OF CENTRAL ENTRANCE. (See page 440.) 


columns of the General Industries Court. The 458). These open-ended galleries, which are 
spaces between these latter columns are filled in 49 ft. 3 in. deep, are utilised as restaurants, and 
with brickwork so as to cut off the exterior galleries. | extensive cellars are constructed underneath the 
The fronts of the trusses are concealed by a richly | floor level for the accommodation of those con- 
ornamented screen forming a frieze, the panels of | tractors who have obtained the concessions for 
which correspond in length to the distance between supplying refreshments. 

the columns. In the centre of each panel is a| The exterior galleries adjoining the Avenue de 
shield, upon which is painted the arms of one or|la Bourdonnais and the Avenue de Suffren are 
other of the countries exhibiting (see Fig. 142, page | 49 ft. 3 in. span, and correspond in form so far as 
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[the roof is concerned, to that of the General 


| Industries Court, to which they are annexed (see 

| Fig. 96, page 448), though they are separted from 
| the latter by a wall built between the exterior row 
|of columns, similar to that shutting off the open 
| fronted galleries on the other side. Fig. 60, on the 
present page, shows the whole of the court, as well 
as the general arrangement adopted. 


DECORATION. 


A considerable portion of the magnificent de- 
corations which enrich the dome and monumental 
entrance to the Miscellaneous Industries Galleries 
depends upon the exhibits made by the directors 
of the Gobelins Tapestry Works, and which are 
comprised by thirty-nine great panels of their 
finest manufactures ; this work was not produced 
expressly for the Exhibition, but are orders 
executed for other purposes, to which they will 
be applied later on. The most important is a 
series of seventeen panels intended to decorate the 
salon of Apollo in the Palace of the Elysée, and con- 
sists of groups of allegorical figures illustrating 
the muses, poetry, &c. The second series consists 
of eight panels, which will, later on, decorate the 
grand staircase of the Senate. A third series of 
five panels, intended for the Mazarin Chamber in 
the National Library, represent printing, writing, 
letters, arts, and sciences ; of these, however, only 
three have been sent to the Exhibition. In addition 
to these there will be a considerable number of 
smaller pieces designed by the leading masters in 
this art. It may be mentioned here that the 
technical term of ‘‘Savonnerie,” applied to a certain 
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(See page 437.) 
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ROOF OF EXTERIOR GALLERY. (See page 443.) 


THE FINE ARTS AND LIBERAL 
ARTS BUILDINGS.—VI. 

THE buildings devoted to the exhibition of Fine 
Arts, and to a very large series of objects, grouped 
under the general title of the Liberal Arts, are | 
almost identical in construction and appearance. 
They occupy positions on the Champ de Mars sym- | 
metrical with each other, and their axes coincide 
with those of the wings of the Miscellaneous In- 
dustries Courts; they thus extend the limits of 
the central garden, and are the first buildings of 
importance beyond the great Eiffel Tower. With 
the exception of a few details that will be specified | 






later on, the description of one building will serve meee 
for both. Taking the Palace of the Liberal Arts | Lm hd . 
we find that it is rectangular in plan and consists Ar geite 


of a main building or grand nave 738 ft. long and | 
175 ft. Gin. wide; side galleries nearly 50 ft. wide | 
extend along the whole length of the nave on each | 
side. Over the middle of the latter is a dome carried 
by four pillars 105 ft. apart ; the centre of this dome | 
corresponds with the transverse axis of the building, | 
and two great entrances form architectural features 
to the facade, the most important and highly orna- | 
mented being that giving on the central garden ;| 
the width of this entrance, as well as of that adjoin- | 
ing the Avenue de Suffren, is 105 ft. At that end} 1 f 





of the building nearest the Eiffel Tower is a ves- | 


a 
OE enw. 





tibule 46 ft. wide and 267 ft. Gin. long; at each | — 7 we a ee 4% * 

corner are pavilions 46 ft. square, with domed roofs | LET Wy 2a * ‘ 

which complete the end facade of the structure. ne AA) ea \ 
.o © y 7 





At the opposite end and adjoining the Porte Desaix 
is a great gallery or vestibule 98 ft. 5 in. wide and | 
386 ft. 7 in. long. Entrances at each end of this | 
vestibule afford facilities for circulation ; and as the | 
gallery adjoins the wing of the Miscellaneous In- | 
dustries Court, direct communication is afforded | 
between the Liberal Arts builcing and the rest of | 
the Exhibition. A precisely s.milar arrangement | 
was adopted with the Fine Arts Gallery, the outer | 
entrance of the connecting vestibule in this case corre- | 
sponding with the Porte Rapp in the Avenue de la | ' 
Bourdonnais. The plan, Figs. 123 and 124, page 453, Aen oc: 
shows the arrangement of these buildings very fairly. * eats 
The roof principals of the nave have a clear span : 
of 173 ft. 3in., and a height of 92 ft. 6in. ; they | 3 
are spaced 59 ft. 10in. apart. The dome which | m3 
forms the great architectural feature of the palace | he 
is 196 ft. 10in. high from the ground, and 98 ft. | 
4 in. above the top of the roof. Fig. 125, page 454, | 
and Fig. 143, page 459, show the form of the build- 0] 
ing, and give an idea of the type of construction | . 
adopted. As will be seen from the diagrams, each ' ROOF OVER 15-METRE CONNECTING GALLERY. (See page 441.) 
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principal is articulated at three points; in the 
centre, and over each pier, there being no standard 
properly so called, as the principals, like those 
of the Machinery Hall, extend to the ground. As 
will be seen from Fig. 143, each principal consists 
of a vertical portion 49 ft. 2 in. high, which is 
followed by a curved length forming the springing 
of the roof; the radius of this springing is about 
44 ft. 6 in. The back of the principal is carried 
up vertically to a height of 67 ft. 3 in., which 
is the level of the longitudinal gutters ; above these 
latter, starts the curved exterior of the roof; an 
arc of a circle of 300 ft. radius. The intrados of 
the principal is a portion of an ellipse, the smaller 
axis of which does not coincide with the axis of the 
principal; from this it follows that the roof is 
somewhat pointed in the centre at the place where 
the two half arches meet. On each side of the 
central articulation and about 5 ft. 6 in. apart, are 
two ridged purlins which carry the outside gallery 
used for examination and repairs; the other purlins 
are spaced about 5ft. 7in. apart. These are con- 
nected by intermediate rafters and frames, which in 
their turn carry the iron sash-bars. In the Liberal 
Arts building the glazing extends only as far as 
the fourth purlin ; in the Fine Arts Palace it is 
carried down to the sixth. It will be noticed in 
the section, Fig. 143, that a gallery 23 ft. from 
the ground and 16 ft. 5 in. wide, runs down the 
great nave on each side ; this gallery is omitted 
in the Fine Arts building. The side aisles are 
about 65ft. in height. They are covered by a 
pitched roof, the principals of which are 29 ft. 11 in. 
apart, or half the distance between the great 
principals of the nave. On the outside these 
principals are carried by iron standards 3 ft. 7 in. 
Square ; on the inside every alternate principal 
rests upon a bracket rivetted to the back of the 
great principal of the nave; the inner ends of 
the intermediate principals are supported upon 
columns 23.6 in. by 31.5in., which rise as high 
as the gutter and follow much the same contour as 
that of the principals. The outer row of stand- 
ards support the opposite ends of the principals, 
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which are of the type shown in Fig. 143 ; longitudi- 
nally these standards are connected by iron arches 
filled in with trellis-work. The lateral galleries 
are divided into two stories, the upper one being at 
the same level as the gallery projecting within 
the great nave. This latter is supported by a 
series of light lattice beams, bearing, at the inner 
end, on a brick wall that separates the nave from 
the side aisles, and at the outer end between the 
standards, on light ornamental cast-iron columns, 
which are worked into the architectural decoration 
of the fagade. They are also supported in the 
middle of their length by a row of standards, as 
shown on section, Fig. 143. The floor of this story 
is framed with light longitudinal joists and curved 
iron floor plates. The thrust of the arched principals 
of the nave is counteracted by tie-rods passing from 
one bedplate to the other of each principal, just 
below the floor level. In this connection reference 
may be made to the somewhat ingenious arrange- 
ment for preserving the absolute levels of the 
principals. The foundation plate, which is bolted 
down to each pier, is made with a box on its upper 
side into which slides the top portion of the bed- 
plate that receives in a recess, the pin upon which 
the foot of the principal takes its bearing. The 
box in the lower part of the bedplate was filled with 
sand, and upon this the upper part takes a firm 
bearing ; during the work of erection the level of 
the bedplate could be adjusted with absolute 
accuracy, either by withdrawing some of the sand or 
introducing more (see Figs. 130 to 135, page 456). 


THE CenTRAL Dome. 

The dome, which forms the central and conspi- 
cuous feature of the Fine Arts and the Liberal Arts 
buildings, is framed with twelve girders formed 
with a curve struck from six centres, in such a way 
that the intrados of each is approximately my sae 
These girders are connected at the base by a double 
circular belt of framing, which takes the thrust, 
and carries besides a low enriched attic wall. At 
the crown the girders are gathered into a ring 13 ft. 
in diameter ; between this ring and the lower belt of 





girders are introdued five rows of circular purlins 
that receive the intermediate framing for the roof 
covering. The whole structure is carried upon 
octagonal framing resting on the great columns in 
the centre of the building. The strains allowed for 
are, 57.11b. per square footintheglazed portion of the 
dome, and 94 lb. per square foot in the roofed part, 
exclusive of the horizontal action of the wind, which 
is estimated at 80.6 lb. per square foot. The total 
weight of the dome and its accessories is 950 tons, of 
which the dome itself weighs 570 tons for the Arts 
Libéraux and 550 for the Beaux Arts. The erection of 
this work, which was carried out by the Société des 
Ponts et Travaux en Fer, was commenced in May, 
1888. In each case a large circular timber scaffold- 
ing in two parts was used ; the inner part rising to 
the top of the dome, and which served for erecting 
the cupola itself, and the larger and lower portion, 
92 ft. in height, by means of which the great column 
and octagonal base frame were built. Upon this 
latter staging there was a large platform, on which 
the pieces of the girders were put together, previous 
to being raised into position. The columns, which 
are 95 ft. high, were raised in one piece from the 
platform, the hoisting chains being passed round 
the head of the column and the base resting on a 
carriage which advanced towards its bedplate as 
the column was lifted ; when the latter was vertical 
the base stood on the baseplate and was bolted to 
it. The diameter of each dome is about 100 ft. ; 
the upper part only is glazed. All the rest of the 
surface is covered externally with porcelain tiles, 
fitting into one another by means of ribs and grooves, 
so as to form a continuous surface without any 
overlapping. Each dome is divided into twelve 
wide gores separated from each other by narrower 
ones. The bottom of the former is white, and in 
the centre upon a large scroll are the initials R. F. 
in gold, surrounded with a turquoise border. The 
remainder of the surface is in blue. The mosaic 
thus presents a combination of blue, red, and 
yellow on a white ground, and the effect produced 
is very satisfactory. The construction of this 
enamelled covering required no less than 50,000 
tiles, of 630 different types, and they cover a surface 
of more than 13,000 square feet. At the base of each 
dome are placed twenty-four large vases 10 ft. high. 
Besides the mosaics on the domes, the decorator, 
Mr. Muller, has carried out the enrichments of the 
main central entrances giving on the gardens. The 
spandrels of the arches are filled in with terra-cotta 
panels representing groups of children in relief on 
a gold ground. These panels, 6 ft. high, have been 
finished in one piece, a somewhat remarkable tour 
de force. The two smaller domes of the Liberal 
Arts Palace, on the side of the Seine, are about 
60 ft. in diameter, and crown the corner pavilions. 
These are also covered with enamel tiles in blue 
and yellow on a cream-coloured ground ; this work 
was carried out by MM. Parvillée Brothers. The 
remainder of the fagade is filled in with terra-cotta 
panels placed between the iron framework of the 
building. The edifice is surmounted by a balustrade 
constructed by Mr. Muller; it is formed of about 
8000 pieces of terra-cotta, weighing nearly 500 tons. 


THE TRANSVERSE GALLERIES. 


The transverse galleries at the end of the Fine 
Arts and Liberal Arts buildings are known respec- 
tively as the Galerie Rapp and the Galerie Desaix ; 
one side of the roof covering these galleries abuts 
against the gable ends of the Fine Arts and Liberal 
Arts building, the other against the end of the 
wings of the Miscellaneous Industries Courts. The 
width thus covered in is 98 ft. 5 in., and the roof is 
carried in each gallery, upon two rows of columns 
placed 65 ft. 7 in. apart ; beyond these for the 
remainder of the distance the roof is overhanging. 
These principals take their end bearings, on one 
side, upon the masonry walls of the Miscellaneous 
Industries Court, and on the other upon the large 
standards that support the gable end of the Liberal 
Arts building (see Figs. 137 to 139, page 457). Most 
of the weight, however, is taken by the ornamental 
cast-iron. columns before referred to; these are 
61 ft. in height, and are placed for the most part 
at distances of 30 ft. from each other ; the neces- - 
sities of construction, however, required some 
modifications of this distance in different parts of 
the galleries. The columns are not connected 
directly to each other by longitudinal girders, but 
in their place two purlins set very close together 
immediately over them pass from end to end of the 
gallery ; the remaining purlins are spaced about 
6 ft. apart ; a light bracing is introduced into each 
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INDUSTRIES COURTS; DETAILS OF 30-METRE GALLERY. 
(For Description, see page 487.) 
£ > 
Feet bksiababalhon 5 4 
; A i 





Section A. B. 









mr 

$50 = 808 ——-—- plate : 
! pL 450*8 450x10 : ! 

== cuxe ms Ce ; 

z : I 

! > 

| 





7 




















i _ = 









































F 

















i 
ey 20x90 Fy Fig. 109. 
u/ Fig. m. Fig. 112 
° Fig. 10. —giiben er 
Section’ line E.F. Bracket at point 2. Bracket at paint 3 
a on 1 ) 
ree : 
Cae, 90%90-4 
t) 93 . 













































































































































un 
=H 
imi eases ¢ : 
H Fi.108 Section at ijk. 
! d 
: AJ, 100% 100 
vad va “0 i 
rk if PF 450%6 cans } 
; 50*56x5 ia “ b Fy. 195, 
Fig. 114. aaa aces 
= mall ‘ Big. M3. ee : 
: section, at mn Satter at-0 Fgh. Section at C.D. —, 
——— -a™ ' “eo zs sites aed 
—_— essen, |} ~\ j h)|_ 1 ROT Pa oe F i Se 
line 







































































O 
Z, || 
~~ | 
6a) 
fx) |} 
Z, | 
O 
Zz 
(x) | 








Ay peqdope poygout oy, 
pur ‘qnoriq pue oq304yoepT “FAIA W9eM{0q poprlArp 
SVM SUIP[Ing sy [eRloqry oYyy 1OJ yowvsqQUOD OTT, 
*peTpury | 
9q 0} pey sqyStem Aavoy ou yey os ‘sooerd xts ut | 
pei, sea pedroutad oy3 jo aopureuter oy} pure sovyd 
UI pondos PUR POSTRI 4SIG 91M “HUOT “UTG “95 GC | 
‘suoiztod $[eoryIOA OY, : SMOTIOJ SB sem sTedto | 
-utid oB1v] oy} Suryoo19 Jo poyzout oy, ‘stret uodn 


(THE abnd aag) 


SLANOO SHIUXULSACNI 


"IQ 30 Jaakiyog og “WI | 


*SNOTTIAVd NODDONOD(?? 


Suiuuni puv 19joulvip ut ‘uTgQZ speoya oM9-AQITY 


UO pozJUNOU SVM PUR SUO} OZ POYSIoM 97 ‘Joor| jo 4red styq Jo a90uISus oy, ‘suo, FRg ‘SSurpring 
ey} JO AMOZUOD 9Y} 07 poyeurTxordde YoryM Jo STOAg] | SJIY [RIOQVT pue syIVY OUT OY} JO SUUIN[OO [[eUIS 
oy} ‘suLIO;UTd Jo soltos B YJLA opeUt sem gr pue ‘Aeq | oy} pur ‘xresoq puv ddey sotsefes oy} Jo suurnjoo 
QUO JO YIPLA oy] 07 Tenbo sem Surseqys 94} Jo ysdap | vars ayy (6) $su0z OgeT ‘setmetteS opts ey pue 
oY}  S10JORIQUOD osayy Aq poydope SuTpoyVos Jo ULI} | oAvU YAS OYA Jo Fey puoosss oyy (f) {suo ZETT 


Iq JO ‘spy rorunyg | ‘Surpymq szty out oy} Jo oavu years oy} Jo Jey 
‘WIA pue AtAz.p ofeuoneN 9491~0g 9Y43 U9eM Jaq | - 


auo (a) suo, ORET ‘SeLIoT[eS opts oy} pue Surpring 
POPLAIp SVM 9dVTVG SPV OUT OY} LOZ JOVIZUOD OY, | SPV [VIOQIT 943 Jo sAvU 4ROID OY} Jo Jey IOYWO 


‘OTT “OTA CT#P abnd arg) 


Mt Mie ME Ht tie 0 tet Me 
i, 


“9STULIOWT “PAL SVM WOTJIQIYX OT | 





‘“AUGTIVS ONILOANNOO FZULAN-CT AH, 


oy} (p) {se[ste eps oy3 Jo yrOMUVLIT OY} Jo qaed 
@ TOF suo OZ puv ‘su0Z QgETT ‘Burprina syry fersqryT 
OY} JO 9IZUGO OYA 07 XTRSACT OTIOTVH 949 Wor { Ueds 
‘Ul G “9F FOT JO OAvU qvaIS oY] (9) ‘suo, E-ZTE ‘ddey 
ot1o[Vx) 949 (9) 'SU04 OO SVM YAOMUOIT Jo JUNOT 
94} YOTYM UT “xXIVsoq oLIE[eNH OY, (P) : SMOT[OF SB 
8JOVIJUOD UPAOS OJUL POPTAIP Se SSuTpTINg 9yy Jo 
uorqoo10 OY, “IYStTAYS Jo YIpIM oY} soqvorpUT OsTe 
yorya ‘Lop “d “Jey “Sty woroes ur umoys se ‘Tediourrd 


‘CIT ‘o1g 


HUH A 


Wh 
Ut 


Wl 


UWL 








SNOUNVITITAHOSIN AH 




















tdci ari 





[May 3, 1889. 











THE ERECTION OF THE FINE ARTS AND LIBERAL ARTS BUILDINGS. 


these contractors for the erection of this building , 
was very similar to that of the Fine Arts Palace. | 
The form of staging was however different and is | 
shown in Figs. 119 and 120 on the present page. —_| 

MM. Duclos et Cie. obtained the contract for | 
constructing and erecting the Galeries Rapp and 
Desaix. The scaffolding used for this work was of 
a very simple character, »s shown in Fig. 121; no 
heavy weights had to be handled, as the principals 
did not exceed 4 tons each, and the great columns, | 
which weigh 7 tons, are made in four pieces. Of | 
these columns it may be said that they are very | 
remarkable both on account of their beauty of design | 
‘and perfection in manufacture. As will be seen | 
from the diagram Figs. 121 and 122, the scaffolding 
is mounted upon eight wheels in two rows, the prin- | 
cipal supports of the staging being immediately | 
over these wheels, and 32 ft. 9 in. apart ; the depth | 


of the stage at the bottom was about 40 ft., and the 
width at the top 62 ft. 

The total surface of the Liberal Arts building 
available for exhibits is about 376,000 square feet, 
and the whole of the space around the sides is 


gallery nearest the Seine, paper and binding have 
an area of 12,300 square feet ; with the exception 
of a small space at the opposite end, the gallery 
over the restaurants facing the central garden is 


| given up to primary, secondary, and superior educa- 





reserved for Group II., which includes the following | tion ; beyond this’ comes Spain with 1880 square 
eleven classes: Class 6. Infant teaching, primary feet, England with 7530 square feet, and an 
education, the teaching of adults. Class 7. | additional 7530 square feet on the first floor of the 
Secondary teaching. Class 8. Superior teaching. | Galerie Desaix ; the rest of this space is given to 
Class 9. Printing and books. Class 10. Paper, | Switzerland, the United States, and to musical 
binding, and the materials used in drawing and | instruments. Returning along the gallery to the 
painting. Class 11. Applications of the arts of | other side of the building, we find Portugal adjoin- 
drawing and modelling. Class 12. Photography. ing the United States, with 915 square feet ; then 
Class 13. Musical instruments. Class 14. Medicine |comes photography, 12,770 square feet ; drawing 
and surgery. Class 15. Scientific instruments. | and modelling 13,880 square feet ; and printing and 
Class 16. Geography. This building also contains | books 16,300 square feet. It will be remembered 
the exhibition of the Minister of the Interior. Figs. | that a balcony runs down each side of the nave at 
123 and 124, page 453, show the manner in which this | the same level as the first floor of the side aisles, 
space walials has been allotted. From Fig. 123, | and the area of this balcony is distributed between 
which is a ground floor plan, it will be seen that | the different classes and included in the areas given 
the vestibule at the end of the building nearest the | above. The main internal decorative feature of the 
Seine is entirely occupied with exhibits relating to| Liberal Arts building will be a large and elaborate 
wrofessional teaching, the total surface available | pavilion devoted entirely to the Retrospective Ex- 
eee about 12,300 square feet. Passing towards the | hibition of the History of Work. This pavilion 
centre, on the Avenue de Suftren side, the side aisle is | (see Figs. 127, 128, and 129, page 455), which 
occupied with scientific instruments (6400 square|is built of timber, elaborately decorated and 
feet); and medicine and surgery (6760 square feet) ;| painted, is provided with an upper gallery, to which 
geography and cosmography have allotted to them | access is gained by four staircases placed symmetri- 
8290 square feet within the great nave. A part of the | cally on each side of the dome. The large central 
vestibule on the Avenue de Suffren side is occupied | space beneath this latter is given up to exhibits 
by Holland (5500 square feet); the same country | connected with aérostation. The plans (Figs. 123 
has 1990 square feet allotted to it in the side aisle | and 124) show the methods adopted for dividing up 
adjoining the vestibule ; then follow Belgium with | the space among the five sections into which the 
4780 square feet, and Switzerland with 6145 square | Retrospective Exhibition is divided: Section 1— 
feet ; the exhibition of the Minister of the Interior | Anthropology and Ethnography——occupy one half of 
occupies an area of 8288 square feet in a position | the pavilion at the end nearest the Seine ; Section 2, 
corresponding to that of the geographical and cos- | adjoining, is allotted to the Liberal Arts ; Section 4, 
mographical exhibits at the other end of the nave. | on the other side of the dome, is filled with objects 
The side aisle facing the ‘central garden is occupied | illustrating the means of transport ; and Section 3, 
for the whole of its length, excepting the vestibule, those referring to Arts and Industries. No special 
with restaurants and buffets ; the Galerie Desaix is space has been allotted in this pavilion to that 
divided between Russia on the one side, with a section of the Exhibition referring to military art. 
space of 98 ft. by 105 ft., and Italy the other end | It will be seen that a considerable space for exhibits 
with a similar area ; the centre part of the gallery, | is obtained upon the upper galleries of the central 
with an area of 17,438 square feet, is devoted to | pavilion, to which access is gained by four passages 
musical instruments. The distribution of space in| from the balconies on each side of the nave ; these 
the first floor galleries of the side aisles and the end | galleries extend to the central part of the building 
vestibules is shown in Fig. 124, Here in the end 








and meet in a circular platform underneath the | 


Fig. 117. 
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dome which forms the top of the central pavilion 
that will be devoted to the exhibition of objects 
connected with ballooning. The following is the 
official summary of the expenditure in the construc- 
tion of these two buildings : 


Cost of the Beaux Arts and Liberal Arts Buildings. 
£ 


Earthwork, maconry, and 


terra-colia ... 73,529 
Tronwork 4 sie .. 182, 


069 


Carpenters and joiners... 11,208 
Roof covering and plumbe:s 15,447 
Glazing ae 4 ot 4.889 
Sculpture, painting, &e. ... 9,526 
Miscellaneous ots sic 16,581 
Engixeers, &c. 7,335 

Total ... 270,584 


THE MACHINERY HALL.—VII. 

GENERAL DESCRIPTION. 
Tue Machinery Hall, which occupies nearly the 
whole width of the Champ de Mars opposite, and 
‘parallel to, the Ecole Militaire, is the boldest 
'work in the Exhibition, not even excepting the 
Eiffel Tower. Coming under the general control of 
,M. Alphand, it was designed by M. Dutert, chief 
‘engineer, and its dimensions far exceed anything 
that has yet been attempted. It covers an area of 
over 900,000 square feet, and consists of one great 
nave, 375 ft. clear span and about 1380 ft. long ; on 
each side of this vast roof are galleries 57 ft. 6 in. 
wide. The general form of the roof is shown in the 
sketch, Fig. 165, page 466, while from the plan, 
Fig. 166, it will be seen that the area covered is rect- 
angular. The total estimated cost of this building 
was 260,0001., equivalent to nearly 6s. a square foot 
of floor area. 

The contract for the construction for the great 
nave was divided into two parts, which were sub- 
mitted to public tender on March 24, 1887; the 
side galleries formed the subject of four separate 
contracts entered into at a later date. Each 
contract for the nave included one-half of the 
framework for the building. The first comprised 
2840 tons of steel and 464 tons of iron, the schedule 
‘price of the whole being 52,160/. In the second 
‘contract the steel, amounting to 2624 tons and the 
iron to 417 tons, represented a schedule cost of 
49, 6961, 
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THE LIBERAL ARTS BUILDING; DISTRIBUTION OF 
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(See page 452.) 
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In the detailed conditions supplied to the con- 
tractors who tendered for this work, it was set 
forth that the great nave was to be composed of 
nineteen bays, of which the two end ones are 88 ft. 
2 in. long, the sixteen intermediate bays 70 ft. 6 in. 
long, and one central bay 86 ft. 7 in. long ; the 
main framework consists of twenty principal girders, 
the two end ones of which are heavier than the 
others. These main girders are connected at the 
summit by two heavy ridge girders, and on each side 
by four latticed girders, spaced at equal distances. 
Above the level of the roof covering of the side 
galleries, the principal girders of the nave are 
further connected by plate-iron girders, to which 
are attached the main gutters. Between the prin- 
cipal girders, each bay is divided into four parts by 
three girders following the outline of the roof and 
attached to the horizontal lattice girders. To these 
latter are bolted the minor purlins, the sash-bars, 
and the light framing for the roof covering. The prin- 
cipal girders are further connected. by heavy lattice 
girders at the first floor level of the side galleries, and 
at the back by vertical arched ironwork rising from 
the ground to the height of the main gutters. 

The lateral galleries are divided into two levels by 
a floor at a height of 26 ft. 3 in, above the ground. 
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Garden 


Fig. 124, 


Central 


This floor providesa capital standpoint, from which 
the whole array of machinery can be taken in at 
a glance. Access is provided to these galleries 
by large staircases of different forms, situated in the 
middle of the four sides of the rectangle. The cen- 
tral bay, at the side of the Ecole Militaire, projects 
beyond the neighbouring bays by 34 ft. 4 in. to 
accommodate the middle staircase (see Fig. 144, 
page 460). 

The arches which form the fagades of the Machi- 
nery Hall (Fig. 168, page 467) are each constructed 
of a plate girder. The plate is cut to the profile of 
the arch, and the flanges are formed of two angle- 
irons 3 in. by 34 in. by 0.35 in. and by a plate 11 in. 
by 0.3in. The lower and upper members are con- 
nected by a number of uprights, which give rigidity, 
and at the same time serve as points of attachment 
for plate corbels and angle-irons designed to carry 
the decorative crown of the upper member. In 
every part of the arches, whether of the facade or of 
the interior face, where a purlin is fixed to an up- 
right, the upright is formed of four angle-irons, and 
between the two exterior angles there is fixed 
the web of a corbel. For all the other interior 
uprights there is a single T iron rivetted through 
its entire length to the web, and to the angle- 














jiron of the exterior upright. On the inside of 
\the arches of the facade, to reproduce the lattice 
| work of the inner arches, that is, of those which 
| form the bracing between the principals, there are 
|rivetted flat bars, 4fin. by }in. These are in- 
| troduced solely for decorative purposes. 

The abutments of the arches of the facade are 
identical with those of the interior arches. These 
abutments serve as supports to a plain horizontal 
girder, which also rests on two intermediate columns. 
| Upon this beam are fixed the joists of the floor. 
These joists rest, on the inner side of the nave, on a 
beam partly plain and partly latticed, which crosses, 
in one span, the space between the principals. 
Above the gallery there is a certain height of brick 
filling, and above this are the windows. The 
| ground floor is lighted by windows below. In allthe 
| glazed parts of the building the horizontal and ver- 
tical bars are of T irons, and the lattice of flat bars. 

Each arched principal of the main roof is jointed 
at three points, at the summit and at the spring- 
ings. This arrangement simplifies the calculation 
by defining the points of application of the strains. 
It also facilitates movement under variations 
of temperature. We will now consider the arch 
in detail, omitting the plate web, which does 
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not add to its strength. : 
kind already in existence is that of the St. Pancras 
Station, of 239 ft. 6 in., and in this the feet of the 
principalsare connected by tie-rods. After trials made 
at Chattelerault it was decided to employ steel as 
the material of the new roof ; this is the first time 
that metal has been used for a work of this kind. 
The form chosen is that of a surbased ogival, the curve 
being formed of ares of circles and straight lines (Fig. 
152, page 462). The sections of the arch composing 
the principal, diminish from the springing to the 
summit, the depth being 12 ft. 12 in. at the former 
place and 9 ft. 10 in. at the latter. There are two 
webs of 17} in. by 0.35 in., with a distance between 
them of 16in. These webs are connected by a 
plate 30 in. by 0.280 in., and by four angle-irons of 
4 in. by 4 in. by 0.4 in. Between the two webs are 
fixed the uprights and the diagonals. The number 
of purlins is twelve, including the two purlins 
which support the rafters, the construction of which 
is not the same as that of the others. All the part 
comprised between purlin No, 4and the joint at the 
foot of the arch, where the stresses are very con- | 
siderable, have been greatly strengthened. The | 
covering plates for the part subject to the greatest 
stress are six in number ; a plate of 0.28 in, extends 
over the entire principal. There are four plates of 
0.32 in. thickness, of gradually decreasing length, 
and lastly a plate of 0.40 in., which occurs only at 
the intrados, for a length of 30ft. 6in. At the 
extrados the sixth plate is omitted, and is replaced 
by two angle-irons of 4.4 in. by 4.4 in. by .44 in., 
which connect the spandrel filling with the prin- 
cipal. Figs. 153, 154, page 462, are further details. 
The arch is divided into panels of different sizes. 
The portion between two purlins is formed by 
three small diagonals and two large ones. This 
division and arrangement has the advantage of 
leaving the vertical purlins 10.59 metres (34 ft. 
8} in.) apart. Each upright points to the centre of 
the are of that part of the principal. Between the | 
purlins No. 1 and No. 5 each upright consists of a 
web, measuring 15.2 in. by 0.28 in., and of four 
angle-irons of 3,2 in. by 2.4 in. by 0.28 in, It is 
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Fic. 126. THE ERECTION OF THE 30-METRE GALLERY. (See page 497.) 


and are built up of a web 
and of four angle-irons 
In each diagonal 


connected with the two webs of the principal by between the two webs, a 
means of four angle-irons, measuring 2.8 in. by measuring 15in. by 0.28in., a 
2.8 in, by 0.28 in, The diagonals are also included | of 3.2 in. by 2.4 in, by 0.28 in, 
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| purlins, as we have already seen. The purlins are 
_ braced by a series of rafters running from the ridge 
| to the gutters. Upon the rafters lie the upper 
|purlins supporting the frames of the skylights. 
| Rafters Nos. 1 and 2 have, at the upper part, a 
| peculiar arrangement due to the jointing of the 
| principals. The rafters, to the number of three 
| between two principals, act as braces to the 
different purlins. This result is obtained by con- 
| structing to the right of each rafter, and for each 
| purlin, a large ear of plate and angle-irons. The 
| expansion of the principal under variations of tem- 
| perature is not interfered with by the ears on the 
ridge purlin, where there is interposed a sheet of 
lead of 0.6 in. in thickness, which permits of their 
motion. 
| A working gallery is provided on the outside of 
' the roof. 

The first contract let, was for ten complete bays 
on the side adjoining the Avenue de la Bourdonnais, 
and comprised ten of the principal girders, one of 

| them of heavier section, as before explained ; the 
whole of the auxiliary framework, the tribune ad- 
joining the gable, the main staircases, and the filling 
| of the gable end, were not included in this contract, 
| but it comprised the whole of the erection of the 
|framework. The second lot was similar, excepting 
| that it was for only nine bays on the side of the 
| Avenue de Suffren, with ten principal girders and 
| the accompanying framework. 
' The following is a summary of the estimated 
| weights of the steel required for the first con- 
tract, the second being similar. Each principal 
| girder weighs 160 tons ; the principal rafter at the 
| gable end weighs 240 tons ; the horizontal connect- 
| ing girders for each bay weigh 42 tons; the inter- 
| mediate framing for each bay weighs 60.9 tons ; the 
| plate girder and gutter for each bay weigh 12.5 
tons ; the hand railing and platform for the summit 
| of the roof weigh .3 ton. The schedule prices for 
| the iron and steel of all kinds used in the framing 
| was .41 franc per kilogramme, being 46,5761. in the 
| first contract, and 44,6721. in thesecond. The iron- 
| work connecting the backs of the main girders to 
the side galleries, and the ironwork carrying the 


the strut has been cut to allow the tension bar to | two webs of 16 in. by 0.36 in., connected by a plate | flooring for these galleries was scheduled at .30 franc 
pass. From the fifth purlin the sections of the | of 2 ft. 6in. by 0.28 in., and four angle-irons of 4in. | per kilogramme, and amounted to 6568/. in the first 


uprights and of the diagonals are augmented. The | 
uprights consist of a web of 15 in. by 0.28 in., of 
four angle-irons of 2.8 in. by 2.8in. by 0.28 in., 
and of two plates of 7.87 in. by 7.87 in. by 0.28 in. 
The diagonals have a web of 14.5 in. by 0.28 in., 
the same angle-irons, and the same covering plates. 

The panels of the head and the foot are of an 
entirely different construction. Those at the head, 
Fig. 156, page 463, have to resist horizontal stresses 
of 175,276 lb. under ordinary circumstances, of | 
252,118 1b. when the roof is covered with snow, and | 





of 264,1991b. in the case of a wind having a mean | 3 ft. 4in. in height, and of 0.32in. thick, together | 


speed of 130 ft. per minute. In these there are em- 
ployed two large diagonals of double T iron, which 
take the thrust, and form with a series of supplemen- 
tary webs and strengthening plates a very strong 
frame. The bottom panel, Fig. 158, is quite plain, 
and has two webs strengthened by two supplemen- 
tary plates. The panel rests on the upper bearing 
through the intermediary of an additional plate of 
0.8in. thickness, to which it is fixed by four bolts. 
The lower bearing block rests on a cast-iron plate 
bolted to the foundations by long bolts. 

The spandrel filling (Fig. 152, page 462) has the 


same construction as the arch itself, and is formed of | 


by 4in. by 0.4in. The uprights are 
tions of those of the principal, and 


the prolonga- 
like them are 


| contract, and 50001. in the second. 
| In the specification it was provided that the steel 


| 


placed between the two webs. The vertical part of | employed should be tested to a direct tractive strain 
the spandrel, exterior to the principal, which carries | equal to 15.24 tons per square inch, and that this 
the arches of the lateral galleries, and the purlin of load should be continued on the piece tested during 
the gutter, is strengthened by two webs, measuring | ten minutes without any appreciable deformation 
Gin. by 0.28in., and by four angle-irons 4in. by resulting; that additional loads should then be 


4in. by 0.40 in. 


added, as nearly as possible in increasing weights of 


There are ten purlins connected directly to the | 82 ton, until the test bar should break ; that the 


arches. 


Besides these there are two others which | breaking strain should not be less than 27.94 tons 


carry the gutters. They are formed of a web of | per square inch, with a reduction in the sectional 


| with two plates, measuring 12in. by 0.36in., and 
| with four angle-irons, 2?in. by 2?in. by .28in. 
|The uprights, constructed of a web and four angle- | 
|irons, give stiffness to the beam, and serve at the, 
| same time for the connection of the rafters on the | 
inner side, and of the gutter corbels on the outside | 
of the great nave. The other ten purlins are each | 
| formed of an N-shaped lattice girder The tension | 
| bars are of flat iron 43 in. by 0.32in., and the two 
webs of 14in. For the two panels of the principals, 


} 


area of at least 45 per cent., and an extension of at 
least 24 per cent. The galleries on each side of the 
nave, 49 ft. 2 in. in width, and which have nothing 
monumental in their proportions, were divided into 
four contracts, each one comprising one-half the 
length of the nave. The general arrangement 
and construction of these galleries is indicated in 
the details, Fig. 155, page 463, and has been de- 
scribed above; the following particulars of the 
weights and prices of one of the contracts will give 
an idea of the whole. The main framework was 


where the breaking stress is greatest, the width of estimated to weigh 641 tons, and was offered at a 


| the lattice is increased. 
The principals are connected by a system of twelve 


| price of .36 franc per kilogramme, and amounted to 
92321. ; the girder work for the galleries weighs 
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(For Description, see page 449.) 
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186 tons, and was offered at .335 franc, or 25001. in| ground falls below 40001b. per square foot. In 
all. There were 133 tons of T and angle-irons at | those piers which had to be constructed on the site 
petty A per yee ogc —, 1328. —— = = —, t gteg® = Brisk of a ~~ — 
rere 1.9 tons of sheet lead at . ranc per kilo-| about 37 ft. by ., but before setting this in 
gramme, or 401. in all. The total estimated cost of | place, a group of twenty-eight piles was driven, 13 in. 
the four contracts was 46,4081. |in diameter and 30 ft. long ; these were forced into 
. | the bed of quartzose sand which extends below the 
Founpations. | deposit of clay 23ft. thick ; there are ten piers of 
P On : ome ti Re the — —— founda- | this type. The foundations — _ —_ same 
lons for the Machinery Hall was offered to the | able line were commenced on Ju » and 
public for competition ; the total value of this con-| presented but few difficulties, ies in two in- 
tract, according to the estimate and schedule of stances, where the old foundations of some of the 
prices, was 19,7441., and caution money to the | galleries of the 1878 Exhibition were encountered 
extent rela was required to be deposited by the | and had to be blasted out. Fig. 167, page 466, Te : 

successful contractor. section of the third type of foundation in whic 
; The cog ee - the Champ de Mars is naturally | piling was found oe a All the foundations 
avourable, but it has been so disturbed as to render | were completed on December 21, 1887, the work 
pos — se SS —— : — | ~~ been carried out by MM. Manoury-Gruselle 

4 ctures have been erected | et Cie. 
there during the last century, and a comparatively | Tue Fives-Litte Contract. 

short time ago the deep deposit of sand and gravel| The contracts for the ironwork and erection of 
a - ba — a sold, and after-| the great nave were allotted to = — of 
ards refilled with rubbish. It was on the site of | Fives-Lille, and to MM. Cail et Cie., the former 
ton ot Gates ota Macey at te| Seite hac Os yon tthe sth 
: achine é é ‘ ortion to the side of the 
Ecole Militaire had to be pranrecopen Ap the pons prema Suffren, Each of the contractors com- 
section, Fig. 147, page 460, shows the nature of the | menced their work from the centre and advanced 
hg er that place. Owing to these conditions it | towards the gables of the building, but a different 
pint ne necessary to adopt three different types | method of erection was adopted by each of them 
pee re er roof. In oe places where the | for getting the aes — ee _ place. 
al deposits were more than 10 ft. thick, the |The system followed by the Fives-Lille Company 
a of the pier consists of a block of masonry was remarkable for its boldness and simplicity, and 
ft. long by 11 ft. 6 in. wide and about 12 ft. high, | was elaborated by M. Lantrac, the engineer-in-chief 
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resting on a bed of béton about 20 in. thick ; in this 
type of foundation, which is the principal one— 
twenty-five piers out of the forty being so con- | 
structed—the weight on the ground is equal to 
about 6000 Ib. to the square foot. When the bed of 
gravel was reduced in thickness, but did not fall 
below 5 ft., the foundation of béton was increased 
in its proportions, the area in some cases being over 
700 square feet. There are five piers constructed 





according to this type, in which the load on the 


to the company ; the work was carried out under 
the superintendence of M. Balme, the resident 
engineer. The plan carried out, but not that origi- 
nally suggested (and which is shown in Fig. 149, 
page 461), was to put together on the ground the 
ironwork for each girder, in four separate parts, 
and then to raise these into place so that the only 
rivetting up then required was that at the two 
joints which had to be made; it is evident that 
such a system had the advantage of requiring but 





little scaffolding ; indeed, all that was employed 
consisted of a tall central gantry as high as the 
middle of the roof, and two side platforms. These 
three gantries were entirely independent of one 
another, and were mounted upon wheels, so that 
they could be moved forward upon rails laid down 
as the work advanced. A line of railway was also 
laid from the site of the work to the Champ de 
Mars station, whilst cross lines and turntables 
completed the appliances required for shifting the 
heavy masses of ironwork. The diagram, Fig. 
148, page 461, shows the general arrangement of 
the three scaffoldings, which are marked X Y Z. 
The total quantity of woodwork in the scaffolding 
was 31,800 ft. ; the great central tower X was 72 ft. 
long, 62 ft. wide, and 144 ft. high; the width of 
one bay being 70 ft. 6 in., it will be seen that this 
gantry was wide enough to include two consecutive 
girders. The upper part of the scaffolding was 
formed to the same contour as the top of the roof. 
A projecting stage a, firmly braced, carried at its 
upper end the hoisting pulleys b and ¢ which were 
controlled by two winches d and e placed on the 
lower platform of the gantry ; near the top platform 
there were also two smaller winches f and g, access 
to which was obtained by means of a stairway. This 
great scaffolding was mounted upon eighteen wheels 
31 in. in diameter which ran on four lines of 
rails, that followed the longitudinal axis of the 
building ; the rails were attached in separate lengths 
to continuous sleepers which could be easily re- 
moved and placed in advance of the scaffolding when 
it became necessary to move it as the work progressed. 

The two side scaffoldings, Y and Z, were abso- 
lutely identical ; the centre and most important 
part of each of them had the same width as the 
middle gantry, and the top surface was formed to the 
contour of the roof and covered with planking. On 
each side of the central part is a wing marked and 
v in the diagram, the total width being such that 
any two successive girders could be erected without 
shifting the staging. The top platform of these 
wings projected about 10 ft. beyond the springing 
of the girders ; rails were laid upon this platform 
for the use of two small travelling cranes employed 
to raise the lighter pieces of ironwork ; the rivetting 
up of the main girders was effected in conjunction 
with the scaffolding from the wing v. From it also 
a part of the work of raising the girders themselves 
was effected in conjunction with the central gantry 
X; for this purpose there was placed on its own 
platform the pulleys J controlled by the winch k on 
the lower part of the staging. When it was desired 
to shift this scaffolding from one bay to another, 
the following manipulations were necessary : First, 
a movement at right angles to the axis of the build- 
ing, for a distance of about 55 ft., in order to clear 
the stagings Z and Y from the ironwork that had 
been erected ; second, a movement parallel to the 
main axis for a distance of about 70 ft., that is to 
say, to the distance of one bay ; third, a movement 
at right angles to the main axis and in the opposite 
direction to the first movement, so as to bring the 
scaffolding back again to its proper position for con- 
tinuing the work. These movements were carried out 
on three sets of rails, two transversal and one longitu- 
dinal, by means of fifty wheels, of which twenty-eight 
were used for the first and third movements, and 
twenty-two for the second. These wheels were 31 in. 
in diameter and were fixed under the bottom timbers 
of the scaffolding. The boxes in which the axles of 
the wheels were placed could be raised or lowered 
according to the direction in which the scaffolding 
had to be moved. In order to pass from one line 
of rails to another, the staging was raised clear by 
means of hydraulic jacks; one set of wheels was 
then raised, the other set lowered and made fast. 
The scaffolding was then traversed by means of 
cables made fast to piles driven into the ground at 
some distance off, the cables being wound up on 
the winches kk attached to the scaffolding. The 
time required to shift the whole of the staging from 
one bay to another was rather less than two days. 
The work of erection was commenced by fixing the 
bedplates to the masonry foundations by means of 
the built-in holding-down bolts; the top of the foun- 
dation was levelled with Portland cement, and a 
sheet of lead about } in. thick was interposed be- 
tween this and the bottom of the bedplate. The 
form of the latter is shown in Figs. 145 and 146, page 
460, where it will be seen that the top is recessed to 
receive a curved bearing or saddle for the foot of the 
main girder to rest on. The top and bottom sec- 
tions of each girder were delivered complete from 
the works at Fives-Lille, upon the ground ; the 
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(See page 443.) 








ironwork for the intermediate portion was supplied 
unrivetted. The whole of the material for each half- 
span was delivered from the railway opposite its 
respective foundation. For handling and rivetting 
up, a 10-ton crane y running upon rails was made 
use of, As the halves of each half-span were built up 
on the ground, they were laid parallel to each other, 
and in such a position that when raised they would 
come exactly into their proper places. By reference to 
Figs. 145 and 146, page 460, it will be seen that on the 
outer side of each bedplate, upon the foundation is 
laid a timber framing e f, near one end of which was 
an iron plate b formed with a curved recess to receive 
the hard steel roller a ; to the foot of the girder was 
attached a similar plate c, and the parts were so 
adjusted that when the roller a was interposed 
between the plates b and c, the whole mass forming 
the lower half of the half-span turned upon it when 
the work of hoisting began ; and the relative posi- 
tion of the various parts was so arranged that the 
footstep q of the girder fell accurately upon the 
saddle » when the girder was raised into a vertical 
position. The first operation in raising the lower 
half of the girder was to lift it by means of hydraulic 
jacks, until the plates b and c were in close contact 
with the roller a. Cables attached to the sixth bay 
of the girder passed over the wing of the side 
scaffolding down to the winch e on the centre gantry, 
and by this means the mass of iron weighing 48 tons 
was raised by twelve men working the winch e. 
The first movement of the girder was assisted by a 


small auxiliary hoist q ; two guy ropes r were em- | 
ployed to steady the mass as it was hauled into | 


position. The foregoing operat‘on was carried out 
on each side simultaneously, the work taking about 


in place, they were secured to the scaffolding. 
Meanwhile the rivetting up of the upper halves of 
the girders had been going on, and when completed 
the pieces lay upon the ground in such a position 
that they could be hoisted directly into place, an 
operation very similar to that we have just de- 
scribed. The weight of each piece to be raised was 


38 tons, and it was lifted by means of two pulleys | 


and three cables at each end. The inner end of the 
girder was first raised until it assumed the inclined 
position shown at», Fig. 148, page 461; the hoisting 
was then carried on equally at each end, so that when 
the inner end had been raised to its final level, the 





Fic. 142, 


inclination of the girder was considerably more than 
it would be in its permanent position, and the end 
was about 6 ft. away from the articulation at the 
ridge. To bring the girder finally into place after 
matters had proceeded so far, the winch d was 
stopped, and hoisting was continued with the winch 
k, an operation which tended to force the head of 
the girder towards the centre as the outer end was 
moved vertically. To assist this operation the 
winch f hauled upon the head of the girder, and by 
the alternate manipulation of these hoists the bear- 
ing at the end of the head was brought on to the 
trunnion forming the ridge joint. This operation 
being carried on simultaneously on each side, both 
ridge bearings closed upon the trunnion at the same 
time, and as soon as this had been effected, they 
were connected firmly together by the collar plates, 
and that part of the work was finished. Meantime 
the junction between the upper and lower parts of 
the girder on each side was being temporarily made ; 
the rivetting gangs were then set to work, and in a 


| very short time the scaffolding could be shifted to 


the next bay. The operation of raising and fixing 
occupied five hours; two separate gangs of men 


| were employed for each side, as follows: six men 
|at the winch below, five men at the upper winch, 


and nineteen carpenters, fitters, and others for join- 
ing the girders at the top ; this made forty men in 


jall, or eighty men for the whole girder. 


The erection of the intermediate frames between 
the girders presented no special difficulties, and was 
carried out very rapidly as soon as one pair of main 
girders were in place. The following particulars of 
this work are of interest ; the actual weight of each 


| girder is 196 tons, except those at the gable ends 
three hours ; after the two feet ef the girder were’| 


| 
| 


which weigh 240 tons ; the weight of the purlins, 
rafters, and sash-bars in one bay is 62 tons on each 
side ; the weight of the remaining ironwork in each 
bay is 23 tons for each side. The number of rivets 
in each girder is about 32,000, of which 19,600 were 
closed up at Fives-Lille, 10,300 on the ground, and 
2100 on the scaffolding. The average number of 
men employed was 250. The first bay was com- 
pleted in twenty-three days, the second was finished 
in sixteen days, the third in twelve days, after 
which the work advanced at the rate of one bay in 
every ten days. 
Tue Cart Contract. 


MM. Cail et Cie. followed an entirely different | 





system—elaborated by M. Barbet, engineer-in-chief 
of the company—to that followed by Fives-Lille. 
It consisted in constructing a narrow scaffolding, the 
top of which was of the same form as the inner side 
of the arch ; in rivetting up on the ground, portions 
of the girders not exceeding 3 tons in weight ; 
and in raising these pieces and rivetting them to- 
gether upon the staging. The general arrangement 
is shown in Figs. 150 and 151, page 461. The 
scaffolding consisted of five stages, 52 ft. 6 in., 
59 ft. Gin., and 65 ft. 7 in. long, and 26 ft. 3 in. 
wide ; at a height of 33 ft. from the ground these 
were strongly connected by braced timbers, and 
over the tops of the stagings, a continuous planking 
was laid corresponding in outline to the form of the 
roof ; a second and horizontal platform was con- 
structed connecting the five stagings at a height of 
114 ft. from the ground, and extending to a length 
nearly equal to the width of the building. The 
width of this platform was 13 ft., and rails were laid 
upon it to a gauge of 8 ft. 2.5 in. 

Upon these rails ran two iron cranes of the form 
shown in Figs. 150 and 151; they were 39 ft. 
4 in. in height, and were mounted on four wheels. 
From the top of each crane was constructed a hori- 
zontal platform 33 ft. in length, with rails laid upon 
it, upon which traversed asmall winch running on 
rails, the ropes from which passed through a slot in 
the frame of the platform, Figs. 150 and 151. The 
five stagings were each mounted upon twelve wheels 
24 in. in diameter ; they had only one direction 
of movement, parallel to the axis of the struc- 
ture. The rails on which they ran were portable, 
but considerable care had to be taken in fixing and 
levelling them before the scaffolding was shifted, 
which was effected by means of five winches 
mounted on the bottom framing of the stage, and 
which hauled upon ropes attached to timbers driven 
in the ground some distance off. It will readily be 
seen that every precaution was required to give a 
uniform movement to the scaffolding, which was 
nearly 340 ft. wide and of comparatively insignificant 
depth ; the operation of traversing the distance of 
one bay was usually completed in one hour and a half. 
In addition to the foregoing, two large vertical 
stagings, F, G, were employed, measuring 26 ft. 
by 20 ft. and 92 ft. high ; these were placed on six 
wheels and ran on lines of rails laid outside, and 
parallel to the foundation of the nave. On the top 
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tine Republic, Morocco, Brazil, Chili, Egypt, &c. 
Two great statues, one representing steam, the 
other electricity, also decorate the entrance. These 
statues come from the ateliers of MM. Chapin and 
Barras. 

The walls ofthe side aisles which flank the great 
nave are built in red and white brick, and the 
arched windows are filled in with depolished glass 
surrounded by a green border. The ceilings of 
these aisles are in decorated plaster. 

There are three independent installations of 
elevators in the Machinery Hall. The most 
interesting of these is a high-speed electric lift, 
made by MM. Chrétien et Cie. It is placed to the 
right of the facade of the building on the side of the 
Avenue de la Bourdonnais, and has a total elevation 
of 150 ft. The platform to which visitors will be 
raised is inclosed with a decorative roof under which 
is placed the electric motor working the lift. For 
the accommodation of workmen who will be em- 
ployed in inspecting the rvof, an intermediate stop- 
ping place will be arranged for this lift. Two 
1ydraulic elevators are established close to one 
facade of the building, to the right and left of the 
staircase leading to the galleries, to which level the 
lifts will be worked ; each elevator is able to accom- 
modate ten persons, and will work under a pressure of 
130 ft. from the city water mains ; they will have a 
rise and fall of 26 ft. These installations have been 
completed by MM. Sammair et Cie. At the oppo- 
site end of the building, on the Avenue de Suffren 
side, is another large hydraulic elevator, supplied by 
MM. Edoux et Cie. 

The work of painting this vast structure is not 
only a large undertaking, but from the form of con- 
struction adopted, and the great height of the 
building, it was attended with peculiar difticulties. 
The contractor for the work, M. Rondeau, devised 
an ingenious method of proceeding, which is worth 
putting on record ; it consists of replacing any ordi- 
nary scaffolding by a system of cables on which are 
suspended light travelling platforms. These cables 
are attached to convenient parts of the ironwork, and 
by means of hooks and screw couplings, are strained 
as rigidly as possible. A deeply grooved pulley 
mounted on a suitableframe is placed on thestretched 
cable, and from the frame hangs down the small 
cage or platform where the painter stands. The 
displacement of the cage is effected by means of 
hauling ropes, one end of which is fastened to the 
frame, and the other passes over pulleys at the end 
of the supporting cable ; by drawing on one or 
other of the hauling ropes, the cage can be moved 
to and fro along the whole length of the cable. 
The straining device consists of rods each 17 in. 
long, screwed at one end, and made with a hook at 
the end of one rod and an eye at the other ; the 
screwed ends pass into a shackle about 18 in. in 
length. The hook is attached to the chain which 
secures the appliance to the girder or other part of 
the building, and the cable is provided with a hook 
that enters the eye in the other rod of the straining 
device. On the bolt passing through the pulley 
and carriage supporting the cage are suspended two 
vertical bars connected near the bottom by a stud, 
and two horizontal pieces, in which are two holes 
1,18in. in diameter to receive the hauling ropes 
that traverse the platform, which in this case 
of the Machinery Hall is 33 ft. long, sufticient 
to include the width of two panels of the roof. 
The platform is supported by three of the travel- 
ling pulleys running on as many cables. The 
supporting cables being placed immediately within 
the roof, the platform is hung at the same 
slope; the floor of the latter is provided with 
battens, to hold the short step ladders required by 
the workmen, who are protected by a hand rail 
running round the platform. A similar method on 
a smaller scale is adopted by the same contractor, 
in which the ets cage accommodates only 
one man, who has the hauling ropes brought within 
reach, so that he is able to move himself to and fro 
as he requires. About 165,000 square feet of paint- 
ing was completed in this manner in eighteen days 
by thirty men, at an average height above the 
ground of 115 ft. 

The following is an official summary of the cost 
of the building : 


Cost of Machinery Hall. 


£ 
Earthwork and masonry ... 23,697 
Ironwork _... = = 215,932 
Woodwork ... <a a - R 7,7. 
Covering, lead and zinc ... i as 9,467 
Flooring, &c. nik oe ont se 3,143 
Joiners’ work on a me ans 1,873 
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PLAN SHOWING POSITION OF PIERS AND STAIRCASES. (See page 453.) 
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Fie, 147. (See page 457.) 















MODE OF ERECTING PRINCIPALS. (See page 458.) 


£ 
Glazing o ie So ee ae 7,289 
Decoration ... ns an = ... 10,244 
Painting si ae ee re ee 6,341 
Miscellaneous a = sas ia 7,605 
Engineers, &c. se Se ae on «= Wg 40 
Total... or ... 300,557 


The thrust at the base of each of the main arches 
is 115 tons, including ordinary and extraordinary 
loads ; the weight of each girder is about 196 tons, 
and the structure of the roof is 62 tons for each 
half bay ; the weight of each half bay of the side 
galleries is 23 tons; the weight of the two end 
girders forming the gable framing is 240 tons. The 
total weight of ironwork in the great nave of the 
Machinery Hall is 7400 tons. The bearing surface 
of each roller joint is about 68 square decimetres, so 
that the whole weight of the roof is supported upon 
a cast-iron surface not exceeding 302 square feet. 


THE GREAT VESTIBULE. 

Between the outside of the Miscellaneous In- 
dustries Gallery and that of the Machinery Hall, 
is a space which was originally intended to be 
laid out as a garden, but which the demands of 
exhibitors had required should be converted into 
supplementary galleries. Across this space in the 
axis of the Champs de Mars, and therefore form- 
ing a continuation of the great 98 ft. gallery 
already described, a domed vestibule has been 
constructed forming one of the principal entrances 
to the Machinery Hall. This pavilion or vestibule 
measures 98 ft. 5in. by 120ft. 8in., and in plan 
is of the form indicated in the plan, Fig. 164, 
page 465. The central portion is covered by a dome 
84 ft. 4 in. in diameter, and on each side there are 
wings 15 ft. wide of the form shown in the section, 
Fig. 164 ; these wings each contain a grand stair- 
case leading to the galleries on the first floor of the 





Machinery Hall. The dome of the vestibule is 
supported upon four great wrought-iron standards 
72 ft. 2in. high, one placed at each corner of the 
structure ; these are connected by four iron arches, 
the tops of which coincide with the tops of the 
standards ; supported by the crowns of these arches 
is a deep wrought-iron ring 84 ft. 4 in. in diameter ; 
upon it the dome of the vestibule is built. The 
form of this dome is shown in Fig. 162; from the 
ring just referred to, spring sixteen curved ribs 
converging towards, and secured to, a second ring 
32 ft. 9 in. in diameter, which forms the base of the 
central lantern. This latter is also framed with 
sixteen ribs springing from the upper ring and con- 
verging upwards to a third connecting ring 39 in. in 
diameter at the top of the lantern. The ribs of the 
dome are connected by circular purlins, and inter- 
mediate framing which supports the sash-bars and a 
narrow piece of zinc covering which surrounds the 
dome immediately above the gutter. The glazing 
in the roof is concealed by a spherical ceiling sus- 
pended by iron rods; in the centre of this ceiling 
immediately below the lantern is hung a perforated 
circular plate, by means of which the vestibule is 
ventilated. The dome ceiling is, except at its lower 
part, glazed ; it is divided into sixteen great panels 
filled with a large number of small pieces of coloured 
glass, set in lead frames. In the middle of each 
panel is fixed a projecting hemisphere of glass, con- 
taining a powerful electric light ; the whole of the 
pavilion can therefore be illuminated at night by a 
flood of light from the sixteen lamps set in this 
domed roof. The wings inclosing the staircases 
already referred to, follow the form of the arches 
carrying the domed roof ; they are covered in by a 
curved roofing of the form shown in Fig. 162, and 
above the level of the gallery to which the great 
staircases lead, they are lighted by large arched 
windows, The roof of these wings, as well as that 
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MODE OF ERECTING MACHINERY HALL ROOF ; THE FIVES LILLE COMPANY, (See page 457.) 
and models of primary schools ; plans and models 
Fig .149 of high-class schools and universities, and schools 
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PROPOSED MODE OF ERECTING MACHINERY HALL ROOF, 


Fig.150. 





(See page 457.) 


Fig151 











‘MODE OF ERECTING MACHINERY HALL ROOF; MM. CAIL ET CIE. 


part of the dome beneath the stained glass roof just 
referred to, is clothed with decorative plaster and 
ceramic work. Between the wrought-iron balustrade 
of the staircases and the outer walls of the wings, 
arrangements are made for the grouping of exotic 
plants, which will serve as frames to the painted 
decorations on the walls. 

The scaffolding employed for the erection of this 
vestibule was very simple and is shown in the dia- 
gram Fig. 163, page 465. The outside of the staging 
was twelve-sided, and about the same diameter as 
that of the base ring of the dome; this staging was 
about 62 ft. in height, the top platform being some- 
what below the bottom of the ring ; inside, the 
staging was square and was carried up to the level 
of the upper ring of the dome. On each side the 
scaffolding was extended to the full width of the 
ring. The contractors for this pavilion were MM. 
Moreau Fréres. 

Occasion may be taken here to refer to the roof de- 
coration of the courts adjoining the vestibule, which, 
so far as the French Section is concerned, is effective, 
though possibly it may be considered somewhat too 
florid. The space immediately beneath the lantern is 
filled in, partly with decorated canvas panels, and 
beneath these the match boarding and small rafters 
are painted red ; the different courts are divided by 
high wooden screens across from one to another 





} 


(See page 458.) 


being obtained by ornamental arches. The work of 
ornamenting this part of the Exhibition was divided 
amongst 22 contractors ; the decoration of the dome 
of the great central vestibule is the work of MM. 
Lavastre and Carpezat. The decoration of the 
foreign section in this part of the Exhibition has 
been carried out under the control of the respective 
commissions, and presents a great variety of decora- 
tive efforts, which is somewhat wanting in harmony. 


CLASSIFICATION OF EXHIBITS.—-VIII. 
THE contents of the Exhibition are divided into 

nine groups and eighty-three classes, the genera] 

system of subdivision being broadly as follows : 


Group I.—Works oF ART. 

Class 1.—Oil paintings. 

Class 2.——Miscellaneous paintings and drawings ; 
including water colours, pastels, frescoes, painting 
on porcelain, &c. 

Class 3.—Sculpture and medallions. 

Class 4.—Architectural drawings and models. 

Class 5.—Engravings and lithographs. 


Group II.—Epvucation. 


Class 6.—Infant education ; primary education ; 
adult education. This class will include plans and 
models of créches, asylums and orphanages ; plans 





intended for the professional training of adults, the 
furniture and appliances used in such establish- 
ments ; material employed in teaching the blind, 
and deaf mutes; specimens of work; school 
libraries and publications. 

Class 7.—Organisation and material for secondary 
teaching, comprising plans and models of lyceums, 
colleges, and schools for the industrial and com- 
mercial education of both sexes ; the furniture and 
material employed in such schools ; gymnastic ap- 
paratus. 

Class 8.—Organisation, methods and materials 
for advanced teaching, comprising models and 
plans of academies, universities, technical schools, 
laboratories, &c.; furniture and apparatus em- 
ployed in such establishments ; special exhibits of 
scientific societies and industrial institutions ; scien- 
tific missions. 

Class 9.—Printing and books. 

Class 10.—Paper and binding ; material and ap- 
paratus used in the arts of painting and drawing. 

Class 11.—Ordinary application of the arts of 
drawing and modelling. 

Class 12.—Photography. This class will include 
specimens of photography on paper, glass, wood, 
fabrics, enamels, &c.; direct process engravings, 
photo-lithographs ; negatives ; enlargements ; pho- 
tography in colours; instruments, apparatus and 
materials employed in photography ; photographic 
ateliers. 

Class 13.—Musical instruments. 

Class 14.—Medicine and surgery; veterinary 
medicine. This class includes a wide range of sub- 
jects, among which may be mentioned the material 
and appliances employed for aiding the wounded 
on the battle-field, and apparatus useful in cases of 
drowning and asphyxiation. 

Class 15. -Scientific instruments, comprising 
apparatus and instruments used in the precise arts ; 
instruments employed in practical geometry, sur- 
veying, topography, and geodesy ; compasses, cal- 
culating machines ; barometers ; measuring appa- 
ratus, micrometers; dividing machines ; chemical 
balances ; optical, astronomical, physical, and me- 
teorological instruments ; weights and measures of 
various countries ; exhibits of coins and medals. 

Class 16.—Maps and appliances connected with 
geography, cosmography, and topography ; models, 
plans, and drawings of engineering works. This 
will be found to be a very interesting and compre- 
hensive class, not only on account of the large 
number of maps, models, and statistical information 
it will comprise on geographical subjects, but also be- 
cause it is the class in which are placed the greater 
part of the civil engineering objects exhibited. 


Group III.—FuRNITURE AND ACCESSORIES. 


Class 17.—Cheap and costly furniture. 

Class 18.—Upholstery and decoration. 

Class 19.—Crystal and glass, and stained glass. 

Class 20.- Ceramics. 

Class 21.—-Carpets, draperies, and other fabrics 
used for furnishing. 

Class 22.-—Wall papers. 

Class 23.—Cutlery. 

Class 24,—Gold and silver work. 
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DETAILS OF THE ROOF OF MACHINERY HALL 


(For Description, see page 454.) 
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Fig. 153. 
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DETAILS OF ROOF OF MACHINERY HALL AND OF SIDE GALLERIES. 
(For Description, see page 452.) 
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Class 25.—Art bronzes, castings, and hammered 
metal work, 

Class 26.—Clocks and watches. 

Class 27.--Apparatus and methods for heating ; 
apparatus and methods for lighting other than 
dneinl, 

Class 28,—Perfumery. 

Class 29,—Leather work, table furniture, brushes, 
Ke, 

Group IV.—Fasrics, CLOTHING, AND 
ACCESSORIES. 

Class 30.—Cotton threads and fabrics. 

Class 31.—F lax, hemp, and other like threads and 
fabrics. 

Class 32.-—Threads and fabrics of combed wool, 
and of carded wool. 

Class 33.—Silk and silk fabrics. 

Class 34.—Laces, tulles, embroidery, &c. 

Class 35.—Hosiery and underclothing ; acces- 
sories to clothing. 

Class 36,—Clothing for beth sexes. 

Class 37.—Jewellery and precious metals and 
stones. 

Class 38.—Weapons, especially intended for 
sport, and their accessories. 

Class 39.—Travelling outfits. 

Class 40.—Toys. 


Grour V.—Raw anp MANUFACTURED Propucts. 

Class 41.-—The products of mines and metallurgy. 
This class will include collections and specimens of 
rocks, minerals, and ores ; stone used for building 
and decoration ; refractory materials; earths and 
clays ; sulphur ; salt from various sources ; mineral 
fuel ; compressed fuel; asphaltes, and asphaltic 
rocks; bitumen; mineral tar; raw petroleum ; 
metals, such as cast iron, wrought iron, steel, 
copper, lead, zinc, &c. ; alloys; finished objects 
yroduced from all these metals, which are employed 
in the arts, industries, and manufactures. 

Class 42.—Forest industries, comprising speci- 
mens of timber ; wood prepared for construction ; 
wood fuel ; woods employed for dyeing ; perfumery ; 
the production of resins, &c. ; miscellaneous forest 
industries ; cork ; charcoal; wood ashes; casks, 
barrels, and other wooden ware. 

Class 43.—Products of the chase ; fishery pro- 
ducts ; instruments employed. This class will 
include specimens and drawings of animals useful 
to man for food or other purposes ; the vegetable 
harvests of the sea and forest—pearls, corals, 
sponges, &c. ; lichens, quinquinas, gums, rubber, 
gutta-percha, &c. ; it will also include hunting and 
fishing apparatus employed in the chase and in 
fisheries. 

Class 44.—Agricultural products not adapted for 
food. This class comprises all sorts of raw textile 
materials, and of various agricultural products used 
in industries and manufactures ; leaf and manu- 
factured tobacco ; preserved and compressed forage, 
and special cattle foods. 

Class 45.-—Chemical and pharmaceutical products. 
All kinds of vegetable and mineral chemicals em- 
ployed in industries are included in this class, as 
well as the by-products of substances utilised for 
lighting. 

Class 46.—Bleaching and dyeing processes, 

Class 47.—Leather and skins. 


Grovur VI.—MeEcuanicat [INpustRY ; ELECTRICITY. 

Class 48.—Material and processes employed in 
mining and metallurgy. Machinery and apparatus 
for prospecting; machinery for driving artesian 
wells ; models and plans of mines and quarries, and 
of mineral meorteon ot. warwctnn ; mine hoists and cages ; 
winding machinery; pumping and _ ventilating 
machinery ; safety lamps, life-saving apparatus, and 
signals ; machinery for treating ores and mineral 
fuel ; artificial fuel machinery ; appliances for car- 
bonising fuel ; metallurgical furnaces ; smoke con- 
suming apparatus ; plant employed in metallurgical 
works ; forges and foundries; appliances for the 
refining of metal. 

Class 49.—Material and processes for rural and 
forest industries. Plans of cultivation, the rotation 
of crops, agricultural economy, works and material 
for agricultural engineering ; drainage and irriga- 
tion ; plans and models of farm buildings ; agricul- 
tural machinery of all classes; fertilisers; forest 
cultivation ; material used, and methods followed, in 
forest industries ; machinery employed in the manu- 
facture of tobacco. 

Class 50.—Material and processes for agricultural 
and food industries. The manufacture of artificial 
manures and of drain pipes; cheese factories, 
dairies, flour mills, s:arch works, oil mills, breweries, 








distilleries, refineries, sugar works, workshops for 
preparing textile materials ; machinery used in food 
industries, such as breadmaking machinery, baking 
furnaces, biscuit-making machinery, confectionery 
machinery ; chocolate making machinery ; apparatus 
for roasting coffee ; ice manufacture and storage. 

Class 51.—Material used in the chemical arts, in 
pharmacy, and in tanning. Laboratory apparatus ; 
assaying apparatus ; machinery used in the produc- 
tion of chemical products, of soap, and of candles ; 
the manufacture of perfumes, of varnishes, and of 
articles made in rubber and gutta-percha; plant 
employed in treating minerals used for lighting ; 
washing machinery ; pharmaceutical apparatus and 
products ; machinery used in tanning and leather 
dressing ; machinery and processes for glass fac- 
tories and ceramic works. 

Class 52.—General machinery. Separate pieces 
of mechanism ; speed regulators ; oiling apparatus ; 
counters ; dynamometers and weighing machinery ; 
gas and liquid meters ; hoists ; hydraulic elevators ; 
water-wheels, pumps, and hydraulic rams ; accumu- 
lators ; hydraulic presses ; turbines ; steam engines, 
fixed, semi-portable, and portable ; steam bvilers 
and boiler fittings; condensers ; gas engines, hot 
air engines ; compressed air engines ; appliances for 
transmitting power by water and air ; windmills. 

Class 53.—Machine tools. This class includes all 
natures of machine tools, whether for working 
wood or metals, and will comprise caskmaking and 
other similar machinery. 

Class 54.—Spinning and cordmaking machinery. 
In this class are placed the various machines for 
producing ropes and cables of all kinds, whether 
made of hemp or steel, hemp and steel combined, &c. 

Class 55.—Weaving machinery. 

Class 56.—Tailoring machinery. 

Class 57.—-Material and processes employed in 
the production of houses and furniture. In this 
class will be found such wood-working machinery as 
is not included in Class 53, such as: Machines for 
making parquetry, veneers, &c. ; special machines 
employed by furniture makers ; machines for work- 
ing papier-maché, ivory, bone, horn, &ec. ;_ stone- 
dressing machinery ; carving machinery ; brick and 
tile machinery; machines for making artificial 
stones ; stone-sawing machinery. 

Class 58.—Paper-making and printing. Machi- 
nery and processes for the manufacture of paper 
from wood, straw, alpha, &c. ; bleaching processes; 
processes used in paper-making, and in finishing, 
cutting, and stamping papers ; tinting and dyeing 
papers ; engraving machinery ; type-founding ma- 
chinery ; electrotyping ; printing machinery ; stereo- 
typing; metal engraving; lithography ; chromo- 
lithography ; type composing and distributing 
machinery ; bank-note machinery ; postage stamp 
machinery. 

Class 59.—Miscellaneous machines. Minting 
machinery ; machinery used in manufacturing pins, 
buttons, pens, envelopes, brushes, cards, and for 
packing ; capsule-making machines and machines 
for corking bottles ; appliances and processes in 
watch and clockmaking, toy making, marquetry, 
&c. ; binding machinery ; type writers ; appliances 
and process for the treatment of tobacco. 

Class 60.—Carriages and wagons. Detached 
articles, such as: Wheels, tyres, axles, axle-boxes, 
&c. ; springs, brakes, &c. ; completed vehicles of 
all kinds including bicycles and tricycles ; harness 
and sadlery. 

Class 61.—Railway material. This class includes 
rails, chairs, fish-plates, crossings, points, turn- 
tables; buffers; water cranes; signals; safety 
appliances ; railway carriages and wagons of all 
kinds ; locomotives ; special machinery for con- 
structing and repairing shops ; hauling appliances ; 
models of machinery for various systems of traction 
on rails. This applies to tramways as well as to 
railways. 

Class 62.—Electricity. The production of elec- 
tricity ; static electricity, batteries and accessories ; 
magneto and dynamo-electric machines ; accumu- 
lators; the transmission of electricity; cables, 
wires, and their accessories ; lightning conductors ; 
apparatus for electrical measurements ; electrical 
counters. The applications of electricity, such as: 
Telegraphy, signals, telephony, the microphone, the 
photophone, the electric light, motors, the trans- 
mission and distribution of power ; transformers. 
Medical and chemical electricity ; magnets and 
electro-magnets ; compasses; electric horology ; 
miscellaneous apparatus. 

Class 63.—Civil engineering, public works, and 
architecture. Materials used in construction, such 





as: Building and decorative stone, timber and 
metal ; lime, mortar, cements, artificial stones and 
bétons ; roofiing and encaustic tiles, slates, roofing 
paper, and felts ; preserved timber, and appliances 
for its treatment. Apparatus for testing building 
material ; excavators’ and other earthwork appli- 
ances. Building tools of all kinds ; builders’ iron- 
mongery; material and machinery for making 
foundations ; pile drivers, screw piles, sand pumps, 
pneumatic machinery ; dredging machinery. Ma- 
terial used in engineering works in ports and 
harbours, or in canals and rivers; the distribution 
of gas and water ; the formation and maintenance 
of roads ; lighthouses ; pneumatic telegraphs ; 
models and plans of works ; industrial and other 
dwellings. 

Class 64.—Hygiene and Assistance Publique. The 
draining, heating, and ventilation of houses, public 
structures, and cities ; water supply for drinking 
purposes and for purification ; sanitary appliances 
of all kinds ; the treatment of sewage ; the preven- 
tion of disease ; disinfection ; the disposal of dead 
bodies by cremation or otherwise ; hospitals, 
asylums, workhouses, &c. ; civil and military 
ambulances ; mineral waters, natural or artificial. 

Class 65.-—Navigation and life-saving apparatus. 
Drawings and models of harbours, basins, and 
docks of all kinds ; drawings and models of vessels 
used for ocean and river navigation; torpedo 
boats ; cranes, capstans, steering appliances; the 
armament of ships ; flags and signals ; apparatus 
intended to prevent collisions at sea ; buoys and 
other floating signals ; submarine boats, life boats, 
and other appliances for the protection of life ; the 
extinction of fire at sea ; pleasure boats. 

Class 66.--The art of war. Military engineering 
and fortification ; artillery, small arms, gun car- 
riages, ammunition, and projectiles of all kinds ; 
equipments, uniforms, and camping appliances ; 
military transport ; military topography and geo- 
graphy. 

Grove VII.—Foop Propucts. 

Class 67.—Cereals, farinaceous products and their 
derivatives. 

Class 68.—Baking and confectionery. 

Class 69.—Fatty Nealon used for food. 

Class 70.—Meat and fish. 

Class 71.—Fruit and vegetables. 

Class 72.—Condiments and stimulants ; sugar and 
sweetmeats. 

Class 73.—Fermented liquors. 


Group VIIT.—AGRICULTURE, VITICULTURE, AND 
PIscICULTURE. 


Class 74.—Rural and agricultural industries. In 
this class will be included agricultural machinery in 
movement ; steam ploughing, mowing, reaping, and 
thrashing machines ; the smaller class of breweries, 
distilleries, flour mills, &c. ; cider, oil, and other 
similar presses ; farmyard appliances ; the artificial 
hatching and rearing of poultry. 

Class 75.—Viticulture. 

Class 76.—Useful and destructive insects. 

Class 77.—Fish. 


Group IX.—HortTIcUuLTURE. 


Class 78.—Greenhouses and material used in 
horticulture. This class includes gardening tools, 
watering appliances, the construction of large and 
small greenhouses with their accessories ; landscape 
gardening, fountains, &c. 

Class 79.—Flowers and ornamental plants. 

Class 80.—The kitchen garden. 

Class 81.—Fruit and fruit trees. 

Class 82.—Seeds and forest trees. 

Class 83.—Hothouse plants. 

In the French Sections the classification has been 
very strictly adhered to, and the localities for the 
various classes have been carefully prescribed. The 
following is the distribution of some of the exhibits : 
In the Machinery Hall are to be found Classes 48, 
50, 51, 52, 53, 54, 56, 57, 58, 59, 62, 63. In the 
Miscellaneous Industries Courts are: Classes 17, 
18, 19, 20, 21, 22, 24, 25, 26, 27, 28, 29, 30, 31, 32, 
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 
47, 60. In the Railway Material Court is Class 61 ; 
in the Arts Libéraux, Classes 7 to 16, 65 ; Naviga- 
tion and Life-Saving Apparatus are contained in 
the large pavilion on the bank of the Seine ; and 
Classes 1 to 6 are in the Beaux Arts Palace and 
adjacent buildings. In the foreign sections, liberty 
of action has been given to the various commissions 
within wide limits as to classification. The classes 
under Group VII. and VIII. are chiefly in the 
Agricultural Galleries on the Quai d'Orsay ; ard 
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Group IX, is in the Trocadero Gardens. Classes 
64 and 66 will be found on the Esplanade des 
Invalides. 


FRENCH COLONIES.—IX. 

Recent colonial enterprise in France will bear 
fruit at the coming Exhibition, where a large space 
has been set aside on the Esplanade des Invalides, 
for illustrating the extent, character, and value of 
the colonial possessions of the Republic. The chief 
feature of this undertaking will be the French 
Colonial Pavilion, a large and elaborate building 
which stands exactly opposite the Palace of the 
War Department ; the space around this building 
will be laid out in characteristic gardens, wherein 
will be placed native buildings and other structures 
peopled by inhabitants of the countries owing 
allegiance to France ; the space occupied by this 
exhibition is about 300,000 square feet. The great 
pavilion covers an area of about 20,000 square feet, 
and is 50 ft. in height, with a central pavilion about 
20 ft. higher. Within it will be assembled col- 
lections belonging to the Government, the exhi- 
bitions of public works, contributions from colonial 
schools and penal establishments, geographical 
work and statistics, &c.; French colonial maps 
and models will also be exhibited, and it is intended 
to distribute broadcast these maps on a small scale, 
together with such information as may encourage 
emigration, and stimulate enterprising Frenchmen 
to seek their fortunes abroad. This exhibition 
is intended to be the initiation of a French 
Colonial Institute, and it is proposed that the 
pavilion shall be a permanent one, and that if 
it cannot be allowed to remain upon the Espla- 
nade des Invalides, it shall be removed to a 
more convenient site in Paris; the estimated 
cost of this building is 17,6001. The series of 
special structures around the centre pavilion 
are reproductions of the most characteristic build- 
ings of the different colonies, and will constitute 
so many partial exhibitions in which will be 
grouped all that has been obtained to give an exact 
and popular idea of the French possessions, 
Officially these annexes are divided into five groups 
as follows : 

First Group.—Possessions in the Indian Ocean ; 
a Hindoo pagoda, buildings from Ankor, Reunion, 
Madagascar, and French India. 

Second Group.—Antilles, Martinique, and Guada- 
loupe ; a one-storied creole house with a veranda. 

Third Group.—Possessions in Oceania, New 
Caledonia and Tahiti; this will include a settler’s 
house from New Caledonia, and one from Guiana, 
a Canaque hut, and’a Tahitian hut. 

Fourth Group.—African possessions ; the Tower 
of Salde, with native huts forming a village; a 
Pahouin village from the Gaboon, and an Alfouron 
village from the Congo ; this will comprise twenty- 
one inhabited huts. 

Fifth Group.—Possessions in Indo-China; the 
Cochin - China and Camboge Palace, which will 
occupy an area of about 23,000 square feet. 

The plan, Fig. 171, page 468, shows the actual 
arrangement which has been adopted; the space 
accorded to this exhibition is somewhat larger than 
was at first intended, as it occupies a rectangle 850 ft. 
long by 360 ft. wide. On passing the central entrance 
to the inclosurefrom the wide street which runs down 
the middle of the Esplanade des Invalides and is 
known as the Street of Constantine, the visitor 
passes over a bridge which spans a piece of orna- 
mental water that will be devoted to the exhibition 
of native canoes ; immediately in front is the great 
central pavilion, and behind are arranged the five 
native villages already referred to; on the right- 
hand side is the large pavilion of Cochin-China, and 
beyond the Pagoda of Ankor, a reproduction of 
one of the monuments in Camboge ; behind this 
latter is a Guiana pavilion, and beside it are the 
Annamite Theatre, the Café Bambara, and the Creole 
restaurant ; behind these are the Guadaloupe and 
Martinique pavilions, the reproduction of a factory 
from Gaboon and the Cochin-China village. On 
the left-hand side of the central pavilion are the 
annexes of Annam and Tonkin; the Annamite 
restaurant, and a hothouse containing tropical 

lants from the various districts. In the extreme 
eft-hand corner of the inclosure is the reproduction 
of the Villenour Pagoda, and a Hindoo pavilion ; be- 
yond are the villages from Madagascar and Senegal, 
the chief feature of which latter will be a reproduc- 
tion of the famous Tower of Salde. This inclosure 
will be inhabited by about three hundred natives of 
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the different countries represented ; they will per- | of the Colonial Exhibition was intrusted to MM. 
form all the duties connected with the pavilions, | Henrique, Revoil, and Des Tounnelles, and the 
restaurants, and cafés. The estimated cost of this | works have been carried out under the direction of 
exhibition was 40,000/., of which 32,0001. was four architects, MM. Sauvestre, Foulhoux, Fabre, 
allotted to buildings, 40001. to decorations, and ; and Vildieu. 

40001. for maintenance, freight, and management. | -——- 

The greater part of this sum has been raised by a) 

State grant, the remainder being furnished from | SEPARATE BUILDINGS.—X. 

the different colonies. This will be the first time| Tue following are particulars of some of the 
that France has attempted to create a Colonial | principal pavilions in the gardens of the Champ de 
Exhibition, and the experiment may be looked for- | Mars, the Esplanade des Invalides, and the gardens 
ward to with interest. Of course in this collection | of the Trocadero. There are of course many more 
are not included the beautiful pavilions representing | than those mentioned here, which will be described 
Algeria and Tunis, which are also on the Esplanade | on future occasions. 

des Invalides. We may add that the organisation, The Paraguay Pavilion.—The Republic of Para- 











GABLE OF MACHINERY HALL AND LATERAL GALLERIES. 
(See page 453.) 





guay has erected a pavilion on the Champ de Mars, 
not far from the Fine Arts Palace, towards the 
Avenue de Suffren, and will show there a large col- 
lection of the industrial, agricultural, and mineral 
products of the country. The total space allotted 
to Paraguay is 200 square metres; of this space 
the pavilion occupies 158 square metres. The 
principal feature of the building is a square 
central hall about 32 ft. by 32 ft., and 26 ft. high. 
On one side is a square tower 10 ft. by 10 ft., 
and 48 ft. high, divided into two stories. On 
the other side is an octagonal hall about 28 ft. 
across and 30 ft. in height. Each of these divisions 
can be separated one from another, though they are 
arranged to form a continuous fagade about 65 ft. 
long. Itis intended, after the conclusion of the 
Exhibition, to transport the building to Paraguay, 
and erect it there in the capital. With this object 
it has been designed to take into as many pieces as 
possible, and it then can be put together simply and 
rapidly ; the iron framing is extremely light, the 
whole of it only weighing about three tons; the 
open spaces between the framing are filled in with 
wood panels. The large windows by which the 
courts will be lighted are glazed with brightly 
coloured stained glass, which will give a brilliant 
effect to the interior. The total cost, including 
these windows, has not been less than 20001. The 
principal objects collected in this pavilion will be 
specimens of timber, sugar cane, rice, and other 
cereals. The section will be under the charge of 
M. Ch. Cadiot, the Paraguay consul at Paris, and 
the commissioner appointed to look after the 
interests of that country at the Exhibition. 

The Cochin-China Pavilion.—M. Foulhoux, the 
architect and representative of Cochin-China and 
of Cambodge, has designed a pavilion of which 
sketches are given (see Fig. 196, page 474) ; it will 
occupy, on the Esplanade des Invalides, a space 
of about 150 ft. square. The whole of the 
pavilion, with the exception of foundations and 
a small quantity of masonry, has been made 
in Cochin-China and shipped from there. The 
material employed is a native timber known as 
saue, which bears a close resemblance to teak, and 
the roof is covered with coloured tiles made in the 
country. The building was erected and completed 
by native workmen sent over for that purpose, and 
many of these will remain during the term of the 
Exhibition to show and sell the objects exhibited. 
These will consist principally of silks, paper, canes, 
dyewoods, carvings, lacquer work, carpets, arms, &c. 

The Health Exhibition—An important range of 
buildings has been erected on the Esplanade des 
Invalides, between the imposing structure belonging 
to the Minister of War and the Social Economy 
Pavilion. It covers no less an area than 80,000 
square feet, of which about half is occupied by the 
buildings themselves, and the remainder is laid out 
in gardens. The buildings comprise four separate 
pavilions devoted to the following purposes: (a) 
The hygiene of dwellings ; (b) the exhibits of the 
Assistance Publique ; (c) mineral waters ; (d) the 
Geneste and Herscher Pavilion. Although very 
imposing in appearance, these buildings are ex- 
tremely simple and cheap in construction. No 
foundations, properly so called, are provided, the 
weight being evenly distributed upon a timber frame. 
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THE ANNAMITE THEATRE. 





(See page 468.) 
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Fics. 174 ann 175. THE ANNAM PAVILION. 


The building is practically a reproduction of an 
Annamite theatre, both as regards the decoration 
and the internal arrangements. It will be seen 
from the plan that the stage is almost on the ground 
level, and is surrounded on three sides by rows of 
seats rising like those of an amphitheatre, the top 
row being on the level of the first story, which is 
reached by two staircases that are immediately inside 
the vestibule ; ranges of stalls are placed on the 
ground floor in front of the stage, at the back of 
which latter are three doors for the ingress and 
egress of the actors. This theatre, which is about 
50 ft. deep by 72 ft. long, will contain 500 persons, 
and three performances will be given each day ; a 
troupe of native actors is coming from Annam with 
all their costumes, scenery, and other properties. 
The Annam and Tonkin Pavilion.—Figs. 174 and 
175, on the present page, illustrate the Annam and 
Tonkin Pavilion on the Esplanade des Invalides, a 
very large timber-framed structure filled in with 
brick and faced with plaster. From the plan it will 
be seen that it consists of two main halls, parallel to 
one another, at some distance apart; these halls 
are connected by side galleries inclosing an internal 
court, within which is a covered atrium that forms 
a shrine for a figure of Buddha 10ft. in height, 
copied from one of the most famous models in 
Annam. In front of the pavilion is an entrance 
court connected with the main body of the building 
by a central gallery. The facade is elaborately 
decorated, this work having been executed by 
Annamite artists, while all the carved woodwork 
was completed in the colony. Within this pavilion 
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THE FOLIES PARISIENNES THEATRE. (See page 472.) 











Fic. 182. THe PALAIS DES ENFANTS. 





are collected a very large number of native produc- 
tions, vegetable and mineral, industrial and artistic ; 
cereals, oils, cotton, timber, sugar, silk, tin, &c., 
as well as fabrics, bronzes, lacquer work, native 
carvings, furniture, &c. The Colonial Department 
has expended great care on the pavilion with a 
view of bringing before Frenchmen a clear idea of 
the value of their foreign possessions, and to en- 
courage emigration. The pavilion has been erected 
under the superintendence of M. Foulhoux and 
Vildieu. 

The Argentine Republic Pavilion.—The Govern- 
ment of the Argentine Republic has erected on the 
Champ de Mars a large and very elegant pavilion, 
the fagade of which is illustrated in Fig. 173, page 
469. It is 232 ft. long and 82 ft. wide, with a cen- 
tral dome 91 ft. high, and four smaller domes 72 ft. 
in height. The building is rectangular in plan and 
comprises a great central court with a wing on each 
side ; there are two floors, access to the upper story 
being obtained by a flight of stairs at the back of 
the central court facing the main entrance which 
our engraving illustrates. Ceramic work has been 
liberally introduced for decorative purposes; the 
architect of the building is M. A. Ballu. 

The Palais des Enfants.—This pavilion, which 
will form the special delight of children visit- 
ing the Exhibition, is erected in the Champ de 
Mars, close to the Avenue de Suffren. Fig. 182 
gives a good idea of its extremely picturesque 
and fantastic design ; it is rectangular in plan, and 
at each angle rises a highly ornamented tower. 
Devoted entirely to the pleasure of small visitors 
to the Exhibition, this building will include beneath 
its roof almost every conceivable object of juvenile 
amusement; toys of all kinds, articles de Paris, 
books, costumes, all the endless things which the 
precocious taste of the present day demands and . 
commercial ingenuity eagerly supplies, will be 
collected here; and the building includes also a 
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THE PAVILION OF THE WOODS AND FORESTS DEPARTMENT. (See page 472.) 
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THE PRESS PAVILION. (See page 473.) 
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MISCELLANEOUS PAVILIONS. 


THE CHILI PAVILION, 


spacious theatre wholly for the delectation of the 
/ people. For the children this pavilion will 
be a veritable palace of delight ; whether in the 
end parents will be thankful to the Exhibition 
authorities for this very original feature, remains to 
be seen. 

The Folies-Parisiennes Theatre. —This theatre, 
which will form a continual attraction on the Champ 


de Mars, was designed and erected by MM. Daubray, | 
their protection from fire is concerned, and on this 
‘account it was necessary to adopt an entirely dif- 


Scipion, and Richard ; it is situated between the 
main buildings and the Eiffel Tower, and consists 
of two distinct parts, the auditorium and public 
corridors, and the stage with its accessories, 


Fic, 188. THE INDIAN PAVITION. 





(See page 473.) 


The portion devoted to the public is built entirely 
in wood and plaster, handsomely decorated, for the 
most part with painted canvas. In order to keep 
the prices of admission as low as possible, to meet 
the requirements of the masses who will visit the 
Exhibition, special attention was directed by the 


‘architects to extreme economy in construction. 


Recent legislation in France has been very stringent 
on the subject of theatres, that is to say, so far as 


ferent form of construction for the stage, to that 
|followed for the body of the house. The illus- 


(See page 473.) 





trations, Figs. 179 to 181, page 470, show the 
design of the house ; that part which is supposed 
to be fireproof is framed throughout with iron, but 
/in addition the walls, partitions, and roof are also 
|of iron, or rather of thin steel plates. This 
;part of the work was intrusted by the archi- 
| tects to MM. De Schryver et Cie., who erected the 
| Palace of the Liberal Arts. The method of con- 
| struction adopted is that known as the Danly 
|system, in which the spaces between the frames 
|are filled in with thin embossed iron plates, one on 
| the inside the other on the outside of the framing, 
|in such a way as to leave a clear internal space, 
through which the air circulates freely ; in this case 
| the plates are made of steel and are only .04 in. 
| thick ; they are embossed so as to give them con- 
| siderable strength without interfering with the de- 
|corations of the building ; holes are drilled around 
| the edge of each plate, in order to connect them to the 
framing. The sides of the structure are joined at 
intervals by wide flat bars, to which the panels are 
bolted ; they are pierced with holes to allow a free 
circulation of air. Vertically the sides are stiffened 
with light T irons, placed between the panels and 
bolted to them. The whole of the structure is so 
light that no foundations were necessary ; it rests 
simply upon a double frame made of [J iron laid 
upon the ground. At the level of the front floor a 
similar frame is introduced and the ceiling joists 
are laid upon this framing. The ceiling is made, 
like the walls, of light steel plates bolted to the 
rafters ; between the flooring of the first story and 
the ceiling of the ground floor, an open space is left 
for the free circulation of air. The angles of the 
building are formed with iron stanchions of a 
special rolled section, reaching from the foundation 
frame to the cornice of the building, and giving 
great rigidity to the structure. The doors and 
windows are framed in oak, and are fixed in open- 
ings formed in the wall by means of Z irons, one 
branch of which serves as a cover joint, while the 
frame is secured to the other ; to the web of these 
bars the panels are bolted. The roof is of iron 
covered with the steel plates. We believe that this 
is the first time that a theatre has ever been con- 
structed in this manner, and the results obtained 
will be of considerable interest ; the size of the 
building is 65 ft. 6 in. by 131 ft. 

The Pavilion of Woods and Forests.—An area of 
nearly 40,000 square feet was reserved in the 
gardens of the Trocadero for the exhibit of the 
Administration of Woods and Forests, and out of 
the total credit of 44,0001. voted by the Chamber of 
the Minister of Agriculture, no less than 12,000I. 
was accorded to this exhibit. The building con- 
| structed by the Administration is made wholly of 
‘timber cut from forests belonging to the State, that 
of Fontainebleau having supplied the largest quan- 
tity, and it is there that the building was constructed 
at the establishment of MM. Lecceur et Cie. The 
exterior of the pavilion is entirely rustic, all the 
framing and panels being made of rounded timber 
from which the bark has not been removed. Speci- 
mens of all the different kinds of forest trees, which 
are indigenous to France, are introduced, and the 
different colours are so arranged as to produce a very 
artistic and pleasing effect. Fig. 183, page 471, —_ 
an idea of the exterior appearance of this pavilion, 
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and Figs. 184 and 185 are plans showing the internal 
arrangement. It consists of a main hall 142 ft. long 
by 52 ft. 6in. wide, and of an annex in which is 
placed a special exhibit illustrating forest industry, 
by means of three dioramic Alpine views, which 
will be seen from the interior of a forester’s hut. 
Running partly around the building is a gallery 
which forms the first story and from which a 
general view of the contents of the building can_be 
obtained ; one of the principal objects exhibited is 
a large trophy built up of specimens of every kind 
of timber growing in the State forests of France 
and her colonies ; this collection is far more im- 
portant and complete than the celebrated one in 
the Forestry School at Nancy. The windows are 
glazed with photographic transparencies, illustrating 
the different industries connected with woods and 
forests. In the garden surrounding the building is 
a reproduction of some of the celebrated rocks of 
Fontainebleau. The building and its contents have 
been completed under the superintendence of M. 
De Gayftier, one of the heads of the Forest Depart- 
ment, from the drawings of M. Leblanc, architect. 
The Press Pavilion.—By reference to the plan of 
the Champ de Mars it will be seen that opposite the 
building of the Fine Arts, between the detached 
Water Colour Gallery and the Electric Lighting 
Station adjoining the Avenue de la Bourdonnais, is a 


Fig. 190. 
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fact, just opposite the house which formed the 
offices of the British Commission in 1878. The 
interior of the palace is intended to represent a 
bazaar. It will be divided into twenty shops, each 
of which will be let toan Indian exhibitor. The 
price of the shops has been calculated at such an 
amount as, with the proceeds for the concession of 
the sale of Indian tea, will cover the cost and 
maintenance of the building. The cost of each 
shop is 100/., but as the right of selling articles of 
Oriental manufacture is conceded to exhibitors in 
this portion of the Exhibition, the amount cannot 
be considered as too high. A veranda is con- 
structed along one side of the building, and this 
veranda will be used for the sale and consump- 
tion of Indian tea. The Committee who have the 
matter in hand succeeded in making satisfactory 
arrangements with the Indian Tea Association, 
who have made all the necessary arrangements for 
the sale of the tea. The building will thus be self- 
supporting, as it is evident that none of the funds 
provided by the British exhibitors ought to be 
devoted to the benefit of India. We may mention 
in connection with this subject that another and 
smaller Oriental pavilion will be devoted to the sale 
of Ceylon tea. 

The Chili Pavilion.—During last autumn, when 
the Republic of Chili had decided to be largely 
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THE AGRICULTURAL GALLERIES. 


large and elegant pavilion devoted to the service of 
the International Press, and to the Postal and Tele- 
graph Department. This building, of which the 
architect is M. Boussard, is illustrated by Figs. 186 
and 187, page 471; it consists of three parts, a 
central building especially devoted to the use of the 
representatives of the Press; on the left-hand side 
of a restaurant, and on the right-hand side of a 
spacious post office. On each side of the entrance 
to the central building are two rooms about 15 ft. 
by 20 ft., with more spacious reading and writing 
rooms at the back; a staircase in the central hall 
gives access to a corresponding series of rooms on 
the first floor, so that the total amount of space 
placed at the disposal of the Press, will be, if not 
extensive, at all events sufficient for the require- 
ments of business. A passage leading from the 
hall gives access to the restaurant, which can also 
be approached by an external stairway at the fur- 
ther end; the restaurant itself is some 50 ft. long 
by 27 ft. wide, and will, of course, be reserved for 
the special use of those who have the right of 
entering the pavilion. On the other side is the 
post and telegraph office open to the general public ; 
the main room in this part of the building is about 
57 ft. by 38 ft., and the space is divided up as is 
indicated on the plan Fig. 187. The special regu- 
lations of the pavilion are in the hands of the Press 
Committee, who have decided that two of their 
members shall be always in attendance from 12 to 
2 p.M., and two others from 5 to 6 P.M. 

The Indian Pavilion.—The Indian Palace will 
form one of the most interesting contributions from 
this country to the Paris Exhibition. The design 
(see Fig. 188, page 472) is by Mr. Purdon Clarke, who 
was, as our readers remember, the architect of the 
admirable Indian Palace in the Indian and Colonial 
Exhibition. The building is to be placed on the 


south-west side of the Champ de Mars, near the 
principal entrance on that side of the Exhibition, 
It is, in 


which leads into the Avenue de Suffren. 








represented at the Exhibition, and it was found 
necessary to allot to that country space in the 
garden of the Champ de Mars, on which to erect a 
suitable pavilion, the representatives in Paris of 
the Chilian Government were instructed to apply 
for competitive designs and estimates for the 
construction of a suitable building. The conditions 
of the competition were somewhat difficult ; it was 
necessary that the design should possess striking 
originality throughout, that its height should be 
such as to permit the introduction of a broad 
gallery, which running round the building should 
leave the space in the centre open to the roof ; it 
was an absolute necessity that the framework of the 
structure should be of iron, filled in with decorative 
panels of another material, and that the whole 
should be easily taken down and re-erected, as it 
is intended, after the close of the Exhibition, to 
ship the whole structure to Chili, where it will 
be rebuilt ; another point to consider, was the 
fact that the ultimate destination of the pavilion 
is a country in which earthquakes are not 
uncommon. Finally, the cost was in no case to 
exceed 56001, including erection, removal, and 
restoration of the grounds on which it stood. 
Three French engineers submitted competitive de- 
signs, of which, that one prepared by MM. Moisant, 
Laurent, Savy, et Cie, of Paris, was accepted. The 
design of these engineers is at once very effective 
and original; in its general features it consists of a 
large central dome, flanked by four symmetrical 
towers, on the top of each of which is a small sphe- 
rical dome; the whole work is of iron with filling in 
panels of terra-cotta. The main entrance consists 
of a great projecting portico reaching to the full 
height of the main body of the building ; in front 
is a terrace and a flight of steps, and within, a 
vestibule gives access, by arches, to the interior of 
the building. At the back, opposite the entrance, 
is a winter garden intersected midway by a balcony 
running round all four sides of the structure, and 





communicating with the gallery within. Iron has 
been used throughout, not only for structural pur- 
poses, but to a considerable extent for decoration 
also ; for the latter purpose, however, terra-cotta, 
plaster, and wood have been mainly employed. The 
walls of the pavilion have been made double through- 
out, so that a clear space is left between the inner 
and outer walls for the circulation of air ; this was 
done not only with a view to economy in construc- 
tion, but also to equalise the temperature within. 
The space occupied by the pavilion measures 82 ft. 
by 65 ft. Gin. (see Fig. 189, page 472). 

The Agricultural Galleries, —These galleries, which 
form the connecting link between the Champ de 
Mars and the Esplanade des Invalides, occupy a 
length of about 4000 ft., and follow the line of the 
Quai d’Orsay facing on the Seine. The span of these 
galleries is of moderate width, and the construction, 
except for its extreme lightness, presents no special 
feature. The disagreeable effect of long perspective 
of a straight gallery is prevented on account of the 
curve by which the buildings have been made to 
follow. They are not entirely continuous, being 
broken up into different lengths to allow of the in- 
troduction of small gardens and separate buildings 
of more or less importance ; of this latter the prin- 
cipal is the French Tasting Pavilion. The ends of 
each of these galleries are completed by highly 
decorated fagades, of which Figs. 190 and 191 on the 
present page give a good idea. The floor of these 
galleries is of asphalte, and for a part of their length 
one side is left open for the better display of certain 
exhibits which do not require to be covered in. A 
plan (which we publish on another page) shows the 
arrangement and dimensions of that part of the 
Agricultural Galleries allotted to Great Britain ; 
it adjoins the Esplanade des Invalides, and is just 
within the great entrance to the Exhibition on the 
Quai d’Orsay. 

The Panorama Tout Paris.—This panorama is one 
of the numerous buildings on the Esplanade des 
Invalides, and was designed by M. Yvon, architect, 
the ironwork having been the work of M. Seyrig 
for a similar structure that used to exist on the 
Place de la Republic, and on the site of which a 
new bourse is being erected. The framework of the 
roof consists of eight arched principals 131 ft. span 
and 72 ft. high from the ground to the centre of the 
roof. The painting, which was executed by M. 
Castellani, represents the Place de l’Opera and the 
surrounding streets; the point of view is the great 
refuge in the middle of the Place. The interest 
attaching to this spot, with which every visitor to 
the Exhibition will be familiar, is heightened by 
the fact that the artist has introduced portrait 
groups of all those whose names are conspicuously 
associated with art, literature, science, and politics. 

The Pavilions of the Ville de Paris.—The General 
Commission of the Exhibition voted a credit of 
28,0001. to the Ville de Paris to pay the expenses 
of its participation. As it was decided that, so 
far as possible, the outlay should be limited to this 
amount, the pavilions containing the exhibits of the 
Municipality are only small and their design very 
simple, while, unfortunately, they are located in the 
central garden in such a way as to interfere with 
the general effect of this very attractive part of the 
Exhibition. The end view of the two pavilions is 
shown in Fig. 204, page 476 ; the building itself is 
formed of the ironwork (see Fig. 203) that consti- 
tuted a part of the disastrous Jubilee Railway Exhi- 
bition held at Vincennes in 1887. The whole cost of 
the buildings has not exceeded 6000/. As it was quite 
impossible to produce anything of a monumental 
character, or indeed anything worthy of the great 
Municipality with such small funds, it was decided, 
as far as could be, to carry out a design that should 
be appropriate to its immediate surroundings, and 
the architect, M. Bouvard, has therefore introduced 
rustic decorations, and has certainly made the best 
of a somewhat difficult and thankless task. A special 
feature in the decorations is that they have been exe- 
cuted by various labour guilds—joiners, carpenters, 
stonecutters, moulders, painters, &c., and the 
finished work forms the special exhibits of these 
different associations. One of the pavilions will be 
devoted to the several executive departments of the 
Ville de Paris, the other will be filled with objects 
sent by the administrative departments, such as 
those of primary teaching, the fire brigade, the 
Assistance Publique, &c. In connection with this 
latter the hospital control of Paris will make some 
very interesting exhibits, a special feature of which 
will be their comparative character ; objects and 
methods now obsolete being shown side by side with 
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Fic. 197. ENTRANCE TO THE AGRICULTURAL GALLERIES. (See page 473.) 








Fic. 198, THE TUNISIAN PAVILION, (See puge 477.) 








Fic. 199. THE TONKIN VILLAGE. (See pege 477.) 
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THE PAVILION OF THE VILLE DE PARIS. (See page 473.) 


modern and most approved appliances and systems ; 
there will also be plans of the different Paris hos- 
pitals as they used to be and as they now are ; 
these will be supplemented by other plans showing 
projected improvements. Old and modern magieel 
instruments are also shown. The foundling section 
includes specimens of all the modes and material in 
use. This exhibit will be supplemented by a large 
number of documents. 

The Telephone Pavilion.—The Société des Tele- 
phones has erected on the Champ de Mars, 
close to the Eiffel Tower, a pavilion, where its 
special apparatus will be exhibited. The ground 
has an area of about 3000 square feet, and on 
this a building of 75 ft. frontage has been con- 
structed with two stories, the arrangement of which | 
is shown in Figs. 201 and 202, Fig. 202 being a view | 
of the facade. On the first floor is an oftice with a | 
telephonic installation on the multiple double-wire 
system, that is reserved for the use of subscribers 
to the telephonic service of the Exhibition, which | 
is also connected with the whole of Paris. To the 
right and left of this bureau are rooms, one filled | 
with the objects made by the company after its most | 
modern practice, the other, articles manufactured by | 
MM. Rattier et Cie. and by MM. L. Weiller and | 
Co. Onthe ground floor are fixed series of tele- | 
phone receivers connected with the Grand Opera | 
and the Opera Comique. The telephone exchange | THE TELEPHONE PAVILION. 
on the first floor is arranged for 800 subscribers, the | ls : ee ’ . 
charge to each being 121. The arrangements on| persons, the right wing communicating with the | visitors will be one france for ten minutes, and one 
the ground floor for the musical auditories, are as|Grand Opera the left with the Opera Comique. | room will be cleared while the audition is in a 
follows: The two wings of the pavilion will, Each room will have thirty pairs of telephones, con- | gress in the adjoining room. The pavilion is bui : 
contain four rooms, accommodating each thirty | nected with six circuits. The price charged to|on stone piers going down to the solid ground, an 
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joined by arches ; the structure itself is of iron and 
wood. Both vertical and _ horizontal framing 
members are built up of flitch beams, the panels 
being filled in with timber and glass, and the floor- 
ing carried upon rolled iron joists. A circular 
turret rises high above the roof of the pavilion, and 
is reached by a spiral stairway ; this turret is carried 
by four vertical posts of timber with iron plates 
interposed. The turret itself consists of a series of 
vertical channel bars connected by three circular 
lines of horizontal bars, to which the telephone 
wires are attached. Other sets of lines are carried 
on frames supported by eight of the verticals form- 
ing part of the facade framing. The weight of iron 
in the structure is 11 tons, and the amount of wood 
about 3000 cubic feet; the architect is M. O. André, 
of Neuilly. 

The Panorama of the Compagnie Générale Trans- 
atlantique.—Among the pavilions must be mentioned 
a building constructed under the auspices of the 
Compagnie Générale Transatlantique, which will 
doubtless be very attractive. It contains one great 
panorama and a number of dioramic views, all 
referring to the business of the Great French 
Navigation Company. The subject of the panorama 
is the port of Havre, as seen from the deck of the 
Touraine, a magnificent new twin-screw ship of 
11,000 horse-power ; the whole fleet of the com- 
pany is shown in the harbour. The dioramas will be 
twelve in number, the following being the subjects 
of each picture: 1. The shipbuilding yard of 
Penhoet-Saint-Nazaire, showing the launch of a 
large steamer. 2. The engines of the Touraine in 
the company’s erecting shop. 3. The embarkation 
of passengers from Havre to New York. 4. The 
main stairway and reading-room of La Champagne. 
5. The dining saloon of the Champagne. 6. The 
smoking saloon of the same ship. 7. The emigrant 
cabin. 8. The boiler deck of the Champagne. 
9. The arrival of the Champagne in New York. 
10. The arrival of a great passenger steamer at 
Marseilles. 11. A similar arrival in the port of 
Algiers. A company was formed to carry out this 
work, with the assistance of the Compagnie Trans- 
atlantique, to which it will doubtless prove a splendid 
advertisement. The last-named company has 
erected the building, and undertakes the manage- 
ment for three years, including tours in America 
and England, after the close .of the Exhibition. 
The company reserved to its own shareholders the 
preference of acquiring the shares of the panorama 
syndicate in proportion to their holding. 

Petroleum Pavilions.—On each side of the Pont 
de Jena, upon the river slopes outside the Quai 
d’Orsay, is a pavilion devoted to the exhibition of 
petroleum and its products. One of the principal 
features of this installation is the reproduction of a 
gigantic oil tank such as dot the country side in the 
oil regions of Pennsylvania ; only instead of being 
filled with petroleum, the interior is fitted up with 
a panorama illustrating the various uses of the 
mineral oils, such as lighting, heating, and the pro- 
duction of motive power. The reservoir is built of 
light iron plate, is 60 ft. in diameter, and 27 ft. 
high ; the plates are secured together by leaden 
rivets to facilitate the work of removal after the 
close of the Exhibition ; the total weight of this 
structure is fifty tons, and no stays or bracings 
are introduced. The interior of the building is 
divided into two stories ; on the ground floor are 
arranged apparatus and implements used in the 
etroleum industry, as well as models of refineries. 

he inner side of the reservoir is covered with a 
panorama, the work of M. Poilpot, and showing 
various landscapes in the oil regions of the United 
States and the Caucasus ; besides these there are a 
number of maps and geological sections. 

Finland Pavilion.—The pavilion erected by Fin- 
land is on the Champ de Mars, not far from the 
Eiffel Tower ; it is of typical Scandinavian design, 
with four corner turrets about 10 feet square, con- 
nected by galleries 40 ft. long and 7 ft. wide ; in 
the middle of the building rises a dome 23 ft. 
in diameter and 49 ft. high. The eight pillars upon 
which this dome is carried are connected to the 
surrounding galleries by a roofing. A balcony runs 
round the interior of the building, which is other- 
wise open to the top of the dome ; it is lighted by 
a number of narrow-fronted windows. The objects 
exhibited will be various and representative of the 
industries of Finland ; they include implements 
of the chase, canoes, sleighs ; specimens of the 
minerals of the country, especially granite, and 
other objects which one would not expect to find, 
such as mathematical and scientific instruments, 





telephone installations, and even photographic 
apparatus. 

The Bolivia Pavilion.—Figs. 205 to 207, on page 
478, illustrate the pavilion which has been erected 
by the Government of Bolivia on the Champ de 
Mars to contain the objects exhibited by that 
country ; the architect is M. Fouquian. The main 
body of the building consists of a square court 
measuring about 62 ft. on a side; leading from 
this court is a conservatory about 30 ft. in length 
and 46 ft. wide; on each side of this are inclosures 
devoted to the exhibition of animals ; forming the 
back of the building are two smaller courts each 
20 ft. by 26 ft., separated by a central passage lead- 
ing to the back entrance of the building. The main 
entrance, as will be seen from the plan, is at the 
opposite end and is approached by a flight of steps 
which lead to the central porch. The chief archi- 
tectura: features are the central dome with roof in 
the middle of the principal court, and four smaller 
domes placed one at each corner of the pavilion and 
connected by galleries about 10 ft. wide. The cen- 
tral dome is carried upon columns as shown in Figs. 
206 and 207. A stairway placed in one of the corner 
towers gives access to a gallery running around the 
main court; the section Fig. 207 shows the manner 
in which the large stained glass windows are intro- 
duced so as to give a striking architectural effect to 
the building. 

The Exhibition of the War Department.—Oc- 
cupying a central. position on the Esplanade 
des Invalides immediately opposite the French 
Colonial Exhibition, is the important structure 
that has been erected by the War Department, and 
which it is intended shall be filled with such a 
collection of military objects as shall illustrate the 
advanced position that France occupies to-day in 
the art of war. The building itself is of imposing 
dimensions, being nearly 500 ft. in length, and of 
proportionate depth ; it is approached by a very 
bold gateway which is a reproduction of military 
architecture in the Moyen Age. The contents of the 
building are classified under four different sections : 
Works of art ; objects and methods actually in ser- 
vice ; objects and methods proposed ; objects and 
methods in use among foreignarmies. The first sec- 
tion includes a collection of pictures which commemo- 
rate the prowess of French arms on land and sea ; 
arms and armour lent by private individuals or by 
State museums ; portraits and statues of well-known 
French soldiers. In the next section are included 
military surveying and other field instruments, 
photography as applied to the art of war, and war 
maps of France, Algeria, Tunis, Tonkin, &. Then 
come exhibits illustrating the materials and methods 
used in field telegraphy, including heliostats and 
other optical apparatus ; military ballooning ; carrier 
pigeons ; plans and models of fortifications, illus- 
trating French and foreign systems adopted up to 
the year 1870; French and foreign bibliography ; 
official publications issued by the Minister of War ; 
army education and recreation. The cavalry branch 
of the service will be represented by exhibits of 
equipments, the veterinary department, &e. Field 
and heavy guns will be shown, with their projectiles, 
carriages, and general material ; small arms and 
ammunition, apparatus of all kinds for the inspec- 
tion and testing of rifles and heavy guns. The 
space allotted to military engineering will be 
occupied by exhibits, illustrating systems of mining 
and countermining, electric light and other signals, 
and electric apparatus for firing mines ; plans and 
models of barracks, casernes, army kitchens, camp 
and barrack furniture; material employed in the 
construction of portable bridges and pontoons. 
There will be a large collection of uniforms many 
of which have a retrospective interest, including 
soldiers’ outfits for home or foreign service. It is 
also intended that the display connected with the 
subject of military sanitation, medical and surgical 
appliances, field ambulances, ambulance trains, 
either specially constructed, or adapted for service 
from ordinary rolling stock, shall be very complete ; 
this section will also naturally include specimens of 
soldiers’ rations of all kinds. There is no doubt 
that this part of the Exhibition will be found very 
attractive, although it will contain but few contribu- 
tions from foreign countries, which were however 
cordially invited to participate in the same manner, 
and under the same classification, as that adopted 
by the French Minister of War. 

The Esplanade des Invalides Pavilion.-—Most of 
the pavilions that cover the Esplanade des Invalides 
are referred to in the foregoing pages ; their relative 
positions will be seen by reference to the plan 





Fig. 171, on page 468. The terminal station of the 
Decauville Railway. occupies, as will be seen, a 
— position near the Seine, the station 

uilding standing near the Rue de Constantine ; 
between this line and the Seine are the ends of the 
Agricultural Galleries (British Section), a dairy and 
flour mill also belonging to this country ; a Dutch 
bakery, a United States pavilion, and a small struc- 
ture belonging to the South African Republic. On 
the other side is a pavilion devoted to civil engineer- 
ing exhibits, a restaurant, a post and telegraph 
office, and a shed for the display of subjects con- 
nected with aérostation. The great exhibition and 
palace of the War Department occupies the central 
part of this side of the Esplanade ; beyond is the 
Hygiene Exhibition already described ; then follow 
the Social Economy building, the workmen’s club, 
and dwellings, and a space allotted to ambulances, 
life-saving apparatus, &c. On the other side of the 
central avenue, dividing the Esplanade, we have 
near the Seine, the Algerian Palace and the Tunis 
Courts, followed by the great French Colonial Ex- 
hibition described in detail on a previous page. 
This occupies the remaining portions of the avail- 
able space, except for the area devoted to civil 
engineering subjects, behind the panorama of Tout 
Paris, and a model school. The illustrations on 
pages 474 and 475 give an idea of some of the build- 
ings in this part of the Exhibition. Fig. 192 shows 
the entrance to the Tunis Courts, Fig. 193 is the 
Indian Pagoda, Fig. 194 are views of Canack huts, 
Fig. 195 is the Panorama Tout Paris, and Fig. 196 
are the Cochin-China and Annam Pavilions. On 
page 475, Fig. 197, is the entrance to the Agricul- 
tural Galleries on the Esplanade des Invalides, 
Fig. 198 isthe Tunis Pavilion, and Fig. 199 the 
Tonkin native village. 


THE DECAUVILLE RAILWAY.—XI. 

In 1878 the long range of narrow galleries facing 
the Seine, and extending towards Paris from the 
Champ de Mars along the Quai d’Orsay, were com- 
paratively deserted, because the great current of 
visitors, pouring into the Porte Rapp, spread over 
the Champ de Mars and the Trocadero, and found 
but little energy or inclination to diverge into the 
bye-channels of the agricultural galleries. The 
system adopted this year has changed all that, and 
there can be no doubt that the Quai d’Orsay will be 
almost as crowded as any other part of the Exhibi- 
tion. The Esplanade des Invalides will arrest the 
visitor long before he reaches the Champ de Mars, 
and the entrance by the Seine close to the Foreign 
Office, instead of the Porte Rapp, will, in all pro- 
bability, prove the principal portal. Thus the long 
range of buildings which connect the two main por- 
tions of the Exhibition will be utilised by the 
crowds going to the Champ de Mars, instead of 
being avoided by them on leaving it. But even 
under these favourable circumstances, distances are 
very formidable, and the most indefatigable visitor 
may be excused for dreading the long walk neces- 
sary for taking him from one centre of attraction 
to the other. The Exhibition authorities therefore 
very wisely determined at an early stage of the 
enterprise to spare visitors as much unnecessary 
fatigue as possible, by the construction of a railway 
which should follow the enceinte of the Exhibition 
from the Machinery Hall to the main entrance on 
the Quai d’Orsay. At first it was intended that 
this railway should completely inclose the Exhibi- 
tion area by running in front of the Ecole Militaire 
along the Avenue de la Motte Piquet to the Place 
des Invalides, then turning down the Rue Constan- 
tine to the Quai d’Orsay. It was intended that the 
line should follow the contour of the Seine as far as 
the Avenue de Suffren, turning up which it was to 
be continued until it joined the point of departure 
on the Avenue de la Motte Piquet. Further con- 
sideration, however, led to the conclusion that the 
first-named part of this project would be costly, 
that it would interfere with the public traffic, and 
that it would be of comparatively little service to 
visitors ; accordingly all that portion of the line 
from the Avenue de la Motte Piquet to the Seine 
by way of the Place des Invalides was abandoned, 
the other portion having been put into execution ; 
the railway thus constructed is about two miles in 
length. The general plan, Fig. 1 on page 415, shows 
the exact location of the line. Starting from the ter- 
minal station, known as the Gare de la Concorde, in 
the Esplanade des Invalides, close to the entrance 
by the Foreign Office, it traverses the width of the 
Esplanade, and passes on to the Quai d'Orsay at 
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THE BOLIVIA PAVILION. 


(For Description, see page 477.) 
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THE DECAUVILLE RAILWAY. 














Fic. 208. TERMINAL STATION ON THE ESPLANADE DES INVALIDES. (See page 480.) 
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Fic. 209. THE EIFFEL TOWER STATION. (See page 480.) 


the back of the Agricultural Galleries, between the | turns round into the Avenue Suffren, which it follows; tariff has been fixed at 25 centimes for each 
avenue of trees which grow on the Quai ; crossing | as far as the terminal station close to the Avenue de| passenger, independent of distance. The speed 
the Avenue de la Tour-Maubourg on the level, the la Motte Piquet. The gradients on this line are|of the trains has been limited to about ten 
first station is reached at the Carrefour Malar ; this | very easy, the heaviest being at the entrances of miles an hour, reduced to two miles at level 
is the Agricultural Gallery station. Then the gra- | the two short tunnels near the Ponts de ]’Alma and | crossings, and at some other parts of the line; 
dient falls sufficiently to enable the line to pass in | de Jena, about 300 ft. long and with a grade of about the length of each train is not to exceed 166 ft., 
tunnel under the Carrefour of the Avenues Rapp | 1 in 40; the minimum curves have about 131 ft.|and every train must be fitted with a quick- 
and Bosquet, rising thence to the third station | radius ; the line is double throughout its length action brake. Trains leave the terminal stations 
opposite the Food Products building. The Avenue | excepting at stations where additional lines are intro-| every ten minutes from 9 o'clock in the morn- 
de la Bourdonnais is crossed on the level, and then | duced for convenience of working the traffic ; the | ing until the hour of closing, and it will readily 
the line falls into a cutting made in the Champ de | gauge is 2ft., and the line is doubled throughout, with| be seen that such a complete service will be of 

ars in front of the Eiffel Tower. Just beyond |a central 6 ft. space. All the conditions for working | infinite convenience to visitors. This railway was 
this latter the fourth station—that of the Trocadero- | this railway have been carefully studied and minutely | constructed under the superintendence of M. J. 
Tour-EKiffel—is reached, and shortly after the line ‘laid down in the concessionaires’ contract. The|Charton, who has had charge of all the temporary 
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LANS OF TERMINAL STATIONS. 
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THE DECAUVILLE RAILWAY ; I 


railways connected with the Exhibition ; the system | 
adopted, was, it is perhaps needless to say, that of 
M. Decauville Ainé, vf Petit-Bourg, who has 
supplied all the material. Figs. 212 to 214 illus- 
trate the permanent way ; the rails are of the sec- 
tion shown and weigh 19 lb. per yard; they are of 
steel, and are rivetted to the sleepers. These are 
3 ft. 7 in. long and 5.51 in. wide ; they are of steel 
plate stamped into the dished form illustrated, the 


Fig 25. 
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YETAILS OF PERMANENT WAY. 


this system are used by the French War Office for 
transporting 48-ton guns on 16 axles (see Fig. 215). 
In laying the line the sleepers are well embedded 
in the ballast, so that the surrounding flange may 
be secured and the line kept steady. The arrange- 
ment of the intermediate stations presents nothing 
peculiar, excepting that the platforms are of the 
same length as the train, that is to say, about 
165 ft. The two terminal stations are laid out 


and the platforms being on the level of the rails, 
passengers reach the central one by crossing over 
the line at either end of the station. Figs. 208 and 
209 are views of the station buildings on the 
Esplanade des Invalides, and at the Kittel Tower. 
Beyond the station the two lines are joined, so that 
the incoming trains may make use of either of the 
tracks within the station according to the require- 
ments of service ; they then diverge, running into 
the up and down lines as well as into a siding. In 
the plan, Fig. 211, B shows this siding, which is of 
sufficient length to give standing room for some spare 
trains ; this siding is extended towards the platforms 
as shown, a junction being made between it and one 
of the station lines ; the main downline is also carried 
back as shown at B1, and joined to the other 
station line. A-spare engine is kept standing 
at the spot marked A on the plan, close to the 
water hydrant. Movable barriers are placed at 
M, N, and Oto control the current of traftic flowing 
on to the departure platform, and to keep it quite 
distinct from the stream of passengers arriving on 
the other platform ; the exits from each platform 
are kept separate from the entrances. All the 
curves in this station are of 131 ft. radius. Fig. 210 
shows the arrangement of the terminal Place de la 
Concorde station on the Esplanade des Invalides, 
In this station there are three lines of rails con- 





verging to a turntable at one end ; one line is used 





DECAUVILLE RAILWAY ; 48-TON TRUCKS. 


(See page 482.) 








finished depth being 1.14 in., and the thickness with a view of giving the greatest possible amount for the eine eee ~_ oo ——— 
about }in. These sleeyers are spaced 25.16 in. | of accommodation to passengers, with a minimum trains. As with the _ re xe eed hae aed 
from centre to centre, and the rails are rivetted to of space. Fig. 211 is a plan of the terminal station are three platforms ; : Me 0 ee ae 
them by three rivets ; the exact gauge is 600 mill. | adjoining the achinery Hall ; the station building arriving passengers - 1€ noel: oer a 
or 23.62 in. The height of the rail is 2.36 in., | is 32 ft. 10 in. wide, and is provided with two | partures. The three = _ rene et 5 te 
and the width of flange 2.52 in. ; the sleeper extends outer platforms 8 ft. 3 in. in width, and a central station and then — ed co aaeee a 
7.87 in. beyond each rail. Fig. 214 shows one com- one 16 ft. 5 in. wide. There isa booking-oftice at | roads. The — 4 . egg phere 
plete length of the permanent way as it is rivetted the end of the station, and the up and down lines | any other part of the Hine, 


on the converge toa turntable for shifting the engine to 





ic wi ked by 
up at the Petit-Bourg works, and delivered The traffic will be wor y 
ground ; these lengths are 16 ft. 4.85 in. ; the 
joints are made by fishplates, the end sleepers being | 
so spaced that under the joints they are only about a | 
foot apart. This permanent way is designed to carry | 
a working load of three tons on each axle. Lines on | 


the front of the outgoing train on either line of 
rails. The outer platforms are used exclusively for de- 
scending passengers, a number of exits being provided 
on the side of the Champ de Mars, and one exit on the 
Ayenue de Suffren side ; the central platform is 


| being 65 ft. 7 in. f 2 ‘ 
15 locomotives and 100 carriages. It is considered 
that this rolling stock will be sufficient to run the 
‘trains at ten minute intervals, or 180 trains in a day. 
Figs. 226 to 228, page 482, illustrate the type of 
locomotive employed ; it is an eight - wheeled 
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Distance between wheels of 7 
and of bogie trucks .. ; .. 3 ft. 7.31 in, 
Extreme distance between axles ... 9 ft. 2.24 - 
Diameter of 2 pressure cylinders Ly pa 
Length of etna ae ~ 10,23 pe 
Capacity of water tanks 312 gals. 
coal bunkers _... ..  18cu. ft. 
Height of centre of boiler above rails 4 ft. 3.2 os 
Width of engine overall... .. 6 ft. 2.80 ,, 
Weight of engine empty 9 iy tons. 










































































STANDARD PASSENGER CAR, 


CARRIAGE OF THE PRESIDENT OF THE REPUBLIC, 


compound articulated engine on the Mallet sys- 


tem, of which the following are the general 
particulars : 
Gauge... sa 23.62 in 
Minimum radius of curves. -- 65 ft, 
Angle of bogie truck, with axis of engine 
on curves of 65 ft, radius ae 6 deg. 


Maximum gradient 
Firegrate surface aaa 
Heating surface—firebox 
tubes 
Total heating surface .. 
Working steam pressure 
Diameter of wheels 


Length of rigid wheel base ... 


40.03 
370 int per sq. ‘in. 





33.47 », 


a in running order _... 11, 
Height from rails to top of chimney | : > 3.46 in. 
Total length over all ... t. 7.81 ,, 


The Mallet system is so well known that it need 
not be described here, and the illustrations show 
clearly the method of articulating the bogie truck to 
the main train, and the sliding and radial connec- 
tions of the steam pipe between the high and low- 
| Pressure cylinders. The end section, Fig. 228, 
|shows the connection between the exhaust and 
ithe blast pipe. Figs. 223 to 224 are views of the 
| saloon carriage for the special use of the Presi- 
dent of the ~ Republi ; it is 5 ft. 10.8in. wide 
and 8 ft. 8.3 in. long, with end platforms about 
|2 ft. 4 in. wide, making the whole length of 
| the car 13 ft. 5in. It is mounted on four wheels 
| 4 ft. 7 in. apart, and two seats are arranged oppo- 
| site each other the whole length of the car. The 
| clear headway in the centre is 6 ft. 3 in., and the 
|roof is surmounted by a ventilating dome 9.5 in. 
high ; the car is fitted with a hand brake worked 
from one of the end platforms. Figs. 216 to 222 
are views of the standard passenger cars, which 
are designed somewhat on the Festiniog Railway 
model ; they are 28 ft. 6.5in. long to ends of 
frame, and are carried on two four-wheel trucks, 
the centres of which are 22 ft. 7.6 in. apart. 
The under frames are of iron, and consist of 
two latticed girders of the length above given 
and 5 ft. 6.9 in. apart ; these girders are 11.8 in. 
deep, and have top and bottom angle -irons 
| 2.76 in. by 2.76in. by .35in., with stiffening 
| webs ; to these latter are rivetted the lattice bars, 
|1.58 in. by .31 in. The ends of these girders are 
| connected by curved cross-beams of similar section, 
and at intervals of about 4 ft. channel irons, 1.97 in. 
by .98 in. by .20 in. are secured transversely to the 
under side of the girder ; immediately above these, 
cross connecting angle-irons join the tops of the 
girders. A central stiffening beam extends between 
| these cross-frames, excepting near the end where 
the trucks are placed, and the flooring of the car- 
riage is secured transversely to the top angle-irons 
of the longitudinal girders. The carriages are open 
| and are protected y an awning carried on posts 
| about 4 ft. 2 in. apart; there are 12 rows of seats 
|arranged transversely back to back, so that each 
car affords accommodation for 48 sitting, and 8 
standing passengers ; the outside width of body is 
5 ft. 7 in., and the width over the continuous foot- 
| boards, which run from end to end, is 6 ft. 8 in. ; 
|the clear headway from the floor of the car to the 
| top of the roof is 6 ft. 5.8 in. The position of the 
| bogie trucks upon which the car is mounted is 
shown in the general views, and Figs. 219 to 222 
| are details of these trucks, The wheels are of 
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THE DECAUVILLE RAILWAY; MALLETS COMPOUND DOUBLE BOGIE LOCOMOTIVE. 


(For Description, see Page 480.) 
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steel 17.72 in. in diameter, and the truck is framed | 
in iron; itis 4 ft. 7 in. long and 30.27 in. wide ; | 
the side frames are formed of angle-irons rivetted 
to plates .47 in. thick and 5,51 in. deep; the end 
frames are of channel irons of the same depth. The 
central bearing of the truck is framed upon two trans- 
verse angle-irons as shown in Fig. 220, and Fig. 222 
is a detail of the pin connection with the body of 
the car. Among the different classes of rolling stock 
is a very interesting speciality of the Decauville 
system, and one that has been found of great service 
at the Exhibition during the last six months. This 
is a 36-ton wagon, mounted on four 6-wheeled 
trucks, and forming part of the regular equipment 
of the Exhibition railway rolling stock. Fig. 215 
(page 480) is an illustration of the manner in which 
the Decauville system is utilised for the transport 
of heavy loads, and gives an idea of how useful it 
has proved in the transport of large weights in and 
about the Exhibition. The engraving shows four 
of the standard Decauville trucks, grouped together 
so as to form two sixteen-wheelec cars. Each pair 
of trucks is coupled together by connecting frames, 
the ends of which pass through the central pins of 
the trucks ; these connecting frames are in their 
turn braced together as shown, and upon the centre 
of each of them is mounted a carrying platform. In 
this way 48-ton guns are easily transported, the 
combination being adapted to carry loads up to that 
weight, without exceeding the working limit of 
three tons on each axle ; in fact the system is largely 
employed by the French Military Department. We 
shall give detailed drawings of further rolling stock 
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It may be stated here, however, that the De- | 









| plant sold the previous year by the firm having 


been 20,0001. ; during the current year material to 
the value of 400,000/. will have been delivered. 


THE BRITISH SECTION.—No. XII. 


In common with most other European powers, 
the British Government severely ignored the Paris 
Exhibition of 1889 ; and forthe same reason as that 
advanced by other monarchies and empires, that it 
could not recognise an undertaking which was to 
constitute the celebration of the overthrow of royalty 
in France a hundred years ago, and the establishment 
of a republic. However justifiable this conclusion 
might have been from a political point of view, it was 
wholly unwarranted in all that touched the material 
interest of thiscountry ; and it was moreover highly 
illogical, seeing that in 1876 the Government had 
devoted a large sum of money to defray the expenses 
of a Royal Commission at the Centennial Exhibition, 
held in Philadelphia to celebrate the crushing defeat 
of British arms a century before, and the definite 
triumph of the Stars and Stripes over the British 
flag. In the face of official discouragement and in- 
difference, the prospects of British representation 
at Paris looked very gloomy ; the patience and re- 
sources of manufacturers had been heavily taxed by 
a long series of exhibitions held in this country and 
abroad, and the general feeling on the subject had 
become confirmed, that while absence from such 
exhibitions might entail serious loss on manufac- 
turers, participation in them did not bring sufficient 
business to repay the expense and trouble. Hence 
possible exhibitors at Paris felt rather grateful than 


on a future occasion, when we propose to illustrate | cauville firm exhibited for the first time at the | otherwise to an indifferent Government, and were 
in detail the extensive and extremely interesting | Paris Exhibition of 1878, when the works were only too glad of an excuse to refrain from taking 


works of the Société Decauville Ainé at Petit-Bourg. | comparatively small, the value of special railway | part in the Exhibition from which they knew that 
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THE BRITISH SECTION IN THE MISCELLANEOUS INDUSTRIES COURTS. 
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PLAN OF ALLOTMENTS IN MISCELLANEOUS INDUSTRIES COURTS. 


rival manufacturers would also be absent. 


portant fact was, at that time, lost sight of, that the | cipation. 
Paris Exhibition of 1889 was to be on such a scale| then it was doubtful whether, with the exception of 
of magnificence as to throw all other previous under- | certain republican sympathisers, the Paris Exhibition 
takings of the same kind into the shade ; that it was | would not be wholly national ; the large spaces set 
not in the markets of France, to a great extent aside for foreign guests threatened to remain vacant; 
the royal guests bidden to the republican feast 
seemed likely to be represented only by their 


closed to British manufacturers by taxes, laws, and 


competition, where exhibitors would find their | 
benefit ; but in those of the whole world whose empty chairs. With that feeling of good fellowship 
and sympathy which always distinguishes France 
in her dealings with this country when she is not 
influenced by political intrigue, or the senseless 
Seek cal cond ‘ outcry of the mob, the best spaces in the Exhibi- 
Peni complications and possible troubles that|tion had been reserved to England. Anxious 

tened France without and within her borders, | to secure British co-operation, the Exhibition autho- 


agents would crowd to Paris to transact busi- 
ness with exhibitors and to establish new trade 
connections, the effect of which would be durable. 

he uncertain condition of French politics, and a 
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Fic. 229. ScREEN SEPARATING COURT FROM VESTIBULE. 
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The im-| were more solid reasons for checking foreign parti- 
So matters stood at the end of 1887; 
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(See page 485.) 


rities determined to use all efforts to arouse the 
interest of English manufacturers. In one sense the 
task was made more easy because they were at that 
time beset by applications from exhibition mongers 
who make their living by inducing manufacturers 
to join in such undertakings. But it was not the 
intention of the French Administration to listen to 
such offers as these which would have brought dis- 
credit on the Exhibition in this country. For some 
months the question of British representation lay 
with M. Blanchard de Farges, the Consul-General 
of France in London; that gentleman worked 
actively in the matter, securing influential co- 
operators, warning off speculators, and holding the 
position generally until the time arrived for serious 
action. In February, 1888, M. Georges Berger, 
Directeur-Général de l’Exploitation, visited London, 
and found the ground well prepared for him by the 
previous efforts of M. Blanchard de Farges. M. 
Berger laid the whole case before the Lord Mayor, 
Sir Polydore de Keyser, and asked for his active 
co-operation with the support of the Mansion House 
and the City, in forming an influential Committee to 
look after British interests. In 1878, the Prince 
of Wales, so well known and so much admired 
in Paris, was the able and popular president of the 
Royal Commission ; but in 1889 the Prince of 
Wales—no matter how warm his personal sympathies 
might be with the Exhibition—was not able to 
recognise it.. In France every one is familiar with 
two great English personalities—the Prince of 
Wales and the Lord Mayor London—and as the 
patronage of the former was out of the question, 
the services of the latter were warmly accepted by 
M. Berger, who returned to Paris fully convinced 
that a good British representation was secured for 
the Exhibition. Nor was he wrong in his conclu- 
sions, for immediate action was taken at the Mansion 
House with very satisfactory results. On February 
28, 1888, the Lord Mayor summoned a meeting at 
the Mansion House, which was numerously at- 
tended ; at this meeting he explained that he had 
undertaken the somewhat onerous task of interest- 
ing manufacturers sufticiently to induce them to 
exhibit, and he appealed to the meeting to second 
his efforts by the election of a General Committee, 
by the exercise of individual influence, and by the 
creation of a guarantee fund to cover any deficit 
which might result in the finances of the proposed 
organisation. The result of this appeal was the 
formation of an influential General Committee 
numbering about 230 persons, and the raising of a 
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PLAN OF ALLOTMENT IN AGRICULTURAL GALLERIES ; BRITISH SECTION. 


guarantee fund of some 15,0001. or 20,0001. to meet 
Out of the members of the | 


unforeseen liabilities. 
General Committee an executive of fifty persons 
was chosen, the president of this committee being 





Sir Polydore de Keyser, and the vice-president | 


Lord Brassey ; the Lord Mayor of London for the 


time being was to act as president of the General | 
Committee, and honorary president of the executive. | 


The secretaries appointed to serve at this Committee 


were Mr. H. Trueman Wood and Mr. W. J. Soulsby, | 


the permanent secretary at the Mansion House ; 
Mr. Wood was later appointed commissioner-dele- 
gate, the appointment being recognised by the 
Foreign Office, and communicated by Lord Salis- 
bury through the British Ambassador to the French 
Government. Mr. Frank Cundall was made assistant- 
secretary ; Mr. William Stuart, accountant ; and 
the honorary secretary in Paris was Mr. J. Aylmer. 
When the executive committee commenced to 
hold its meetings at the Mansion House, the 
prospects for the British Section at Paris looked 
anything but brilliant. 


Manufacturers showed | 


little willingness to come forward, and the abso- | 


lutely impecunious condition of the executive 
rendered the task of obtaining exhibitors all the 
more difficult. For it was clear that money must 
be obtained if the British Section was to have an 


actual existence ; it was also clear that the required | 
funds could not be produced from donations, and | 
that the promises to pay of the guarantors, must | 
not be enforced except in the direst extremity. | 


Yet money was absolutely necessary, and that to a| 


relatively large amount ; true, the French Adminis- 
tration made no charge for the space it gave to 


foreigners, but then it only gave them weather- | 


proof sheds, unfloored and void of decoration. 


The | 


money to pay for these had to be raised, as well as | 


for all the numerous expenses attending the work of 


a commission—the salaries of the working staff, | 


travelling expenses, printing, the care of empty 
packing cases, and all the unforeseen charges that 
empty the official purse 
With the exception of the catalogue, nothing was 
to be gained by the sale of concessions, for the 


at every exhibition. | 
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participate, that—the time of grace being long 


French authorities had carefully appropriated all | passed—England appropriated the colonial reserve, 
sources of this kind whence revenue could be ob- | and had filled it with exhibitors, when at the last 


tained. 


There was nothing therefore for it but to moment both Victoria and New Zealand announced 


make the unwilling manufacturer still more unwil- their intention of being officially represented, so 
ling to exhibit, by charging him 5s. for every square that a new and more crowded allotment of space 


foot of surface he might wish to secure. 


estimated that if the whole of the area allotted to limits already assigned them. 


It was| had to be made for English exhibitors within the 


Before this came to 


Great Britain were sold at this rate, sufticient funds | pass, however, it had become evident that British 
would be raised, if administered with care, to meet representation in almost all classes would be a satis- 


the expenses of the section. 


This plan of working | factory one ; applications for space flowed in rapidly 


having been definitely decided upon, appeals were | to the committee's offices at 2, Walbrook, and the 
made to manufacturers with the usual result; indif- work of the executive, and of its indefatigable presi- 
ference first, then indecision, and finally a feverish dent and secretaries, soon became heavy enough. 
eagerness to exhibit long after all the available space The executive body resolved itself into a number of 
had been allotted, and no further extension could be sub-committees for the better despatch of work ; 


wrung out of the French Administration. The areas and were classified as follows : 


(a) Finance and 


reserved for Great Britain in the Miscellaneous In- |General Purposes. (b) India. (c) Social Economy. 


dustries Galleries included a considerable space at (d) Anthropological. 
one side of the building for the colonies, but so Arts. L 
much uncertainty arose as to their being able to Furniture and Accessories. 


(e) Transport. (f) Fine 
(g) Education and the Liberal Arts. (A) 
(i) Textile Fabrics, 





(See page 485.) 


Clothing, &c. (j) Mining Industries. (k) Mecha- 
nical Industries and Electricity. (l) Food Products. 
(m) Agriculture, Horticulture, and Pisciculture. (1) 
Victoria and New Zealand. The titles of most of 
the sub-committees, it will be observed, followed 
the general grouping of the catalogue, with the 
addition of several others, of which special mention 
may be made. As a matter of course the greater 
part of the work has fallen upon the Finance and 
| General Purposes Committee, which has had practi- 
cally the whole responsibility of the section. This 
committee is composed as follows : Sir Polydore de 
Keyser, president ; Lord Brassey, vice-president ; 
members, Sir Francis Dillon Bell, E. H. Carbutt, 
Henry Chapman, Sir George Chubb, Mr. Alderman 
Cotton, I. H. Donaldson, James Dredge, Professor 
Elgar, Sir Douglas Galton, Sir Joseph Lee, Sir John 
Lubbock, R. B. Martin, Sir Bernhard Samuelson. 
From time totime meetings of the General Executive 
Committee were held at the Mansion House for the 





purpose of receiving the reports of the Finance and 
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General Purposes Committee, and it is satisfactory to 
state that in no single instance has the action of the 
sub-committee failed to receive the warmest indorse- 
ment of the general body. An important question 
which the General Purposes Committee was called 
upon to decide before it had been long in_existence 
was that of decorating the Miscellaneous Industries 
Section. The problem was a difficult one taken in 
connection with the extremely limited means at the 
disposal of the committee. Mr. I. Hunter Donald- 
son, a gentleman of great and special experience in 
this part of the work, undertook the somewhat thank- 
less task of designing and carrying out the scheme of 
decoration with the smallest possible expenditure, 
and as largea sum as the Committee felt justified in 
devoting to this purpose was placed at his disposal. 
By referring to the plan of the British Miscellaneous 
Industries Court (see coloured plan) it will be seen 
that it occupies the whole width of the broad wing 
adjoining the Avenue Rapp. It was prescribed as a 
necessary condition by the French authorities that 
a vestibule should be formed between the entrances 
to the building and the British Court ; this involved 
the construction of a screen for the whole width of 
the court, cutting off the latter from the vestibule. 
Fig. 229, page 483, shows the screen designed by 
Mr. Donaldson, and which forms the principal 
decorative feature, as well as a facade to the sec- 
tion, cutting it off from the vestibule at the end. 
This screen is of fibrous plaster work with a 
wood core ; it is 250 ft. long, and 26 ft. 6 in. high ; 
the design is Elizabethan of the style of about 
1600. The three principal entrances to the galleries, 
16 ft. wide, are hung with draperies of morone 
plush with fringes, tassels, &c., suitable to the 
period. The whole structure is painted to represent 
stonework, having the grounds of the frieze and 
other parts in gold; the Royal Arms above the 
central archway are properly emblazoned and 
surrounded by flags. There are also six smaller 
entrances passing through the screen into the courts 
beyond, and the inclosed bases of the screen ‘are 
decorated with fine examples of English pottery, 
this end of the section being specially devoted to 
fictile exhibits. Mr. Donaldson’s design has been 
very beautifully rendered by Messrs. N. Newton 
and Co., of Eagle-street, Holborn, who make a 
speciality of fibrous plaster and carton-pierre. The 
vestibule outside the screen is 30 ft. wide, and runs 
the whole length of the screen; it contains the 
latest specimens of the potter’s art, marble work 
by Farmer and Brindley, wrought-iron work by 
Gardner and Co., tile work by Doulton, with a 
great clock by Messrs. Dent and Co. ; this is placed 
over the principal entrance. The flags, contributed 
by about forty of the chief towns of England, are 
partly displayed here, and care has been taken to 
secure local colour in the section, where the whole 
of the exhibits and materials are of English design 
and manufacture. Some rich embossed wall hang- 
ings are shown in the vestibule with portiéres, sus- 
pended lamps, and decorative ironwork. We ought 
to mention that the Mansion House Committee are 
indebted to the liberality of the above-named firms, 
and many others, in contributing decorative objects. 
At the other end of the galleries adjoining the 
Belgian Section are three arches corresponding to 
those in the screen, and these have draperies of 
Irish materials in rich colourings, with appliqué 
bordering, fringes, &c., produced at Donegal House, 
Wigmore-street, under the direction of Mrs. Ernest 
Hart, who is labouring so indefatigably to promote 
the cottage industries of Ireland. 

As time went on and funds increased in the hands 
of the executive, it was considered justifiable to 
incur further expense in the decoration of the court. 
Accordingly each bay of the roof was covered by 
a canvas panel suitably ornamented ; the beautiful 
ironwork was painted, and the effect of decoration 
heightened by the judicious introduction of a large 
number of flags. Upon the whole we think that the 
general result will be considered satisfactory, and 
great praise is due to Mr. Donaldson for the thorough 
way in which he has carried out his honorary work. 
Undoubtedly the great feature of the British Court 
from a decorative point of view is the treatment of 
the Colonial Section by Mr. Purdon Clarke, which is 
referred to on another occasion. Not much money 
has been expended by the Commission in ornament- 
ing the other British Courts. Something has had to 
be spent upon the space in the Arts Libéraux build- 
ing, and more in the Agricultural Galleries ; as for 
the Machinery Hall its proportions are so vast that 


anything like decoration of the individual sections 
1s impossible, 


The Fine Arts Section is presided over by Sir 
Frederick Leighton, who with Sir James Linton 
has worked continuously and energetically to 
insure success, but the actual labour of collect- 
ing pictures has been placed in the hands of Mr. 
Charles Deschamps, who has been very successful 
in his honorary labours. This section was paralysed 
by want of money, and fora long time it seemed 
probable that England could make no fine art con- 
tribution to the Exhibition. Appeals were made to 
the public for subscriptions, but were miserably 
responded to ; the Royal Academy took no interest 
whatever in the matter, and the Mansion House 
Committee had no funds to spare. When their 
financial circumstances mended, however, they de- 
cided upon making a grant of 15001. to the Fine 
Arts Section, and this with the small sums that had 
been scantily subscribed, justified the Committee in 
setting to work. Thanks to Mr. Deschamps’ ener- 
getic canvass there is now every prospect that the 
British pictures sent will be, if not numerous, at 
all events representative. 

The question of the participation of the Indian 
Empire was also one that occupied the attention of 
the Committee. Official recognition being out of 
the question, no financial aid from Government was 
possible. A number of gentlemen, however, having 
commercial interests in India, gave sufficiently sub- 
stantial assurances to the Executive Committee to 
justify that body in incurring the expense of about 
40001. in the construction of a pavilion, the design 
of which was furnished by Mr. Purdon Clarke, and 
which is described on another page. The central 
portion of this pavilion is occupied by the Indian 
Tea Growers’ Association, the wings are divided 
into shops, each occupied by an exhibitor interested- 
in the display of Indian manufactures. It was the 
less difficult for the Committee to carry out this 
project, because the rigid rule of the French Ad- 
ministration prohibiting the sale of articles within 
the Exhibition was relaxed so far as regards Oriental 
exhibitors. The Indian Pavilion may certainly be 
regarded as one of the triumphs effected by the 
Mansion House Committee in the face of great 
obstacles and discouragement. 

The Social Economy Committee is referred to at 
considerable length upon another page ; strictly 
speaking it is not a part of the Mansion House 
executive, but is allied to it and supported by it 
with a small donation ; the same remark applies to 
the Anthropological Committee, which has been 
working for the benefit of the Retrospective Exhibi- 
tion of Work. 

Considering the important part which the railway 
company will be called upon to take in the trans- 
port of freight and passengers to and from Paris, it 
was decided that a special sub-committee of people 
interested in this matter should be appointed. The 
Committee consisted of Messrs. J. C. Bolton, H. 
Chapman, J. Dredge, M. Fenton, G. Findlay, W. 
Forbes, H. Oakley, A. Sarle, and C. Scotter. The 
principal work effected by this Committee may be 
recognised from the fact that the rates charged for 
freight to the Exhibition were reduced by 50 per 
cent. from the normal charges, and that the ordi- 
nary monthly return tickets have been made 


year. These concessions will prove of high value 
to exhibitors. 

We shall refer on another occasion to the exhibits 
made by Victoria and New Zealand, but we may men- 
tion here that the committee consists of Sir Francis 
Dillon Bell, Sir John Hall, and Messrs. M. S. Grace, 
George Beetam, W. Montgomery, and E. Withy. 

The total space allotted to Great Britain and the 
Colonies was divided as follows : 


Fine Arts... oe 

Liberal Arts (gallery) 

General Industries ... ees ad des 
Machinery (ground floor and gallery) ... 
Railway Plant (ground floor and gallery) 
Agriculture ... ate ate at ae 
Food Products 

Indian Pavilion .. 

Ceylon Tea House... 

Model Flour Mill ... 

Model Dairy... es a ee 
Miscellaneous outside exhibits ... 

Cape of Good Hope ss 

Kimberley Diamond Fields 

New Zealand es 3 

Victoria 
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The above amount does not include the building 
on the Champ de Mars devoted to the offices of the 
British Section. 


available for any period up to the close of the|I 








This scattering of the exhibits belonging to one 


section over different and widely remote parts of 
the Exhibition has been the cause of very con- 
siderable additional expense and trouble to the 
British Executive. It was originally intended that 
no separate spaces should be allotted to separate 
countries, but that the exhibits should be grouped 
in classes without regard to nationalities. Of course 
this scheme broke down as soon as it was tried, but 
the attempt resulted in the wide separation of the 
exhibits of this and other countries. There is an 
undoubted advantage in the arrangement, inasmuch 
as a visitor interested in any particular department, 
such, for instance, as agriculture, gets all the agri- 
culture exhibits together ; but the cost and labour 
involved to the different commissions has been 
excessive. 

The exhibits in the Miscellaneous Industries Sec- 
tion includes principally Groups III., IV., and V., 
though in some cases exhibits properly belonging to 
these groups are placed in other portions of the 
Exhibition, and the court also contains exhibits 
which are catalogued, and properly so, under other 
groups. In the centre of the court (see plan, 
Fig. 230, page 483) is a fine pillared canopy, 
erected in carton-pierre by Messrs. Jackson and 
Sons, of Rathbone-place ; this forms the central 
point of the court, which is divided by three 
main avenues running north and south, and one 
main cross-passage, Messrs. Jacksons’ canopy being 
at the intersection of the central longitudinal 
avenue with the transverse one. Along the screen 
are ranged the exhibits of pottery and glass, which 
are of a very high order, chief among the exhibitors 
being Messrs. Goode, Messrs. Copeland, and Messrs. 
Daniells, for pottery, and Messrs. Webb for glass. 
A little further down the central avenue is the 
handsome stand of Messrs. Doulton. Nearly 
opposite them is the magnificent stand of the 
Goldsmiths’ and Silversmiths’ Company, one of the 
most prominent objects in the court. At the four 
corners of the crossing avenues in the centre are the 
stalls of the Illustrated London News, the Gold- 
smiths’ Alliance, the York Street Flax Spinning 
Company, and the Donegal Industrial Fund. 

Passing further along the central avenue, on the 
right is the important exhibit of Debenham and 
Freebody, while beyond this come the numerous 
exhibits of textile fabrics, clothing, &c., both to 
right and left. The furniture exhibits occupy a 
good position at the south-western corner of the 
court, the north-western portion being, as will be 
seen by the plan, occupied by the colonies of 
Victoria and New Zealand. A very prominent 
feature in the colonial space is a gold arch, repre- 
senting the gold which has been extracted in the 
colony of Victoria. In the opposite or eastern side 
of the court the largest exhibitor is the firm of 
Messrs. Crossley and Sons, Halifax, who are showing 
a fine collection of carpets; while wall-papers, 
linoleum, &c., are arranged on the wall which forms 
the western boundary of the court. The varied 
appearance of the court forms a pleasant and striking 
contrast to the somewhat monotonous uniformity 
of the French courts, in which all the cases in each 
group are of a precisely similar pattern. 

The Liberal Arts Gallery (see plan, Fig. 232, 
nage 484) contains for the most part the exhibits 
of Group II. The British space here is of a 
somewhat less satisfactory character than those 
given to the other portions of the British Sec- 
tion, though the gallery in which it is placed is 
a large and very handsome one. It is-—though, 
indeed, this might be said of most of the courts— 
quite insufficient for the numerous exhibitors who 
have desired to receive allotments. Here are the 
not very numerous exhibits of scientific apparatus. 
Photography is fairly well represented by the in- 
strument makers, and by a small, though extremely 
choice, collection of photographs by our best pro- 
fessional workers. 

Exclusive of the Fine Arts Section, nearly 800 
English exhibitors are, or will be, assembled in 
Paris. This is not a bad result, considering the 
great difficulties under which the Committee have 
laboured ; indeed, it would have been impossible to 
have accepted more applications, and a large number 
had to be turned away for want of space. So far as 
possible the executive and the various sub-com- 
mittees subjected each application to the closest 
scrutiny in order to maintain a high standard of 
excellence. The following list gives an idea of the 
relative number of exhibitors in each class, though 
probably the figures are not correct : 

Class 9.—Printing and books Sd ‘os 9 
Class 10.—Stationery, bookbinding, paint- 
ing, and drawing materials ... 16 
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(For Description, see Page 491.) 
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Fic, 285. RENAISSANCE, ARAB, AND EASTERN ASIA. 


Class 11,.—A pplication of the arts of draw- 
ing and modelling. 

Class 12.—Photographs and photographic 
apparatus 

Class 13.—Musical instruments : 

Class 15.—Instruments of precision 

Class 16.—Geographical and topographical 
apparatus 

Class 17.—Cheap and high class furniture 

Class 18.—Upholsterers’ and decorators’ 
work 

Class 19.—Crystal, glass and stained glass 

Class 20.—Pottery ... 

Class 21. Drone A tapestry, and other 
stuffs for furniture : 

Class 22, nr 

Class 23.—Cutlery te ne 

Class 24, —Goldaniths’ “and silveremiths 
work 

Ciass 25.—Bronzes and other art castings 

Class 26.—Clocks and watches 

Class 27.—Methods of heating and lighting 
(not electric) ie 

Class 28.— Perfumery and toilet soaps on 

Class 29.—Leather and basket work and 
brushmaking ... we 

Class 30.—Cotton threads and fabrics... 

Class 31.—Thread and fabrics of flax, hem), 


&e. 

Class 32.—Worsted and woollen yarn and 
fabrics... ' 

Class 33,—Silk and silk fabrics 

Class 54:—Shawls, lace, embroidery, and 
trimmings ae 

Class 35.—Hosiery, _underclothing, and 
accessories b eh 

Class 36.—Clothing for both sexes . 

Class 37.—Jewellery and bijouterie | . 

Class 38.—Small arms, hunting, and d shoot 
ing equipments... 
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Class 39.—Travelling ieniae and re 
equipage .. 

Class 40.—Toys 

Class 41. a of mining and metal- 


urgy d 

Class 42,—Cultivation of forests |. 

Class 43. —- and products of hunt- 
ing, shooting, andfishing _... 

Class 44, a products not used 
or food ... 

Class 45.—Chemical and pharmaceutical 
products .. 

Class 48, — Methods and processes con- 

— with mining and metal- 


Class 49, —Inplements, &c., for ‘cultivating 
fields and ferests ‘ 
Class 50.—Agricultural ay snes and pro- 
cesses, &c, 
Class 51.—Apparatus used in chemistry, 
pharmacy, and tanning ra 
Class 52. <eieaegel machinery 
Class 53.—Machine tools . 
Class 54.—Spinning and ropemaking 
Class 55.—Apparatus and processes used 
in weaving 
Class 56.—Sewing and making up clothing 
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Class 58.—Papermaking, dyeing, and 
printing .. 

Class 59,—Miscellaneous machines, instru- 
ments, and processes . 

Class 60.—Carriage building, 
making, and sadd ery.. 

Class 61.—Railway apparatus a 

Class 62.—Electrical ane and pro- 
cesses 

Class 63.—Civil engineering and. _arebi- 
tecture ... 

Class 64.—Hygiene and sanitation.. av 

Class 65.— Navigation and life-saving appa- 
ratus pas 

Class 66.—Military materials and apparattis 

Class 67.—Cereals and derived products .. 

Class 68.—Bread and pastry 

Class 69.—Fatty substances used as food... 

Class 70.—Meat and fish __.. sige Ri 

Class 71.—Vegetables and fruit... 

Class 72.—Condiments, ee sugar, 


harness 


&e, 
Class 73. —Fermented drinks ® 
Class 74.—Agricultural im lements, &e. ... 
Class 76.—Useful and noxious insects 


rs 


As already stated, the Indian Pavilion contains 
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twenty shops and a central court, occupied by the 
Indian Tea Growers’ Association ; among the exhi- 
bitors who have rented space in this building are 
Messrs. Ardshire and Byramji, of Bombay, who have 
a fine collection of Indian jewellery, metal, and ivory 
work, embroidery, &c., and Mr. Bhumgara, who 
makes a similar exhibit. The Forestry Department 
of the Government of India shows a good collec- 
tion of Indian timber, both in specimens and worked 
up for different purposes. Messrs. Liberty and Co., 
of London, exhibit samples of their imported 
Indian goods ; the Prince of Wales Trading Cofn- 
pany exhibits Oriental art ware, and Messrs. Proctor 
and Co. have a collection similar to that of Mr. 
‘Bhumgara. Mr. Bigex, from Cashmere, makes a 
speciality of Oriental carpets, and Mr. Sumsodin 
contributes miscellaneous industries from India. 

It will be noticed that Class 74, which includes 
agricultural implements (see Fig. 231, page 484), 
contains very few exhibitors. This is due to 
the fact that the greater number of the agri- 
cultural implement makers of this country arrived, 
after careful consideration, at the decision that 
they would refrain from exhibiting at all. From 
a mistaken idea as to the value of the location 
assigned to this class of exhibits, these manu- 
facturers concluded that the galleries on the 
Quai d’Orsay were quite unfitted to receive the 
objects they propssed to send. At an early stage 
in the history of the Mansion House Committee, 
the executive received a deputation sent by the 
Agricultural Engineers’ Association, and on that 
occasion it was pointed out that the most important 
objects they would send could be properly grouped 
in the Machinery Hall, and on the understanding 
that the Association would make an imposing and 
collective exhibit, specially favourable terms were 
offered them both as to the space which would be 
allotted to them in the section, and the price which 
they would be charged for the space occupied ; it 
being understood that only agricultural imple- 
ments proper, such as ploughs, harrows, and other 
instruments of tillage, drills, mowing and reaping 
machines, thrashing machines, food preparing 
implements, &c., would be arranged on the Quai 
d’Orsay. Fortunately for the executive, these large 
concessions did not offer a sufficient inducement to 
the main body of the agricultural engineers, who, 
after careful deliberation at a special meeting 
of their association, declined to accept it, 
and combined as a body to withhold all parti- 
cipation. Had they determined otherwise the 
Executive Committee would have been placed in 
an awkward position with regard to the numerous 
exhibitors who subsequently applied for space ; 
but at the time we speak of the prospects of filling 
the court were very meagre, and the Committee 
would only too gladly have felt assured that the 
greater part of it would be occupied by such an im- 
portant body as the agricultural implement makers 
of England. Among those who declined to conform 
to the decision we may mention the following : Mr. 
A. C. Bamlett, of Thirsk, who shows mowing ma- 
chines, combined mowers and reapers, sheaf bind- 
ing and automatic reapers, horse rakes, and miscel- 
laneous implements ; Mr. Robert Boby, of Bury 
St. Edmunds, has a collection of barley and corn 
screens, and corn-dressing machinery ; Messrs. Bur- 
rell and Sons, of Thetford, show portable engines, 
thrashing and finishing machines, corn screens, &e. ; 
Messrs. Carson and Toone exhibit chaff-cutters for 
hand and power, cheese presses, and all sorts of 
dairy appliances ; Mr. J. H. Carter, of 82, Mark- 
lane, shows flour mills; Messrs. John Crowley 
and Co., Sheffield, send chaff-cutters and lawn 
mowers ; Messrs. Harrison, McGregor, and Co., of 
Leigh, exhibit mowing and reaping machines, chaff- 
cutters, and miscellaneous implements. The London 
and Provincial Dairy Company have a model British 
dairy which will attract considerable attention. 
The Massey Manufacturing Company, of Queen 
Victoria-street, exhibit automatic binding reapers, 
& number of mowing machines, rakes, and other 
harvesting appliances. Messrs. Cocksedge and 
Co., of Ipswich, Messrs. R. Lister and Co., of 
Dursley, and Mr. Thomas W. Smith, of Newcastle, 
exhibit, through Mr, Pilter, of Paris, cultivators, 
water carts, corn screens, harrows, mills, oilcake 
breakers, maize crushers, ensilage appliances, and 
lawn mowers. Messrs. Samuelson and Co., of 
Banbury, have a large number of reaping and 
mowing machines, self-combining harvesters, hay 
presses, and other objects. Messrs. Smyth and 
Sons, of Peasenhall, send drills and broadcast 
sowers, corn and beet drills, and manure distri- 





butors. Messrs. Woods and Co., of Stowmarket, 
exhibit their corn-grinding and crushing ma- 
chines for hand and power. Besides the fore- 
going, Messrs. Aveling and Porter, of Rochester, 
Messrs. Kent and Co., of London, Messrs. Mus- 
grave and Co., of London, and Messrs. Robinson, 
of Rochdale, make important exhibits in this and 
allied classes. 

The British exhibits are distributed in seven 
different parts of the Exhibition. The prin- 
cipal courts are those of Miscellaneous Industries 
and Machinery ; a large space is occupied in the 
building of the Beaux Arts, and a smaller court on 
the first floor in the Liberal Arts Palace. The area 
allotted to Great Britain in the Agricultural 
Galleries is extremely well filled, and a part of the 
space originally reserved, has been given up to the 
Cape of Good Hope. In the Trocadero there is a 
limited number of exhibits, and the collection of 
railway material on the Champ de Mars is an excel- 
lent one. This court, as will be seen by reference 
to the coloured plan, occupies the space between 
the Machinery Hall and the Miscellaneous Industries 
galleries, towards the side of the Avenue de Suffren, 
and extends past the end of the Machinery Hall for 
nearly its whole width. The rule followed in 
arranging the exhibits in this court is by objects, 
and not by nationalities ; but an exception has been 
made in favour of this country, which occupies that 
part of the court coloured red on the plan. The 
English exhibits in this particular section are repre- 
sentative if not numerous. Locomotives and rail- 
way rolling stock have been sent by the London, 
Brighton, and South Coast Railway Company, the 
London and North-Western Railway Company, the 
Midland Railway Company, the North London 
Railway Company, and the South-Eastern Railway 
Company. The Westinghouse Brake Company 
make a fine exhibit of their compressed air brake 
apparatus, illustrating its application to a train of 
fifty carriages ; the Vacuum Brake Company also 
occupies space in this court. 

In addition to the space which has been allotted 
to the Cape in the Agricultural Gallery on the Quai 
d’Orsay, that colony has a separate building in the 
space between the main galleries and the Avenue 
de la Bourdonnais, on which the various companies 
of the Kimberley diamond mines show not only 
specimens of the diamonds that have been found, 
but also the process of washing for diamonds. Most 
of the principal companies have contributed, form- 
ing themselves into a sort of syndicate. The exhibit 
will be under the direction of the Vicomte de Mont- 
mort, the commissioner of the Cape Colony. 

We must reserve all reference to the exhibits in 
the Machinery Hall for future issues. 

The Mansion House Committee secured last 
summer a piece of ground not far from the Exhibi- 
tion on which they have erected a shed for the 
reception of empty cases. Experience of past exhibi- 
tions has shown that unless some special arrangement 
of this kind be made, endless confusion reigns when 
the time for packing up exhibits and removing 
them arrives ; a small charge has been made to each 
exhibitor, which will partly cover the cost for this 
accommodation ; the remainder will be defrayed out 
of the funds at the disposal of the Committee ; the 
empty cases will be stored under cover within a 
shed erected by Messrs. Humphreys and Co., of 
London. The same firm has also erected a commo- 
dious if not highly decorative building in the Champ 
de Mars, which the executive has hired for the 
offices of the section, and which is handsomely fur- 
nished by different London firms. In January last 
temporary offices were rented in Paris at 5, Rue 
St. Georges, for the transaction of business, and 
there such members of the Committee as could 
attend have held daily meetings in the interests of 
exhibitors ; these oftices have now been abandoned, 
and the whole work of the section is carried on at 
the Champ de Mars. In February, Mr. Trueman 
Wood, with the sanction of the Society of Arts, 
removed permanently to Paris, where, with the co- 
operation of Sir Polydore de Keyser, who has hesi- 
tated before no sacrifice of money or personal con- 
venience, the tedious and complicated labours of 
administration have gone on most satisfactorily. 
The limited means at the disposal of the Committee 
have rendered it necessary to exercise the utmost 
economy in every particular, and for this reason the 
staff, which has chiefly been sent from England, has 
been cut down to the narrowest limits. Sir Poly- 
dore de Keyser is a master in the art of economical 
finance, and thanks to his incessant watchfulness 
guarantors need have no anxiety about being called 





upon to make good any deficits at the close of the 
Exhibition. It is unnecessary to speak of the 
capability and indefatigable energy of Mr. True- 
man Wood, who has filled the difticult position of 
Commissioner to the satisfaction of every one, even 
of exhibitors. 

The total funds in the hands of the Committee 
amounted to about 24,0001., a financial condition 
which seemed impossible in February of last year, 
when it appeared doubtful if any exhibitors would 
come forward. This amount has not been wholly 
derived by the rental of space, certain concessions 
having been disposed of by the Committee ; thus 
the colonies of Victoria and New Zealand have 
paid 10001. for the area ceded to them; Messrs. 
Clowes and Son paid 12001. for the privilege of 
printing the catalogue and guide ; the Indian Tea 
Growers’ Association have also contributed to the 
treasury. But comparatively large as the total 
sum collected is, it would certainly have proved in- 
sufticient had it not been for the sacrifices made by 
the members of the Committee. Not only has the 
work done by this body been purely honorary, but 
each member pays his own expenses both in 
London and Paris, following the example most 
generously set by Sir Polydore de Keyser, and as 
may be imagined the amount of trouble and ex- 
pense has not been trifling ; the London, Chatham, 
and Dover Railway Company, and the Northern 
Railway Company of France, have seconded the 
efforts of the Committee by the judicious granting 
of free passes between London and Paris. 

Under the extremely difficult circumstances at- 
tending the formation of the Mansion House Com- 
mittee, the success attained is far greater than 
might reasonably have been anticipated, and the 
thanks of exhibitors and of the country at large 
are certainly due to this body of gentlemen, who 
have so generously given their time and means to 
accomplish that which the Government had refused 
to undertake ; and especially they are due to Sir 
Polydore de Keyser for having made full use of the 
great position he occupied last year as Lord Mayor 
of London, to secure a good British representation 
at the Paris Exhibition. 


FOREIGN SECTIONS.—No. XIII. 

THE coloured plan which we publish in this issue, 
shows clearly the amount of space which the French 
authorities have placed at the disposal of those 
foreign nations that decided to take a part in the 
Exhibition, as well as the participation of that space 
amongst the various nationalities. The hesitation 
with which almost all foreign countries accepted the 
invitations issued by France was due partly to the 
troubled state of the political horizon, partly to 
the disinclination of manufacturers to incur the 
trouble and expense inseparable from exhibiting, and 
partly to the fact that the date selected for holding 
the Exhibition is the centenary of the great Revolu- 
tion which upset a monarchy and founded a re- 
public. At one period it seemed indeed as if the 
international character of the Exhibition would be 
only nominal, and that the vast buildings on the 
Champ de Mars would have to be occupied solely, 
as they might easily have been, by the products of 
French arts and industries. But as time went on 
foreign nations began to realise that this Exhibition 
would have a commerical importance which would 
far outweigh the political coincidence ; manufac- 
turers awoke to the knowledge that the Exhibition 
would form, not only a French market, but a 
universal one; and Governments that had at first 
been indifferent or hostile became interested, in 
many instances to the extent of voting funds to- 
wards paying the expenses of an efticient represen- 
tation. Foreign republics naturally were friendly to 
the undertaking from the beginning, but even they 
were slow of coming in until the prospects seemed 
tolerably assured of peace upon the Continent. 

The French authorities have reserved nearly 
1,000,000 square feet within the precincts of the 
Exhibition for foreign exhibitors, and these have 
raised loud complaints that the allotments are abso- 
lutely inadequate for their requirements ; thus the 
prospects which existed a year ago, of large foreign 
areas either scantily furnished, or curtailed for the 
benefit of French manufacturers, have been ex- 
changed for the actuality of overcrowded space in 
every class and in each nationality. Of course it 
was found impossible to meet foreign demands for 
accommodation within the main buildings, although 
the space set aside was at least as great as in the 
Exhibition of 1878; hence arose the necessity of 
encroaching upon the already limited gardens which 
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will form one of the great attractions of the Exhibi- 
tion, and pavilions of more or less importance began 
to spring up on every spot of ground that could be 
wrung from the reluctant hands of the French 
Executive. 

In Europe the exhibiting nationalities which are 

assisted by their respective governments are Greece, 
Norway, Servia, Switzerland, Santo Marino, and 
Monaco ; in Asia they are Japan, Persia, and Siam ; 
in Africa—Moroceco, and the South African Re- 
yublic ; in Oceania—Victoria, New Zealand, and 
New South Wales ; in America—the United States, 
the Argentine Republic, Bolivia, Chili, Columbia, 
Equador, Guatemala, Hayti, Mexico, Nicaragua, 
Paraguay, San Domingo, Salvador, Uruguay, and 
Venezuela. Those countries which are present, 
thanks to private enterprise, are as follows: In 
Europe—Austria and Hungary, Belgium, Great 
Britain, Denmark, Holland, Russia, Italy, Rou- 
mania, Spain, Portugal, Luxembourg. In Africa, 
Egypt; and in America, Brazil. Several of the 
foregoing countries, although unrepresented offi- 
cially, have been supported by funds voted by their 
respective Governments ; thus the Belgian Par- 
liament made a grant of 24,0001. for this purpose ; 
the Spanish Chambers voted 20,0001. ; the Portu- 
uese Government, 5500l.; the Roumanian 
Scacniealen received a grant of 80001. ; 50001. was 
accorded to the Danish Committee; and no less 
than 30,0001. was voted by the Brazilian Govern- 
ment for the expenses of participation. As said 
above, the total area allotted to foreigners is greater 
than that which was reserved in 1878 for the same 
purpose, nearly 1,000,000 square feet being divided 
amongst the foreign sections, and one of the great 
troubles which has, for months past, beset the 
French authorities, has been the never-ceasing 
demands from abroad for more space. 

In the Miscellaneous Industries Galleries the 
whole of the main body of the building, with two 
exceptions, is occupied by French exhibitors ; 
these exceptions are the spaces reserved symme- 
trically on each side of the great 98-ft. central 
gallery, for Austria and Hungary on the left-hand 
side, and for Russia on the right-hand side. The 
wings of these galleries are entirely given up to 
foreigners. The French Exhibition authorities have 
paid this country the marked compliment of allot- 
ting to Great Britain the best position, not only 
among the foreign sections, but on the whole of the 
Champ de Mars, a space in the Miscellaneous 
Galleries immediately adjoining one of the main 
public entrances, that of the Porte Rapp. Our 
Australian colonies adjoin the British Section, 
and the rest of the wing is occupied by 
Belgium, Denmark, and Holland. The opposite 
wing of these galleries, that adjoining the Avenue 
de Suffren, is divided longitudinally into four parts ; 
the inner division, adjoining the central garden, 
is allotted equally to Italy and to Switzerland ; the 
United States occupies the whole of the central 
division ; the third is given up to Spain, Portugal, 
Roumania, and Norway ; while the fourth is oc- 
cupied by the courts of San Marino, Greece, 
Servia, and Japan. As will be seen by reference 
to the plan, the rest of this outer gallery adjoining 
the Avenue de Suffren is, for the whole depth of 
the Miscellaneous Industries Court, given up to 
Oriental nations ; a further space to Japan, and 
the rest to Siam, Egypt, and Persia. In the Ma- 
chinery Hall three-fourths of the space is filled by 
French exhibitors ; the remaining fourth is occupied 
by England, the United States, Belgium, and 
Switzerland, with some unimportant spaces allotted 
to a few other countries. In the buildings of the 
Beaux Arts and of the Arts Libéraux, as much space 
as was possible was allotted to foreign exhibitors, 
whilst by far the greater part of the isolated pavilions 
in the grounds are devoted to other than French 
industries. Amongst the most interesting of these, 
and to which more detailed attention is given 
elsewhere, are the Indian Pavilion (under the 
charge of the British Commission), the Chinese 
Pavilion, the Egyptian and Morocco bazaars, and 
the pavilions of the Argentine Republic, Brazil, 
Mexico, Bolivia, Chili, and Venezuela. Several 
parts of the Exhibition are devoted to international 
exhibits, which are arranged by subjects and not 
by nationalities ; the most important of these are 
the courts between the Machinery Hall and the 
Py ag ae edge a and at the end 
Suffren ; hake ocular aes died Sith erin ag 
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carriages, wagons, and other railway material, 
although here England has a court to herself, The 





inner pavilions in the building of the Arts Libéraux, 
which contain the Retrospective Exhibition of the 
History of Work, with some additional space 
elsewhere, are also international; so are the 
two buildings adjoining the Pont de Jena, where 
petroleum and petroleum products are exhibited ; 
the large gallery on the Quai d’Orsay close to the 
Seine containing fluvial and maritime exhibits ; the 
pavilions devoted to water colours and pastels, and 
some others. The long Agricultural Galleries on 
the Quai d’Orsay are divided by nationalities, the 
best space amongst the foreign sections having been 
also reserved for England—namely, that end of the 
galleries leading direct into the Esplanade des In- 
valides. In this part of the grounds, spaces have 
also been allotted to England which are occupied 
by separate buildings. On the Esplanade des In- 
valides, foreign nations find but little space ; the 
large pavilion of the Minister of War will probably 
contain some exhibits that are not French, and in 
the Social Economy building about 1000 square feet 
are occupied by England ; the main glory of the 
Esplanade des Invalides is, however, the French 
Colonial Exhibition, which, with the pavilions re- 
presenting its two great African possessions, will 
prove a never-failing source of attraction to visitors. 
In the gardens of the Trocadero a number of sepa- 
rate pavilions, some belonging to this country, are 
nearly all devoted to forestry, horticulture, and 
kindred subjects. A few particulars may be added 
concerning the various nations exhibiting, and 
which will serve as introductory to the more de- 
tailed information we shall give hereafter of the 
various objects they show. 

1. Austria and Hingary.—Nearly 25,000 square 
feet have been allotted to these countries in the 
Miscellaneous Industries Court, and’ about 3000 
more in the Agricultural Galleries. The Austrian 
Court faces on the 15-metre connecting gallery, 
between one of the wings and the main body of the 
building, and it comprises nine bays of one of the 
82-ft. spans. The Austro-Hungarian Committee 
has been very successful in its labours, and for 
several months before the opening of the Exhibi- 
tion was compelled to refuse applications for want 
of space. 

2. Belyium.—This country is also unofficially re- 
represented, but as long ago as the close of 1887, 
a provisional committee with the Count d’Out- 
tremont as president, aroused the interest of 
Belgian manufacturers; subsequently this com- 
mittee gave place to a permanent commission pre- 
sided over by M. Carlier, deputy of Gand, and the 
Belgium Parliament, as stated above, voted a con- 
siderable sum to pay expenses. The facade of the 
Belgian Court faces the 15-metre connecting gallery, 
immediately opposite that of Austria and Hungary, 
and consists of a highly ornamental screen illustra- 
tive of Flemish art. The Belgian Court covers a 
space of about 112,000 square feet. 

3. Holland.—The Dutch Court, which also faces 
on the 15-metre connecting gallery, is small, but 
will be of high interest, especially in all concerning 
its East Indian colonies. 

4. Denmark.—The space allotted to Denmark is 
still more limited, a piece of what geographically 
belonged to it, having been ceded to Belgium. This 
is the more to be regretted since the committee 
presided over by M. Carl Jacobsen have been very 
successful in their efforts to insure a worthy repre- 
sentation for their country. The State subvention 
of 50001. will enable them to make their little court 
very brilliant. 

5. Norway.—Sweden takes no part in the Exhi- 
bition, but Norway occupies nearly 14,000 square 
feet, and is represented officially, the Government 
having made a grant of 50001. to pay expenses. 
Special interest has hitherto always attended the 
collections sent by Norway to previous exhibitions, 
and their present efforts will form no exception to 
the rule. 

6. Russia.—Although the Russian Government 
declined to recognise the Exhibition officially, it 
nevertheless authorised the formation of a com- 
mittee to represent those manufacturers who 
wished to participate. To facilitate their work a 
commission was organised in Paris to co-operate 
with that in St. Petersburg, and although no action 
was taken until the middle of last year, the in- 
fluence brought to bear upon Russian exhibitors 
has been so great that there will be a larger num- 
ber this year than there were in 1878. Thecentral 
St. Petersburg commission established branches in 
different parts of the empire, and nearly all the 
principal towns of Russia are represented, In the 


Grand Duchy of Finland a syndicate was formed, 
under the patronage of the governor-general, and 
the exhibits of that province are collected in a 
special pavilion sent from Helsingfors, and erected 
in the garden near the Folies Parisiennes Theatre. 
Over 30,000 square feet have been allotted to 
Russia ; its industrial section in the Miscellaneous 
Industries Galleries occupies a position correspond- 
ing to that of Austria and Hungary, and faces, for 
a distance of nine bays, on the court adjoining the 
15-metre gallery, where a long and decorative facade 
is erected. This facade is a reproduction of a part 
of the Kremlin, and the decorative effect will be 
heightened by large painted panels showing the 
domes of the ancient palace of the Czars. 

7. Switzerland.—As a sister republic, Switzer- 
land naturally took a lively and official interest in 
the Paris Exhibition, and as early as 1887 the 
Federal Government voted a credit of 17,0001. for 
its commission. As already mentioned, the space 
allotted to this country in the Miscellaneous In- 
dustries Court occupies a part of the wing adjoining 
the Avenue de Suffren, with a frontage of about 
80ft. on the 15-metre connecting gallery. This 
frontage is filled in with a very characteristic and 
decorative fagade. The space in this court is some- 
what limited, but as a large area has been reserved 
for Switzerland in the Machinery Hall, there is no 
doubt that Switzerland will be very worthily repre- 
sented ; about 65,000 square feet have been placed 
at her disposal. 

8. Italy.—Rather more than half this amount 
was allotted to the Italian National Commission, 
whose president, M. Villa, has worked most actively 
and successfully to secure good representations. 
The number of Italian exhibitors will probably fall 
not far short of 2000, but it must be borne in mind 
that a large number of these will make collective 
exhibits of small objects. 

9. Luxembourg.—Some 3000 square feet are given 
to this little duchy, whose exhibit is under official 
control ; the whole of the attendant expenses will 
be borne by its Government. 

10. Servia.—Servia, like the Grand Duchy of 
Luxembourg, is making a Government exhibit, 
which will occupy the same area as the last-named 
court. The country is represented at the Exhibi- 
tion by a commissioner-general and by a commissaire- 
delegué, who is the consul-general of Servia at 
Paris. The state of this court is very advanced and 
promises to be of considerable interest. 

11. Great Britain.—Although we speak elsewhere 
at considerable length of the representation of the 
British Empire at Paris, the name at least must be 
included in this list. It is sufficient to say here 
that the country has responded warmly to the 
appeal of the Mansion House Committee, and that 
the large area placed at the disposal of the country 
will be well filled. 

12. Spain.—The Spanish Government, in June, 
1888, voted a sum of 20,0001. to pay the expenses of 
its section, and the principal work of organisation 
was placed in the hands of the Spanish Chamber at 
Paris. Excluding a small space in the Machinery 
Hall this country will occupy an area of about 
40,000 square feet. 

13. Portugal.—For a considerable time the Por- 
tuguese Government determined not to take any 
part in the Exhibition, but a commission presided 
over by M. Melicio met with much success in induc- 
ing exhibitors to come forward, and the Govern- 
ment, deeming that the work had become of na- 
tional importance, made a vote to the commission 
of 55001. The Portuguese exhibits will occupy about 
20,000 square feet. 

14. Greece.—Naturally the Greek Section is but a 
small one, M. Vlasto, the commissioner-general, 
having demanded less than 7000 square feet ; as 
long ago as 1887 the Grecian Government inti- 
mated its intention of participating officially. 

15. Monaco.—The Fiees of Monaco has taken 
great personal interest in the success of the Exhi- 
bition, and has caused a highly decorative pavilion 
to be erected in the grounds for containing 
exhibits from his minute but beautiful kingdom ; 
connected with this pavilion there will be a large 
conservatory filled with plants that flourish in 
Monaco. 

15. Saint Marino.—This tiny republic long ago 
determined that the Paris Exhibition should not be 
deprived of her aid and countenance, and she has 
fixed, in the Miscellaneous Industries Galleries, a 
space of about 2500 square feet with a variety of 
her products. 








16, The United States,—As may be expected the 
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United States Section will be one of the most bril- 
liant in the Exhibition; a large space has been 
allotted in the Machinery Hall, while in the Miscel- 
laneous Industries Galleries one-third of the wing 
nearest the Avenue de Suffren is allotted to it ; it 
is said that Mr. T. A. Edison will occupy one-sixth 
of the space with his own exhibits. ore than a 
year ago the United States Government made a grant 
of 50,0001. for the purposes of the Exhibition, and 





mission has been given to allow the sale of these 
tobaccos in the Salle de Degustation on the Quai 
dOrsay. M. Diaz Mimiaga is the commissioner- 
general for Mexico, 

18. The Argentine Republic.—The Congress of 
this republic voted no less than 128,0001. for the 
expenses of the Exhibition, and in the Champ de 
Mars a most elaborate palace covering an area of 
16,000 square feet has been erected. The exhibits 
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acts as general commissioner ; the most interesting 
feature in the exhibits of this country will be the 
large collection of minerals, more complete it is 
asserted than has ever before been brought together. 

21. Egypt.—The street in Cairo between the 
Machinery Hall and the Avenue de Suffren will cer- 
tainly form one of the great attractions of the Exhi- 
bition, and it is to be regretted that it is located in 
|such a remote corner ; an Kgyptian committee was 























Fia, 245. Facapr OF THE PALAIS DE BEAUX ARTS. (See page 502.) 


it is pretty certain that this large amount will be 
increased if it is found necessary. The com- | 
missioner of the United States is General Franklin, | 
president of the Colt Armoury Company, and the | 


Fic. 246. ScrEeEn 


of this rich and rapidly developing republic will be 
examined with much interest by visitors. 

19. Brazil_—The monarchy of Brazil is repre- 
sented, thanks to the efforts of the commission 





Fic, 244, THE VENEZUELA PAVILION. (See page 502.) 





IN THE FRENCH couRTS. (See page 502.) 


| formed in Cairo in 1887, and is represented in Paris 
| by Baron Delort de Gleon as commissioner-general. 
| “22. Morocco.—The Sultan of Morocco proposes to 


| visit the Exhibition during the coming summer, and 


secretary in Paris is Mr. Bailly-Blanchard ; this | presided over by M. d’Albuquerque, and a large a pavilion intended for his personal use has been 


section comprises about 87,000 square feet. 


pavilion has been constructed in the grounds ; there 


| erected in the centre of the Morocco Section ; this 


17. Mexico.—The Mexican Government has made can be no doubt as to the interest and success of | pavilion has cost at least 40001., and will be filled 


a very large grant for the Exhibition, and an im- 
posing palace reproducing Aztec features of archi- 


this collection. ee 
20. Chili.i—As soon as the Government of Chili 


tecture has been erected in the gardens near the | expressed its desire to participate officially, a large 


Kiffel Tower. One special feature of the Mexican | area in the gardens was placed at the disposal of | 
exhibit will be its tobaccos, and an exceptional per-'M. Antunez, the Chilian minister in_ Paris, who! feet, which were allotted at the request 


with very rich objects. The section has been 
‘organised by several commissioners nominated by 
| the Sultan. 

23. China.—China occupies only about 3000 i 
0 e 
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Fig. 248. 


Chinese chargé d'affaires in Paris, for the benefit 
of some Chinese agents and industrials. 

24, Japan.—On the other hand, Japan is very 
largely represented, the Japanese Government 
having taken a lively interest in the Exhibition ; 
the section will considerably exceed in size that of 
1878, more than 27,000 square feet being reserved, 
and a very large number of exhibitors have come 
forward. 

25. Persia.—The Shah of Persia will be among 
the royalties that will figure at the Exhibi- 
tion of the Republic; he will occupy the Persian 
house which forms one of the long range of build- 
ings illustrating the history of human _habita- 
tions upon the Quai d’Orsay ; in addition to this 

vilion there is a Persian Section in the Miscel- 
aneous Industries Galleries, which is under the 
oe of M. Nazar Aga, the Persian minister in 

aris. 





26. Siam.—This Oriental kingdom occupies a 
| small pavilion covering about 2500 square feet, and 
|which was constructed in Siam and shipped to 
|Paris. The king himself is the chief exhibitor, 
|most of the contents of the pavilion being taken 
| from the royal collections. 
| 27. South African Republic.—The republic ex- 
hibits through its government, which voted liberally 
| towards the expenses of participation. The pavilion 
| containing the exhibits is erected on the Esplanade 
des Invalides. 

Other Countries.—The governments of Guatemala, 
Nicaragua, Salvador, San Domingo, and Hayti have 
supplied funds for separate pavilions on the Champ 
de Mars on the terrace outside the Liberal Arts 
building. The Governments of Bolivia and Colombia 
united to build a special pavilion covering an area 
of 8000 square feet, near the Hiffel Tower ; these 
two countries have therefore made a collective ex- 














hibit. Equador, Paraguay, Peru, Uruguay, and 
Venezuela are all officially represented by commis- 
sioners ; and each of them have had spaces allotted 
to them in the Champ de Mars, upon which they 
have erected pavilions of greater or less importance 
according to the nature of their exhibits and the ex- 
tent of their funds. Of these the building of Vene- 
zuela is the most important, and covers a space of 
about 6000 square feet. The rich mineral district 
of Lota is assigned a small pavilion to itself near the 
Avenue de Suffren, and its exhibits will serve to 
bring to the ‘notice of visitors a locality now but 
little known, but which promises to have an impor- 
tant future. On the other side of the Champ de 
Mars, adjoining the Avenue de la Bourdonnais, an 
extremely interesting pavilion is that of Kimberley, 
the diamond fields of which are represented by 
means of large and elaborate models. It may be 
added that the art of cutting diamonds is illustrated 
by workmen and appliances in operation in a small 
building adjoining the Eiffel Tower. 


THE HISTORY OF HUMAN 
HABITATION.—XIV. 

AN especially interesting and instructive feature 
of the Exhibition is the long series of buildings 
which stretches along the Quai d’Orsay on the south 
bank of the Seine from the Avenue de la Bour- 
donnais to the Avenue de Suffren, a distance of over 
one-third of a mile. This series, illustrative of the 
rise and development of domestic architecture 
among the various races of mankind, consists of a 
collection of full-sized reproductions of the dwell- 
ings of man in all ages and in all countries from 
prehistoric times to the present age. 

Beginning with the cave dwellings of the Troglo- 
dytes, the earliest and most primitive of all human 
shelters, we next come to the rude bowers of pre- 
historic man in Central Asia, formed by bending 
down the lower branches of trees and securing them 
to the ground bystones and pegs. These aresucceeded 
by the cone-shaped hut formed of saplings and 
stakes, bound together at the apex, and interwoven 
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with branches and leaves, the whole besmeared with 
mud ; and from these barbarous habitations follow 
in close procession the tents and portable shelters 
of nomadic tribes, the picturesque lake dwellings 
and crannoges of lacustrine peoples, the shelters 
of those who inhabited the world in the stone, 
bronze, and iron ages. These complete the pre- 
historic periods, all of which are anterior to the 
times of ancient Egypt and Assyria—the earliest of 
the historic epochs. 

Commencing with Egypt there are in this beau- 
tiful series of buildings, dwellings of those who 
lived under the primitive civilisations of the Egyp- 
tians, Assyrians, Phoenicians, Hebrews, Pelasgians, 
and Etruscans, and these are followed by specimens 
of the houses of what may be grouped under the two 
great branches of Aryan migration, the Hindous and 
Persians and the Germanians, the Gauls and the 
citizens of ancient Greece and Imperial Rome. 

Then follow the beautiful structures illustrative of 
the progress, westward, of Roman civilisation—the 
dwellings of the Huns and Scandinavians, of the 
Gallo-Roman and Roman periods, of the Middle 
Ages and of the Renaissance ; and, side by side 
with these, are the curious structures of the Byzan- 
tines, the Sclavs, the Russians, the Arabs, the 
Turks, and the Soudanese, all showing the influence 
of Roman civilisation spreading towards the East. 

Last of all we have the dwellings of peoples who 
were fairly civilised at a time when other, and now 
more cultured nations were in a state of only primi- 
tive development, beginning with China and Japan 
(whose historic period is about contemporary with 
that of the ancient Egyptians), followed a long way 
off, it is true, by the Eskimos, the Lapps, the African 
races, the Redskins of North America, the Aztecs of 
Mexico, and the Incas of Peru. 

The above series of buildings forms an archi- 
tectural and archzological panorama in which may 
be traced not only the origin and progress of archi- 
tecture in all periods, but the effect which one 
period and one race has had upon another, as well as 
the modifying influences of climatic exigencies upon 
styles and methods ef construction, ever changing 
under the varying conditions inseparable from 
successive migrations, and the intermixture of 
different races. The whole of this series has been 
carried out from the designs of M. Charles Garnier 
(whose name, in this country at least, is best known 
by his two most celebrated works, the Grand Opera 
House at Paris and the Casino at Monte Carlo), 
and the result, beautiful as a whole, is executed 
with a minute attention to details that displays 
most consummate skill, a large amount of archzo- 
logical research, and a on deal of originality. 
The general conception of the idea is doubtless due 
to the great genius of the late eminent architect, 
M. Viollet-le-Duc, whose charming and masterly 
work, ‘‘ Histoire de l’Habitation Humaine,” with 
its beautiful illustrations, would form the best 
possible introduction to the collection of buildings 
so beautifully designed and carried out by M. 
Garnier, although it is clear that M. Garnier has 
not been guided in any way by the illustrations 
to that work. To make the Exhibition still more 
valuable and instructive, each of the habitations 
will be furnished and decorated in accordance with 
all that is known of the furnishing and decoration 
of the dwellings of the peoples whose homes are 
here reproduced ; and, more than that, they will 
be inhabited by people dressed in the costumes and 
following occupations in keeping with the manners 
and customs of the people which they represent. 

The collection, carried out as it is, forming an 
unbroken chain connecting the present with the 
past and uniting the living with the dead, is certain 
to prove a fertile source of attraction at the Exhibi- 
tion. No persons of ordinary intelligence can look 
upon the splendid buildings cf the Middle Ages or 
upon the beautiful temples of the ancients with 
anything like indifference. Even the most ignorant 
must derive pleasure when standing before the 
gorgeous west front of the Cathedral of Reims, 
when regarding the exquisite proportions of the 

-arthenon at Athens, or contemplating the massive 
grandeur of the temples in the valley of the Nile, 
but when the observer is enabled to read the 
language of architecture that archeology teaches, 
and can see written upon every column and en- 
graven in every moulding a history of the building 
which it adorns, obtaining thereby a glimpse into 
the minds of those who designed and constructed it, 
then the pleasure becomes the highest intellectual 
enjoyment ; for archwology is the key by which the 
hieroglyphics of architecture may be dectphered, 





and by which we are enabled to form a notion of 
the manners, customs, and ways of living of peoples 
and nations whose only history is to be read in the 
architecture of their habitations. 


I. Tue Prenistoric Periop. 


The structures of the prehistoric period may be 
divided into four classes. (1) Out-of-door shelters 
formed by setting up a series of upright stones so 
as to make a screen or wall. (2) The cave dwell- 
ings of the Troglodytes, some of which were purely 
natural formations, while others were deepened 
artificially, and some have been found which bear 
indications of having been scooped out entirely by 
man. (3) The earth shelters belonging to the bronze 
and iron ages and of which indications are found 
in almost all parts of the world. (4) The more 
advanced lake-dwellings of lacustrine tribes, built 
upon piles driven into the bed of a lake, and at 
such a distance from the shore as to afford a pro- 
tection against attack from enemies. These have 
been discovered in many parts of the world, geo- 
graphically far removed from one another ; thus 
they are found in China and Thibet, in Switzerland 
and in Burma, and although the materials of 
which they are constructed differ as much as 
do the trees in their respective districts, the 
general form and method of construction are re- 
markably similar in all cases, pointing to a common 
origin in some remote period of the world’s history. 
All four of these prehistoric dwellings are repre- 
sented in the series at the Champ de Mars, and in 
Fig. 233, page 486 (which is a reproduction of a photo- 
graph taken five weeks ago), will be seen the group of 
dwellings belonging to the prehistoric period begin- 
ning with the stones and caverns on the left, and 
followed by the huts and shelters of the stone and 
iron ages, and these by the lacustrine dwellings 
built on stakes in the middle of a lake and con- 
nected to the shore by a primitive bridge ; and to 
give an idea of the conscientious regard for truth 
which has been brought to bear upon the con- 
struction of these dwellings, we may mention 
that the cutting of the timber used in them has 
been effected by burning, for it is needless to say 
that saws and such like implements were unknown 
to the peoples whose buildings are here reproduced. 
By an unintentional satire inseparable from the 
truthfulness of photography, these are accidentally 
placed in close proximity to the exceedingly modern 
buildings of a Paris street in the nineteenth cen- 
tury. Was ever the saying, ‘‘ Extremes meet,” more 
forcibly illustrated in nature ? 


II. Tue Historic Periop. 


The dwellings of peoples of whose history we 
have fairly accurate information may be divided into 
five groups, each to a certain extent bearing rela- 
tionships to the others, namely: 1. Those of nations 
which were earliest in the field of civilisation, cover- 
ing a period of from 4000 years before the Christian 
era to 530 after it. 2. Those of the peoples who 
owe their civilisation to the migrations and invasion 
of the Aryan race, which appears from linguistic 
research to have originated in Central Asia, probably 
somewhere east of the Caspian and north of the 
mountains of the Hindou Kush. There, at a period 
long anterior to all European history, while Europe 
was probably little more than a jungle, and, if 
peopled at all, inhabited only by tribes similar to 
the Red Indians of North America, dwelt this 
nation, from whom Europe as well as Oriental 
nations have been developed. From this eastern 
centre successive migrations took place towards 
the north-west. The first gave rise to the Celts, 
who appear to have occupied at one time the 
greater part of Europe. Then at a later period 
came the ancestors of the Greeks, the Italians, and 
the Teutonic peoples finding their way through 
Persia and Asia Minor between the Black Sea and 
the Caspian, while others taking a more northern 
route became the Sclavonic nations. At a later 
period another great stream of migration began to 
flow southwards through the passes of the Hima- 
layan and Hindou Kush ranges becoming the 
dominant race in the Ganges Valley, while of those 
that were left the greater number afterwards found 
their way into Medea, where they became the 
Medes and Persians of history. While nothing is 
known of the period anterior to the migrations of 
the Aryan race it is generally agreed that these 
migrations extended from about 1500 to about 500 
years before the Christian era. 

3. The next group of buildings comprises those of 
nations whose origin may be traced to the spread- 





ing westward of the civilisation of the Roman 
Empire, and embraces a period of over a thousand 
years, beginning with the Huns in the fourth cen- 
tury and ending with the period of the Renaissance 
in the fifteenth. And here again history appears to 
repeat itself, for, as in the case of the Aryan migra- 
tions, so with the spread of Roman civilisation, it 
spread in two’ directions, and taking an eastward 
direction it formed (4) a fourth group which deve- 
loped between the fourth and fifteenth centuries 
the Byzantines, the Sclavs, and the Russians of the 
tenth century, and the Arabs between the seventh 
and the eleventh centuries ; from the Arabs sprang 
the Turks, who have existed as a nation from the 
eleventh century to the present time, and from the 
Turks the Soudanese take their origin. 

5. The last group is the most curious of all, be- 
cause it includes the peoples of China and Japan, 
whose civilisation goes back to the earliest of all the 
periods of historic man, but who, through an un- 
paralleled exclusiveness, have, during their five 
thousand years of civilisation and history, been less 
subject to the influences of other nations, and, in 
consequence, have retained their imperfect civilisa- 
tion up to quite recent times; in fact, to within 
the last few years. And within the same group 
must be placed the far inferior Eskimos and Lapps, 
who were discovered by the Scandinavians in the 
tenth century ; the African tribes, known to the 
Portuguese in the fifteenth century ; and the Red 
Indians, Aztecs, and Incas, discovered with America 
between the fifteenth and sixteenth centuries. 

The first building in illustration of the historic 
period is an Egyptian dwelling-house, which exhibits 
the harmony of design and rich colouring which— 
more than any other nation—the ancient Egyptians 
so well understood. With the exception of a small 
royal pavilion at Medinet Abou, there is no building 
remaining in Egypt which can be regarded as an 
example of the domestic architecture of the ancient 
Egyptians, but they have left sculptured on their 
walls, and painted on the sarcophagi of their dead, 
representations of their dwellings, and, indeed, 
illustrations of their manners, customs, occupations, 
and mode of living, such as no other nation of 
ancient times has ever attempted to do. We have, 
therefore, every reason for regarding the Egyptian 
house erected on the bank of the Seine and over- 
shadowed by the Eiffel Tower as an accurate repre- 
sentation, not only in style, but in architectural 
detail, of the dwellings, built four or five thousand 
years before, on the banks of the Nile, or, perhaps, 
under shelter of the Pyramids. Egyptian houses 
were built of brick covered with stucco or plaster 
and adorned with bright colour, in which the 
Egyptians delighted ; and it was a common practice 
for them to place over a door a sentence, such as 
‘“A Good House,” or perhaps the name of the 
king under whose reign it was erected; they 
usually consisted of more than one story, the top 
of the house being an open gallery supported by 
a colonnade of dwarf columns.* 

The building next to the Egyptian house is a 
reproduction of an Assyrian dwelling, probably of 
a period after the country of the Tigris and 
Euphrates had been subject to the supremacy of 
Egypt, for the influence of Egyptian design is 
plainly discernible in the building. Here again are 
the lofty narrow portal, the massive character of 
the structure, and the open gallery on the roof. 
We should like to have seen some of the beautiful 
circular arches and vaulted roofs of the Assyrians of 
a later period, but the houses of the simpler design 
have, doubtless, been chosen as forming a more 
intelligible link between the work of the Egyptians 
and that of the Pheenicians, the great commercial 
nation from whose ports, Tyre and Sidon, ships 
traded to the most distant parts of the world, and 
the wealth of every nation accumulated in them. 
They were the great colonists of their time, the 
English of the ancient world ; for in the space of three 
centuries (1300 to 1000 3.c.) the Phoenicians had 
covered all the islands and coasts of the Mediter- 
ranean with their cities, their factories, and their 
fortifications. By colonising the island of Cyprus 
they controlled the Levant and the coast of Syria ; 
on the north they founded the cities of Myriandros 
and Tarsus, and to the west they occupied Rhodes 





* For a graphic account of the houses of the ancient 
Egyptians, and of their inner life and occupation, we 
would especially refer our readers to Sir J. Gardiner 
Wilkinson’s masterly work on “‘ The Ancient Egyptians, 
as well as to M. Viollet-le-Duc’s ‘‘ Histoire de I’ Habitation 
Humaine,” which treats of the whole subject of this 
article. 
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and Crete and the Peloponesan coast. Extending 
westward, Sicily, Malta, Minorca, Iviza, and Elba 
came into their hands, and passing Gibraltar they 
founded Cadiz, colonising the Spanish coast, and 
finding their way to Britain ; and about the same 
time, through an alliance with the Hebrews, they 
sent expeditions, which travelled to India by the Red 
Sea. Their wealth in precious stones, and in silver, 
lead, tin, and iron, was chiefly found in Tartessus, 
and an enormous trade was carried on with the 
celebrated Tyrian purple, which at that time was 
an indispensable luxury throughout the East. It 
is only natural, therefore, that the dwellings of 
such a people would be highly ornate in design 
and richly decorated and furnished within. 

Next to the Phcenician house is an example of a 
Hebrew dwelling, in which the general character 
of the design, as well as the plan, recalls the 
nomadic habits of the early race. 

Then follows a Pelasgian dwelling, a speciinen 
to illustrate the method of construction adopted 
by the Pelasgians, who were a group of tribes 
who inhabited Macedonia, Thrace, and Italy, to 
whom Homer refers as the allies of the Trojans. 
After this they appear to have spread by way 
of Crete and the ASgean Sea over many of the 
islands between Europe and Asia, finally settling 
down in Macedonia, Thessaly, Epirus, Peloponesus, 
and Attica, and in some characteristics it is difficult 
to distinguish them from the Etruscans, with whom 
they were closely connected. Their buildings were 
constructed of rough stones put together in poly- 
gonal masonry, and in some cases this is combined 
with regular horizontal cornices of dressed stone, 
the doorways being formed of sloping sides, a sur- 
vival probably of timber dwellings of prehistoric 
ancestors who had migrated from wooded and 
stoneless regions. 

The next building is Etruscan, a reproduction 
of the work of that wonderful race who, un- 
doubtedly of Asiatic origin, migrated westward, and 
at one time (long before the straw hut of Romulus 
was erected on the Palatine) occupied nearly the 
whole of Italy. The more northern portion of 
Etruria, from the Alps to the Apennines, was known 
to the ancients as Etruria Circumpadana, the central 
belt extending from the Apennines and the river 
Macre to the Tiber was known as Etruria Propria, 
and the southern part extending from the Tiber to 
the Sicilian Sea was called Etruria Campaniana. 
Although the Etruscans were often at war with 
Rome, they especially cultivated the arts of peace, 
and their pottery has never been equalled for the 
consummate art in its design or for the perfection 
of its manufacture. Long before Rome came into 
existence the Etruscans were highly civilised, being 
eminent in agriculture, navigation, astronomy, 
mathematics, and medicine. They were the first 
to divide the year into twelve months and the 
months into kalends and nones and ides. Their 
engineering skill was of a high order, their towns 
were clean and healthy, owing to their perfect system 
of drainage and sewerage ; they tunnelled, and em- 
banked, and irrigated, turning useless swamps into 
thriving cities, and diverted the course of streams 
for engineering purposes. So skilled were they in 
the arts of engineering and of architecture, that the 
Romans sent to Etruria for the builders of the 
great Cloaca Maxima (probably the first arched 
structure in Europe), and they employed Etruscan 
architects to build the splendid Temple of Jupiter 
and the Capitol at Rome; and, indeed, it is to 
the Etruscans that the Romans, before they were 
influenced by the Greeks, were indebted for both 
their science and their art, for many of their social 
and religious institutions, and, in fact, for almost 
everything that tended to exalt them as a nation.* 

The building next to the Etruscan house is an 
example of Hindou architecture, and is the first of 
the group illustrative of the Aryan nations. This 
beautiful and lofty building consists of a pair of twin 
towers surmounted by arched roofs and united by 
very graceful balconies and balustrades, the entrance 
being in the centre and reached by a narrow flight 
of steps between the towers. It is shown to the left 
of Fig. 236, page 486, in which may also be seen the 
very striking domed building illustrative of the archi- 
tecture of Persia, but which appears to be rather a 
little mosque or Marabou tomb than an example of 
a human habitation. It is entered by a noble porch 
having a fine elliptical arch, whose major axis is 





* For an exhaustive account of the Etruscan nation, its 

Poti caeicet — byt life, the reader is referred to 
aborate work of Mr. George Dennis, “ iti 

and Cemeteries of Etruria.” . ae 





vertical; and the building extends to the right of 
the porch, being lighted by three circularly-arched 
windows, the walls between them being strengthened 
by pilasters ; the influence of the Assyrians upon 
the architecture of Persia may be traced in the 
arches and in several of the decorative details. 

Next in order follow the primitive huts and 
dwellings of the early Germanians and Gauls, the 
former supported on piles at the four corners and 
approached by a ladder, while the latter bears some 
resemblance to some of the lacustrine dwellings re- 
ferred to in an earlier part of this article. To these 
primitive habitations a striking contrast is presented 
by the neighbouring dwellings of the cultured 
Greeks and luxurious Romans. The former is an 
elegant rectangular building adorned with graceful 
galleries and a flat roof surrounded by a balustrade, 
but as a reproduction of the habitation of a Greek 
it is rather a matter of conjecture than resting on 
substantial authority, for it is a curious and unfor- 
tunate fact that, although the Greeks have left in 
their temples and monuments examples of the 
purest and most intellectual architecture the world 
has ever known, nothing remains which can give us 
any idea of their domestic buildings or even of 
their palaces. What we know is from very imper- 
fect descriptions ; Vitruvius tells us that the Greeks 
always divided their houses into two separate sets 
of apartments, one for the men (the andronitis) 
and the other for the women and children (the 
gynzeceum), as the habits of the Greeks, like those 
of the Turks, condemned women to perpetual 
seclusion, and that between these two sets of rooms 
there was a long corridor ; but that when the houses 
were of two stories, the andronitis was on the 
ground floor and the apartments of the women 
were above and reached by a staircase leading from 
a court at the end of the corridor. 

Of Roman dwellings there are more reliable data 
upon which to form an idea of their form of construc- 
tion than there are in connection with the habitations 
of the Greeks. Well-preserved examples are to be 
found at Pompeii and Herculaneum, but it must be 
remembered that these cities were rather Greek 
than Roman, and there is in Rome itself no example 
remaining of a purely domestic dwelling of ancient 
times. 

About the end of the fourth century great dis- 
turbances took place by the invasion of the Huns, 
a specimen of whose dwellings is placed next to the 
Roman villa. These people were of Asiatic origin 
— probably originally of Mongolian or Tartar 
stock, and closely related to the Scythians and 
Turks—and about two hundred years before the 
Christian era they became masters of the Chinese 
Empire. About a hundred years after they began 
to migrate westward, and in the fourth century we 
find them in Europe attacking the Alani, a people 
dwelling between the Volga and the Don, whom 
they ultimately completely destroyed. Towards 
the end of the fourth century they, having driven 
out the Goths from the eastern side of the Danube, 
occupied the lands which they had left ; but not 
long after that they united with the Goths, who 
had revolted against the Roman Emperor, and 
joined with them in war against the Romans; and 
in the reign of Theodosius their power became so 
great that they were in a position to exact tribute 
from the Roman Empire. They, however, lost 
their power with the death of their King Attila, 
and became dispersed and ultimately completely 
lost. 

Close to the Hunnish dwelling, which points 
unmistakably to the nomadic character of its 
owners, is a pretty little house, an illustration of 
the dwellings of the Gallo-Roman peoples, the most 
important of the great Celtic family ; and this is 
succeeded by a Scandinavian dwelling constructed 
entirely of timber, the logs being crossed and 
halved into one another at the corners, the entrance 
being reached by a graceful flight of stairs leading 
to a wooden porch. 

Next to this is a house of the later Roman period 
of very charming proportions, and adorned with a 
projecting balcony above an arched recess, in which 
are the windows of the principal floor. And close 
against this dwelling is a pretty medieval villa, 
with high-pitched roof and overhanging eaves, 
which forms the middle object of a group of three 
highly decorative buildings; the third being a 
house of the Renaissance period, being ornamented 
with a very graceful corner turret surmounted by a 
figure as a finial. The beauty of this group is some- 
what marred by want of space, but that is the 


result of circumstances and not of design, for in| 





the space allotted to this History of Human Habita- 
tion there have been upwards of forty buildings to 
be erected. 

Fig. 234 is a view of this group taken from the 
back, while in Fig. 235 the Flemish-looking gable of 
the Renaissance dwelling with its corner turret will 
be seen to the left of the picture. 

We now come to the fourth typical group of 
buildings belonging or allied to the Eastern Roman 
Empire. The first of these is a Byzantine dwelling, 
having a strong family resemblance in certain details 
to some of the early Grecian buildings, but belong- 
ing to a far later period, and one that marked great 
epochs both in the history of the world as well as in 
the history of architecture; it grew out of the 
classic styles of both Greece and Rome, and is the 
connecting link between them and the highly ornate 
and more fanciful architecture of Russia, more 
especially in its application to ecclesiastical build- 
ings. Its period dates from the time of Constantine 
until the capture of Constantinople by the Turks. 
The finest examples of Byzantine architecture are 
the Church of Saint Sophia in Stamboul and the 
Cathedral of San Marco at Venice, and the ruling 
element in its construction consists in the use of 
the dome. In its roofs and in its decoration its 
distinguishing feature is the extensive use of pro- 
fusely coloured decoration. 

Following the Byzantine dwelling are the Scla- 
vonian and Russian habitations, the latter being 
distinguished by a peculiar ogee roof, having curves 
similar to that of the outline on the Byzantine 
domes such as are to be found in every Russian 
town and occasionally met with in Austria and 
Hungary. 

One of the prettiest buildings of the whole series 
comes next, and that is the Arab dwelling, very 
similar to the Oriental houses to be found in 
Constantinople at the present day, and also in 
Egypt, and to a certain extent in Algeria. Here 
may be seen the picturesque latticed projecting 
windows of beautifully designed cutee and the 
ornamentation, notwithstanding its elaborate rich- 
ness, is especially remarkable for the absence of 
anything that can be construed into a representation 
of an ‘‘ image of anything that is in heaven or on 
the earth,” such being contrary to laws of the 
Moslem faith as laid down in Alkoran. All these 
buildings, together with the first of the Eastern 
Asian group of the habitations of contemporary 
semi-civilised nations, are shown in Fig. 235. 

A remarkably fine illustration of the more modern 
style of Arab architecture may be found near the 
south-west corner of the Exhibition ; it is a repro- 
duction of the most picturesque streets in Cairo 
with an Egyptian Bazar under the shadow of a 
beautiful damascened dome and minaret of a 
mosque. Fig. 243, page 490, is a fac-simile of a 
photograph of this street, and although it has no 
connection with M. Garnier’s series illustrative of 
the History of Human Habitation we introduce it 
in this place, because it illustrates in the best possible 
way the present position of Arab architecture and 
its great similarity to the more ancient type to 
which we have just referred. 

A most extraordinary building follows the Arab 
dwelling, and that is the white ungainly structure 
illustrative of the habitations of the Soudanese, and 
which forms the last of the group which can trace 
its origin to the spread of Roman influence in the 
East. 

The last group of the series represents the habi- 
tations of peoples who were considerably advanced 
in civilisation at a period in the world’s history 
when the races of whom we have been speaking 
were in a state of only partial civilisation, but who, 
in consequence of their geographical isolation, or 
through their own exclusive habits, can claim but 
small part in the general advancement of mankind. 

The first building of this highly interesting group 
is a house illustrative of the dwellings of the 
Chinese, a nation whose civilisation dates back at 
least three thousand years before the Christian era, 
and was fully a thousand years on its way at the 
time of the building of the Great Pyramid. It is, 
however, a curious fact that, notwithstanding this 
enormous start of other nations, the Chinese should 
have made so small an advance in architecture, or, 
indeed, in esthetic feeling of any sort; and this 
is the more remarkable, for no people on the earth 
have the technical art of stone carving with such 
precision and facility, and they have by nature great 
constructive talent. They appear at no period of 
their history to have had any desire to hand down to 
posterity any enduring monuments of their wealth, 
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their skill, or their greatness. Their nine-storied 
pagodas, such as the celebrated porcelain tower 
at Nankin, which was destroyed by the Taipings 
in the year 1856, are practically their only monu- 
ments, and they are rather curious than artistic, 
their beauty consisting more in their material and 
decoration than in their design and form. 

The real charm of a Chinese dwelling lies in its 
brightness of colour, and in the beauty and profuse- 
ness of carving and decoration, which meets the 
eye at every turn. One very characteristic feature 
of Chinese houses is the concave or ogee form of the 
roof, which is almost universal, and is a decided 
ornament to the building. This form, probably, 
was originally adopted to meet the exigencies of the 
climate, in which fierce sunshine alternates with 
heavy rainfall; the high pitch of the upper roof 
assisting the throwing off of the water, while the 
curving out to horizontality, and sometimes to an 
upward curve, on the far-spreading eaves, shades 
the walls and the windows from the sun. The 
Chinese use, for their building materials, timber, 
bricks, and stone, and sometimes a concrete formed 
vf decomposed granite and lime to which oil is 
added, and this is moulded by ramming in a 
boarded framework, which is shifted as the work 
proceeds. 

From China we are next led to Japan, which is 
represented by a pretty dwelling differing in no way 
in style from the Chinese example ; and it is a 
remarkable fact that, although the two nations 
are in so many respects so different from one 
another, their architecture, if such it can be called, 
and methods of construction bear so strong a re- 
semblance to one another as practically to belong 
to one type. 

The next group of habitations exhibits civilisations 
of the most primitive order, and although such 
dwellings are constructed and used at the present 
time, they are hardly one whit more advanced than 
were the huts and shelters of the prehistoric period. 
This group consists of examples of the dwellings of 
the Lapps, the Eskimos, the Zulus, the Central 
African tribes, and the North American Indians. 

The dwellings of the Lapps are essentially of a 
nomadic type, being little more than tents, which 
are of two kinds, the most common being framed 
of stakes like the cone-shaped hut of prehistoric 
man referred to in the opening of this article ; but 
instead of being interwoven with branches and 
plastered with mud, it is covered with the skins of 
reindeer—these animals being their almost entire 
means of supportand their property—the skins, how- 
ever, do not reach to the top, and in this way a more 
or less circular aperture is left, which serves as an 
exit for the smoke from the fire which burns in the 
centre of the tent, and around which the inhabitants 
lie or squat. A triangular door is left at one side, 
and over this more skins are propped up by stakes 
so as to form a sort of porch. The other form of 
dwelling is constructed of arched ribs, consisting of 
the stems of small trees stuck into the ground at 
each end, the whole being covered with skins in 
a similar manner to that adopted in the conical 
hut before referred to. 

The Eskimos have many points of resemblance— 
more especially in their habits—to the Lapps, but 
their dwellings are of a more substantial character, 
although not further removed from the huts of 
savages. The race has strong points of resemblance, 
both to the Mongolians and to the North American 
Indians, and the Eskimos hold the interesting 
ethnological position of being the only race common 
to the old and new world; it is, moreover, a further 
interesting fact that they inhabit the two regions 
where the two continents approach one another, 
that is to say, in the neighbourhood of Behring’s 
Strait in the Pacific and the coasts of Labrador and 
Hudson’s Bay on the Atlantic, 

The huts of African and Norvh American tribes 
come next to those of the Eskimes and Lapps, and 
differ but little from some of those to be found in 
the first group illustrating the habitations of man 
in prehistoric times. 

Je now come to the buildings of a highly 
interesting race, who came into existence on the 
other side of the Atlantic about seven hundred 
years ago: These are the Aztecs of Mexico, who 
have left some of the most interesting architectural 
monuments of their bloodthirsty religion, which, 
during the last few years before the Spanish 
Conquest, absorbed no less than twenty thousand 
human victims per annum for the sacrifices to their 
patron god Huitzilopochtli. The elaborate archi- 
tecture of the ancient buildings still existing in 








Mexico, coupled with the facts that among them 
are square pyramids, and that hieroglyphics are 
employed, has led some persons to think that the 
builders had some connection with or derivation 
from the Egyptians, but there is no real ground for 
the supposition. The style of architecture is rather 
an elaboration in stone of buildings previously 
built of wood, and for that reason rather suggests 
the art of the Pelasgians and Etruscans than that 
of any other peoples. 

Next to the Aztec dwelling, and forming the last 
of the series illustrative of the history of human 
habitation, is a building representing the dwellings 
of those mysterious and artistic people the Incas, 
who appear to have flourished between the eleventh 
and the fifteenth centuries. The buildings of the 
Incas were generally oblong in shape, and the walls 
were cyclopean in construction, the stones of which 
they were composed being irregular in size but most 
accurately fitted together. Their buildings were 
not lofty, but they were beautiful, from their 
simplicity and solidity combined with good propor- 
tions. The interiors were richly decorated with 
beautiful carving, and in this they represented 
human faces, and plants, and animals, with extra- 
ordinary skill and artistic feeling. One of the 
characteristics of the Incarian architecture is the 
form of the doorways, which are considerably 
smaller at the lintel than on the floor, recalling 
in this respect the doorways of the temples of 
ancient Egypt. 

We have now given a short survey of this most 
interesting feature of what will probably prove to be 
the most interesting exhibition the world has ever 
seen ; the space at our disposal does not, of course, 
permit of anything more than a mere outline of the 
lessons which may be learnt from the vast subjects 
of which we have attempted to treat. The series of 
dwellings is certain to prove a great attraction to 
the more intellectual visitors to Paris, for there are 
few studies more interesting than that by which 
the history of the world may be traced by means of 
the record of the mode of living of its peoples, as 
engraved upon the tables of stone in the architecture 
of its public monuments and in the remains of the 
habitations of its people. 


ELECTRIC LIGHTING. —XV. 


Exzcrric lighting has imparted an attraction to 
exhibitions which was undreamed of ten years ago, 
and the success which attended the recent series of 
exhibitions held in London, and more recently 
those of Manchester and Glasgow, proved conclu- 
sively that the presence of the public can be relied 
upon in vast multitudes, given the conditions of 
fine weather, brilliant illumination, and the many 
attractions that a great exhibition affords and which 
are seen under quite another aspect by the 
illumination of the electric light. So long ago as 
1867 an imperfect attempt was made to draw the 
public to the Paris Exhibition grounds in the even- 
ing, when some of the buildings on the Champ de 
Mars were kept open from 6 until ll p.m. But 
this effort ended in signal failure on account of the 
imperfect lighting obtained by the aid of gas and 
oillamps. Performances were given in the theatre, 
and some concerts were held in the saloons of the 
International Club ; these, with a few cafés con- 
certs and restaurants, both very thinly attended, 
formed the only attractions which were but little 
appreciated by the public. It was the failure that 
attended this experiment which decided the autho- 
rities not to renew it in 1878. In that year electric 
lighting as a cheap and practical means of powerful 
illumination was unknown, although it was on the 
same occasion that public attention was most vividly 
called to the subject by the large number of electric 
lighting appliances shown in the French Section. 
Five years before, at the Vienna Exhibition of 1873, 
the Gramme machine had made its first appearance 
in Paris; in 1878 the same machine, considerably 
altered and improved, received the Grand Prix 
d’Honneur, together with the Alliance machine, 
which was also shown in a modified form. It was 
also in 1878 that M. Gramme first exhibited his 
alternate current machine for use with the Jabloch- 
koff candles, and by means of which a number of 
lights could be worked from the same machine. 
At the same time M. Lontin exhibited a system for 
lighting a number of lamps on the same circuit. 

any forms of arc lamps were also exhibited ; 
Carré, Lontin, Serrin, Dubosq, Hallé, Regnier, and 
others ; most of these are forgotten now, or have 
assumed entirely different shapes, but they must be 





regarded as the forerunners of what was so soon to 
revolutionise artificial lighting, and to create a new 
and stupendous industry. Of course dynamo and 
electro-magnetic machines for illuminating purposes 
had been exhibited before 1878. In the London 
Universal Exhibition of 1862, two magneto-electric 
machines were exhibited ; the Alliance, invented by 
the scientist Nollet, of Brussels ; and the Holmes 
machine. It was at this Exhibition that Dubosq 
and Serrin first exhibited arc lamps. In Paris in 
1867 two magneto-electric machines were also 
shown, the Alliance in the French Section and that 
of Mr. Ladd in the English Section. It was here 
too that the first dynamo-electric machine was ex- 
hibited by Dr. W. Siemens, who described it on 
January 17, 1867, before the Academy of Berlin, as 
a machine for converting mechanical into electrical 
energy. Only a few arc lamps were shown in 1867, 
principally those of MM. Gaiffe, Jaspar, Dubosq, 
and Serrin. Between 1878 and 1881 so much pro- 
gress had been made in the utilisation of the electric 
current for lighting purposes, and so greatly was 
public interest excited on the subject, that the 
ever-memorable Electrical Exhibition of 1881 was 
held at the Palais de l’Industrie. It was then 
that incandescent lighting was shown first on any- 
thing like a large scale, and formed, with the 
telephone, the chief elements of success for that 
Exhibition. There were 1350 horse-power pro- 
vided to produce the current absorbed by the 
lighting, which comprised no fewer than 1383 arc 
lamps of twenty-four different types, giving to- 
gether an intensity of over 500,000 candles, a larger 
amount of light than was used for the whole public 
service of Paris. This Exhibition was the first 
which was successfully kept open at night. The 
electric lighting was assured by a Syndicate of exhi- 
bitors for a period of eighty-four days, from August 
27 to November 18; M. H. Fontaine, representing 
the Gramme machine, being at that time President 
of the French Chamber of Electrical Industries. 
The work was undertaken by this body upon pay- 
ment by the Administration of a sum of 10,000 fr., 
and of 50 centimes for each evening visitor. In con- 
sideration of this payment the Syndicate also pro- 
vided the current required by the International 
Electrical Congress, which met during nearly the 
whole term of the Exhibition. The following was 
the result of this experiment: The money taken 
at the doors in the mornings and afternoons 
amounted to 297,600 fr., that taken in the evenings 
came to 377,696 fr., of which the Syndicate received 
189,130 fr. In addition to this amount, the con- 
tracting body also added to their revenue by the 
supply of current for motive power, and for other 
purposes required by exhibitors, the tariff for supply 
being fixed by the Administration. The success of 
this undertaking was so marked that it settled the 
question as to future exhibitions being kept open 
profitably at night, and the conditions under which 
the electric light should be furnished during the 
present Exhibition formed one of the earliest cares 
of the French Adniinistration. Accordingly, on 
August 21, 1886, M. Berger, the Director-General, 
addressed a letter to the President of the Chamber 
of Electrical Industries asking for its co-opera- 
tion and advice. A reply was received to this letter 
on February 7 following, in which the warm interest 
taken by the Syndicate was expressed, and an assur- 
ance of the co-operation of the principal electric 
lighting associations in France, was given. These 
associations were those of the Société des Machines 
Gramme and the Compagnie Electrique, represent- 
ing a capital of 1,500,000fr.; MM. Sautter, 
Lemonnier, et Cie., with a capital of 2,000,000 fr. ; 
the Eclairage Electrique Company, with a capital 
of 2,750,000 fr. ; the Continental Edison Company, 
with a capital of 3,500,000fr. ; and the Société 
Breguet, with a capital of 3,000,000fr. These im- 
portant societies, speaking on behalf of the Syndi- 
cate, expressed their willingness to undertake the 
lighting of the Champ de Mars upon certain condi- 
tions, the principal of which was, that the charge 
for entrance in the evening should not be less than 
2fr., and that one-half of this should be given te 
the Syndicate. In the mean time the Administra- 
tion had been considering whether all, and if not, 
how much, of the Champ de Mars should be open 
to the public, and they came to the conclusion that, 
for various reasons, it would be expedient that a 
considerable portion of the Exhibition should be 
closed during the evening. Those areas which 
they proposed to light included the central garden 
of the Champ de Mars and other open spaces within 
the inclosure, the great nave of the Machinery Hall, 
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the 98-ft. gallery in the centre of the Miscellaneous 
Industries Courts, the vestibules at each end, and 
the side galleries occupied by the restaurants and 
other concessionaires. The following list gives the 
approximate areas to be lighted : 


sq. ft. 

1. Garden and open spaces ... 2,711,400 
2. Machinery Hall .. of 77,250 
3. The 98-ft. gallery ... 500 
4, The two vestibules we 77,400 
5. Miscellaneous buildings ... 27,950 
6. Restaurants, cafés, bars, &c. 155,500 
Total 3,706,000 


The total amount of lighting which it was con- 
sidered would be required, was equal to 3,000,000 
candles, that is to say, about four and a half times 
the amount of public lighting throughout Paris. 
Of this, about 24 million candles would be used for 
the public purposes of the Exhibition, the re- 
mainder being taken by the various concessionaires 
from the Syndicate at a tariff to be fixed by the 
Administration. It was estimated that about 3000 
horse-power would be required for this work, and 
the Administration ‘mposed the condition that at 
least 1000 horse-power in motors and dynamos 
should be ‘kept in reserve. The expense of this 
installation, assuming that the Exhibition would be 
opened to the public for 180 nights, was estimated 
at 3,000,000 francs. The basis proposed by the 
Syndicate that it should be repaid by the receipt of 
50 per cent. of the money taken in the evenings, was 
accepted in principle by the Administration, which, 
however, reserved the right of sharing equally with 
the Syndicate any profits which the latter might 
make above the sum of 20,000/. This agreement 
did not contemplate the lighting of the Trocadero 
Palace and grounds, and it was decided that if 
these are opened at night thay should be illumi- 
nated by gas. The plan Fig. 249 shows clearly the 
space which will be hghted on the Champ de Mars ; 
the original estimate of 3,000,000 candles appears 
to have been somewhat excessive, and it is now 
considered by the Syndicate that about 2,000,000 
candles will be ample ; this light will be furnished 
by 1150 are lamps and Jablochkoff candles, and by 
10,000 incandescent lamps; the intensity of the 
former will vary from 1000 to 10,000 candles. In the 
Machinery Hall there will be 86 arc lamps of 3500 
candles each ; these will be suspended in groups of 
five, to each of the main principals, with four ex- 
ceptions, in which the centre lamp will be replaced 
by a lustre of six lights of 10,000 candles each. 
The side galleries will be lighted by about 200 arc 
lamps of 1000 candles each, and 730 incandescent 
Jamps will be grouped around the staircases in the 
building. The amount of light will be equivalent 
to about one candle for each square foot of space. 
The 98-ft. gallery leading from the Machinery Hall 
to the central garden will have 52 lamps of 1000 
candles each, and the garden itself will have 120 
lamps of more than 1000 candles each, as well as 
5000 incandescent lamps of 10 candles. In the 
other parts of the garden, on the Pont de Jena and 
the Quai d’Orsay, will be a large number of Jabloch- 
koff candles and 110 arc lamps ; the fountain placed 
beneath the Eiffel Tower will be lighted by four arc 
lamps of 3500 candles each. The stations from 
which all the energy will be distributed are three in 
number, the total force they represent will exceed 
3000 horse-power. The Syndicate has two im- 
portant stations, the positions of which are shown 
upon the coloured plan; the larger of these, of 
which a diagram is given in Fig. 250, is placed 
between the Machinery Hall and the Miscellaneous 
Industries Galleries; a second station is on the 
foreshore of the Seine close to the Pont de Jena, 
and a third belonging to the Continental Edison 
Company is placed beside the Avenue de la Bour- 
donnais between the Porte Rapp and the offices of 
the Exhibition. Each of the two first-named in- 
stallations will have a space allotted specially to 
the Syndicate for the accommodation of miscella- 
neous systems, the rest being given to the large 
societies. Besides the foregoing there are several 
separate installations ; two in the space beside of 
the Machinery Hall, furnished with 500 and 700 
horse-power respectively, and one close to the 
Seine with 600 horse-power. In addition there are 
quite a number of small stations within the Ma- 
chinery Hall; these are either driven direct by 
high-speed motors, or else by gas engines; the 
largest of these is 100 horse-power. 

The luminous fountains which have formed so 
great an attraction at recent exhibitions, will not 
be wanting at Paris this year, where they will be 





seen for the first time. At the top of the central} This installation has been carried out under the 


garden and in front of the great dome and main 
entrance to the Miscellaneous Industries Court, 
is a monumental fountain which is admirably 
adapted to this kind of illumination; lamps of 
from 5000 to 10,000 candles will be employed. 
From the centre of the main fountain will spring 
four great jets under a head of about 160 ft.; 
around the basin are eight groups from which a 
large number of jets are projected towards the 
centre. From the basin the great mass of water 
will fall in cascades to the lower basin from which 
no less than seventeen jets of water will rise toa 
great height. The illumination of these fountains 
will be effected as follows: Circular chambers in 








Fig. 249. 


direction of M. Bechman and of Messrs. Galloway 
and Sons, of Manchester, who have had a large ex- 
perience with this special class of work. 





MOTIVE POWER AND WATERSUPPLY. 
Daas 
CoNnDITION OF SupPPLY or STEAM. 

PowEx is supplied gratuitously by the Exhibition 
authorities to the exhibitors of machinery in motion. 
Generators and motors for this purpose have been 
furnished by different manufacturers upon a tariff 
fixed by the Administration, the engines and boilers 
so employed constituting exhibits. The conditions 
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PLAN OF PUMPING STATION ON THE QUAI D’ ORSAY. 


masonry are constructed beneath each basin, the 
roofs of which are pierced with a number of open- 
ings to receive a series of vertical cylinders each 
placed below a jet. In each cylinder is arranged a 
series of thick plates of coloured glass which can be 
made to move to and fro by means of cords and 
levers ; the rays from a very powerful arc lamp are | 
directed up the cylinders by means of a parabolic 

reflector, mirrors, and condensers ; in this way the | 
light is obliged to traverse one or more thicknesses | 
of coloured glass before it reaches the fountain, and | 
thus many combinations of colours and varied effects 

can be produced. The stream of water running from | 
the upper basin to the lower will also be illuminated | 
and jets will be placed along each side. As it is 

impossible for the operators in the underground 

chambers before mentioned to judge of the effects 

produced, their manipulations will be controlled 

from a pavilion placed at some distance from the | 
fountain, and kept in electrical communication with | 
the operating rooms. In this way signals will | 
be transmitted so that the combinations of colours 

and effects can be modified at the will of the person | 
in control. | 


‘under which offers for steam and power could be 
|accepted were fixed officially in June, 1887, the 


general particulars, so far as regards the price paid 


| by the Administration, being based upon the follow- 


ing leading conditions : 


{a) For each 2200 lb. of water evapo- £ 8s. d. 
rated per hour, or for 15,400 lb. 
for each day of seven hours, and 
for 180 days, which is the official 
period of the Exhibition wa 

(6) For each 2200 lb. of water evapo- 
rated in addition a4 bs 

(c) For every hour beyond the seven 
hours’ normal working, extra 
for labo 

(d) For each 

ted 


rai pv Be ade eth 
(e) In the event of the Exhibition 
being kept open longer than 
the official time ... pont ae 


i) 
wo Oo 


~~) 


ur ... oa aa oe 4.8 
2200 lb. of water evapo- 


bo 


4.8 
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STEAM GENERATORS. 

All the steam generators are placed in a long row 
of separate buildings outside the Machinery Hall, 
in a space reserved for that purpose between the 
building and the boundary of the Champ de Mars, 
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adjoining the Avenue de la Motte-Piquet; this 
space is LOO ft. wide by 1158 ft. long, and is entirely 
occupied by boiler-houses, with the exception of a 
restaurant at each end, the repairing shops of MM. 
Ducommun in the centre, and a large bakery. 
Eleven manufacturers have supplied steam gene- 
rators; ten of them are ranged in seven groups, 
arranged in the following order starting from the 
side of the Avenue de Suffren. 

1. MM. Fontaine and Dulac, of Lille. 

2. Compagnie de Fives-Lille and MM. Weyher 
and Richmonde. 

3. MM. Belleville and Co. 

4. MM. de Nayer, of Willebroek, in Belgium. 

5. MM. Daydé and Pille, of Creil, and M. de 
Roser, of St. Denis. 

6. Messrs. Babcock and Wilcox, of Glasgow, and 
Conrad Knapp, of London. 

The seventh group, which contains the boilers 
furnished by Messrs. Davey and Paxman, of Col- 
chester, is placed on the opposite side of the 
Machinery Hall, in the narrow space which sepa- 
rates the latter from the Miscellaneous Industries 
Galleries, These boilers form a part of the great 
central electric lighting station which they supply 
with steam. From these seven groups of boilers 
the steam required, not only for supplying the 
engines driving the machinery in motion, will be 
obtained, but also all the steam that will be used in 
different parts of the Machinery Hall. The total 
amount of steam thus furnished will be equal to 
nearly 50 tons of water evaporated per hour, and of 
this quantity three English makers and one Belgian 
firm will supply nearly half. 

The annexed Table summarises the steam power 
provided. 

Morors, 


The great motors which will drive the machinery 
in motion are thirty-two in number, of which twenty- 
eight will be used to set in motion the four lines of 
shafting running down the whole length of the 
Machinery Hall, and four will drive some smaller 
and special shafting. The following Table gives 
some general particulars of these motors: 


Table giving Particulars of Motors for Driving Machinery 




















in Motion. 
Length of Pow 
w " . ower Power 
Name of Exhibitor. — Required. | Available. 
ft. in. H.P. g.P. 
Berendorf 73 9 21 40 
Berger-André 183 9 50 75 
Bietrix 180 6 75 85 
Boulet . 119 8 60 75 
Brasseur ae an 109 10 60 110 
Buffand and Roubatel 73 9 12 40 
Carels.. me ‘ 128 0 85 110 
Casse and Sons 188 9 36 110 
Chaligny 5 118 0 22 50 
Douane- Jobin 183 9 60 75 
Schneider and Co. .. 154 6 226 110 
Davey and Paxman 146 0 89 90 
Escher Wyss.. 154 6 20 90 
Fives-Lille .. 183 9 38 75 
L’Honne 109 10 45 80 
Cail . 83 9 30 40 
Lebrun ae ~ bi 124 8 85 100 
Leconteux and Garnier .. 164 5 47 110 
Obry Grandemange 118 0 16 55 
Oerlikon os 164 5 93 110 
Powell oe 147 7 48 90 
De Quillacq .. ee 109 10 60 90 
Société Alsacienne .. - as 60 
Sulzer. . - oe 164 5 20 90 
Vierzon - se - 129 7 50 40 
Weyher and Richemonde.. 164 5 226 100 
Windsor . + a 164 6 46 90 
Winterthur .. as 164 5 74 85 
| 





Out of the thirty-two manufacturers who have 
supplied these engines, there are one English, 
two Belgian, four Swiss, one Alsatian, and two 
Americans. The maximum energy which can be 
developed is about 5500 horse-power, but the 
arrangement made with the Administration only 
contemplates the production of 2600 horse-power, 
which will be paid for on the following basis, it 
being premised that each manufacturer supplies not 
only the engine, but all steam pipes, valves, and 
other connections, and the transmission required for 
communicating motion to the main shaft : 

(a) For the whole term of the Exhibi- 
tion (180days), and at the rate of 
seven hours’ actual work per day 
for each indicated horse-power... 

(8) For each additional horse-power 
per hour supplied extra... ss 

(c) For each extra hour for labour ... 

(@) For oiling and cleaning per indi- 
cated horse-power Re as 

(e) For each indicated horse-power 
per hour furnished beyond the 
official period of the Exhibition 


d. 





TABLE GIVING PARTICULARS 


oF Steam Power PROVIDED. 





























{ 
| . ‘ he he | o | & a 
| fg | Ba $8183 | £ | 3 
| Ae 3 — $ iz 3 | & 2 z a g 
Names of Makers. za x Se | = s 4 ‘2 om Engines Supplied. 
° & : a. ae 
22 | ge |G8s g82) 28 | 8 
| $2 | 28 Sam 8sq | 8s | 8a 
| E* B&B a7 < A 
Ib. per | Ib. per| tons | Ib. per| £ | ft. in 
aq. in. | 8q. in. | 8q. in. 
Messrs. Conrad Knapp and Co, 128 128 1.5 | 114 510 | 215 8 | Seguin, Powell, Huguet. 
»» Badcock and Wilcox 128 128 3.0 | 114 1,020 | 215 8 
MM. Belleville et Cie. 142 121 10.0 | 99 8,400 | 801 10 | Chaligny, Obry Grandemange, Berger-André, 
° Windsor, Leconteux and Garnier, Sulzer, 
| | Escher Wyss. 
»» Weyherand Richemond ..| 114 106 2.0 | 92 2,800 | 113 6 | Boulet, Société Alsacienne, Douane-Jobin. 
» Fives-Lille .. oe --| 9 99 62 | 85 210 . Société des Fives- Lille. 
», L. Fontaine .. 85 85 1.00 | 71 340 | 95 O | De Quillacq, Casse et fils, Buffand and Robatel. 
» Dulac .. 114 85 1.00 71 340 | 95 0 
» de Naeyer -| 142 128 10.00; 114 8,400 | 198 6 | Schneider et Cie., Weyher and Richemonde, 
H Oerlikon, Winterthur. 
» Daydéand Pillé 142 121 8.00 99 1,020 | 189 6 | Biétrix, Rigaudin, Carels fréres. 
» Roser .. me se 142 121 5.50 99 1,860 | 189 6 
Messrs. Davey and Paxman 142 128 2.30) .. 782 we British Section. 
39.92 | | 15,682 





As far as possible both steam generators and 
motors have been so arranged as to supply power to 
the particular section to which they belong. 

Messrs. Davey, Paxman, and Co., of the Standard 
Iron Works, Colchester, have shown a good deal of 
characteristic enterprise in connection with the 
Paris Exhibition. Ata time when the fortunes of 
the British Section were but doubtful, and it seemed 
more than probable that this country would be poorly 
represented, the firm entered boldly into a contract 
with the French authorities to supply a considerable 
amount of power, on terms which certainly had no 
remunerative prospects to attract them. The out- 
come of this contract has been that they have now 
got an installation of steam engines and boilers of 
about 1500 horse-power ; of this amount 300 horse- 
power will be absorbed for driving machinery in the 
British Section ; two engines are devoted to this 
work, both of them condensing, one of them being of 
the coupled compound girder type, and the other the 
horizontal girder frame type. The rest of the power 
will be utilised for electric lighting purposes and will 
comprise five compound engines with intermediate 
receivers ; one of these is a coupled compound 
of 500 horse-power; two are of the well-known 
Colchester pattern, and two are Messrs. Davey and 
Paxman’s semi-portable pattern, with the engines 
placed beneath the boilers. In addition to the fore- 
going there isa small horizontal engine used to drive 
the range of nine locomotive multitubular boilers 
which supply steam to the whole installation. 

On another occasion we shall refer with more 
detail to Messrs. Davey, Paxman, and Co.’s ex- 
hibits ; in the mean time we may mention that they 
exhibit in the Machinery Hall a Huntingdon quartz 
crushing mill of the type which is now coming so 
rapidly into favour with mining engineers, and 
also one of Paxman and Allen’s diamond washing 
machines. 

SHAFTING, 


The main shafting comprises four lines running 
from end to end of the Machinery Hall, and having 
a total length of nearly 4500 ft. Longitudinally, 
the floor area of the great nave has been divided 
into six parts by galleries for public circulation ; of 
these the two inner ones are 49 ft. wide, and the 
outer ones 33 ft. ; it is within the former that the 
lines of shafting are placed, so as to command the 
machinery in motion which will be arranged upon 
these wider spaces. The lines of shafting are sup- 
ported partly by double cast-iron columns connected 
at the top and affording a support for the bearings, 
and partly by bearings suspended from the lattice 
girders connecting the columns, and which serve to 
carry the rolling bridges, to which reference will be 
made later on ; there are 148 of the double columns 
placed about 36 ft. 9 in. apart. The main shafting 
has a diameter of 3.54 in., excepting at the points 
which receive the transmission from the engines, 
and where the diameter is increased to 5.51 in. ; 
they are calculated to transmit 75 horse-power for 
each span of 36 ft. 9in. The shafting is divided 
into twenty-eight independent sections, any one of 
which can be coupled to the adjoining section, by 
means of a sleeve, so that in the event of a tem- 
porary breakdown of the engine controlling a par- 
ticular length, the adjacent engine can be employed. 
Besides the foregoing there are three lines of 
shafting of less importance, driven by the engines 
of MM. Berendorf, Buffand and Robatel, and De 
Quillacq ; the diameter of this shafting is the same 


|as that of the principal sections, and it is carried 
|upon sixteen single columns. In Class 54 the 
Société Alsacienne de Constructions Mécaniques has 
jerected a transmission for its own exhibit, the 
‘length of which is 200 ft., carried upon nineteen 
| wrought-iron standards ; the diameter of this shaft- 
| ing is 2.36 in., except at the driving pulleys, where 
the size is increased to 3.54in. The height of all 
| the shafting above the floor of the Machinery Hall 
|is 14 ft. 8 in., and the speed at which it is driven is 
150 revolutions per minute. In the Agricultural 
| Galleries there are about 670 ft. of shafting, 2.17 in. 
in diameter ; this will be driven electrically from 
the Machinery Hall by an engine supplied by M. 
| Brasseur. Altogether about 5500 ft. of shafting 
| have been provided for driving the machinery in 
motion. The cast-iron columns carrying the shafting 
were divided into four contracts, which were given 
|to two manufacturers, MM. Ferry, Curicque, et 
| Cie., and the Société Anonyme des Hauts Fourneaux 
et Fonderies de Brousseval. The supply of the 
| main shafting was divided into thirty lots, and has 
| been furnished by eleven contractors upon the 
following basis : 





For the official period of the Exhi- 
bition (180 days) and for seven £ 8s d. 
hours a day, per metre run, in- 
cluding oiling and inspection 2 11 2 
For each hour beyond the seven hours 
of ordinary working and per metre 
a a ae ae coe (OO SES 
For each day beyond the official 
period of the Exhibition and per 
metre run ee on se 0 0 3.0 
Steam AND Water Marns. 
Subways for the reception of the steam and 


| water mains, and pipes for carrying off condens- 
ing water, &., have been constructed beneath the 
floor of the Machinery Hall and run longitudinally 
down it ; they are two in number; one is 1075 ft. 
long, and the other 587 ft.; the first of these sub- 
ways is 6 ft. 2in. high and 7 ft. 9 in. wide ; the 
| other is of somewhat smaller dimensions. Each of 
‘them contains three pipes, for cold water, steam, and 
‘condensing water ; the two former have a diameter 
of 23.3in. in the larger subway, and 15.75 in. in the 
smaller. In the crown of each subway and at inter- 
vals of about 14 ft., rectangular openings are made 
about 31 in. square ; through these openings con- 
nections are made with the mains by service pipes 
‘leading directly to the machinery for which the 
supply is required; such openings as will not be 
‘needed will remain closed with wooden covers. Six 
| shorter subways run across the building fromthe main 
| subways to the groups of boiler houses outside the 
|Machinery Hall; in these, pipes are laid which 
bring the cold water to the generators, and conduct 
| the steam from the latter to the mains laid in 
‘the longitudinal subways ; these last-named pipes 
‘are divided into six sections each independent of 
‘the other. Subsidiary channels are also made for 
_the reception of the service pipes leading from the 
| mains to the engines in different parts of the build- 
ing. The water supply is delivered from the re- 
'servoir erected at the corner of the Avenue de 
| Suffren close to the Champ de Mars railway station, 
| the pipes being laid down the Avenue de Suffren, 
and the mains for carrying off the condensing water, 
following the same route, discharge into the Seine. 
|The work of constructing the subways just described 


| Was carried out by MM. Huguet, Versille, and 
| Appay. 
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TRAVELLING BRIDGES. 

A novel idea has been put into execution in the 
Machinery Hall with a view of facilitating the 
circulation of visitors in the vast building. Two 
travelling platforms 60 ft. long, and capable of 
carrying 10 tons each, are mounted upon the 
latticed iron girders that connect the columns 
carrying the shafting. Visitors will be admitted 
on payment to these platforms, which will be 
caused to traverse up and down the Machinery 
Hall by electric transmission ; access to the plat- 
forms will be obtained by elevators placed at each 
end of the Machinery Hall. . This work has been 
carried out by MM. Bon and Lustremant, and MM. 
Mégy, Echeverria, and Bazan, who, in consideration 
for the privilege, supplied gratuitously the lattice 
girders and intermediate bearings for the shafting. 
The concession granted them includes the right of 
making a fixed charge for each passenger carried, 
and no doubt that they will find the enterprise an 
exceedingly profitable one, although it appears 
likely to be accompanied by certain disadvantages 
to the public circulating in the hall below. Inaddi- 
tion to the installations we have briefly described 
there will be many other small and independent 
ones, which will be referred to on a future occasion. 


Water SuppPty. 

The water supply from the Seine for the service 
of steam boilers and other sources of motive power, 
was offered to tender in June, 1888. The plan, Figs. 
250, 251, page 495, gives a general idea of the scheme, 
and the location of the installation with reference to 
the Exhibition. A quantity equal to 220 litres per 
second was to be taken from the Seine at the point 
marked in the plan, and delivered into an iron 
tank constructed close to the Avenue de Suffren at 
the place shown, the mean height of this reser- 
voir being 72 ft. above the standard level of 
the Seine. The engine and boiler houses are built 
on the foreshore in front of the Quai d’Orsay, the 
size of each being limited to 98 ft. by 45 ft. The 
following parts of the installation were furnished 
by the Exhibition authorities ; the two buildings, 
the main inlet, the branches leading to the two 
pumping stations, and the delivery main to the 
reservoir. The machinery accepted for this work 
was to be regarded as an exhibit, and the con- 
tractor undertook to deliver the water required 
during the period the Exhibition should remain 
open, for a price approved of by the authorities ; 
the hours of daily working were stipulated as follows: 
from 10 a.m. to noon, from 1 P.M. to5p.M., and from 
8to 11 p.m. Of the total sum paid to the contractors, 
one-third was due after the official trials preceding 
the opening of the Exhibition, one-third will be 
due on August 31 next, and the balance on Novem- 
ber 30, deductions being made for non-fulfilment 
of the contract as regards quantity delivered. 

Of the two pumping engines which will provide 
the water supply for the Exhibition, one is supplied 
by MM. de Quillacq and Meunier, and the other 
is a Worthington engine. The engine sup- 
plied by MM. de Quillacq and Meunier is of the 
Wheelock type, and will drive a double-acting 
Girard pump; this installation is similar to one 
recently completed by the Ville de Paris at Theil, 
near Sens, in the valley of the Vanne ; it will be 
driven at a speed of thirty revolutions a minute 
and will develop 65 horse-power. The high-duty 
Worthington engine is of the type so well known 
in the United States, and which has been so suc- 
cessfully introduced in this country by Messrs. 
Simpson and Co., of Pimlico. This engine will 
be supplied with steam by Babcock and Wilcox 
boilers. As stated above, the water will be taken 
direct from the Seine, the level of which has a 
range of about 7 ft. at this place, according to the 
height of the river above the dam at Suresnes, and 
it will be pumped into a wrought-iron reservoir, the 
overflow of which is about 75 ft. above the mean 
level of the river; the capacity of this reservoir, 
which is placed at the corner of the quay and the 
Avenue de Suffren, is more than 6000 cubic feet. 
The reservoir and iron staging upon which it is 
supported was constructed by M. Durenne and 
weighs about 17 tons. 


WorrtHincton Pumpine ENGINE. 

The Worthington high-duty pumping engine, 
for the supply of water to the Exhibition, was 
specially designed for this service by Mr. Chas. C. 
Worthington, of the firm of Henry R. Worthington, 
of New York, and was constructed and finished at 
the works of Mr. Thos. Powell, Rourn, under the 
Supervision of Mr. Harry C. Powell. This engine 





(see Figs. 247, 248, page 491) has a capacity of 
6,500,000 imperial gallons per day. The general 
characteristics of the Worthington high-duty engine 
are well known to our readers; there are, however, 
several modifications and improvements suggested 
by experience, and some novel features in the above 
engine which have not hitherto been illustrated. 
The steam valve mechanism has been somewhat 
modified, as shown in the sectional drawing, the 
main steam valve and the cut-off valves being 
circular, located immediately on top of the cylinders 
close up to the heads, so that all clearances and 
port spaces are reduced to a minimum. The ad- 
vantages of this new valve motion will, we think, 
be apparent to all engineers. The steam cylinders 
are thoroughly jacketted, and the steam expanding 
from the high to the low-pressure cylinder passes 
through a heater. The condensed steam from the 
jackets, as well as from the heater, is automatically 
pumped back into the boiler by an arrangement 
which is not shown. The general principle of the 
compensators employed on the Worthington engine 
has been already described by us. In the present 
engine, however, there has been introduced a new 
arrangement, by which the air pressure in the com- 
pensating cylinders, in place of being supplied from 
a large independent tank as heretofore, is taken 
from the water main ; consequently any variation 
in the water pressure increases or diminishes the 
load upon the compensators, and the engine at once 
responds automatically by running faster or slower 
as the case may be, until the water pressure 
becomes restored to its normal point, an effect 
which takes place almost immediately. Should 
a break occur in the main, the load on the com- 
pensating cylinders would be entirely removed, and 
with the steam cut off early in the stroke, and no 
stored energy to be given out, there is no danger of 
harm coming to the engine. 

Another peculiarity of this engine is the absence 
of an air chamber, which, although shown in the en- 
graving, serves only as an air supply tank for the 
high-duty attachment, being separated from the de- 
livery pipe by a plate with three small holes drilled 
through it to communicate the pressure. There is, 
however, an inverted valve kept closed by a very 
light spring, which, in case of accident, would open 
and allow the air to instantly escape through the 
delivery main, and thus deprive the compensators 
of their power. 

The two Worthington compound condensing pres- 
sure pumping engines placed in the base of No. 3 
or the south foot, operate the elevators ascending 
from the second platform to the top of the tower, 
and which were constructed by the house of MM. 
Edoux. These pumps take the water from an 
elevated tank and raise it to the top of the tower 
against a head of about 980 ft., not including the 
friction in the pipes. The high and low-pressure 
cylinders are arranged tandem, the intermediate 
head containing a closely-fitting sleeve through 
which the piston-rod passes without iaking 
use of any adjustable packing. There is a connec- 
tion between the high and low-pressure cylinders, 
by means of which full steam pressure can be 
admitted into the low-pressure cylinders if desired. 
The steam and water ends are joined by tie-bars, 
and water plungers or rams work into each end of 
a cylinder having a central partition. The plungers, 
which are of gun-metal, are connected together by 
yokes and exterior rods in such a manner as to 
cause them to move together as one plunger, so 
that while one is drawing the other is forcing, thus 
making the pumps in effect double-acting. The 
valve boxes are also sub-divided as much as possible, 
and in each one of these are placed several small 
valves. (See Fig. 253, page 498.) These engines 
are in every way similar in general design and con- 
struction to the engines used on the oil pipe lines in 
America. 

In connection with these engines there are two 
Worthington independent condensers placed be- 
tween the two main engines, and arranged so that 
either one, or the two together, may be used in 
conjunction with either of the main engines. The 
boilers for supplying the steam to these engines 
were manufactured by Messrs. Collet, are capable of 
working up to a pressure of 150 Ib. per square inch, 
and are fed by two Worthington boiler feed pumps. 





SOCIAL ECONOMY.—XVII. 


By a decree dated June 9, 1887, an exhibition of 
Social Economy was declared to form a part of the 


Universal Exhibition ; it was intended to apply to! 





industry and to agriculture, and was to be divided 
into fifteen sections. The main object of this exhi- 
bition was to bring into relief the actual condition 
of the working classes in France and abroad ; to 
show the result that education has had amongst the 
masses ; the relations existing between employers 
and employed ; the power of self-help and mutual 
assistance among workmen ; the protection which 
law has afforded to the working classes ; the legal 
and moral responsibilities of masters; in short, 
everything that may tend to throw light upon the 
condition of the vast labouring community with 
the view of obtaining a means of comparison with 
the past, and a guide towards improvement for the 
future. Such an exhibition must necessarily be 
large and very complicated, uninteresting to the 
general visitor, but of the highest possible import- 
ance to the philanthropist, and to all those who 
have the welfare of the working classes at heart. 
The organising commission charged with the respon- 
sibility of this exhibition divided the subject into a 
vast number of classes, all of them coming within 
one or other of the fifteen sections into which the 
exhibition is officially classified. These sections 
are as follows : 

Section 1.—Remuneration for work ; forms and 
conditions, and written or unwritten contracts, 
between masters and workmen ; periods and modes 
of payment ; bonuses given for work done or econo- 
mies effected in raw material ; farming contracts, 
payments in kind to farm labourers; work of 
women and children in factories ; encouragement to 
workmen, such as medals and prizes ; pensions. 

Section 2.—Participation in profits ; co-operative 
manufacturing associations. 

Section 3.—Syndicates. Syndicates of masters 
and of workmen ; combined co-operative institu- 
tions ; trades unions ; agricultural syndicates ; lock- 
outs ; strikes; arbitrations; industrial or other 
societies founded for the investigation of questions 
of social economy in manufacturing centres. 

Section 4.—Apprenticeship. Contracts and in- 
dentures ; technical teaching given in the workshop 
or in schools, founded either by employers or work- 
men. Economical schools ; industrial and agricul- 
tural orphanages. Institutions for the care of de- 
serted children. Societies for the help of appren- 
tices. The training of future workmen and employers 
in the science of social economy. 

Section 5.—Mutual aid societies. Medicine and 
medical attendance ; aid during a lock-out, a strike, 
or absence of work ; dispensaries ; hospitals ; con- 
valescent homes; funeral expenses. Pensions 
given by the mutual aid societies ; collective or 
individual insurances. Aid to women and young 
children. Statistics of sickness. 

Section 6.—Pensions and annuity funds, either 
assisted or unassisted by the State or by employers. 

Section 7.—Accidental and life insurances. 

Section 8.—Savings banks. National and Post 
Office savings banks ; those of industrial schools ; 


those placed under the care of the State. Various 
systems in use for the promotion of thrift. 
Section 9.— Co-operative supply _ societies. 


Systems in use for the cheap supply of food, cloth- 
ing, &c.; kitchens and refectories ; economical 
bakeries ; objects sold, with the cost and selling 
prices affixed. 

Section 10.— Co-operative credit associations. 
Various systems adopted. Unlimited or restricted 
responsibility ; peoples’ banks ; agricultural banks. 
Advances made by the State or by financial societies 
to workmen or to workmen’s manufacturing associa- 
tions. 

Section 11.— Workmen’s dwellings. Model 
dwellings for the working classes standing isolated 
in their own court or garden, and of which the pur- 
chase is possible by the payment of annuities in- 
cluding rent and sinking fund. Workmen’s lodging 
houses on a large scale. Furnished lodgings for 
unmarried people. Building societies. Encourage- 
ment to build workmen’s dwellings, by loans at a 
low rate of interest, advanced either by the State 
or by municipalities. 

Section 12.—Working men’s clubs, their con- 
struction and organisation ; their libraries, collec- 
tions, lectures, conferences, and amusements. 

Section 13.—Social hygiene. Laws, regulations, 
and statutes relating to this subject ; drunkenness 
and means employed to check it ; statistics and docu- 
ments. Temperance and auxiliary societies ; coffee 
palaces. The protection of children of tender age ; 
baths and wash-houses ; health and safety of work- 
shops ; precautions against accidents in factories. 

Section 14.—Various institutions organised by 
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HIGH-DUTY PUMPING ENGINE FOR 
(For Description, see Page 497.) 


THE EIFFEL TOWER. 





employers for the benetit of their workmen. General 
assistance given by employers to aid and benefit 
societies ; créches, asylums, schools, &c. Bonuses 
and participation in profit. Professional training 
given in the works. Methods of assisting sick and 


injured workmen, widows, and orphans ;_infir- | 


maries Workrooms. Pension and assistance 
funds for aged or mutilated workmen ; insurances 
against accident and death, effected by the em- 
ployer, with or without the assistance of workmen. 
Special savings banks. Economical refectories and 
canteens. Advances to workmen. Gratuities or 
cheap lodgings; gratuitous firing ; systems in use 
by which workmen can obtain from their masters 
under favourable conditions, garden ground for 
cultivation or building land. Results of systems 
which have had for their object the improvement 
of the moral and physical condition of workmen 
and the consolidation of favourable relations between 
employers and employed. 

Section 15.—Large and small industries ; culti- 
vation on a large and small scale; statistics and 
documents relating to the concentration of indus- 
tries in large factories; home workshops and the 
efforts made to increase them ; domestic industries 
and the application of mechanical power to such 
industries ; the home work of women ; connection 
between agricultural and industrial work ; agricul- 
ture on a large and small scale ; emigration statis- 
tics ; revenue and expenses of workmen. 

A sixteenth section was subsequently added to 
the foregoing, under the title of ‘‘ The Intervention 
of Public Authority in matters of Social Economy;” 
amongst other points this section contains the fol- 
lowing: The regulation and method of the hours 
of work by the State or the Municipality ; the 
fixing of a minimum scale of wages ; the fixing 
ef the price of articles of consumption; the 
working of canals and railways by the State; 
the construction of workmen’s dwellings by muni- 
cipalities ; the influence of the homestead law or the 
protection of family ties; State intervention between 
masters and workmen in the case of strikes; public 
official hygiene and municipal laboratories. 

It was very justly considered by the Mansion 
House Committee of the British Section, that while 
desirous to do all that lay in its power to promote 
the success of the Social Economy Exhibition, and 
to contribute as far as possible to the amount of 
valuable information which that exhibition will 
comprise, it was nevertheless not justified in re- 
garding social economy as a subject coming within 
its proper scope. It was accordingly decided that 
certain members of the executive committee should 
form a sub-committee which should do its best to 
get together a creditable collection, and that this 


sub-committee should be empowered to add to its | 


number such gentlemen as it considered would be 
|useful in assisting the work ; the Mansion House 
Committee also voted a sum of 100I., afterwards 
increased to 1501., towards paying the necessary 
expenses. The Social Economy Committee formed 


THE RETROSPECTIVE EXHIBITION 
OF WORK.—XVIII. 


| In the International Exhibition held at Paris in 
| 1867, there was commenced an undertaking which 


upon these lines was composed as follows: Mr. | it was intended should be continued in succeeding 
| Ernest Hart, chairman ; Sir Vincent Kennett-Bar- | exhibitions. The idea was carried on in 1878, 
|rington, Sir Sydney H. Waterlow, Sir Robert Raw- |and in the present year a further contribution to 
linson, Sir Joseph Fayrer, Sir Douglas Galton, Sir | the subject is being made at the Champ de Mars. 
Henry Roscoe, Sir Philip Magnus ; Messrs. W. | This is the Retrospective Exhibition of the History 
Woodall, W. H. Pannell, J. Dredge, A. Carpenter, | of Work, which in 1867 was classified under ten 
|C. J. Radley, J. Furley, C. H. Loch, W. Ogle, | different heads, illustrating art and industry during 
J. G. Fitch, Surgeon-General Cornish ; Dr. Louis | the following periods: 1. Gaul before the use of 
Parkes, honorary secretary. The various sections; metals. 2. Gaul independent. 3. Gaul during 
under which the subject is divided, were allotted|the Roman rule. 4. The Franks up to the time 
among the gentlemen forming the Committee, and|of Charlemagne. 5. The Carlovingians from the 
they have spared no pains in making the exhibit as|commencement of the ninth to the eleventh 
complete as possible. At the same time the ex-|centuries. 6. The Moyen Age from the com- 


tremely limited funds placed at their disposal, 
and the small space set aside for them in the 
Social Economy building—about 1000 square feet 


mencement of the twelfth century to the reign of 
Louis XI. (1483). 7. The Renaissance from Charles 
VIII. to the death of Henri IV. (1610). 8. The 





—will of necessity make the exhibit a limited | reigns of Louis XIII. and Louis XIV. (1610 to 1715). 
one. Nevertheless a very interesting and valuable | 9. The reign of Louis XV. (1715 to 1755). 10. The 
collection has been made; the Corporation of the! reign of Louis XVI. and the revolution (1775 to 
City of London, and the City Sewers Commission, | 1800). A very interesting collection was assembled 
having at their own cost prepared a large number | on that occasion, but’ a want of system prevailed 
of models and drawings of works illustrating the | which deprived the Exhibition of a good deal of its 
present condition of hygienic engineering and social | actual value. In 1878 this idea was carried out on a 
economy in the metropolis; some of the very im-| more extended scale in the Trocadero, under the 
portant undertakings that have been carried out by | form of an Historical Exhibition of Ancient Art, to 
the Board of Works are also represented. One of | which was added an ethnographical collection in- 
the most interesting collections is that of which | tended to illustrate the advance of civilisation in all 
Sir Kennett-Barrington has taken special charge ;| ages, and in different parts of the world. This 
this illustrates the development and present con-| exhibition was also divided into ten sections which 


dition of ambulance work as represented chiefly 
by the labours of the St. John’s Ambulance 
Corps. 

The main part of the collection, however, consists 
of books, reports, and other documentary evidence 
illustrating the actual condition of social economy 
in all its branches in this country, and especially 
dealing with the following subjects : Technical in- 
struction, friendly societies, co-operative stores, 
industrial buildings, working men’s clubs, tempe- 
rance societies, coffee taverns, protection of infant 
life, administration of the factory Acts, home indus- 
tries, charity administration, &. It is intended 
by the Committee that all or nearly all publications 
referring to the above and other subjects, shall be 
presented to the French organisation which has the 
question of social economy under its charge ; this 
collection will, therefore, form a large and perma- 
nent addition to the archives of the Bureau in 
Paris, and it is hoped that the deficiences of the 
temporary exhibit will, in some measure, be com- 
pensated by the lasting service the Committee will 
thus be enabled to render to France. 





comprised the ancierit arts of Gaul, classic and 
Moyen Age sculpture, numismatics, ceramics of the 
Moyen Age, manuscripts, books, arms, goldsmiths’ 
work, furniture, stuffs, musical instruments, &c. 
The Retrospective Exhibition of 1889 is intended 
to supplement and complete those which we have 
just referred to ; it was not proposed to travel over 
beaten ground, but to choose a new, and, at the 
same time, a broader field than had been selected for 
either of the previous Exhibitions. It was intended 
to collect as far as possible, not only objects produced 
by man in the various branches of art and industry 
from the earliest times, but also the appliances, 
tools, and machines by which those objects were 
| produced, in order to illustrate the progress that 
has been made through centuries, in production, 
and in the means by which production is achieved. 
This Exhibition has been divided into five principal 
sections as follows: 1. Anthropological and Ethno- 
‘graphical. 2. The Liberal Arts. 3. Arts and In- 
‘dustries. 4. Means of Transport. 5. The Art of 
‘War. The subject was organised by a decree dated 
lthe 12th of October, 1887, at which date the 
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members of committee for each section were 
appointed, 

The general scheme is well explained in a circular 
issued by M. Simon, president of the Superior 
Commission, and dated the 15th of June, 1888. In 
this circular it is pointed out that the Retrospective 
Exhibition of Work and of Anthropologic Science, is 
to instruct the public in the history of the develop- 
ment of handicrafts and of mechanical work, which, 
from the earliest times, have progressed until they 
have gradually arrived at the comparative perfection 
cf to-day. Although its special character is his- 
torical and technical, works of art are not excluded; 
indeed a special salon in the Beaux Arts Gallery 
has been set aside for retrospective art. In the old 
time, art was almost inseparable from handicraft, 
and the tools used by the workmen were themselves 
not unfrequently veritable chefs-d’ceuvre ; com- 
petition was then almost unknown, and the various 
trades were encompassed by laws and mysteries, 
which raised them to the level of the arts. Fortu- 
nately, industrial relics of the past are not wanting, 
and almost every civilised country is richly endowed 
with them, either in public museums, in private 
collections, or even hidden away and forgotten. 
To a large extent therefore the objects exhibited— 
not only the things produced, but the appliances 
by which they were produced—must have a high 
artistic, as well as an educational value. 


SECTIONS OF RETROSPECTIVE EXHIBITION. 


The first section of the Retrospective Exhibition 
is divided into three groups, the first being devoted 
to the science of anthropology. ‘‘The science of 
man and mankind, including the study of man’s 
place in nature, that is, of the measure of his agree- 
ment with, and divergence from, other animals ; 
of his physical structure and psychological nature, 
together with the extent to which these act and 
react on each other ; of the various tribes of men, 
determining how these may have been produced or 
modified by external conditions, and consequently 
taking account also of the advance or retrogression 
of the human race.” Under the group of Ethno- 
graphy will be shown the materials employed, and 
the work produced, by primitive man ; specimens 
of tools and weapons in stone, copper, bronze, and 
iron ; primitive ceramics and glass ; ancient habi- 
tations and burial places ; the creation of art as 
illustrated by pre-historic carvings. In the group 
of Archzeology will be shown plans and models of 
classic architecture ; ancient sculpture and paint- 
ings ; scientific apparatus, and the production of the 
industrial arts up to the reign of Charlemagne. 

The second section, that of the Liberal Arts, is 
divided into five groups. The first of these, Sciences, 
includes astronomical instruments of all ages and 
from all countries ; meteorological, physical, chemi- 
cal, surgical, and physiological instruments. The 
second group includes manuscripts, printing, books, 
and newspapers. It is evident that this group 
should be particularly rich and of the highest in- 
terest, including as it does the means employed, the 
instruments and materials used, from the earliest 
ages, down to recent times, for making permanent 
written and printed records. The third group 
refers to the systems of education in vogue in past 
times ; the fourth, to music and the theatre ; and 
the fifth, to the arts of drawing and design. In 
this latter are comprised architecture, painting, and 
sculpture ; the production of medals and the carving 
of precious stones ; the arts of engraving, of litho- 
graphy, and of chromo-lithography. 

_ The third section, that of Arts and Industries, 
is divided into four groups, of which the first refers 
to the utilisation of natural forces for the benefit of 
man. This naturally divides itself into two parts ; 
those forces which can be utilised direct, such as those 
of men and animals, or of air and of water. The 
second refers to the transformation of energy, and 
the apparatus employed for such transformation and 
utilisation ; this includes heat, light, and electricity. 
The third group refers to those arts and industries 
which have for their object the seeking, gathering, 
and extracting of raw materials. Naturally the first 
division in this group has to do with the chase, the 
means which man employed to capture and to kill 
such animals as he could turn to useful purposes. 
Thencometheextraction and preparation of minerals, 
and the collection and preparation of the products 
of the soil. In the third group are those arts and 
industries by which raw material is converted into 
substances useful for man, such as food products, 
timber, whether for constructive, decorative, or 
other purposes; natural and artificial stones ; 





pottery and glass; manufactured metals ; textile 
materials; paper and animal products, such as 
hides, feathers, horn, bones, shell, &c. In the 
fourth group are the arts necessary for social and 
individual life; this includes clothing, building, 
heating, lighting, cooking, and that branch of engi- 
neering which especially refers to civilised man, 
such as ventilation, water supply, drainage, and 
means of communication. 

The third section is devoted to means of trans- 
port, and has four divisions: The first, means of 
transport on land ; the second, means of transport 
by sea; the third, railways; and the fourth, 
aérostation. This section will undoubtedly prove 
of especial interest, and no pains have been spared, 
either in France or abroad, to collect such objects 
as shall convey a clear idea of the development of 
means of transport from the earliest times to the 
present. 

The fifth section concerns the retrospective history 
of the Art of War. The classification of this section 
is similar to that adopted by the Minister of War 
in the pavilion on the Esplanade des Invalides, and 
it is probable that the objects collected will find a 
place in this pavilion instead of on the Champ de 
Mars. It is much to be feared that want of space 
will prevent the full carrying out of the extensive 
programme prepared for this exhibition of the pro- 
gress of work. Large as is the Liberal Arts build- 
ing on the Champ de Mars, it will probably be 
found entirely inadequate for the reception and 
display of anything but a small proportion of the 
objects placed at the disposal of the French Admi- 
nistration, which has been obliged to erect some 
special annexes to receive a part of the overflow of 
objects. We cannot help thinking that it would 
have been wiser not to have made this Retrospective 
Exhibition a feature of the general undertaking, but 
to have devoted the space now allotted to it to 
general exhibitors, and next year to have held in 
Paris, in the buildings which will then be standing 
vacant, a great Retrospective Exhibition. We 
think that, with the extra time and space at the 
disposal of the French authorities, there would have 
been little difficulty in obtaining a collection large 
and complete enough to fill most of the buildings 
on the Champ de Mars, and which would have 
proved an attraction almost as great as the Exhibi- 
tion about to be opened. 


THE EXHIBITION OF MEANS OF TRANSPORT. 


The Retrospective Exhibition of Means of Trans- 
port, which forms Section IV. of the Exposition 
Retrospective du Travail, was not included in the 
original programme of the scheme, but was added 
afterwards at the instance of some of the leading 
French engineers, who considered rightly that with- 
out such a section the collection would be lament- 
ably deficient. The fact that the International 
Railway Congress will meet in Paris this year, 
rendered such an exhibition especially seasonable, 
and for this reason particular efforts have been 
made to collect as many objects relating to the early 
history of railways as possible. As stated above the 
section is divided into four classes, as follows: 1. 
Transport by road; 2. Transport by water; 3. 
Transport by railway; 4. Transport in the air. The 
first division comprises (a) roads and (b) vehicles ; 
of the former there are seven sub-divisions, of which 
the following are the most important. Ancient 
roadways, especially those of Egypt and of Rome; 
methods of overcoming natural obstacles such as 
those presented by inequalities of the ground, 
water-courses, &c. This division naturally includes 
tunnels, timber, stone, and iron bridges, and 
viaducts. Finally, it comprises village and city 
streets, boulevards, and so forth. The objects 
illustrating vehicles used for transport are naturally 
very numerous and varied, ranging from the primi- 
tive methods of carring loads by man unaided, to 
every kind of wheeled carriage available for trans- 
port. In this division there are also included beasts 
of burden, from the elephant to the carrier pigeon ; 
while the vehicles will range from illustrations of 
classic chariots employed for sacred purposes, down 
to the carriages of the Pompes Funéraires of to-day. 
The second division is far more important and com- 
prehensive. Its first section relates to internal 
navigation—to rivers and canals—the rectification 
and conservancy of the former, and the construction 
and maintenance of the latter. This naturally con- 
tains illustrations of all kinds of dredging machinery, 
dams, and embankments, weirs, fixed and movable, 
and the appliances for operating them. Plans and 
sections of ancient and modern canals are shown, 





together with locks, inclined planes, lifts, and other 
modes of passing boats from one level to another. 
Lastly, this section includes vessels of all kinds 
adapted for inland navigation and various means of 
towage. 

The second section refers to transport by sea. 
Six of its classes deal with aids to navigation, as 
follows : (a) Means of insuring marine routes ; this 
comprises charts, sounding apparatus, logs, tide- 
meters, &c., ; buoys and signals, lighthouses illu- 
minated by oil, gas, and electricity ; (b) means of 
insuring shelter for ships, such as harbours, natural 
and constructed, breakwaters, piers, and jetties ; 
(c) means of facilitating commercial operations in 
ports, quays, basins, and docks, landing and un- 
loading stages for passengers and merchandise, 
mechanical appliances for handling heavy loads ; 
sheds, depédts, and warehouses; storage arrange- 
ments for special and dangerous objects, such as 
gunpowder, petroleum, &c. ; (d) shipbuilding yards 
and arrangements for the repairs of vessels; (e) 
special processes for the construction and main- 
tenance of ports and harbours. This includes 
appliances for making and setting in place heavy 
blocks of béton, laying foundations beneath the 
sea, diving dresses, diving bells, &c. ; dredging 
machinery, locks, lock-gates, and the various appli- 
ances connected with this class of work. 

As regards exhibits of sea-going vessels, these 
are represented by drawings and models. They are 
divided into ten sub-classes. The first refers to 
means of navigation from the earliest times to the 
later centuries of the Egyptian Empire. The second 
refers to vessels of the Roman, Greek, and Cartha- 
ginian periods up to the Christian era. The third 
illustrates the origin of marine navigation among 
the northern peoples of Europe. The fourth is 
especially devoted to the merchant shipping of the 
fifteenth and sixteenth centuries. The fifth deals 
with vessels propelled by oars from the Middle Ages 
to the present time. The sixth illustrates the 
marine under Louis XIII. and Louis XIV. The 
seventh relates to different craft employed by 
Asiatic and African nations. The eighth, those 
of America and of Oceania. The ninth, the later 
developments of sailing ships ; and the tenth, the 
origin and development of steam navigation. 

Transportation by railway forms the subject of 
the third division, and naturally divides itself into 
five classes : Permanent way, motive power, rolling 
stock, fixed plant, and miscellaneous. The various 
objects which would be included in this classification 
are so familiar to our readers that further reference 
to them is almost unnecessary. It is sufficient -to 
say that almost everything illustrative of the early 
days of railways, original objects, and models, were 
sought for. It may be added that it was intended 
to include a portrait gallery of those engineers who 
have been most conspicuous in the construction and 
development of the railway system, but it has been 
found impossible to carry out this part of the pro- 
gramme. The fourth division refers to aérostation ; 
in this are comprised charts and reports illustrating 
meteorological laws and phenomena of interest to 
the science of ballooning ; balloons of all classes, 
and appliances for their guidance and propulsion ; 
military ballooning, with a special collection illus- 
trating the services it rendered during the siege of 
Paris; cars of all kinds and descriptions, and 
scientific instruments used by aéronauts, as well as 
photographs taken from balloons. 

Such is a brief summary of the scope which it was 
hoped would be given to the Retrospective Exhibi- 
tion of the Means of Transport ; it was scarcely to 
be expected that the programme could be carried 
out in its fulness ; and it was soon found that two 
important factors prevented the hopes of the 
organisers from being realised— want of money 
and limitation of space. The funds placed at the 
disposal of the French Committee were very limited, 
on account of the Moyens de Transport being an 
after thought, and not provided for in the budget of 
the Exhibition. Nevertheless, sufficient means 
were secured to do a great deal, and the willing- 
ness of exhibitors has supplied the deficiency to a 
large extent. The restriction of space was a far 
more’ serious matter, which there were no means of 
evading, and for this reason a very large number of 
objects collected had to be refused; amongst other 
things, absence of wall space made it impossible to 
accept many pictures, drawings, or photographs, 
while half-models of ships had to be declined. 

It was the intention of the French Committee 
that this exhibition of the means of transport should 
be international, but that the objects accepted 
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should be arranged, not by nationalities, but by 
subjects and dates. Applications were made to 
various countries to assist in this undertaking, and 
England was especially looked to, as being able to 
render considerable aid. As it was considered by 
the Mansion House Committee that this particular 
exhibition did not come within the scope of its 
functions, it was resolved that independent efforts 
should be made to promote the success of the under- 
taking, and it is satisfactory to be able to record 
that these efforts have been abundantly successful. 
The organisation of the exhibition was in the hands 
of an influential French Committee, of which M. A. 
Picard, Inspecteur-Général des Ponts et Chaussées, 
is president, and Vice - Admiral O'Neill is vice- 
president ; the members of the Committee include 
Sir H. Blount, MM. Bixio, Pereire, Chabrol, 
Griolet, Guillain, Sartiaux, Thevenet, Tissandier, 
&c.; the British Committee, which was incorporated 
with, and forms a part of the French Committee, 
working wholly in connection with them, is pre- 
sided over by Lord Brassey, Mr. George Findlay, 
and Mr. T. Sutherland, M.P., being the vice- 
presidents ; the Committee numbers twenty-three 
members, as follows: Sir F. Bramwell, Sir F. 
Nicolson, Sir W. T. Lewis ; Messrs. C. T. Bartlett, 
G. T. Burt, H. Chapman, J. Dredge, Professor 
Elgar, G. N. Hooper, T. H. Ismay, W. John, 
A. E. Joyce A. D. Lewis, G. F. Lyster, B. Martell, 
F. McDermott, E. Michel, H. Oakley, W. Parker, 
H. T. Slader, C. E. Spagnoletti, H. Tennant, 
EK. Leader Williams, A. H. Wilson, H. T. Wood. 
The secretary, on whom a very arduous and 
honorary labour has fallen, is Mr. A. Sire, agent 
for the Northern Railway of France in London, 
and this gentleman has admirably acquitted himself 
in his difticult and arduous task. The meetings of 
the English branch of the Committee have been 
held at the Society of Arts building, and at the 
commencement of its work, at an early meeting the 
Committee resolved itself into two sub-committees, 
representing land and water. 

The exhibits collected in England through the 
care of the English branch of the Committee, are 
divided into three principal classes : first, those con- 
nected with the history of railways in the United 
Kingdom ; secondly, shipbuilding ; and, thirdly, 
road carriages. 

RalLways. 

The North-Eastern Railway Company, who claimto 
have on their system the first railway established in 
Great Britain, send the old engine, Locomotion No. 1, 
built by George Stephenson, of Newcastle-on-Tyne, 
in 1825, for the Stockton and Darlington Railway 
Company ; this engine commenced running on the 
27th of September, 1826, and continued at work 
until the year 1846. The locomotive, which it is 
said was the first to run regularly on a public 
railway, was built at the cost of 500. It has a 
boiler 10 ft. long and 4 ft. in diameter, with a heat- 
ing surface of 60 square feet ; the boiler pressure was 
25 Ib. per square inch ; the engine has two vertical 
cylinders of 10 in. diameter and 24 in. stroke ; there 
are four wheels, coupled, 4 ft. in diameter. The 
weight in working order was 6 tons 10 cwt. The 
tender consists of a wooden frame on four wheels, 
2 ft. 6 in. in diameter, and it can carry 15 ewt. of 
coal. The tank is of sheet iron with a capacity of 
240 gallons ; the weight in working condition being 
about 2} tons. 

Next to this interesting relic is placed an original 
coal wagon with a wooden frame and body, on four 
wheels 2 ft. 6 in. in diameter, the carrying capacity 
being 53 cwt. A portion of the original permanent 
way of the Stockton and Darlington Railway is 
shown, consisting of 28 lb. of wrought-iron, fish- 
bellied rails, fixed with wrought-iron pins into cast- 
iron chairs weighing 7 lb. each, and secured to stone 
blocks 1 ft. 6 in. square by 9in. thick. The North- 
Eastern Railway further contributes by sending the 
lithographed Parliamentary plan of the Stockton and 
Darlington Railway, as proposed ky George Overton 
in 1819. The inclines were to be worked by 
stationary engines and the remainder of the line 
by horses. There are, also, the original drawing, 
prepared under George Stephenson’s direction, 
showing the alterations in Overton’s line necessary 
to adapt the railway for locomotives in 1822 ; 
the Parliamentary plan of the Stockton and Dar- 
lington Railway engraved from George Stephenson’s 
original drawing in 1822 ; asketch and description 
of the first railway signal lamp used on the Stock- 
ton and Darlington Railway, 1840; a drawing of | 
tip wagons used in the construction of the Stockton | 
and Darlington Railway in 1823-1825 ; a drawing | 





of a very early form of switch used on the Stockton 
and Darlington Railway ; a specimen of a fish-bellied 
cast-iron rail used on a portion of the Stockton and 
Darlington Railway, laid in cast-iron chairs on stone 
blocks in 1825; a model of a cast-iron railway 
bridge constructed under George Stephenson’s 
direction, to carry the Stockton and Darlington 
Railway across the River Gaunless near West Auck- 
land, county Durham. This model is to a scale of 
1 in. to a foot, and was made in 1825 ; a model of 
one of the first locomotives used on the Stockton 
and Darlington Railway, and which will be placed 
on the bridge model just described. 

The Great Northern Railway Company contribute 
a large drawing of ‘‘The Rocket,” and an in- 
teresting water-colour drawing of a stage-coach by 
Cattermole ; as well as several maps and books 
upon canal navigation, published in 1785, 1803, 
1830, and 1849. 

The London and North-Western Railway have 
sent the following objects : 

1. Queen Adelaide’s Railway Carriage.—This old 
saloon was built in 1842 for Queen Adelaide ; 
originally it had three compartments, the rear one 
being adapted for sleeping, by utilising the pro- 
jecting boot for the feet. 

2. An Original Trevithick Engine.—This engine 
was found in a dismantled state at Hereford by Mr. 
Webb, the engineer of the London and North-Wes- 
tern Railway, in June, 1883. Several small parts 
were either broken or missing, but they have been 
renewed and, from old drawings, been made to 
resemble the original as nearly as possible. The 
boiler is of cast iron, and the cylinder, which is 
vertical, is cast with it, the working pressure being 
60 lb. per square inch. The cast-iron manhole 
cover bears the following inscription: ‘‘ Hazeldine 
and Co., Bridgenorth, No. 14.” 

3. A Full-size Model of ‘*‘The Rocket.”—This 
model includes the engine and tender as they 
appeared at Ramhill in 1829, when competing for 
the prize of 5001. given by the directors of the 
Manchester and Liverpool Railway Company. This 
model was made froman original drawing, and also 
from information given in the Mechanic's Maga- 
zine of 1829. It differs from the engine now in 
the South Kensington Museum, which possesses 
‘*the actual Rocket,” as it was subsequently altered. 

4. Specimens of Old Rails.—Amongst others, a 
portion of the permanent way originally laid down 
on the Manchester and Liverpool Railway, com- 
posed of old fish-bellied rails 14 ft. 11 in. long, 
carried on stone sleeper blocks. The model of 
‘*The Rocket ” will stand on these rails. 

The London, Brighton, and South Coast Railway 
Company contribute some fifty exhibits, consisting 
principally of old railway material illustrating the 
history of permanent way. 

The South-Eastern Railway Company send an 
old railway carriage, containing a first-class compart- 
ment in the centre, with a second-class compartment 
on each side. This carriage was specially built in 
1838 for the use of the Duke of Wellington when 
on his inspecting tours as Lord Warden of the 
Cinque Ports. The body of the carriage has been 
repainted in the original colours which were used 
for painting rolling stock in those days. 

The same company also send a few old wheels and 
axles of various types of the period 1835 to 1844. 

The Midland Railway Company send a plan of 
the Liverpool and Manchester Tramroad, a few 
yards of old rails, a very old ‘ Bradshaw,” a 
drawing of an old engine of the Birmingham and 
Derby Junction Railway (1838), and a photograph 
of carriage No. 183 of the Midland Railway. 

The Railway Clearing House send an early rail- 
way clearing house classification, supposed to be 
one of the first issued, and a frame containing a 
series of old buttons for railway guard uniforms, 
dating back for over half a century. 

Mr. Thomas Nicholls, engineer of the Glasgow 
Joint Railways, Glasgow, sends some old stone 
sleepers with chairs attached, and some examples 
of old style of hook-locking. 

The Manchester, Sheffield, and Lancashire Rail- 
way show a series of coloured views of the Man- 
chester and Liverpool Railway, 1830. 

The Cheshire Lines Committee help with a Brad- 
shaw Guide and map of English railways in 1841. 

One of the most interesting collections will be 
that contributed by Messrs. Stevens and Sons, of 
the Darlington Works, Southwark Bridge-road, 
and of Glasgow. It consists of a series of beauti- 
fully finished working models of railway signalling 
apparatus, made between the years 1847 and 1870, 





and illustrating the progress made by this eminent 
firm in the manufacture of safety appliances for 
the control of railway working. These models 
possess a special interest from the fact that with 
one exception (a model shown at the Great Ex- 
hibition of 1851), none of them have ever before 
been publicly exhibited ; they were made from 
time to time simply for the purposes of the manu- 
facturer, and the satisfaction of the inventor. 
There are seven models in all, some of which deal 
with signals alone, others with locking frames 
alone, and one with signals and frames combined. 
The first was made in 1847, and shows two sema- 
phore signals with operating levers for working 
them and the points; this model embodies in a com- 
plete form one of the fundamental principles of the 
railway signalling system in use to-day. Another 
model, made in 1851, shows the spectacle frame 
practically as used to-day with red and green 
glasses to supersede the rotating lamp; in a third 
model, dated 1859, a lattice iron signal-post is 
shown as it was then constructed by Messrs. 
Stevens, who about that date erected a pair of 
them 125 ft. in height, at Kidley. Another model, 
made in 1862, shows a point indicator which has 
since fallen into disuse. Of the locking frame 
models, the first was made in 1859, and shows a 
frame intended to control an ordinary junction, 
with four signals and two points, the whole being 
operated with six levers which were locked by 
ingenious devices since superseded by simpler 
means. The progress made by Messrs. Stevens is 
indicated in a second model made in 1861, in which 
are shown curved racks forming the cover of the 
frame ; into these racks very modern-looking drop- 
boxes are mounted on the levers, and can be 
engaged in any of the teeth according to require- 
ments. The third frame, dated 1864, is fitted 
with twelve levers ; in this model both front and 
back locking are provided for. The last model of the 
series, that of a locking frame made in 1870, illus- 
strates practically the system as in use to-day, the dif- 
ferences introduced since then being chiefly matters 
of detail. We shall take an early occasion of describ- 
ing this interesting exhibit at considerable length ; 
we have only attempted now to give a general idea 
of what we consider will be one of the most instructive 
contributions to the Retrospective Exhibition. 

The Railway News shows a series of early types 
of rolling stock from engravings. 

The Museum of Leicester contributes a section of 
old rails of the Leicester and Swannington Railway, 
and two brass checks which were used as railway 
tickets on the line. 

Messrs. Robert Stephenson and Son, Limited, of 
Newcastle-on-Tyne, send some interesting drawings 
of old locomotives and railway appliances. 

Mr. W. H. Prosser, of Blaydon Iron Works, 
Blaydon-upon-Tyne, sends specimen of old rails. 

Messrs. Hawks, Crawshay, and Sons, of Gates- 
head-on-Tyne, have sent a model of a one-span 
high-level bridge, Newcastle-upon-Tyne, said to be 
the original model made by Stephenson in 1848. 

Mr. Richard Tangye, of Birmingham, has kindly 
promised the unique working model of William 
Murdoch’s engine, which was constructed in 1781, 
and which has not yet been returned from the 
Melbourne Exhibition. 

Messrs. W. F. Galloway and Sons, of Man- 
chester, contribute a drawing of a locomotive con- 
structed in 1831 by Messrs. Galloway and Bowman, 
Manchester. 

Mr. Thomas Henry Bailey, of the Plymouth 
Works, Merthyr Tydvil, sends engravings of one of 
Trevithick’s locomotives as worked on the Merthyr 
tramroad, 1803, together with a few tram-plates and 
blocks taken from the same line, over which Trevi- 
thick’s engines worked. ; 

This most interesting collection of old railway 
engines, &c., would have been made much more 
complete if the authorities of the Paris Exhibition 
had seen their way to find room for one of the broad 
gauge engines of the Great Western Railway 
Company, which Mr. Lambert, general manager 
of that company, had kindly offered to lend, with 
lengths of the old type of broad gauge permanent 
way. Unfortunately, there was no room to 
receive such an important exhibit, and the absence 
of it will be a great gap in the history of railways in 
England, and is the more to be regretted as the 
omission will involve the absence of the name of 
Brunel. ; 

In connection with railway exhibits the Committee 
have been fortunate enough to secure the fine mode 
of the Forth Bridge, which Sir John Fowler and 
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TABLE OF CONGRESSES, WITH DATES OF MEETINGS AND NAMES AND ADDRESSES 


Norg.—On page 428 we have given a list of many of the congresses and conferences to be held during the Exhibition. 
circular has been issued, giving some detailed particulars on the subject, 


Since the article went to press, an official D 
which we append in the following Table. Further information concerning these congresses can be obtained by apply- 


OF PRESIDENTS. 


ing to their respective presidents, whose names and addresses are given below. 




















Subject of Congress. Date. Name and Address of President. 
1. Accidents to workmen September 9 to 14 | M. Linder, 38, Rue de Luxembourg, Paris. 
2. Advanced teaching August 5 to 10 M. Gréard, The Sorbonne, Paris. 
3. Aéronautics .| July 31 to August3 | M. Janssen, Observatoire de Meudon, Seine-et-Oise. 
4. Agriculture July 3 to 31 M Méline, Palais Bourbon, Paris. 
5. Alcoholism ee a July 29 to31 M. Bergeron, 157, Boulevard Haussmann, Paris. 
6. Applied mechanics -| September 16 to 21 | M. Philips, 17, Rue des Marignan, Paris. 
7. Architecture .. aa oa June 19 to 22 M. Bailly, 19, Boulevard Bonne-Nouvelle, Paris. 
8. Artistic proprietary rights .. aa July 25 to 31 M. Meissonnier, 131, Boulevard Malesherbes, Paris. 
9. Assistance publique a .| July 28 to August 4| Dr. Roussel, 64, Rue des Mathurins, Paris. 
10. Baking .. <a <a re June 28 toJuly 2 | M. Cornet, 34, Rue de Rochechouart, Paris. 
11. Bibliography of math tical July 16 to 26 M. Poincaré, 63, Rue Claude Bernhard, Paris, 
12. Care of the blind ae August 5 to 8 M. Marten, 56, Boulevard des Invalides, Paris. 
13. Celestial photography.. : 
14. Cheap dwellings oe a“ June 26 to 28 M. Siegfried, 6, Rond-Point de Champs Elysées, Paris. 
15. Chemistry ae -| July 29 to August 3 
16. Chronometry September 2to9 | M. de Jonquiéres, 2, Avenue Bugeaud, Paris. 
17. Colonies .. re oF « pe M. Barbey, 22, Rue du Regard, Paris. 
18. Commerce and industry ..| September 22 to 28 | M. Poirrier, 105, Rue Lafayette, Paris. 
19. Co-operative stores .. -| September 8 to 12 | M. Clavel, 2, Rue de Bourgogne, Paris. 
20. Criminal anthropology August 10 to 17 M. Brouardel, Ecole de Médecine, Paris. 
21. Dentistry.. ea aa ae ee September 1to7 | Dr. David, 180, Boulevard St. Germain, Paris. 
22. Dermatology and syphilography August 5 to 10 Dr. Hardy, 5, Boulevard Malesherbes, Paris. 
23. Electricity = ‘ae “a August 24 to 31 M. Mascart, 176, Rue de l'Université, Paris. 
24. Ethnography ‘aa M. Oppert, 2, Rue de Sfax, Paris. 
25. Female work .. : 
26. Fire departments August 27 and 28 | M. Wolff, 18, Avenue Bosquet, Paris. 
27. Geography ; August 6 to 12 M. de Bizemont, 184, Boulevard St. Germain, Paris. 
28. Homeopathy .. August 21 to 23 Dr. L. Simon, 5, Rue de la Tour des Dames, Paris. 
29. Horticulture .. és ee August 16 to 21 M. Hardy, 4, Rue du Potager, Versailles. 
30. Hydrology and climatology .. October 3 to 10 M. Renon, Observatory du Parc, St. Maur, Seine. 
31, Industrial proprietary rights August 3 M. Tesserenc de Bort, 82, Avenue Marceau, Paris. 
32. Legal medical science.. os ate Dr. Brouardel, Ecole de Médecine, Paris. — 
33. Literary societies June 17 to 27 M. J. Simon, 10, Place de la Madelaine, Paris. 
34. Marine work .. ae ‘ October 7 M. Bernard, 43, Avenue du Trocadero, Paris. 
35. Mental medical science -.| _ August 5 to 10 Dr. Falret, 114, Rue du Bac, Paris. t 
36. Meteorology .. ae .| September 19 to 25 | M. Renon, Observatory de St. Maur, Seine. 
37. Methods of construction September 9 tol4 | M. Eiffel, 60, Rue Prony, Paris. — 
38. Mines and metallurgy ..| September 2to11 | M. Castel, 144, Boulevard Raspail, Paris. 
39. Money .. “s es ..| September 11 to14 | M. Magnin, The Bank, Paris. 
40. Otology and laryngology .| September 16 to 21 | Dr. Duplay, 2, Rue de Penthiévre, Paris. 
41. Participation in profits July 16 to 19 M. Robert, 15, Rue de la Banque, Paris. 
42. Peace .. re aa oa ‘ae M. Passy, 8, Rue Labordére, Neuilly-sur-Seine. 
43. Periods of rest from work re: i M. Léon Say, 21, Rue Fresnel, Paris. ; : 
44. Pigeon training 5 .| July 31 to August 3) M. Janssen, Observatoire de Meudon, Seine-et-Oise. 
45. Photography .. aa re <a August 6 to 17 M. Janssen, Observatoire de Meudon, Seine-et-Oise. 
46. Physical exercises in education “ June 15 M. J. Simon, 10, Place de la Madelaine, Paris. 
47. Physiological psychology ‘ August 5 to 10 Dr. Charcot, 117, Boulevard St. Germain, Paris. 
48. Popular traditions .. es ae Pc F ae M. Ploix, Quai Malaquais, Paris. 3 
49, Prehistoric anthropology and archeology; August 19 to 26 M. de Quatrefages, 36, Rue Geoffroy St. Hilaire, Paris. 
50. Primary education .. ap aa ..| August 11 to 19 M, Gréard, The Sorbonne, Paris. 
51. Pr tion of June 24 to 29 M. C. Garnier, 60, Boulevard St. Germain, Paris. 
52. Saving of life .. aa June 12 to 15 M. Lisbonne, 3, Rue St. Vincent de Paul, Paris. 
53. State aid in emigration ‘ae a 
54. State intervention in labour contracts July 1 to 4 M. Donnat, 11, Rue Chardin, Paris. ’ 
55. State regulation of the price of food July 5 to 10 M. F. Passy, 8, Rue Labordére, Neuilly-sur-Seine. 
56. Statistics. . ea «e a es: M. Levasseur, 26, Rue Monsieur-le-Prince, Paris. 
57. Stenography August 4 to 11 M. Grosselin, Palais-Bourbon, Paris. | 
58. Share companies a = aa August 12 to 19 M. Larombiére, 16, Rue d’Assas, Paris. 
59. Technical commercial education .. July 8 to 12 M. Gréard, The Sorbonne, Paris. 
60. Therapeutics .. ee és August 1 to 5 Dr. Moutard-Martin, 136, Boulevard Haussmann, Paris. 
61. Unification of time ae: ors M. Faye, 95, Avenue des Champs Elysées, Paris. 
62. Utilisation of rivers .. ..| September 22 to 27 | M. Guillemain, 55, Rue Bellechasse, Paris. 
63. Veterinary medicine .. .| September 19 to 24 | M. Chauveau, 10, Rue Jules Janin, Paris. 
64. Workmen’s clubs July 11 to 13 : 
65. Zoology .. August 5 M. Milne-Edwards, 57, Rue Cuvier, Paris. 











Mr. Baker have placed at their disposal, and which , highest and most perfect form that the genius and 
will certainly form one of the striking features of|skill of the engineers of the Forth Bridge have 
this section of the Exhibition. been able to perfect. In connection with this ex- 

The model of a structure not yet completed may | hibit it may not be out of place here to institute a 
be considered out of place in a retrospective exhibi-|comparison (for which we are indebted to Mr. 
tion, but apart from the fact that the greatest engi-| Henry Chapman) between the magnitude of the 
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Fic. 254. D1asGRaAM SHOWING RELATIVE SIZES OF TWO EIFFEL TOWERS AND TWO HALF- 
SPANS OF FORTH BRIDGE. 





neering work the world has seen, and which is now | 
rapidly drawing towards completion, may claim a 
place regardless of any restrictions to which ordi- 
nary objects must give place, the Forth Bridge 
model is eminently adapted for this Retrospective 
Exhibition. As Mr. Baker has pointed out, its 
principles of construction date back to the period of | 
early Oriental civilisation, long before European 
intelligence had advanced beyond the feat of drop- | 
ping a tree trunk across a stream. Examples of | 
the cantilever and mid-girder type, and of extreme | 
age, are met with to-day in the East, and nothing | 
could be more appropriate than that the instinct | 
of primitive engineers should be illustrated in the | 


Forth Bridge and the Eiffel Tower, and which will 
enable the millions of visitors who will admire the 
last-named marvellous structure, to form some idea 
of the size of the Forth Bridge. The diagram, Fig. 
254, annexed, shows two half spans of the bridge, 
springing from the Inchgarvie Pier, from which 
they have been built out without the aid of scaffold- 
ing. Upon the same diagram are drawn two Eiffel 
towers, to the same scale as the bridge. There are two 
complete, and two half-spans in the Forth Bridge. 
Mr. Spagnoletti, electrical engineer, Great- 
Western Railway, has kindly contributed a paint- 
ing of the first telegraph station in 1842, and two 
old telegraph instruments of 1845. Besides the 





broad gauge locomotive, which unfortunately it was 
impossible to accept, the Great Western Railway 
Company have contributed only two curious and 
minute volumes—the Bradshaws of 1840 and 1842, 
and lying beside them a current number of the same 
guide, and an interesting drawing of an early pas- 
senger train; Mrs. Grierson, however, as a souvenir 
of her late husband, sends an original drawing of 
the first steam carriage that plied for hire in the 
streets between the City and the north of London. 

The Manchester Ship Canal Company, of Man- 
chester, offered to lend their splendid model of the 
canal, but it was with great regret that the Com- 
mittee had to decline the offer, as there was no space 
available. 

Mr. G. A. Mackay, the treasurer of the North- 
Eastern Railway Company, has contributed two 
photographs of the first time-bills of the Stockton 
and Darlington Railway. 

It should be mentioned that the great success 
that has attended this section of the Exhibition has 
been due to the personal efforts of Mr. Oakley, 
general manager of the Great Northern Railway, 
and chairman of the sub-committee for Means of 
Transport by Land, and of Mr. George Findlay, 

eneral manager of the London and North-Western 
ilway, one of the vice-presidents of the British 
Committee of Organisation. 


SHIPBUILDING. 


The care of collecting models connected with 
shipping was entrusted to Mr. Benjamin Martell, 
chief surveyor at Lloyd’s, and Mr. William 
Parker, chief engineer of the same Institution ; 
through their efforts, and those of their agents at 
the principal ports in England, these gentlemen 
succeeded in obtaining a most complete and inte- 
resting collection. Unfortunately, a large number 
of the objects offered were half-models, which would 
have required a great deal of wall space, and the 
latest arrangements made about this section of the 
Paris Exhibition did not allow such space to be dis- 
posed of. 

The London, Chatham, and Dover Railway con- 
tribute the full models of their steamers Prince 
Frederick William, the Calais-Douvres, and their 
latest steamer Empress. The following contribu- 
tions have also been made. 

Messrs. W. Denny Brothers, of Dumbarton, a 
full model of the iron paddle steamship Stag (1853) ; 
and of the paddle-steamer Loch Lomond, built 


| for river traffic on the Clyde between Glasgow and 


Dumbarton (1845). Messrs. David and William 
Henderson and Co., of Glasgow, a full model of the 
paddle-steamer Lord of the Isles (1877). Messrs. 
Scott and Co., of Greenock, a full model of an old 
sailing ship, Minerva, East Indiaman(1824). Messrs. 
Charles Connell and Co., of Glasgow, a full model 
of the three-masted composite tea clipper Spend- 
thrift (1867). Messrs. W. and B. Thompson, of 
Dundee, a full-rigged model of a four-masted iron 
sailing ship 4000 tons. Messrs. W. O. Taylor and 
Co., of Dundee, a model of the whaler Jan Mayer 
of Dundee, made of a piece of teak which formed a 
portion of a steam launch left at Port Leopold, 
Prince Regent’s Inlet, by the Franklin Relief 
Expedition, in 1857. Messrs. Wigham, Richardson, 
and Co., of Newcastle-on-Tyne, a model of the 
Lilliebelt, built for conveying railway trains from 
the islands of Denmark to the main land (1871). 
She was the first vessel of the kind employed in 
Denmark, and the system has since had very wide 
development. Mr. Thomas Foske Trilly, of South 
Shields, a model of a full-rigged ship (1854). Messrs. 
Hepple and Co., of North Shields, a model of 
an iron passenger and cart and horse ferry (1878). 
The Borough of Tynemouth Free Library Com- 
mittee, North Shields, a model of the wooden 
sailing ship Blenheim (1850); a model of a merchant 
screw ship, Crosby (1870) ; and one of the lifeboat 
Willie Woodhead, made in 1790. The Earles 
Shipbuilding and Engineering Company, of Hull, 
a model of the paddle-steamer Bessemer, built for 
channel service in 1874. The Corporation of the 
Trinity House, Hull, a model of Bull Sand float 
(1848), a lifeboat of 1850, and a full-rigged frigate 
(1780). Messrs. Edward Gibson and Son, of Hull, 
a model of the ship Fame of Whitby, a whaler 
built at the end of the last century. This vessel 
was burnt at sea, and the underwriters, having a 
suspicion of foul play, had the model built for the 
purposes of atrial. The same body sends a model 
of The Great Harry, the largest war vessel owned 
by Henry VIII. about 1540. The London and 
Glasgow Engineering and Iron Shipbuilding Com- 
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pany, of Glasgow, models of the ships Glenartney, 
the s.s. Lake Champlaine (1873 and 1874), and the 
Great Eastern Railway paddle-steamer Princess of 
Wales (1876). Mr. James Lang, M.R., of Sunder- 
land, a model of a favourite cargo sailing ship 
trading between London and Sydney, built in 1851 ; 
one side of this model is planked, the other side 
shows the framing. The Elder Brethren, of the 
Trinity House, London, a model of an old English 
light vessel, The Well (1788), and a model of the 
Goodwin Light vessel. 

Space will not allow us to mention the names 
of all the shipbuilders on the Clyde, at Liver- 
pool, Hull, Bristol, and other places, who readily 
responded to the call of the Retrospective Com- 
mittee by offering, quite regardless of much trouble 
and expense, selections of most interesting models, 
which, for the reasons above stated, the committee 
have been reluctantly obliged to refuse; these 
gentlemen may rest assurred that the thanks and 
appreciation of the International Committee are 
very ample. In connection with water carriage, 
the Clyde Navigation Trust had kindly offered 
several models and maps of an interesting character 
connected with the history of the Clyde. 

The Tyne Improvement Commissioners had also 
placed at. the disposal of the Committee a fine 
model of a portion of the Newcastle Harbour, 
showing the high-level bridge, a working model 
of the swing bridge at Newcastle, and several 
other models connected with the Tyne. The Mersey 
Dock Estate offered several interesting models in 
connection with the Mersey and Liverpool Docks. 
The Glasgow Museum Committee placed at the dis- 
posal of the Committee the engine of the old steamer 
Comet, and also the engine of the steamer Industry, 
which are in their possession, but, unfortunately, 
there was no space available for them. 

The Institute of Engineers and Shipbuilders of 
Scotland had offered the marble bust of Professor 
Rankin, their first president, and also a painting of 
the old steamer Industry. 

Perhaps one of the striking instances of the 
sympathy evinced by this country towards the 
Paris Exhibition and the International Committee 
engaged in collecting objects for the Retrospective 
History of Transport, was the generous offer of the 
Institution of Civil Engineers of the whole of their 
portraits and other paintings. These paintings have 
never quitted the building of the Institution, but 
the opinion of the Council was unanimous that its 
aid in completing the Retrospective Exhibition 
should be given. What made the loan especially 
gracious was the fact that the Institution would 
have been compelled to receive their American 
visitors this summer with denuded walls. Want of 
space compelled the French authorities to decline 
the offer, but the spirit in which it was made will 
not, we venture to aftirm, be readily forgotton. 


Roap CaRRIAGE. 

The history of means of transport by road is 
very largely represented in this section, chiefly 
owing to the successful efforts of Mr. George 
Hooper. The following is a summary of the 
articles lent: By the Coach and Harness Makers’ 
Company, a collection of thirty-eight paintings, 
engravings, and photographs of old and recent 
carriages ; by Messrs. Hooper and Co., carriage 
makers, London, an interesting collection of fifty- 
two drawings, &c. ; by the Institute of British 
Carriage Manufacturers, 12 Pancras - lane, a col- 
lection of fifty-one paintings and engravings ; 
and by the Secretary of the same Institute, Mr. 
Andrew W. Barr, a few very interesting drawings 
and photographs. Lastly, an important and most 
interesting collection is sent by Messrs. Atkinson 
and Phillipson, of Newcastle-on-Tyne. 


In concluding this notice we may mention a very | ¢ 


valuable collection of rare books on Means of 
Transport, lent by Mr. Conrad W. Cooke, of 
Victoria Mansions, Westminster. 


OONCLUSION. 


In the preceding pages we have endeavoured to 


convey, by means of description and illustration, as | P 


comprehensive and, at the same time, as detailed 
information as possible, of the great Exhibition 
that will be opened on Monday next. Having 
thus, we hope, made our readers familiar with the 
buildings, organisation, and, to some extent, the 
regulations of the vast enterprise, we shall en- 
deavour in future issues to do justice to those 
exhibits which come within our scope. The range 
is a large one, as the most advanced practice in 





every branch of applied science will be richly repre- 
sented, and probably full justice to the exhibitors 
of 1889 will be found impossible to include in any 
record, 

We may, before concluding, call attention to a 
few illustrations (see pages 487 and 490) which have 
remained unnoticed. They are reproductions of 
photographs taken at the beginning of March, and 
are interesting as accurate records of the state of 
the Exhibition buildings and grounds at that date. 
Fig. 237 is an outside view of the Liberal Arts 
building, and gives a good idea of the form of the 
dome and the appearance of the main entrance, 
although the latter is partially concealed by scaffold- 
ing. Fig. 238 is a view of a part of the open 
Restaurant Court, the frieze of which is also shown 
on a larger scale on a previous page. Fig. 239 is 
the interior of the Galerie Rapp, and the view also 
applies to the Galerie Desaix near the Avenue de 
Suffren. Both these great galleries we have de- 
scribed and illustrated in detail ; they connect the 
buildings of the Beaux Arts and the Liberal Arts 
respectively, with the wings of the Miscellaneous 
Industries Courts. The engraving shows clearly the 
mode in which the roof principals are supported, 
partly by the tall and beautiful range of columns, 
which also carrya gallery, and partly by the end walls 
of the adjacent buildings. Fig. 240 is an engraving 
of the screen in the British Court, taken from the 
outer or vestibule side; it shows one of the main 
and one of the minor portals leading into the court. 
Fig. 241 is the Humphrey’s building in the Champ 
de Mars, that serves as the offices of the British 
Executive. The most indulgent critic could scarcely 
suggest any beauty in this structure, but it serves 
its purpose admirably, and contains several large 
rooms which have been handsomely furnished for 
the use of the Commission. On the right-hand 
side of the engraving is shown the commencement 
of a flight of stairs belonging to one of the several 
cross-over bridges above the Decauville Railway and 
conducting to the narrow strip of ground facing the 
Quai d’Orsay, on which are arranged the large collec- 
tion of buildings illustrating the History of Human 
Habitation. Fig. 242 shows the beautiful pavilion 
erected by Brazil ; it also shows the framework of 
the Tourtel Pavilion, and one face of the Eiffel 
Tower as far as the first story, and gives an excel- 
lent idea of the appearance of the decorative arcade 
running around it at that level. Below are seen 
the panels on which the names of great Frenchmen 
areinscribed. Fig. 244, page 490, is the Venezuela 
Pavilion already referred to, and Fig. 245 shows a 
part of the facade of the Fine Arts building, and 
conveys some idea of the manner in which the iron- 
work is filled in with terra cotta panels ; the steps 
in the foreground lead from the terrace in front of 
the building to the central garden. Fig. 246 is the 
type of screen that has been adopted throughout 
the French portion of the Miscellaneous Industries 
Courts. Though inexpensive, it is extremely elegant 
in design, and admirably well adapted for its 
purpose. The numbers of group and of class are 
inscribed on the panel immediately above the 
archway in each screen. 

A few weeks since a large financial venture was 
floated in Paris, with the result that the sum asked 
for—1,200,000/.—was applied for seven times over. 
This was the Exhibition lottery, which has greatly 
modified the position of the guaranteeing society, 
whose advances were to be secured by the money 
realised on sale of tickets. Respecting the scheme 
we quote following from the Standard : 





The inducements held out to subscribe for these 25- 
franc lottery bonds were unusually great. To each of 
them twenty-five 1-franc Exhibition entrance tickets are 
to be attached, and during the Exhibition there will be 
six drawings for prizes, amounting to a total of 1,200,000 
rancs. During the ten following years there will be an 
annual drawing for prizes, amounting to 72,000 francs, 
and during the subsequent sixty-four years the annual 
drawing will be for prizes only, amounting to 32,000 francs; 
but, at the same time, during this period of sixty-four 
years 1800 bonds will be drawn every year and redeemed 
at par—that is to say, at 25 francs. The next year all 
the remaining lottery bonds will be redeemed at the same 


rice. 
The object of the lottery was, in the first place, to insure 
the Exhibition being visited by a vast number of ple, 
and, secondly, to do away with the Guarantee Society 
that had vanced large sums towards the cost of 
the Exhibition, and which had obtained the right to 
control the gate money till it had received an equivalent 
amount. This arrangement, especially with the evening 
entrances and payments worn for the electric light- 
ing, was very inconvenient. The lottery scheme, pro- 
posed by M. Christophle, Governor of the Crédit Foncier 
and President of the Guarantee Society, has solved the 





difficulty. With the product of the lottery the Guarantee 
Society will at once receive back the advance it made ;. 
the money necessary to pay the re and the redemption 
of the bonds will be invested in French Government 
stocks, and the remainder will, after paying the cost of 
the issue, go towards swelling the general fund of the 
Exhibition. 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 397.) 

WE have now to deal with the remainder of the 
proceedings at the morning meeting on Friday, 
April 12. Following the discussion, of which we 
have already given an account, a paper was con- 
tributed by Professor Lewes and was entitled 


THE CoRROSION AND Fou.ine or STEEL AND 
Tron Suipes, 


The author commenced by noticing the diffi- 
culty of getting adequate data on this subject, and 
went on to refer to a paper which he had previously 
read before the Institution, in which he pointed out 
that in all processes of rusting carbonic acid gas and 
moisture played an important part, the iron uniting 
with the carbonic acid and oxygen of the water to 
form ferrous carbonate, whilst the hydrogen was 
set free, and that the ferrous carbonate then took 
up oxygen dissolved in the water, or present in the 
atmosphere as the case may be, and was decom- 
posed into ferric oxide (rust) and carbonic acid, 
which being liberated in actual contact with the 
moist surface of the iron carried on the process of 
‘* rusting.” 

The author is of opinion that the simple rusting 
of iron in sea water is due to the same cause as in 
fresh—i.e., the decomposition of the water by the 
iron in presence of carbonic acid. 

The saline constituents of sea water, however, do 
undoubtedly play an important part in a more 
active form of corrosion, by helping to excite gal- 
vanic action between the iron in the plates and any 
foreign metal or impurities present, an action 
which is also materially aided by want of homo- 
geneity in the metal, by particles of rust, by mill 
scale, by wrought and cast iron or steel in contact 
with each other ; or even by the different amount 
of work; and in all of these cases the galvanic 
action set up causes rapid oxidation of the iron at 
the expense of the oxygen of the water, hydrogen 
being evolved. On the skin of a ship, therefore, 
two processes of rusting are going on, the one simple 
corrosion on exposed surfaces of the metal, due to 
the presence of moisture, carbonic acid, and free 
oxygen, which forms a fairly uniform coating of 
rust on the metal, and the more local corrosion 
due to galvanic action, which results in pitting and 
uneven eating away of the plates. Rust cones are 
due to the most local form of galvanic action, caused 
by the presence of a speck of deposited copper, lead, 
or other foreign metal, or even a small particle of 
rust, or mill scale, left on the surface of the iron, 
and covered by the compositions used as protectives 
and anti-foulers; as soon as the sea water pene- 
trates to these, galvanic action is set up, water is 
decomposed, rust formed, and the escaping hydrogen 
pushes up the composition, forming a blister, the 
hydrogen leaks out, and water leaks in. The 
blister bursts, but a cone of rust has by this time 
set fairly hard, and continues to grow from the 
base, the layers of rust being perfectly visible in a 
well-formed cone, and when the rust cone is de- 
tached, the pitting of the metal at the base of the 
cone is, as arule, found to be of considerable depth. 
The speck of foreign matter which has caused this 
destructive action generally clings to the surface of 
the iron, and, being at the bottom of the pitting, 
escapes detection and removal, and when the vessel, 
newly coated with fresh compositions, again goes 
to sea, the corrosion will again probably be set up 
in the same spot. 

The corrosion of the plates in the interior of a 
vessel is a subject quite equal in importance to the 
external action of sea water and dissolved gases on 
the metal ; and from the fact that certain portions 
of the interior plates, from their position, escape 
the frequent examination and attention bestowed 
upon the exterior, it becomes a still greater source 
of danger. Corrosion is much accelerated by in- 
crease of temperature. Also in the coal bunkers, 
the mere contact of moist coal with the iron plates 
sets up galvanic action. 

The protection of the outsides of the bottoms of 
our ships from the destructive agencies of sea water 
and dissolved gases may be said to have been 
attempted in two ways, by metallic and by non- 
metallic coatings. So far, all attempts at metallic 
coatings have proved failures, because in order to 
protect the iron of the ship there must be galvanic 
action, and this action must take place evenly all 
over the surface of the iron plates, which means 
that the sheathing must be in uniform metallic con- 
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tact with the iron plates, in which case the wasting 
of the sheathing would be so rapid that it would 
practically have to be renewed after every voyage. 

Zinc is practically the only metal which could be 
used for this purpose, in order to place the plates 
of the ship in an electro-negative condition. Where 
the galvanic contact has been but small the sheath- 
ing has had a short life; it has afforded but 
little protection to the iron, and has gradually 
decayed away in a very uneven fashion ; whilst in 
those cases where galvanic contact has been success- 
fully made, the ship has generally returned from 
her voyage minus the sheathing. Another draw- 
back to the use of zinc sheathing is that it is by no 
means homogeneous, and that for this reason it is 
eaten away in patches, and rapidly becomes 
brittle. 

Attempts have been made to galvanise the iron 
before the building of the ship; but Mr. Mallet 
showed as early as 1843 that this coating was abso- 
lutely useless in sea water. In fresh water, 
galvanised iron would answer very well, but even 
in this case the galvanising would have to be done 
after the plates had been rivetted together, as any 
breaking of the surface would set up rapid wasting 
of the zinc, and it could, therefore, only be used on 
small craft. 

The non-metallic coatings may be divided for 
convenience into— 

(a) Oil paints. 

(b) Pitch, asphalt, tar, or waxes. 

(c) Varnishes, consisting of resins and gums 

dissolved in volatile solvents. 

(7) Varnishes, containing substances to give 

them body. 

(ce) Coatings of cement. 

Air has the power of holding water vapour in 
suspension ; the higher the temperature the more 
can the air hold as vapour. When a ship is scraped 
down to the bare iron, we have a huge surface of 
metal which varies in temperature much more 
rapidly than the surrounding air, and cools much 
more rapidly than the stone walls of the dock; as it 
cools so it chills the layer of air in immediate con- 
tact with it, and causes a deposition of the surplus 
moisture on its surface, and on to this moist surface 
the protective composition has to be painted. If 
now a rapidly drying varnish is put on, the rapid 
evaporation of the volatile solvent causes again 
another sudden fall of temperature—evaporation 
being always accompanied by loss of heat—and this 
fall of temperature again causes a deposition of 
moisture, this time on the surface of the protective, 
so that the coating is sandwiched between two 
layers of moisture, both of them probably acting 
deleteriously upon the resin or gum in the varnish, 
whilst the moisture on the iron also prevents ad- 
herence of the varnish to the metal. If, instead of 
a quick-drying varnish, the old-fashioned red lead 
and linseed oil protector had been used, the second 
deposition would not have taken place, but the 
sweating of the iron would have prevented cohesion, 
and, when dry, any rubbing of the coating would 
bring it off in strips. 

The condition of the outer skin of a ship, when 
she is being coated with her protective composition, 
is one of the prime factors in the discrepancies 
found in the way in which compositions act, it being 
a very usual thing for a composition to give most 
satisfactory results on several occasions, and then, 
apparently under exactly similar circumstances, to 
utterly break down, and to refuse even to keep on. 
Too much stress cannot be laid upon the condition 
of the plates at the time of coating, and it is abso- 
lutely essential either to have a perfectly dry 
ship, or else a composition which is not affected by 
water. 

When an old ship is broken up, there will be often 
seen on the backs of the plates the numbers which 
had been painted on them with white lead and 
linseed oil before the ship was built, and under the 
paint the iron in a perfect state of preservation, 
the secret being that the paint was put on while 
the plates were hot and dry. 

Boiled linseed oil, mixed with red or white lead, 
of late years has been but little employed, since it 
was proved that compounds of lead, when exposed 
to the action of sea water, rapidly act on the iron 
by galvanic action. The drying of boiled linseed 
oil is due to boiling it with litharge (oxide of lead), 
so that, even when red or white lead is not mixed 
with it, still lead compounds are present. When 
the boiled oil dries, it does so by absorbing oxygen 
from the air and becomes converted into a sort of 
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effect upon iron, so that protectives containing 
boiled oil are open to objection. If red lead is 
used, it can only form a groundwork for an anti- 
fouling composition which has to protect the red 
lead as well as the iron of the ship from the action 
of sea water, and when the anti-fouling composition 
perishes then serious corrosion must ensue. 

The second class of protectives form admirable 
coatings for the plates. If it could be managed to 
apply this class of protectives hot to warm plates, 
the question of protection would be practically 
solved. 

The third class of protectives are open to several 
objections—in the first place they are acted upon 


| by moisture, which destroys the tenacity of the 


varnish. Another point is that no such varnish is 
impervious to gases and liquids. On examining a 
coating of varnish through a microscope, it is seen 
to be full of minute tubes, which become gradually 
enlarged by the action of water and moisture, and 
dissolved gases find their way to the metal and 
carry on corrosion. The application of several 
coats of varnish tends to diminish this evil, as in 
many cases the holes in the first coat will not cor- 
respond with the holes in the second. 

The fourth class is far preferable to the last, if 
the solvent used is not too rapid in its evaporation, 
and if care has been taken to select substances 
which do not themselves act injuriously upon iron 
or upon the gums or resins which are to bind them 
together, and are also free from any impurities 
which could do so. The favourite substance used 
to give colour and body to such varnishes is the red 
oxide of iron, the colour of which effectually cloaks 
any rusting which may be going on under it. In 
using the red oxide for this purpose, care should be 
taken that it contains no free sulphuric acid or 
soluble sulphates, as these are common impurities, 
and are extremely injurious, tending to greatly 
increase the rate of corrosion. The finest coloured 
oxides are, as a rule, the worst offenders in this 
respect. 

The best form of oxide of iron to use for this 
purpose is obtained by calcining a good specimen 
of hematite iron ore at a high temperature. Com- 
position manufacturers can easily test their red 
oxide for themselves, to see if it contains the 
objectionable soluble sulphates, by warming a little 
of it with pure water, filtering through blotting 
paper, and adding to the clear solution a few drops 
of pure hydrochloric acid, and a little solution of 
chloride of barium. Ifa white sediment forms in 
the solution, the sample should be rejected. Ina 
previous paper the author advocated the use of 
tinely divided metallic zinc in place of the oxide of 
iron. 

In the fifth class of protectives we have cement 
coatings ; but these, together with such schemes as 
the covering of the hull of vessels with vitreous 
glazes, glass, &c., have of late years, been aban- 
doned. 

Professor Lewes considers that in selecting a 
protective composition for the bottom of a vessel, 
one of the second or fourth class should be chosen, 
attention being given to the fact that in the 
bituminous and asphaltic compositions, all the 
original acids must be eliminated, and that in the 
varnishes of the fourth group, quickly evaporat- 
ing solvents should be avoided, and, if possible, 
zine substituted for oxide of iron. The vessel should 
have her plates as dry as possible during the appli- 
cation of the protective, and days on which the air 
is fairly dryshould be chosen. The protective coating 
should not be too thick. The vessel, if she has to 
be scraped down to the bare metal, must be scrubbed 
free from all traces of rust, and where a well-ad- 
hering coating of composition exists, it should be 
painted over and not disturbed. A new ship must 
be pickled with dilute acid, to get rid of mill 
scale, and then washed down with some slightly 
alkaline liquid, the alkali being removed by water. 
Under these conditions, and given a composition 
with good adhering properties, but little apprehen- 
sion need be felt as to corrosion, the chief risk being 
from abrasion and improper constituents in the anti- 
fouling compositions. The protection of the interior 
portion of the vessel is a matter of great im- 
portance. The corrosion found in the portions 
underneath the engine-seats, the bunkers, and 
the water-ballast chambers is often very serious. 
The bilge water in a vessel is in constant motion, 
and the air may be expected to be exceptionally 
rich in carbonic acid gas, which is the most im- 
portant factor in corrosion. There are three main 


resin, the acid properties of which also have a bad | classes of protectives for the interior of a ship, viz. : 





(1) Cements. 

(2) Bituminous coatings. 

(3) Paints. 

The first of these, the cement coatings, have many 
good points to recommend them, but they also have 
many serious drawbacks. The rigidity, firmness of 
adherence and endurance, are all of them points of 
the greatest importance, and there is no doubt but 
that the silicates present in the cement in time 
not only bind the cement into a mass of wonderful 
hardness, but also bind the cement to the iron. A 
thin coating of Portland cement is, however, highly 
porous. Suppose that some copper scale from the 
interior fittings had fallen into the bottom of the 
vessel, and had been converted into soluble oxy- 
chloride of copper by the saline bilge water, this 
solution would soak through the cement, until 
it came in contact with the iron below, when 
the copper would be deposited on the iron, and 
rapid galvanic action set up, the cement being 
loosened, and to a certain extent lifted, by the 
formation of rust, whilst corrosion would gradually 
extend under the cement, giving on the outside of 
the coating but little sign of the damage taking 
place below it. Also the hardness and rigidity of 
the cement gives it a tendency to crack away from 
the metal when any strain is thrown on the plates, 
or during any expansion or contraction of the 
metal ; whilst repairs on the outside of the ship 
would cause a loosening of the cement coating 
within. It is for this reason that the author con- 
siders bituminous or asphaltic varnishes, freed from 
any trace of acid, and applied hot, or sound tough 
paint, preferable to cement. 

The author next at some length dwelt on the 
process by which ships’ bottoms become foul either by 
animal or vegetable growths. He pointed out that 
seaweeds have no roots, in the same way that plants 
and flowers have roots, as the nourishment is taken 
from the water, the root being merely a means of 
attachment. Tor this reason it is useless to attempt 
to destroy marine growth by a poisonous composi- 
tion applied to a ship’s bottom. The same thing 
applies to animal growth, and it would appear, from 
what the author states, to be about as reasonable 
to expect to destroy a barnacle by a poisonous com- 
position applied to a ship’s bottom, as to endeavour 
to poison a man by making him stand on a barrel of 
arsenic with his boots on. There is, however, it 
would appear, aslight chance of destroying the germ 
of such animal growth, but the chance is so poor 
that we must abandon any hope of success in 
that quarter, and trust to our old friend exfoliation ; 
which, as every one knows, is not a very powerful 
ally after all. 

The discussion on Professor Lewes’s paper was 
opened by Mr. Henwood, who objected at some 
length to the author’s strictures on zinc sheathing. 
Mr. Thornycroft, who followed, said it was news to 
him that galvanising was no good for protection in 
salt water, and gave his own experience to the con- 
trary in connection with torpedo boat practice. It 
might be as well, however, to point out that pro- 
bably no class of vessels are kept so carefully painted 
as torpedo boats, at any rate those in Her Majesty’s 
service. We have known galvanised steel launches 
to corrode with great rapidity. Of course if vessels 
could begalvanised when built it would be a different 
matter. Galvanising, however, must be some good, 
or it would hardly be followed to the extent it is in 
small vessels. 

Admiral Colomb suggested that a poisonous liquid 
might occasionally be ejected at the cutwater of 
a ship steaming at slow speed so as to kill the 
growth on the bottom. It was customary with Her 
Majesty’s ships to pass quickly from salt to fresh 
water to effect that purpose. Mr, Corry took excep- 
tion to the author’s condemnation of red lead. If 
combined with zinc paint it is, he considered, as 
good as any other covering. : 

Mr. Blackmore, of Glasgow, gave his experience 
as a sea captain, and spoke of the virtues of a grey 
zine paint which had been applied to the bottom of 
a ship he commanded some years ago. It lasted 
for years, and could hardly be got off, although he 
had taken oysters enough off the bottom to feed a 
boat’s crew for a fortnight. He wanted to use this 
paint again, but was told it was too dear. Pro- 
bably it was laid on in hct and dry weather. 

Mr. Heck said it had been his duty to go through 
the double bottoms of a very large number of ships, 
and he never found them corroded inside. Ships 
did not corrode either under the engine seatings, 
as the oil from the engines protected them. 

Mr. Martell spoke of the importance of the paper. 
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He did not agree with Mr. Heck that ships did not 
corrode internally in the neighbourhood of the 
engines, as the heat assisted the action. He had 
known cases in which frames and bunker sides had 
been eaten quite away. With regard to water 
ballast chambers, corrosion did not take place, as a 
protective slime appeared to be deposited by water. 

Mr. Fothergill also spoke of the importance of 
the paper, and said he would be glad if the author 
would turn his attention to the corrosion of steel 
decks, as many owners had determined to abandon 
steel for decks on this account. He had known a 
steamer in the copper ore trade in which ,}, in. of 
pure copper was found between the cement and the 
skin of the vessel. 

In replying to the discussion, the author said 
that possibly he might have been too sweeping in 
his condemnation of zinc sheathing. If the zinc 
were not in galvanic contact with iron it would last, 
but in that case it would be no good, as it would 
not act as a non-corrosive or non-fouling substance, 
and would give a mere rough surface. He thanked 
Mr. Thornycroft for his correction as to the gal- 
vanising of boats’ bottoms; and no doubt galvanising 
was good if it were well covered with paints to pro- 
tect it from the chlorides of sea water ; otherwise 
the zinc would be likely to disappear. With regard 
to Admiral Colomb’s suggestion to poison the growth 
in its germ state, that would necessitate the slow- 
ing of the ship, and a practical difficulty might arise 
in that way ; but, putting this on one side, it was 
astonishing how vigorous a life some of the lower 
forms of marine growth possessed, for it was not 
uncommon to find them flourishing in the most 
poisonous solutions. A reference had been made 
to the possibility of a glass bottle becoming 
foul by the attachment of marine growth, and 
cases had been instanced in which various animal 
and vegetable growths had been found attached 
to bottles. This was taken to disprove certain 
statements he had made. What the author 
really advanced was that no growth could attach 
itself to glass so long as the surface remained 
quite smooth ; but sea water in time acted on the 
glass to destroy its smoothness, and then it afforded 
a most favourable point of attachment. Red lead 
was referred to as agood covering for steel and iron 
ships. Theauthor pointed out that red lead paint 
was made up with linseed oil, and this formed a 
chemical substance that was very easy to lay on. 
So long as the particles of red lead were protected 
by the oil all went well; but when in time the sea 
water got to the lead an oxy-chloride of lead was 
formed, which, being in contact with the iron, caused 
deposition of crystals, and thus the damage was 
done. Mr. Fothergill spoke of the rapid corrosion 
of decks. This was due to the wear and tear which 
caused them to become bare in patches, and that 
was worse than if they had not been painted at all. 

The usual vote of thanks was moved by the 
President and duly carried. 


Fiuiw Pressure In RELATION TO PROPULSION. 


A paper by Mr. R. E. Froude on this subject was 
next read. We hope to print this paper in full ata 
future date, and as it is of a nature that cannot be 
abstracted, we leave it for the present. Another 
paper by the same author on the 


GREENHILL THEORY OF THE SCREW PROPELLER 


was then read ; the two papers being discussed to- 
gether. With this discussion we do not propose to 
deal. The high value of these contributions is un- 
doubted, but the fact is such papers as these are 
too abstruse to be discussed in the manner usual 
at meetings of this description. The only way to 
discuss auch a paper is to read another, and this is 
exactly the course Mr. Froude has taken with 
regard to the previous paper of Professor Greenhill. 
During the discussion some of the best authorities 
we have on the screw propeller spoke, but we can 
confidently say that no one, however great a genius, 
could follow Mr. Froude in the rapid reading of his 
paper. Mr. Thornycroft, who is certainly the most 
successful practical exponent of the theory of the 
Screw propeller, had had the advantage of receiving 
the paper a few days previously, and he made a 
long speech freely illustrated by diagrams and 
formule on the blackboard. We are sure, how- 
ever, that Mr. Thornycroft would support us if we 
said he was not perfectly certain as to the detailed 
bearing of all the views he was putting forward; 
and, indeed, his reputation is such that he could 
well afford to make such anadmission. Mr. Thorny- 
croft is, however, we understand, going to write a 





paper on the subject, and this we shall have great 
pleasure in printing when it appears, forit is in such 
a way, as we have stated, that these discussions 
should be carried on. 

At the final sitting of Friday evening, the 12th 
inst., the first paper was contributed by Professor 
Jenkins, and was entitled 


ON THE CONNECTION BETWEEN THE CURVE OF 
STABILITY AND THE Meracentric CURVE OR 
Locus or Pro-METACENTRES. 


We hope at a future date to reprint this paper. 
The discussion was of a brief nature, Mr. Martell 
and Mr Macfarlane Gray being the speakers. 

A paper by Mr. W. W. Rundell on 


Tur Compass ADJUSTMENT OF IRON SuHIPs 


followed. The subject is one appealing to mariners 
rather than engineers, and our report of this meet- 
ing having already extended to such great length, 
we must refer those of our readers who are interested 
in the subject to the paper itself. 

The last paper of the meeting was contributed by 
Mr. A. F. Hill, and was entitled 


On Boat LOWERING. 


The principal feature in this was the description 
of the author’s last form of disengaging hook, which 
we shall doubtless shortly have an opportunity of 
illustrating in our columns. A discussion followed 
in which the patentees of rival devices took part, 
and which the President in summing up said he 
hoped would not be considered as an ‘‘ advertising 
discussion ;” the suspicion of such an idea appear- 
ing very shocking to his lordship. 

The usual votes of thanks were then passed, and 
this most successful meeting terminated. 





THE PROTECTION OF BUOYANCY AND 
STABILITY IN SHIPS.* 


By Sir NATHANIEL Barnaby, K.C.B., Vice-President. 


I HAVE recently, in fulfilment of a long standing en- 
gagement, prepared for another Institution a paper on 
** Armour for Ships ; its Uses, and its Nature.” 

I did not discuss in that paper its uses for the purpose 
of protecting buoyancy and stability. Armour was not 
introduced for the purpose of protecting buoyancy and 
stability ; it was introduced to limit the destructive effect 
of shell in the batteries. 

It answered its purpose so effectively for the moment 
that artillerists gave up attempts to develop the shell, and 
directed all their efforts to obtain perforation of the 
armour by projectiles having no bursting charges. So 
armour was gradually reduced in area, and made thicker 
and stronger in such parts as were still supposed to 
need it. Thirty years after the introduction into the French 
Navy of armour clothing against shells, that navy is 
found with no armour clothing at all over the batteries of 
its largest ships. It has been nearly all concentrated 
upon a narrow belt at the water-line. 

Artillerists have taken advantage of this condition of 
nudity, and have devised projectiles far more powerful 
than those against which armour was first employed, and 
they are once more making existence in the batteries for 
guns and men impossible. 

Fig. 1 shows, not an actual target, but a representation 
of what happens to be heavy beams, and the plating upon 
them, when 70 lb. to 80 lb. of a high explosive is deto- 
nated between decks. (See next page.) 

The French have been so impressed by their experi- 
ments with high explosive shells that they have reverted 
to side armour, to prevent the admission of such shells 
between decks, under the gunsand gunners. Thechanges 
of fashion as to side armour in France are shown in 


‘ig. 2. 

The Admiralty, in the 14,000-ton ships just proposed 
by them, have thought it necessary to guard the positions 
of the heavy guns against the explosion of such shells 
beneath their floors, and also to guard the deck space 
under four out of the ten 6-in. guns by armour 5in. thick. 
I do not discuss here the advisability of employing such 
thin armour. I have done thatin the other paper referred 
to, when, considering the French action in the matter: 
I would only remark that 5-in. steel armour is pene- 
trable at 1000 yards by the 5-in. gun, and will allow 
common shell to pass through whole, to explode between 
decks, 

When that paper was prepared I had had no informa- 
tion as to what the Admiralty proposals were likely to be. 
I now see that in order to give this protection, and to 
protect more of the buoyancy and stability by side armour, 
the cost of ships of the type of the Admiral class is to be 
increased by about one-third. 

Comparing the three new ships of the barbette type 
with the Admiral class, it may be seen that the armament, 
speed, maximum thickness of armour, the fuel supply, 
and the protection against the ram and the torpedo are 
the same, but the displacement is increased from 10,550 
tons to 14,000 tons, which is an increase of one-third, and 
must represent, other things being equal, an increate in 
expenditure of a —— of million of money for each ship. 
As each of these four ships must cost at least one-third 
more than each Admiral, built under the same conditions, 


* Paper read before the Institution of Naval Architects. 








we lose more thanone such ship for our money in making 
the changes in the Admiral type in four ships. 

I have myself been studying the alteration in conditions 
introduced by the high explosive shell and rapid-firing 
guns, to which we owe this extension of armour abroad 
and at home, and I place upon the walls the design of a 
ship prepared by the Naval Construction and Armaments 
Company under my advice. She is intended to have the 
same speed as the larger Admiralty design, i.¢., two knots 
more than the largest French ships; and to be capable of 
perforating more than 99 per cent. of the area of the sides 
of all armoured foreign ships. She would be unable to per- 
forate the thick armour covering the remaining one per 
cent. of the total area, and much of this one per cent. will 
be impenetrable to the guns of the 14,000-ton ships. The 
67-ton gun, with which the 14,000-ton ships are to be 
armed, is capable of penetrating the thicker belt armour 
of the French ships. 

The small design prepared at Barrow gives protection to 
magazines and machinery by a steel deck throughout; to 
the armament, by armour about equal to the most power- 
ful of the quick-firing guns (the 6-in), and proof for the 
present to the high explosive shells. It gives the greatest 
protection of all, by double armour, to the fighting station 
for the officers who direct the ship, and point and fire 
the guns and the torpedoes. It proposes to protect 
the buoyancy and stability for the first time by a solid 
raf 


I now only call attention to the curious fact that while 
this design, intended to meet the new conditions, has been 
in course of preparation, the Admiralty have taken their 
course, and they add the precise cost of the Barrow ship, 
with its armament and outfit, to the cost per ship of the 
Admiral type, in order to strengthen the armour in that 
type, in four new ships. 

In other words, for the four of the new Admiralty ships 
we might have five Admirals and one of the protected 
Barrow ships, or four Admirals and four of the protected 
Barrow ships. 

But the Barrow type has such thin armour, you will 
say. A single well-planted shot from a heavy gun may 
piece and shatter the wall which protectsthe guns. Quite 
true; and, recognising this, the designers put the cost of 
the Admiralty 17-knot ship into five ships, with five such 
batteries. And the designers of the Barrow ship make 
the same repiy as to all the risks incidental to warfare at 
sea. But what of the 14,000-ton ships? Some of us have 
read the very clever sketch of a naval engagement, 
entitled ‘‘In a Conning Tower,” appearing in the last 
July number of Murray’s Magazine. The sudden de- 
struction of the large French ship by the ram is not an 
unfair picture of what may happen to even a 14,000-ton 
ship. It would have been easy to imagine similar horrors 
from a successful torpedo attack. There is no attempt to 
remedy this weakness in the new large ships. 

Then the entire central battery on both decks in these 
new ships is open, as I understand it, to quick-firing guns 
and high explosives, and is without any armour protection 
— them. It may be noted also that in these ships 
of 75 ft. in width the armour belt is to extend only 54 ft. 
under water. An inclination of the ship of 10 deg., or the 
pitching and ’scending and heaving in the sea, would 
expose the bottom plating below the belt. Will not the 
quick-firing guns find out this weakness? Penetration 
below the belt or through the belt means immediate 
serious disaster; penetration above the belt or above a 
protecting deck, about which so much is apprehended, 
can only lead to disaster by an accumulation of effective 
damaging blows. 

So we say we are so sensible of the necessary weak- 
nesses in defence, in the best designed ships, were we 
even to go to 14,000 tons, that we prefer for the same 
expenditure of money to give ourselves five chances instead 
of one, You may also consider the attack weak in the emall 
ship, They are one knot slower than the large Italian 
ironclads, which may by some grave misfortune be in the 
hands of anenemy. But they areas fast as the 14,000-ton 
ships are to be, and they may be made two knots faster 
by taking the proportion of four to one instead of five to 
one. 

If you say the armour-piercing guns are few, I should 
demur tothat. I should say that we haveten heavy guns, 
against the four of the 14,000-ton ships. And as to 
the power of these guns. They are more powerful 
than the guns of the Dreadnovght. There are no com- 
pleted ships in the British Navy carrying such power- 
ful guns, except the twenty-two recent ships designed 
chiefly under the administration of Lord Northbrook, 
and which have been selected for public animadversion, 
because inthem side armour has been calmly, thought- 
fully, and, as I hold, wisely reduced. 

The guns proposed for this 3200-ton ship are estimated 
to be capable of perforating 18#in. of iron armour at 
1000 yards. There are lighter guns in the armament for 
defence against boat attack, but they would not be 
manned in a general engagement. Two of the 6-pounder 
quick-firing would then be mounted between the heavy 
guns, under cover of the armour. 

I wish now to consider particularly, and very briefly, 
the question of the protection of buoyancy and stability. 
I have given my illustrations of the changes in armour 
from French ships, and I now propose to see what the 
French have done as to protecting buoyancy and stability 
in their fighting ships. 

I have taken all the fighting ships of 1000 tons displace- 
ment and upwards in the French and British navies, built 
and building, and I find that in the French Navy there 
are about 138. Of these 31 are protected by water-line 
armour, not easily penetrable, throughout the whole length 
of the ship, by the 100-pounder quick-firing gun at 2000 
yards ; in other words, the armour in these 31 ships is in 
some places as thick as9in. One hundred and seven of the 
ships are easily penetrable by this gun everywhere ; and 
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of this number 50 are without any protection by armour, | 
either horizontal or vertical. 

Let us realise what this means. The French will send 
into action 10,000 men in 50 ships, in which ships there 
are boilers and magazines accessible to the lightest quick- 
firing gun, and there is nothing to prevent a projectile 
from traversing the ship and driving out the bottom plat- 
ing under water on the further side of the ship. It will 
not need many minutes to put an end to an action 
between such antagonists. And if those ships are added 
which have no side armour so thick as 9in., then we | 
get more than three-fourths of the French Navy with | 
no efficient protection of buoyancy or stability by means | 
of side armour. I do not say that our own ships are very | 
much better. They are better, and the diagram (Fig. 3 | 
below) represents fairly how much better. | 

What I desire to draw attention to is the entire absence | 
of any attempt to improve the condition of the 10,000 to | 
12,000 of our own men in our own unprotected ships. No | 
one gives a thought to them when the perils of insufficient | 
armour in some heavily armoured monster are descanted | 
upon, We have built, and are building, about 120 ships, of | 
1000 tons displacement and upwards, with crews of some- 
thing under 30,000 men, having no armour as thick as 
9 in., and such side armour as there is would be of 
iron. 

The 43 ships having some side armour as thick as 9 in., 
for protecting buoyancy and stability, will not accommo- 
date more than 20,000 men. 

Taken altogether, there is not fighting accommodation 
in the whole of these British fighting ships of 1000 tons 
displacement and upwards, protected and unprotected, 
built and building, for 50,000 men. Fifty thousand men 
only, while in our last naval war we had 146,000 seamen 
and marines borne upon ships’ books. We may be sure 
that the very first effort, in a serious war, would be to find | 
ships and guns for another 50,000. But what ships, and | 
what guns? | 

Confining our attention to the ships, we see at once | 
what they must be. They must be ships without any | 
armour, And yet we are to strain every nerve to increase | 
the already monstrous armour protection for four ships’ 
companies of 500 men each, 

In order to give more protection to each of these ships’ 
companies, and to raise the armour per man from 7 tons to 
10 tons, as compared with the ships’ companies in the 
Admiral class, where there is 7 tons of armour protection 
per man, we are to be willing to give up an additional 
17-knots armoured fighting ship. 

For 2000 men in four ships, each man covered by 10 tons 
of armour, we are to be willing to give up 2000 men in 
four equally good ships of the ‘Admiral class, except 
that each man has only 7 tons of armour ; together with 
600 men in four ships of the same speed, each man covered 
by 4# tons of armour. 

The principle on which I and my former colleagues 
sought to work, during many years past, was that every 
fighting ship ought to be protected against sudden de- 
struction by the single blow of an adversary’s guns. We 
further did our very best to improve the fighting efficiency 
of that auxiliary navy which had no armour; which we 
found, nearly universally, without any efficient bulkhead 
divisions ; and in which we should have to send to sea im- 
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Fig. 83 is a graphic representation of the numbers of fighting 
ships of 1000 tons displacement and upwards, built and building. 

Scale—30 ships to one inch. 

Dark Shading.—Ships having some armour not less than in, 
thick, for oe buoyancy and stability. 

Light Shading.—Ships protected by armour, but having none 
as thick as 9 in, for protecting buoyancy and stability. 

No Shading.—Unprotected ships. 


mediately, at least as many armed men as could embark 
in our regular ships. 

As to the principle of the design of a fighting ship, the 
late Council of Construction agreed to this, and it guided 
their work. They said in a gooa fighting ship there 
should be the greatest possible offensive power ; and the 
defensive arrangements should be such as to give security 
as far as possible, and in equal degrees, against all the 
various modes by which the ship may be disabled or de- 

oyed. They said that it followed from this that it 

suld not be in the power of the enemy to disable the 
p by one single blow, delivered by any means at 
is command, if this could have been prevented by 
-ausing other defences, where he has not this power, 
——— a portion of their strength to succour the 
ak part. 

When they did not og se armour on the sides, they 
uvfended the vital parts by a bomb-procf deck, so that 
the ship should be protected against sudden foundering 
or explosion. When they employed side armour they 
made it as thick as possible over the vitals, t¢., over 
the parts, aapery, 3s which might lead to immediate] 
fatal results, here injury could not cause mn 
immediately fatal results, they made such parts sur- 
— their defence in favour of the parts which were 
vital. 

The French have acted otherwise. They have denuded 
their batteries of armour in order to cover parts of the 
water-line which need not have been vital, but which they 


have deliberately made so. They now find that the| gun vessels, If there is any other sound principle for | stability, has raised the cost of the Admiral class by one- ' 


melinite shell dismounts their guns, and makes their 
batteries untenable, and they are —— covering the 
topeiciee with armour in new ships; in whi 
thin 





armour 15. 


ch respect, I | and dilate upon short-comings in any ship -which has | one seconda uality. I say it is secondary; 
k, they are quite as unwise, been limited in size with a view to reduce the cost, Each | if it were of einany pues, we chould have no sea- 


Let us pursue a little further the question of the prin- | one of its powers stops short of what would be attainable 
ciple on which all the English ships have been constructed | were the others sacrificed to it. We have seen how the 
for many years past, from the Admiral class down to the |improved armour defence, mainly for buoyancy and 
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Dupuy de Lome, 6 300 tons 


Tab.LE I.—PHAsEs OF ARMOUR, 
B lst Period. Floating Batteries. 1851-58. 2nd Period. 1858-88. 
Gloire—1858. 1st phase.—Armour (side 4} in. ; 5500 tons, speed 123 knots ; percentage of weight devoted to armour, 15. 
Marengo—1869. 2nd phase.— Armour (side) 7} in. ; 7750 tons, speed 13} knots; percentage of weight devoted to armour, 17 
Baudin—1880, 8rd p —Armour (side, &c.) 22 in. ; 11,200 tons, speed 15 knots ; percentage of weight devoted to armour, 33. 
Tage—1886. 4th phase.—Armour (deck) 3 in. ; 7000 tons, speed 19 knots; percentage of weight devoted to armour, 14. 
Dupuy de Loéme—1888. Return to lst phase.—Armour (side) 4 in. ; 6300 tons, speed 20 knots; percentage of weight devoted to 









udging of the fitness of designs, I have yet to learn it. | third, and has yet failed to secure the approval of those 
he critics of the ships find it easy enough to point out | who choose to concentrate all their attention — 
USC, 
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going ships sent into action without such defence. We 
are told, on the highest naval authority, that the heavy 
armoured ships will be accompanied, on all occasions, by 
a considerable number of unarmoured ships, for the pur- 
pose of flanking and supporting the heavy ships against 
attacks which would be perilous to them. This means 
that the unarmoured ships will have to give and receive 
blows, and I presume that there will be no rule that an 
armoured ship must not strike one that is not armoured ; 
and I cannot conceive that the ‘‘battle-ship,” which is to 
be so exceptionally treated in armour defences, is to be 
the only class of fighting ship which the enemy will en- 
deavour to destroy by artillery fire. 


I contend that the distinction in respect of protection | 


which is set up between battle ships and other ships is a 
novel one, and a most dangerous one. Before the days 


of armour-plating every ship was treated, so far her | 


defensive power was concerned, in the same manner. 
They all ran equal chances. They differed only in the 


power of attack. And it is the more necessary to|S 


adhere to this principle seeing that, according to our 
most distinguished sailors, large and small ships will 
be associated in action more closely than ever. 

But our practice is that the larger proportion of these 
ships are to be protected by an office classification, and are 
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supposed to need no thick side armour, nor deck armour 
either, for the defence of the buoyancy and stability 
against the gun; while a smaller number, classified in a 
| different manner, are to have so much defence that we 
|can put only a mere handful of men and guns afloat, 
| because the money has to be spent upon this exceptional 
| and monstrous protection for a few ships. Each one of 
| these four new Admiralty ships is to have 5000 tons of 
| armour, ata cost for mere armour plating of not less than 
| 400,000/. for each ship. 
| Let us apply the principle of design which I have put 
| forward, not to a single ship, but to a given expenditure 
| of money for fighting ships. 
Let us suppose we have from a million to a million and 
| a quarter of money to spend in order to put from 500 to 
| 600 men afloat in fighting condition. 
We may have either one ship or five. 


Rams aa a 1 


Snotso power- 
ful. 
Torpedo discharge 1 
Officers in com- 
mand... nie 1 5 


Let us now apply the principle. There should be the 
greatest possible offensive power; and the defensive 
arrangements should be such as to give security, as far as 
possible, and in equal degrees, against all the various 
modes by which the money expended, and the men 
engaged, may be destroyed, or rendered useless. 

Does the single ship give the greatest possible offensive 
power for the money and the 600 men? Does the invest- 
ment in one ship give as much security against destruc- 
tion by the ram, the torpedo, the gun, or by the perils of 
the sea, as is given by the five ships? If you say, why 
not carry the principle further still, and make more than 
five ships with your money and men? I answer that we 
are stopped by the consideration that the single ship must 
be large enough to engage in battle whenever and wherever 
the adversary can fight. It must have a speed equal to 
that of the ships it may be required to meet in war, and it 
must itself be fairly secured against being disabled or 
destroyed by a single blow. The single ship, therefore, 
needs water-line protection ; defence for her gun positions 
against quick-firing guns, and high explosive shells ; and 
defence of her brain power. A smaller ship then that 
which I have described would not do this. All the con- 
ditions enumerated are reduced to a minimum in the 
ship of 3200 tons. 

I propose now to deal with the substitute for side 
armour for the water-line protection which has been 
adopted in the ship of 3200 tons. 

It will be within your recollection that a Committee on 
Designs sat in 1871, and included among its members six 
eminent naval officers, among them the present First 
Sea Lord of the Admiralty. This Committee directed 
attention to the desirability of getting reserve of buoy- 
ancy by other means than armour plating. They 
thought that ‘‘ the ship might consist of a plated 
central citadel, surrounded and supported by an un- 
armoured raft, constructed on a cellular system, or con- 
taining some buoyant substance, such as cork, which, 
without offering any material resistance to the passage of 
projectiles, would not be deprived of its buoyancy by 
penetration.” 

The late Council of Construction directed its attention 
to this for years, and devised india-rubber bags, thin 
metallic boxes, and various other arrangements for 
securing this object. But we could never satisfy our- 
selves. The risk of the collapse of a considerable number 
of these empty vessels by one shock seemed to us to be 
very serious. While, therefore, we proceeded, as far as 
we could, with a raft body for the ends of the ships, we 
employed solid substances in those ends for excluding 
water there. We used cork inclosed in small water- 
tight chambers; the ship’s stores; and spare fuel. We 
used these defences against the invasion of water as sup- 
plementary to the armoured middle of the water zone ; 
and we made that armoured middle only so long as was 
required to inclose the machinery spaces and the com- 
munication between the magazines and the armoured 
batteries. 

It is that system which has been so severely criticised. 
In my judgment it is the right system ; and what we have 
seen to be the cost of an extension of the armour appears 
to me to strengthen the position of the designers of the 
Admiral class. 

But when we came to consider a design for a sea-going 
fighting vessel of minimum size and cost, it was obvious 
that belt armour could not be admitted at all. There 
were several devices which had been adopted for small 
warships. There was the Armstrong plan with wings of 
cork upon a submerged deck. There was the French plan 
of cellulose dams. These dams act by the expansion of 
the compreseed cellulose (cocoa-nut fibre) when exposed 
to the water, as it seeks to pass through a shot-hole in the 
dam. But this cellulose washes out easily if the hole is 
large ; and it is not to be trusted. I considered that what 
we needed was a light, non-absorbent solid. I put the 
problem to the staff of the Naval Construction and Arma- 
ments Mery oy but they could make nothing of it, I 
found that the Woodite Company were making a porous 
india-rubber, which would answer admirably for a solid 
packing. There was nothing against it except that it cost 
4501. a ton. I then submitted some of this woodite 
material to an eminent chemist, and asked him whether 
a material could be manufactured possessing the qualities 
of lightness (not exceeding in weight 224 lb. to the 
cubic foot) and non-absorbency of water, at a price fd 
large quantities, of 50/. per ton. My chemical frien 
could not help in the matter, but he recommendé 
an appeal, by way of advertisement, to the chemica¥* 
profession. Captain Wood then undertook to produce“ 
such a material as we were seeking. ‘ 

He has succeeded so well that he produces the materi¥’ 
at so low a weight as 101b. to the cubic foot, and with & 
low an absorbent power that it excludes 96 per cent. oF 
water, for twenty-four hours, from a packed compartment. 
It is slowly inflammable, and it is inelastic. It would be 
better if it were uninflammable and somewhat elastic. 
But I consider that the material, in its present early stage 
of manufacture, may be used in the way proposed. 

The submerged deck is covered by numerous partitions 
of thin steel, about ,, in. thick, and these partitions are 
left uncaulked. The partitions rise to some height above 
water agreed upon, and the compartments are filled in 
solidly. Upon the upper edges of these thin steel parti- 
tions rests a thin steel plating, not caulked, and not fitted 
in a water-tight manner. Water may pass down into 
interstices left in the packed spaces without any dis- 
advantage that I can see. 





One Ship. Five Ships. 
Displacement 14,000 tons 16,000 tons 
6 Per iP 17 knots 17 knots 
| Heavy protected 
| game... es t 10less powerful, 
| Gun positions pro- 
| tected by armour 2 5not so well 


p-otected. 


The present price of the packiag material, or ‘‘ wood 
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armour,” is 45/. per ton. Taking its average weight at 
13 lb. to the cubic foot, we should get 157 cubic feet of 
space occupied solidly for 451. worth of material. The 
amount used in the Barrow design is between 4 and 
5 per cent. of the displacement. It is 18 in. deep in the 
shallowest place, and 6 ft. deep at the sides, where the 
stability wings are formed. These wings are inclosed in 
thin steel cases, and extend two-thirds of the length of the 
ship. The cost of the packing is in this case, at the price 
named, 60007. for the ship. The material is doubtless 
susceptible of improvement. I put it before you as being 
already suitable for our purposes. 

I consider that the design in which it has been adopted 
is in complete accordance with the recommendation of the 
Committee of 1871, and meets the requirements and needs 
of England to-day. 

The material has the advantage, which side armour 
has not, that it is applicable to all fighting ships, large 
and small. A solid raft, formed upon and above a 
deck covering the machinery and magazines, and occupy- 
ing the water zone, is what is wanted in every fighting 


ip. 

I hope that this method of protection may come into use, 
because it will enable us to give once more reasonable 
security against foundering, under artillery fire, to all 
fighting ships. It will allow us to devote some armour to 
protect the batteries against the attack of the high explo- 
sive shell and the quick-firing gun. The present defence- 
lessness of the batteries isnolonger tolerable. It will give 
us both these advantages, consistently with a large in- 
crease in the number of ships, and in the power of putting 
fighting men afloat. 








EXPLOSION OF BOILER AT DRIGH- 
LINGTON. 

WE have been favoured by Mr. John Waugh, the engi 
neer of the Yorkshire Boiler Insurance and Steam Users’ 
Company, Limited, with a copy of the following report 
made by him on the explosion of a boiler at Drighlington, 

March 19 last. The report deserves careful attention. 


** To the Chairman and Directors of the Yorkshire Boiler 
Insurance Company, Limited. 

“‘Gentlemen,—On the morning of the 19th inst. a boiler 
exploded at Spring Gardens Colliery, Drighlington, under 
circumstances which I consider most extraordinary, but 
fortunately attended with no loss of life, although one or 
two inhabited cotteges were partially destroyed by por- 
tions of the exploded boiler in its flight, eome 70 yards 
from its seat. 

“*T beg to report the following particulars for your in- 
formation, and that of the insured in this company. I 
have attached hereto such particulars as will enable you 
to understand the circumstances and surroundings as 
follows : 

‘* A. Photograph of boiler-house after explosion. 

**B, Plan and elevation of boiler, with leading dimen- 
sions and list of fittings (see Figs. 1, 2, and 3, page 507). 

**O, Plan of works, showing position of boiler in rela- 
tion to the surrounding property, and the distances the 
various portions of the boiler were projected by the ex- 
plosion (see Fig. 6). 

*“—D, Particulars of the position of rupture, with thick- 
nesses of wasted plate—the cause of the explosion (3ce 
Figs. 4 and 5). 

“The boiler was cylindrical, egg-ended, and externally 
fired; about thirty-two years old; name of maker un- 
known, Iam informed thatthe blowing. off pressure was 
25 lb. per square inch. The probability is that the boiler 
has been worked at a daily working pressure of 20 1b. to 
25 lb. per square inch. For some years there has been a 
leakage on the left side of the shell, which has reduced, 
by ccrrosion, the thickness of the plates from y; in.— 
their original thickness thirty years ago—to less than 
v's in. in thickness, or to about the thickness of a sixpence, 
and this over an area of about 5 square feet. It seems 
incredible that a boiler should be in this condition without 
the knowledge of the man in charge, or the owner of the 
colliery, in view of the provisions that are embodied in 
- a Mines Regulation Act, 1872,’ wherein it is pro- 
vided : 

**1, That a certificated manager shall have ‘the con- 
trol and daily supervision’ of the mine, and all that 
pertains to it. 

**2. That no person under the age of eighteen shall be 
employed in or about the working machinery. 

**3. That under special rules the man in charge ‘ must, 
at least once a week, carefully examine the engines, 
boilers, &c., and shall write a true report of the result of 
such examination in a book provided for the purpose, and 
shall sign the same.’ 

** Tn addition to the above provision, it is also a rule in 
Yorkshire collieries that the enginewright must see that 
each boiler is well cleaned at least once in three weeks. 
Notwithstanding these precautions, we have a boiler in 
daily use, with people in close proxim’ty passing to and 
fro, and with inhabited houses within 70 yards of such 
boiler, working at a pressure of 20 lb. to 25 1b. per square 
inch, with plates the thickness of a sixpence. 

** On the morning of the explosion the engineman had 
lowered the men into the pit and gone to the office to 
make his report, no doubt he would say ‘all was right 
and in good working order,’ sign his name, and experience 
rome misgivings as to the correctness of his report, when 
he ke iwrd the explosion and saw the wreck to the propeity 
around him, 

** Now, what of the owner? When asked if he had 
ever had the boiler inspected by some outside competent 
authority, he said, in effect ‘Oh, no; I have a “‘certifi- 


cated” man to examine everything, in whom I placed 
implicit trust, and who seems thoroughly upset by the 
accident. Boiler insurance companies have, through their 
agents, often canvassed me, but feeling such great ccn- 





fidence in the ability of my certificated man, together | 
with my great confidence in a power from on high, I have | 
considered everything safe !’ | 

‘* As to whether there will be a Board of Trade inquiry 
into this explosion, it is difficult to say. The ‘ Boiler 
Explosions Act, 1882,’ exempts boilers from its provisions 
that are regulated by the ‘Coal Mines Regulation Act, | 
1872,’ and this boiler was worked under that Act. In| 
Clause 39 of the Act, notice is to be given of accidents, | 
whether above or below ground, in case of ‘ loss of life or | 
any personalinjury to any person employed in or about the 
mine by reason of any explosion.’ The boiler, in its 
flight, cleared some portions of the upper rooms of two 
cottages, in which children were stiil asleep, and two of 
them were hurt; but, clearly, they are not ‘ persons em- 
ployed in or about the mine.’ It is quite time that all 
steam boilers, the unsafe condition of which involves life 
and Jimb, should be placed under one and the same condi- | 
tions as to inquiry and report on behalf of the Board of 

rade, 

“*Tnconclusion, I may say that had this boiler been placed | 
under competent inspection the explosion would never | 
have occurred, and it is to be regretted that any boiler- | 
owners. for the sake of saving the small annual cost such | 
inspection entails, should not avail themselves of the | 
periodical inspection afforded by our own and other com- | 
panies, and thus further reduce the liability to accident. 

** T remain, yours obediently, 
‘© JOHN WauvGH, Assoc. Inst. C.E., 
Mem. Inst. M.E.. &c. 
‘* Sunbridge Chambers, Bradford, March 30, 1889.” 








THE ITALIAN CRUISER ‘‘ PIEMONTE.’’* 
By Mr. P. Watts, Member of Council. 


By the kind permission of the Italian Admiralty, I am 
enabled to place before you some particulars of the Italian 





Forward 14 ft. 
Draught | Aft 16 ,, 
Displacement sep 2500 tons 
Indicated horse-power... i; 
Speed oe - ne 21} knots 

Armament, 
Six 6-in. rapid firing guns. 
Six 12-centimetre rapid-firing guns. 
Ten 6 pounder rapid-firing guns. 
Six 1 e a Ke 
Four Maxims (10 millimetres), 
Three torpedo guns. 
Weights. 
Hull and fittings, &c.... eas 970 tons 
Protective material 280 ,, 
Equipment ; Bs 130 ,, 
Machinery and spare.. 720 ,, 
Coals (normal)* ars 200 ,, 
Armament 200 ,, 
Total oss 2500 ,, 
Protective Deck. 
Thickness on slopes... ai 3 in, 
horizontal parts i aes 
Conning-tower... ne cs ee 


This vessel is the latest of some dozen vessels of the 
protected cruiser class built by the same firm, including 
the Esmeralda, built in 1882-83, from the designs of Mr. 
George Rendel, and the Dogali, built in 1886, from the 


designs of Mr. White. 


Lord Armstrong, who has for several years past strongly 


' advocated the construction of this class of war vessel, has 


enumerated as their chief features, ‘‘great speed, and 
nimbleness of movement, combined with great offensive 


| power,” and ‘‘little or no side armour, but otherwise con- 


atructed to minimise the effect of projectiles;” and in 
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cruiser Piemonte, which has been constructed by the firm | 


of Sir W. G. Armstrong, Mitchell, and Co. : 


Particulars of the Italian Cruiser ‘* Piemcnte.” 


Length ... 300 ft. 
Breadth ... 38 ,, 


: Paper read before the Institution of Naval Architects, | coal. 

















designing the Piemonte, I have sought to develop these 
features as much as possible, observing that the displace- 
ment was not to exceed 2500 tons and the speed was not 
to fall short of 21 knots. faite 2 
The Piemente is illustrated above in midship section, 





* Bunker space is provided in the ship for 600 tons of 
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profile, and plans. She is 300 ft. long, 38 ft. broad, and 
15 ft. mean draught, and her displacement is 2500 tons. 
She has a protective deck with sloping sides from stem to 
stern, which is 1 in. thick along the middle and 3 in. thick 
on the slopes. Her armament consists of : 

Six 6-in. pie eore guns, six 4}-in. quick-firing guns, 
ten 6-pounder Hotchkiss guns, six 1-pounder Hotchkiss 
guns, four 10-mm. Maxim guns, three torpedo tubes; 
and her speed is upwards of 21 knots. 

Four of the 6-in. Cage and the six 43-in. guns are carried 
upon the upper deck, the 6-in. guns being sponsoned out 
so as to enable the two foremost to fire nght ahead, and 
the two aftermost to fire right astern ; one of the remain- 
ing 6 in. guns is placed on the forecastle, and the other on 
the poop. All of these guns have considerable arcs of 
training, as indicated upon the plan of weather decks, 
Fig. 3. Four of the 6-pounder quick-firing guns have 
right ahead fire ; two of these are placed under the fore- 
castle, and two upon the after end of the forecastle ; and 
four of these guns have right aft fire, two being placed 
under the poop, and two upon the fore end of the poop. 
The other two 6-pounders and two of the 1-pounders are 
placed on the top sides. Each of the two lower tops 
carries two 1-pounder Hotchkiss guns, and each of the 
two upper tops two 10-mm. Maxim guns. One of the 
torpedo tubes fires directly ahead, and one on each broad- 
side from a torpedo chamber immediately before the ma- 
chinery spaces. 

I may remark that provision was also made in the 
design for a torpedo chamber immediately abaft the 
machinery space provided with a torpedo tube on each 
broadside, and also for a torpedo tube at the stern firing 
right aft, but the Italian Admiralty have recently dis- 
pensed with these, accepting other armament weights in 
exchange for them. 

This distribution of the gun armament has great ad- 
vantages ; it has been followed in most of the cruisers 
built by Sir W. G. Armstrong, Mitchell, and Co., in- 
cluding those built before the Esmeralda. The guns upon 
the poop and forecastle have considerable arcs of train- 
ing on each broadside without interfering with the fire 
of any of the other guns. Four 6-in. guns, three 4}-in. 

uns, five 6-pounder Hotchkiss guns, five 1-pounder 

otchkiss guns, and four 10-mm. guns can be brought 
to bear upon an enemy on either broadside; and three 
6-in. guns, four 6-pounder Hotchkiss guns, two 1-pounder 
Hotchkiss guns, and two 10mm. Maxim guns can be 
brought to bear upon an enemy either right ahead or 
right astern. 

The 6-in. and 4?-in. guns are provided with 44-in. steel 
shields for protecting the gunners; and all of the other 
guns carry light shields for the same purpose. 

The Piemonte is the first vessel armed with the new 
Elswick quick-firing gun, all of the 6-in. and 4¥-in. guns 
being of this pattern. 

Lord Armstrong, in speaking of this gun recently, 
said: ‘‘The advantage of being able to fire rapidly at 
critical moments must be obvious to all. In the first 
place, the increased rapidity of the fire of each gun is 
tantamount to increasing the number of guns, without 
necessitating a corresponding increase in the number of 
gunners, or in the collective weight of the shields required 
to protect them. In the second place, we obtain the 
great advantage of being able to repeat a successful shot 
before the enemy can materially change his position, 
which would render necessary a fresh adjustment of the 
gun. These salient advantages have been fully realised 
in our new guns of 4?-in. and 6-in. calibre, with both of 
which a rapidity of fire has been obtained hithertv con- 
sidered impossible with guns of soheavy a nature. Great 
simplicity of design and strength of mechanism have been 
combined in the construction of these guns and their 
carriages ; and with the improved description of powder 
now coming into use, velocities have been obtained so 
great that the 43-in. gun, weighing only 2 tons 1 cwt., is 
capable of piercing 104 in. of wrought iron, while the 6-in. 
gun, weighing 5 tons 15 cwt., can pierce 15in. of the 
same material, muzzle velocities being taken in each in- 
stance, 

‘* These guns are mounted on specially designed shielded 
carriages, in which exceptional facilities in handling and 
aiming have been combined with great protection to the 
gunners, and in the numerous trials carried out the shoot- 
ing has been characterised not only by rapidity, but by 
unusual accuracy. 

‘*The comparative rates of fire of the present breech- 
loading service guns, and of our new improved guns, may 
be judged by the following instances: In some trials 
carried out last year with our 43-in. gun by the Admiralty, 
ten rounds were actually fired in 474 seconds, whereas an 
ordinary breechloading gun of the same calibre, firing 
in competition, took 5 minutes 7 seconds to fire the same 
number of rounds. Again, the great accuracy of the guns, 
combined with rapidity of fire, is illustrated by the fact 
that five rounds were fired a few weeks ago at Shoebury- 
ness, in which, at a distance of 1300 yards, a target of 6 ft. 
square was hit five times running in 31 seconds,” 

Speaking of the Piemonte on the same occasion Lord 
Armstrong said: ‘‘She will be capable of discharging 
against an adversary in a given time twice the weight of 
shot and shell that could be fired by the largest war vessel 
now afloat, not excluding the leviathan battle-ships of 
five or six times her size, which could ill withstand the 
torrent of shell which the Piemonte could pour into the 
large unarmoured portions of their structure.” 

_ The engines and boilers are wholly below the water- 
line, and protected by the armourdeck ; so also, of course, 
are the magazines, steering gear, &c. The level of the 
armour deck throughout the length of the ship is shown 
on the profile, Fig. 1, the dash line indicating the deck 
at middle, and the dotted line the deck at side. All 
apertures through the armour deck which would require 
to be opened in action are provided with cofferdams rising 


4 ft. above water, and all openings are fitted with armour 
covers or armour bars. 

Both below and above the armour deck the ship is sub- 
divided intoa large number of water-tight compartments. 
Each set of engines is in a separate compartment, and 
each pair of boilers is in a separate compartment. There 
is a series of water-tight flats forming an inner bottom 
throughout the ship, except in wake of the boiler com- 
partments and the crank pits in the engine-rooms. There 
are coal bunkers along the side throughout the machinery 
compartment, and the inner skin is continued on, forward 
and aft, assides to the magazines, &c. Above the armour 
deck the side bunkers extend to the upper deck ; and 
dwarf bulkheads are introduced between the main trans- 
verse bulkheads so as to divide the bunkers into spaces 
varying from 10 ft. to 12 ft. long. Before and abaft the 
machinery spaces there are deck flats from 2 ft. to 3 ft. 
above the water-line, the spaces between these and the 
armour deck forming a raft body, which can be packed 
with patent fuel, coal, and stores as desired. 

On the midship section, Fig. 6, is indicated the level 
of the coal above the armour deck when the normal supply 
of 200 tons is carried. Besides the coal on the armour 
deck, a quantity is stowed in the cross bunkers, so that 
the ship may be in readiness for steaming at speed. 
Patent fuel is shown on the slopes of the deck up to 
the level of the top of the armour deck. Ordinary coal 
may be carried here, but patent fuel has advantages 
which are, I think, worth securing, at least to this limited 
extent, when it is possible to do so. The advantages are 
these: patent fuel may be stowed so as practically to ex- 
clude all water, however much the side may be riddled in 
action, except in so far as it is blown out or otherwise re- 
moved ; it is less liable to be blown out than coal by shell 
fire, and is much less liable to be washed out by the action 
of the sea through large openings made in the side; and 
it forms an excellent shovelling flat, down to which 
coal may be removed without risking materially loss of 
perma and stability in action. With the full supply 
of coal, the top of the armour deck is 6 in. below the water- 
line ; but part of this full supply may consist of patent 
fuel or coal in sacks stowed upon the armour deck toa 
depth of say 2 ft., thus forming a continuation of the raft 
body forward and aft; and this fuel need not be disturbed 
until, by the consumption of the coal from elsewhere, the 
ship is lightened, and the deck armour is raised above 
the water. If at the deep draught, with the assistance of 
the cofferdams, large volumes of water can be prevented 
from getting below (which is not likely to be difficult, see- 
ing that any water finding its way to holes in the coffer- 
dams will have but little head), and supposing the armour 
deck to remain intact, the buoyancy and stability of the 
ship may be regarded as to a very considerable extent 
assured even against modern shell fire. 

The two sections, Figs, 4 and 5, show the belt protection 
which might have been given to the Piemonte without 
increasing the displacement; Fig. 4 on the supposition 
that the weight of the patent fuel is put into armour, and 
consequently the normal supply of fuel reduced by 100 tons; 
and Fig. 5 on the supposition that 200 tons of coal are 
carried as at present The protection afforded in the case 
of the latter arrangement is much less than that afforded 
in the former case, but the ship provided with the latter 
arrangement would always have as her normal supply of 
coal the same quantity as the Piemonte has for ordinary 
sea-going purposes in peace time; while theship provided 
with the first arrangement would only have as her 
normal supply the quantity of coal which the Piemonte 
would be free to burn without touching the fuel which 
might aid her materially in action. 

We will compare the protection afforded by the first 
belt arrangement with that afforded by the arrangement 
adopted in the Piemonte, shown in section on the midship 
section, Fig. 6. In each of these cases the horizontal 
deck is of the same thickness and the width of the belt 
is the same as the width measured vertically of the slop- 
ing side of the Piemonte’s protective deck. The total 
thickness of the vertical armour attainable, supposing the 
plating behind the armour and an equivalent to the wood 
backing to be added as armour, is 10}in. Giving the 
patent fuel a similar value in the case of the sloping 
armour arrangement of the Piemonte, 7.¢e., supposing its 
weight to be put into armour, the corresponding thickness 
of the sloping armour arrived at is 6in. ; this divided by 
the sine of the slope gives 14in. as the thickness of the 
sloping armour, measured horizontally. Thus the advan- 
tage is with the sloping armour to the extent of 3} in. 
But, besides this advantage in absolute thickness, vertical 
armour is much less effective in resisting projectiles than 
sloping armour of the same horizontal thickness. The 
patent fuel also has great advantages over an equivalent 
thickness of armour in resisting shell fire, and especially 
shell charged with high explosives, as the resistance takes 
place over a greater distance, giving the shell time to 
explode, and the armour has only therefore to resist the 
broken pieces of the shell. 

The arrangement with sloping armour has the dis- 
advantage that light shell which would be kept out by the 
vertical armour will probably blow out some of the brick 
fuel, and do other damage to the ship’s structure, but as 
the 6-in. quick-firing gun can now penetrate 15in. of 
wrought iron, this risk should, I think, be run for the 
sake of securing the additional protection afforded by the 
sloping armour. A shell from a6-in. gun could be fired 
through the side with vertical armour (Fig. 4), but the 
chances are very remote that it could be fired through 
the side of the Piemonte so as to penetrate the sloping 
armour, and especially if charged with high explosives. 
Moreover, against the disadvantage above referred to 
must be set the fact that the target presented by the 
comparatively thin horizontal deck, when the ship Am 
is very much larger in the case of the ship with vertical 
armour than in the case of the ship with the sloping 








armour. The question of cost also is very much in 
favour of the sloping deck armour, Apart, therefore, 
from the advantage a being able to carry some 100 tons 
more coal in peace time, and of having this quantity in 
reserve to be used in an emergency in war time, the 
advantage appears clearly on the side of the sloping deck 
arrangement adopted in the Piemonte. 

The relative advantages of vertical and sloping armour 
have been on more than one occasion lengthily discussed 
by this Institution, but the importance of the question 
must be my excuse for making the above comparison. 

The machinery of the Piemonte has been constructed 
by Messrs. Humphrys, Tennant, and Co., Deptford, and 
consists of two sets of vertical triple-expansion engines. 
Each set has two low-pressure cylinders, and therefore 
acts on four cranks. The cylinders are of the following 
dimensions: High-pressure, 36 in. ; intermediate, 55 in. ; 
low-pressure, each 60in., and the stroke is 27 in. Steam 
is generated in four double-ended boilers, adapted for a 
working pressure of 155 lb. Forced draught can be 
supplied by eight fans, but the stokeholds are arranged so 
that they can be worked with or without forced draught. 
Distilling apparatus of ample power has been provided for 
making fresh water for the boilers; and auxiliary con- 
densers are also fitted in each engine- room. 

An auxiliary boiler stands on the protective deck amid- 
ships, capable of supplying steam to any of the auxiliary 
engines throughout the ship. 

he steam trials of the ship are only in course of being 
made. I had hoped that these would have been com- 
pleted in time for me to have given curves of performance, 
but the continuous bad weather on the north-east coast 
during the last few weeks has prevented this. 

At a preliminary trial made on the 28th ultimo, some 
slight defects occurred in connection with the lubrication 
which necessitated some adjustments. When these 
defects were overcome towards the close of the day, a 
series of runs were made on the measured mile without 
the use of the fans, with open stokeholds, and with forced 
draught. There was very little wind on the occasion, so 
that much interest does not attach to the steaming with- 
out the use of the fans. Two runs, however, without the 
use of the fans showed that the ship could steam about 
194 knots under these circumstances. Four runs made 
with a moderate pressure of air in the stokeholds, never 
exceeding a }in. of water, gave a mean speed of 20.168 
knots, with an indicated horse-power of 7760. With an 
air pressure of in. of water, the limit fixed by the 
Admiralty for continuous steaming at sea, a speed of 20.3 
knots could with ease be obtained with about 8000 indi- 
cated horse-power. With closed stokeholds and forced 
draught a power of 11,600 horses was realised, but the 
trials under these conditions were not completed. The 
mean of two runs, however, when upwards of 11,000 indi- 
cated horse-power were realised, gave a speed of over 
21 knots. 

As I have stated, 21 knots was the speed aimed at in 
the design, and is also the speed which is guaranteed by 
my firm to the Italian Government. 

Whatever speed may ultimately be obtained in this 
vessel with forced draught, the fact that with natural 
draught, when the wind is favourable, or with a moderate 
pressure in the stokeholds, she can steam continuously in 
iair weather at from 20} to 204 knots, has been fully 
established. This I regard as of very much greater im- 
portance than high performance which will probably be 
obtained with forced draught. Forced Pave with high 
pressure in the stokeholds—and anything above 2 in. 
should, I think, be regarded as high—can only be 
reckoned upon for a spurt of three or four hours, and after 
such spurt you will usually find that your boilers will 
require some overhauling. 

At 20} knots the Admiralty displacement constant of 
the Piemonte is 190, which shows that very little work is 
uselessly wasted in the formation of waves, On Fig. 2 is 
shown the profiles of waves along the side of the vessel, at 
20 and 21 knots speed ; the full line corresponding to 20 
knots, and the dotted line to 21 knots. By means of 
photographs, some of them taken from the foremost 
upper top, it was shown that the wave disturbance was 
remarkably small. So small was it when the ship was 
going upwards of 21 knots that her high speed could 
scarcely be realised. This was due partially to the entire 
absence of anything like excessive vibration. The vibra- 
tion was measured by means of a seismometer, very 
ingeniously contrived by Mr. A. Mallock, and was shown 
never to have exceeded .12 in., horizontally or vertically, 
at the extreme after end of the vessel, while the amplitude 
of the mean of the vibrations was less than half of this, 

With her full coal supply of 600 tons the vessel will be 
enabled to steam the considerable distance of 1950 knots 
at full speed with natural draught, and she will be able to 
maintain a cruising speed of 10 to 12 knots for 55 days, 
during which time she could cover a distance of about 
13,500 knots. 

As will be seen from the profile, the after deadwood is 
cut away, and a large balance rudder is provided, imme- 
diately in front of which also the deadwood is removed. 
These features will, I anticipate, give the vessel good 
manceuvring power, and from the trial already made there 
is no doubt that this has been secured. 








Western AUSTRALIAN CoAL.—A trial of Irwin coal has 
been made by the Western Australian Railway Depart- 
ment. The locomotive superintendent reports that the 
trial was satisfactory, an engine drawing its maximum 
load up steep gradients without difficulty, and maintain- 
ing a high speed. The coal gave out great heat with little 
ash, the average consumption per mile being 2} 1b. in 
excess of Newcastle coal. The Western Australian Com- 
missioner of Railways has expressed his readiness to use 
the coal if it can be obtained at a reasonable price. 
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THE new Greenock and Gourock Railway, con- 
structed by the Caledonian Railway Company, and 
which we have described and illustrated in recent issues, 
was, as we stated in our introductory article, intended 
to give the company a more advantageous connection 
with the Clyde seaboard than they formerly had, and 
to place them ina position to secure a share of the 
Clyde coasting traffic compatible with their position 
amongst local railway companies. The directors of the 
company determined to make this all the more certain 
by having vessels running exclusively to and from Gou- 
rock and the coast, and in the present session of Parlia- 
ment a Bill was promoted to give them power, inter 
alia, to construct or purchase several vessels for trading 
on the Firth of Clyde. This Bill, however, was lost, 
so that the Caledonian Company must look toa private 
company to carry out theiridea, Captain Williamson, 
who has managed the Ivanhoe so successfully in recent 
years, has, on behalf of a company, purchased two 
vessels and has had them overhauled ; and is having 
two others built, with the express purpose of running 
them direct from the Gourock pier to places on the 
Firth of Clyde and the lochs. Above we give illus- 
trations of the two new boats named Galatea and 
Caledonia, being built respectively by Messrs. Caird 
and Co., Limited, Gusedask. and Messrs. John Reid 
and Co., Port-Glasgow. 

The vessel being built by Messrs, John Reid and 
Co., Port-Glasgow, is to be named Caledonia. She 
is 200 ft. long, 22ft. breadth moulded, and 7 ft. 9in. 
depth, The draught, when in trading condition, is to 
be 4 ft. 3in. She has an elliptical stern and straight 
stem. The hull is divided by five water-tight bulk- 
heads, one compartment being taken up with engines 
and boilers. The vessel has three decks. The prome- 
nade extends for the greater part of the length of the 
vessel (155 ft.) and for the whole width is laid with 
yellow pine boards. On it there is the purser’s office 
and over it ee, and steering platform. The first- 


class saloon, which is aft, is 50 ft. long by 21 ft. broad, 

and is to be furnished as a drawing-room. Light is 
rovided from rectangular windows along either side. |is under the main deck. The first a 

The upholstery is very handsome, the sofas, &c., bein 

in crimson Utrecht velvet, while the tables are avatel 





THE ‘‘GALATEA,” CONSTRUCTED BY MESSRS. 





with rich wool bordered with silk. The windows 
have handsome blinds. The ceilings and panels are 
lined with lincrusta, and the general effect is enriched 
by Brussels carpets. The second-class saloon, which 


Dining accommodation is provided in a saloon on the 
lower deck. The captain and crew are apportioned 
convenient accommodation. 


and Blackmore, Greenock, with fixed diagonal tandem 
compound surface-condensing engines, having cylinders 
30 in. and 54 in, in diameter respectively. Steam is to 
be supplied from two steel boilers of the Navy type 
working to a pressure of 90 lb. to the square inch. 
The power to be developed is to be sufficient to give 
the vessel a speed of 164 knots per hour, As we hope 
to illustrate these engines also it is not necessary to 
deal further with them at present. 

The Galatea, as will be seen from the illustra- 
tions, is the larger of the two vessels. She is 230 ft. 
on the load water-line, 25 ft. breadth moulded, 
and 8 ft. depth moulded, and her draught in sailing 
trim is to be 4 ft. 6 in. The vessel is of very hand- 
some model and is intended to steam at 174 knots 
per hour, She has a straight stem and elliptic stern. 

he promenade is about 175 ft. long, and extends 
the whole width of the steamer. It is laid with 
yellow pine boards 3 in. broad and the full breadth 
of thedeck. The bridge between the paddle-boxes is 
large and has a steering platform from which steam 
steering gear will be manipulated. Under the bridge 


ships and fitted up with sofa bed and the usual office 
furniture. The look-out bridge is carried on two 
inverted angle-irons. On the main deck aft there is a 
saloon 60 ft. long and extending the whole width of the 
vessel, furnished like that of the Caledonia. Off the 
lobby of this saloon is a ladies’ boudoir appropriately 
furnished. A smoking saloon is also provided. For- 
ward of the machinery space there is a large second- 








saloon is 
aft and is 50 ft. long, room being provided for sixty 
at one setting. The second-class saloon is 25 ft. long 


CONSTRUCTED BY MESSRS. JOHN REID AND CO., PORT-GLASGOW, 


CAIRD AND CO., LIMITED, 


is forward the machinery and boilers, is 20 ft. long. | 


The Caledonia is to be fitted by Messrs. Rankine | 


is the purser’s house and ticket office, placed amid- | 


|class saloon 40 ft. long. The dining accommodation | 





















GREENOCK, 


and is fitted in yellow pine. On the same deck, 
forward, the chief steward’s cabin is situated, as also 
the pantries and steward’s quarters, while the other 
members of the crew are accommodated in the fore- 
castle forward of the second-class dining saloon. The 
lavatories and storerooms areas usual on the sponsons. 
The general fittings include a good arrangement of 
| pneumatic bells. 

The engines are of the fixed diagonal compound 
surface-condensing type, with cylinders 34 in. and 
64in. in diameter. Steam is to be generated in four 
horizontal steel boilers to work toa pressure of 1101b. 
,to the square inch, The machinery and boilers are in 

a separate water-tight compartment. We hope to 
illustrate and fully describe the engines in an early 
issue. 
| As already indicated, two vessels have been pur- 
chased to maintain the service in conjunction with the 
| new steamers. One of them is the Madge Wildfire, 
| built in 1886 by Messrs. M‘Knight and Co., Ayr, and 
formerly owned by Capt. R. Campbell. She is built of 
steel and is 30 tons net and 210 tons gross. Her length 
is 190 ft., breadth 20 ft., and depth 7 ft. 4 in. She 
has a promenade deck with main deck saloon, being in 
| general features similar to the Meg Merrilies, the 
other vessel. Her engines, which are of the surface- 
condensing type, were constructed by Messrs. Hutson 
and Corbett, Kelvinhaugh, Glasgow. The cylinder is 
49 in, in diameter, and is adapted to a stroke of 0 in. 
The nominal horse-power developed is 95. This vessel 
is being thoroughly overhauled. 

The other vessel is the Meg Merrilies, a well-known 
Clyde passenger steamer. She was built in 1883, and 
is 19 tons net and 241 tons gross, her length being 
210.3 ft., breadth 21.4 ft., and depth 7.2 ft. The 
builders—Messrs. Barclay, Curle, and Co., Whiteinch 
—also supplied her with surface-condensing engines 
with bam vt each 43 in, in diameter and a stroke of 

/60 in. The nominal horse-power is 205. 





Water In Sours Avstratia.—An abundant supply of 
ae water has been struck by an artesian bore at illiam 

reek, two miles south of the William Spring (South 
Australia) at a depth of 350 ft. 
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PRIVATE BILLS v. CONCESSIONS. 

In this country engineers and promoters groan 
under the delays, trouble, and outlays involved by 
Government and official routine, and not infre- 
quently think, with envy, of free and republican 
countries, where the bonds of red tape have been 
burst asunder, and liberty, equality, and fraternity 
combine to secure freedom of action, promptness of 
execution, and economy of procedure. To such we 
commend the history of a French tramway scheme, 
as related in the French press by Dr. A. Blatin, 
the well-known and highly-respected Deputy for 
the Puy-de-Dome. It exemplifies how, even ina 
republic, to quote Dr. Blatin’s words, ‘‘tc what a 
degree we are in leading strings, under what insup- 
portable control we are obliged to live, harassed by 
the Bureaucracy of Paris, which is as powerful as it 
is irresponsible.” The tramway, which serves as an 
illustration of the way in which these things are 
managed in France, was one between Clermont and 
Royat, and wasa scheme of undoubted utility, even 
when it was first proposed, in 1876, when the 
Mekarski Compressed Air Engine Company applied 
for a concession to construct the said tramway. The 
following April the prefect decided to nominate a 
commission to inquire into the scheme. There the 
matter stopped till August 22, 1878, when the 
Mekarski Company, hearing nothing further, made 
a new application. On April 24, 1879, the General 
Council gave at length a favourable reply, and in 
the following September the prefect, who evi- 
dently does not do things in haste, forwarded the 
matter to the Minister of Public Works. Thus it 
took three years to overcome the apathy of the local 
authorities, and to enable them to make up their 
minds that the project would be advantageous to 
the neighbourhood, The capital had been ready in 
the first instance, and all that was needed was 
that the central authorities should countersign 
the decision of those on the spot, apparently a 
The minister was certainly 
not as dilatory as his subordinate, for in less than 
five weeks he wrote in reply. Not, however, to 
give his consent but to demand the acceptance 
of some very onerous conditions by the promotors of 
the scheme, as the price of the sanction of the 
Council of Bridges which sits in Paris. He returned 
the papers for further inquiry. On the 8th of 
December the prefect remitted them back again 
with a letter from M. Mekarski, backed by the 
opinion of the engineer of the department, to the 
effect that the ministerial requirements would pre- 
vent the carrying out of the enterprise. After a 
month’s deliberation these demands were there- 
fore withdrawn, and the papers again returned 
On the 10th of March the prefect was able to 
send the results of the inquiry, and apparently the 
affair had entered on its last stage. Here it re- 
mained ‘quiescent until June 12, 1880, when all 
the papers came back from Paris, with a demand 
for a few more particulars of no importance. 
Before the end of the month the required informa- 
tion was obtained and the papers made their 
seventh journey between the capital and Clermont, 
They then passed the Council of State, and the 
minister only waited the deposit of the caution 
money before appending his signature. But un- 
fortunately in the four years in which the autho- 





rities had been playing battledore and shuttle- 
cock with the scheme, pitching it backwards and 
forwards between the capital and the province, 
M. Mekarski’s moneyed friends had grown tired of 
waiting, and had sought other investments, so that 
when the long deferred acquiescence was given, 
the necessary funds were not forthcoming. Ac- 
cordingly on July 7, 1881, the minister pronounced 
the concession to be forfeited, and returned the 
papers. 

The prospects of the inhabitants of Clermont and 
Royat having an easy means of communication 
slumbered for some time, but in June, 1882, M. 
Demerbe, the Belgian constructor, requested to 
be allowed to take the place of M. Mekarski. 
On November 18, the prefect forwarded to the 
minister the well-worn papers, with a new esti- 
mate and an additional report demanded by the 
Council of Bridges. The following month the 
minister wrote that, as M. Demerbe proposed to 
replace the compressed air machinery by steam 
machinery, emitting neither noise nor smoke, it 
would be necessary to recommence the entire 
inquiry, and he therefore returned the papers. It 
took seven months to put the documents into 
proper form, and on August 2, 1883, they returned 
to Paris. Here they stayed until November, when 
they were sent back with a demand from the Council 
of Bridges for another inquiry. This inquiry and 
the subsequent report kept the affair alive till 
March 13, 1884, when for the thirteenth time the 
papers travelled through the post. In May the 
minister wrote to the prefect that the Council of 
Bridges, having well considered the question, pre- 
ferred horse traction to that of mechanical power, 
and with his letter he returned the papers, accord- 
ing to custom. To this the prefect replied, stating 
that the department and the town of Clermont 
would not have horse traction at any price. After 
seven months’ consideration (February 28, 1885) the 
minister withdrew his suggestion, and demanded 
the payment of the caution money. But in the in- 
terval M. Demerbe had been looking in other direc- 
tions for opportunities, and, in reply, he wrote, 
stating that the administrative proceedings had 
been so slow that he had employed the capital and 
materials which he had intended for Clermont, in 
the establishment of a tramway at Athens, which 
was then in full operation. On March 16, 1886, 
M. Demerbe was declared in default, and for the 
sixteenth time the papers were committed to the 
post, and sent to the prefect. 

Yet another contractor came forward to brave 
the delays of the central administration. On 
June 15, 1887, M. Claret, of Lyons, asked to be 
allowed to take up the defunct concession, and the 
journeys of the documents recommenced, after 
50,000 francs of caution money had been deposited. 
They were returned for the signature of the new 
concessionaire to be affixed to some of them from 
which it had been omitted, and by this time all the 
devices of the red tape office seem to have been ex- 
hausted, for on January 27, 1888, the decree was 
signed by the President of the Republic. 

No doubt the contractor thought that when he 
had got the equivalent of our royal assent, his 
preliminary difficulties were at an end, and that he 
could get to work. But he had counted without 
the Council of Bridges, who, on February 21, 1888, 
declared that M. Claret must submit new plans. 
In compliance with this request fresh drawings were 
sent, but on April 14 the authorities objected to 
them as incomplete. Additions were made. On 
August 21 the prefect sent to the minister the com- 
pleted documents, and finally in the present year 
the project was definitely approved, and the works 
were commenced. Thirteen years had been spent, 
and the papers had made twenty-two journeys back- 
wards and forwards, and during all this time the 
inhabitants of the district had been waiting for the 
promised accommodation. 

Our own method of procedure, by means of 
private Acts of Parliament, has called forth many 
a hearty malediction from engineers and contractors. 
But with all its faults, and they are not few, it is 
perfectly blissful as compared with the worries of 
obtaining such a concession in France. In the first 
place, it is fairly expeditious, twelve months sees a 
project either approved or rejected, except in the 
extreme instance of Parliament being unexpectedly 
dissolved. Again, there is no feeling that personal 
influence of the backstairs order may be working 
against the applicants. The chairman of the com- 
mittee may seem to be prejudiced and impracti- 
cable—that is a very common experience—but at 
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any rate he is visible during the whole of the in- 
quiry, and counsel can use arguments to remove his 
objections. Opposition is met face to face, and 
both parties stand on the same level. Even if 
an official body, such as the Board of Trade, 
raises objections, it has to support them by 
evidence. It cannot throw its baton of office 
into the scale to make up for the want of weight 
in its arguments. As compared with the French 
system, our plan has the merits of expedi- 
tion and judicial impartiality. Buton the other 
hand it is terribly expensive ; the pedantic jealousy 
of the two Houses which obliges applicants to go 
through a double inquiry, with a two-fold chance of 
defeat, is a severe tax on the industry of the 
country. As regards the outlying parts of the 
kingdom, the cost of bringing witnesses to London, 
and keeping them there in readiness for the case 
being called on, is a very serious matter, and one 
which cannot be tolerated much longer. Local in- 
quiries area form of home rule which must be con- 
ceded before long, not only to Ireland, but also to 
Scotlandand Wales. The defects of oursystem are, 
however, matters of detail, and do not touch the 
principle, which is that the decision in matters 
- claiming to be of public utility is in the hands of 
committees of members of the Legislature—men 
who are perfectly free from all official traditions, 
and at the same time well versed in the conduct of 
business. Such a principle of action is well worth 
paying for, for it provides a complete safeguard 
against favouritism and corruption. When the 
decision is left in the hands of a minister, it is 
really confided to a permanent official, who may or 
may not be capable, and who is always more or less 
fettered by red tape. We are proud to think that 
in this country the offering of bribes to public 
servants is regarded as a hopeless undertaking, but 
it is certain that such practices are not unknown in 
other lands, and that apparently cheap methods of 
procedure are often really far dearer than they 
appear on the face. 

No doubt the case of the Clermont-Royat tram- 
way is a peculiarly bad example of the French 
system of procedure by concessions, but as far as 
we know it is free from one blemish which many 
concessions are marked with. We refer to the 
purchase of the goodwill of the local authorities 
by the offer of a share of the profits. In this 
way the interests of the public, which should form a 
prominent feature in all schemes carried out by 
legislative authority, become secondary to financial 
considerations. In the case of French gas com- 
panies, for instance, it is usual for what is prac- 
tically a tax to be levied on every foot sold. 
Hence the Municipality has an interest in increasing 
the quantity of gas used, while the poorer the quality 
the better it is for the local coffers. At the same 
time the price has to be raised to the consumer, and 
the active man of business, who brings prosperity 
to the town, is taxed more heavily than his less 
energetic neighbour. We lately saw the terms of 
a concession for providing electric light which con- 
tained a clause of this kind, and in return the con- 
cessionaire was allowed to charge a price for the 
current equivalent to 17s. 6d. per 1000 ft. of gas. 
The expenses of a private Bill, heavy as they are, 
are wiped out in a few years, while the cheap 
French system often loads an undertaking with a 
perpetual annuity, which, if capitalised, would 
represent an enormous sum. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tne general meeting of this Institution is being 
held this week, having commenced on Wednesday, 
the Ist inst., being continued yesterday evening, 
and concluding to-day. The programme was nota 
very extensive one, consisting simply of the Presi- 
dent’s address, a report of one of the Research 
Committees, and a single paper; but its importance 
is not to be judged by the number of items. Pres- 
sure on our space in consequence of Paris Exhibition 
matters will prevent us from dealing adequately with 
the proceedings this week, but we shall return to the 
subject more in detail in our next issue. 

On the members assembling on Wednesday even- 
ing in the theatre of the Institution of Civil Engi- 
neers, Mr. Charles Cochrane, the President, took 
the chair, and the usual formal proceedings were 
gone through ; after which Mr. Cochrane proceeded 
to read his address. As we intend shortly to print 
this in full we need not refer to it here further than 
to say that it was listened to with great attention 








by the meeting, and indeed there could hardly have 
been any present who did not find some point of 
interest in a discourse covering so much ground— 
ranging in real fact from China to Peru. 

The thanks of the meeting having been duly 
passed and recorded, the next business was the 
reading of Professor Alexander B. W. Kennedy's 
report as chairman of the Research Committee on 
Marine Engine Trials, in which he dealt with 
the experiments made with the Meteor, a steam- 
ship belonging to the London and Edinburgh Ship- 
ping Company, and built and engined by Messrs. 
J. and G. Thomson, of Clydebank. Before the 
paper was read the names of the Committee were 
read out as follows: Professor Alexander B. W. 
Kennedy, F.R.S., chairman; William Anderson ; 
Walter Brock; Horace Darwin; Bryan Donkin, 
Jun.; John Dunlop; Frederick Edwards; R. E. 
Froude; A. C. Kirk, LL.D. ; John List ; Michael 
Longridge ; J. G. Mair; William H. Maw; William 
Parker; A. E. Seaton ; Richard Sennett; Archi- 
bald Thomson ; Professor W. C. Unwin, F.R.S. ; 
W. H. White, F.R.S. 

We shall at an early date print this paper in full, 
it being one of especial interest to marine engineers. 
The report referred to the first of the tests made 
by the Committee, other trials being arranged for. 
We have, ona previous occasion, spoken of the great 
value to the engineering world of these Research 
Committees, and the one under consideration will 
compare favourably with those that have preceded 
it. The trial of steamship machinery on a large 
scale is certainly one of the most difficult, if not the 
most difficult problem a committee could attack. 
This does not arise from any subtleties that are in- 
volved in the problems to be worked out so much 
as the magnitude of the objects subject to test. It 
is largely a question of expense ; for instance, in 
the present case the Meteor, the vessel operated 
upon by the Committee, is 2090 tons displacement, 
the engines indicating over 3000 horse-power. It 
is evident that machinery of such magnitude 
cannot be dealt with in the same manner as 
smaller engines, and for this reason the manu- 
facturer of, say, portable engines, will always be 
at an advantage over the designer of marine en- 
gines. The question of cost is the chief difficulty, 
for it is evident that the expense of hiring a large 
vessel expressly for the purpose of trial would be 
beyond the means of any ordinary institution or 
society. Under these circumstances, it is satisfac- 
tory to hear from Professor Kennedy that it is 
possible to make engine trials which will contain 
data of a scientific character from a vessel running 
in her ordinary vocation. Hitherto marine engi- 
neers have been chiefly dependent on the experi- 
ments made in the United States on the Navy vessels 
Bache, Rush, and Gallatin*, these being carried out 
in 1874, and being, it is needless to say, now some- 
what obsolete. A feature about the present report 
is the skilful manner in which the results of the trial 
are presented in a graphic form, by which the work 
of comparison of results is greatly facilitated. The 
discussion of the report was commenced on Wed- 
nesday evening, and was then adjourned until 
yesterday. We shall deal fully with the remarks of 
the various speakers in our next issue. 





THE WEATHER OF APRIL, 1889. 

Tue weather of April in the British Islands has 
been changeable, the winds variable, the tempera- 
ture slightly colder than the average, and the rain 
small in quantity, though it fell on many days. 
The mean pressure and temperature of the atmo- 
sphere at extreme positions to which the Isle of Man 
is central, were as follows: 
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| _ Mean Difference Difference 
Positions. | pressure. from Normal. Tempera- from Normal. 

in, in. | deg. deg. 

North 29.74 below 0.10 43 nil, 
South 29.77 | ” 18 47 below 3 
West O75... | \- go Sr ee “ie. | 
East as |) ss 19 | 44 oe ee 
Central 2078 | » | 6 » 1 








The distribution of rainfall in frequency and 
amount may be roughly inferred from the Table in 
the next column. 

More than the amount of rain due for the whole 
month occurred in a single day at some places. 
Thus on the 8th, 2.09 in. were measured at Church- 





"* See ENGINEERING, vol. xix., pages 14 and 129, and 
vol, xxi., page 121, 





stoke, 1.90 in. at Hereford, 1.56 in. at Ross. 
Worcestershire reported floods on the 12th. How- 
ever, at the given positions it is evident the rainfall 
of the month was deficient, except in the east of 
England, where the usual quantity fell, and many 
days were wet. The atmospheric pressure was low 
and uniformly distributed, indicative of a quiet 
state of the air. The daily general directions 
of the winds over these islands give a very 
feeble resultant from S.W., due to the fresh 








| Difference 
Places. Rainy Days. | Amount. ltroms ‘Nowmal: 

in. in, 
Sumburgh .. 18 1.04 1.12 less 
Scilly .. 15 1.40 05: 
Valencia 18 2.58 tae 
Ireland 23 1,88 0.08 more 
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winds having blown from this direction. Thunder- 
storms, or lightning and thunder, were very frequent, 
chiefly in England. The highest temperature, 
68 deg., was reported at Cullompton, on the 20th ; 
the lowest, 25 deg., at Nairn, on the 15th. The 
barometrical pressure was greatest, 30.3 in., on the 
19th ; least, 29.1 in., on the 4th. Over and around 
London, on the 10th, the air was surcharged with 
moisture, rain and dense fog resulted, the fog 
from 11 4.M. to 2 P.M. being as black as the 
darkest night. The next day continued the 
damp and rain, and a similar fog occurred 
from 10 to ll a.m. The 18th, 20th, 22nd, 24th, 
and 29th were generally fine. The weather nota- 
tions show that clear days ranged between 5 in 
the south and west, and 2 in the north and east, 
overcast between 19 in the north and east and 11 in 
the south district. During the four weeks ending the 
29th, the duration of bright sunshine, estimated in 
percentage of its possible amount, was for the 
United Kingdom 25, the Channel Isles 38, south, 
west England 36, south Ireland 31, west Scotland 
27, north Scotlandand north-west and south England 
25, north Ireland 24, central and east England 22, 
north-east England and east Scotland 20. 











THE AMERICAN INSTITUTE OF 
MINING ENGINEERS. 
(From our New York CorREsPonpDeEnNT.) 

As your correspondent is a native of New York 
City, where the last meeting of the Institute of 
Mining Engineers was held, it does not become 
him to praise his ‘‘ native heath” any further than 
to remark that New York sustained her reputation 
throughout the meeting for hospitality and cordial 
welcome. The city looked its best, and that is 
saying a great deal, for New York with her magni- 
ficent harbour and that beautiful gate to the ocean, 
known as the ‘‘ Narrows,” has not her equal in 
the world. Many Americans say that the Bay of 
Naples does not equal New York bay, although it 
reminds them of it. The shores of Staten Island, 
and of Long Island sloping gradually to the water, 
with their backgrounds of hills, and the few small 
islands dotting the harbour ; the statue of Liberty, 
and the distant view of the Brooklyn Bridge, form a 
spectacle of beauty which appeals at once to the 
heart of every lover of nature and of art, so that 
the American who asked Mr. Max O’Rell, as the 
steamer made fast to the dock, what were his 
impressions of America, was not so very far out of 
the way. Mr. O’Rell ought to have had some im- 
pressions of the country already from gazing at it 
through the open doorway to the sea. But this does 
not directly appertain to the Mining Engineers, at 
the same time, it gives an idea of their surroundings, 
distant, perhaps, but still ‘‘ surroundings.” 

Mayor Grant, who has just been installed in New 
York City, should have welcomed the visitors, but 
he was unable to be present, and the duty fell to Mr. 
Andrew Carnegie, who performed the task with his 
usual ability. 

The present writer, however, took exception to 
one of his statements, which was to the effect 
that the capitalist had to defer to the engineer, 
and to humbly ask of him to please to show him 
how he could invest his money to the best advan- 
tage. This may be the modern way, and if so, it 
only proves how rapidly we are approaching the 
millennium; but when your correspondent was a 
young engineer, one-half of the time of the 
members of the profession was spent in looking for 
the means of getting enough to pay their way, and 
a portion of the balance in a discussion as to how 
much the capitalist could get for the least pos- 





sible expenditure. The writer was once engineer, 
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superintendent, bookkeeper and sales agent for a 
mine, and after two years of the hardest kind of 
work and the lightest kind of living, returned to 
New York City with 200 dols. as the result, this 
amount being quickly spent in looking for a new 
field of enterprise. Nor did the capitalist in this 
instance take off his hat and ask how he could 
best invest his money; not at all, his money was 
already invested before the writer came on the field, 
and what the capitalist wanted to know was how 
he could get it out. It might be added that this 
problem is still unsolved, and is now some twenty 
years old, so if any of ENGINEERING’s readers wish 
to undertake its solution it is probably at their 
disposal. 

Professor W. B. Potter, the President of the Insti- 
tute, made his annual address; but he seemed to 
be somewhat fearful the Institute would have too 
good a time, for he proceeded to tell them that 
they must discuss and not ‘‘ junket.” They 
have heard this before, and still they do as they 
used to do. The genial secretary once said, in 
speaking of qualifications for membership, that the 
neophyte must be willing to read the papers issued 
by the Publication Committee, whereupon he was 
told this test was more severe than any imposed by 
a scientific body; but Professor Potter’s idea is 
more stringent in its application, he must not only 
read them, but discuss them. There is only one 
more test which occurs to the writer; had the task 
of explaining them been added, it would no doubt 
be a complete bar to future membership. These 
ideas of an assemblage for discussion may, perhaps, 
be all very well in moderation, but all the advo- 
cates of this plan fail to remember what a wonder- 
ful educator or suggestor of ideas a visit to an 
establishment of standing is. A man of observa- 
tion learns two things there, one is what to imitate, 
and the other is what to avoid. Both of these 
are of great importance. Again, a quiet talk, 
perhaps, for five minutes with some of the distin- 
guished members of the profession, may prove of 
more value to the inquirer than five years’ transac- 
tions, and, perhaps, ten years’ discussions. Again, 
a trip like the one undertaken through Alabama 
last spring, will enlarge a man’s ideas to a wonder- 
ful extent. 

Dr. Raymond then read a biography of Mr. E. C. 
Schaufuss, who was killed by an explosion of fire- 
damp in one of the Wyoming Valley mines during 
asurvey. This was followed by a paper by Dr. Ray- 
mond on ‘‘ End Lines and Side Lines,” and was an 
arraignment of the defective laws, ‘‘irrational” he 
characterised them, of the United States. The 
‘* square location” is the remedy to be applied, since 
by this the miner not only holds all the surface 
within his patented boundary lines, but also all 
minerals below within these limits. The doctor 
failed to explain the Chinese side of this, since 
there would undoubtedly arise an international 
question as to the true centre of the earth, 
whether it should be the centre of gravity 
or the centre of mass. This being, however, 
rather remote in its application, the doctor un- 
doubtedly intends to leave it for future considera- 
tion. 

Sprratty WELDED TUBEs. 

The next day (February 20) the engineers started 
early in a special train for the Sovereign State of 
New Jersey, to visit the Spiral Weld Tube Works 
of Mr. Jas. C. Bayles, already described in Enat- 
NEERING, May 18, 1888 (see vol. xlv., page 475), 
in a paper read by that gentleman at the Scranton 
meeting of the Mechanical Engineers. The machi- 
nery at that time was running on two sizes of pipes, 
a large and a small size. The general process of the 
spiral making these welded tubes is as follows : 

Take a strip of steel with a tensile strength of 
65,000 Ib. per square inch, roll it similar to a 
paper lamp-lighter, and weld it as rolled by means 
of a gas flame and a light hammer, striking 250 
blows to the minute. The heating furnace heats 
both edges some inches ahead of the hammer, and 
the result is a long tube of 4in., Gin., 8in. or 
10 in. in diameter. New machines in process of 
construction will make tubes from 12 in. to 30 in. 
The rate of manufacture is about 1 ft. per minute, 
and the lengths run about 30 ft., although one of 
44} ft. hasbeen made. Under hydraulic pressure a 
10-in. pipe resisted 850 lb. per square inch. Great 
strength (consistent with light weight) are the 
claims made for this process, and the following 
statement shows the extent of such claim; it is 
taken from Mr. Bayles’ lecture at the Franklin 
Institute : 








‘*The strengths attainable in light pipe, if the 
material is used to the best advantage, are quite 
surprising. A Gin. pipe, made of No, 14 gauge 
iron of good average quality, showing under test 
33,000 lb. elastic limit and 50,000 lb. ultimate 
strength, has a proof strength of 913 1b. per square 
inch, and an ultimate strength of 1383 lb. per 
square inch. A 12-in. pipe of the same stock has 
a proof strength of 456 lb. and an_ ultimate 
strength of 691 lb. If a good grade of soft steel is 
used instead of iron, the 6-in. pipe will carry 
1106 lb. pressure without deformation, and will not 
burst under 1800 lb. ; the 12-in. pipe can be tested 
to 475 lb., and will carry 900 lb. without fracture. 
This is very practical pipe. Using the same dia- 
meters and gauges of stock for comparison, we find 
that the 6-in. spirally-welded pipe weighs 5.2 lb. 
per foot against 18.77 lb. per foot for standard lap- 
welded pipe, and 28.28 lb. for medium cast-iron 
pipe; the 12-in. spirally-welded pipe weighs 
10.46 lb. against 54.65 1b. for lap-welded, and 77.36 
for medium cast-iron. 

“‘Owing to its superior advantages, we shall use 
steel exclusively in future. It is 25 per cent. 
stronger than good iron, works better, and costs less 
per pound.” 


Tue Epison LABORATORY. 


The visitors were greatly pleased with the visit 
to the tube works, and afterwards went to the 
famous laboratory of Mr. Thus. A. Edison, whose 
name is so well known on both sides of the 
Atlantic, as an electrician, investigator, and dis- 
coverer. And yet how few people know Mr. 
Edison as he really is. His name has been given 
to all sorts of inventions, some of which he never 
heard of, and unscrupulous adventurers have 
flocked to him by the score, endeavouring to use 
him and his reputation to ‘‘boom” stock in all 
sorts of questionable devices and schemes to coax a 
dollar from an unsuspecting and unwary public. 
So great has this pest become that Mr. Edison has 
had to deny himself to almost every one, to put a 
lock on the laboratory gate, and a custodian to keep 
out the army of frauds. The writer having lived in 
Orange for many years, has had frequent opportuni- 
ties of seeing Mr. Edison at his home, and, as it 
were, off duty, if such a genius can ever be said to be 
‘¢ off duty,” and can contrast the simple, earnest, and 
patient investigator with the popular idea of Mr. 
Edison. A man kindly disposed toward every one, 
with his whole mind absorbed in the subject he is 
pursuing, is readily made use of by those who have 
gained his confidence, and if, as in many instances, 
they proved to be mere adventurers, it was Mr. 
Edison who suffered and not they. It has taken some 
years to disabuse the great inventor of the idea 
that these were his worst enemies, and now he has 
actually surrounded himself with a body guard to 
keep them off. It is only necessary to know Mr. 
Edison to see, at once, that he is personally in- 
capable of wronging any one. Your correspondent 
has dilated on these matters somewhat, since he is 
well aware that a false impression of the great 
inventor has gone abroad and obtained credence, 
more especially in England. Mr. Edison does not 
spend his time in inventing a patent combination hog 
back-scratcher and ladies’ crimping pin apparatus, 
nor in compounding elixirs for curing all diseases 
of the flesh, and setting up a man in an established 
business simply by one application, but he will 
patiently work for 48 hours on a stretch locked up 
in his room, with an opening in the door for food 
to be put in, to find out what substance will best 
transmit the delicate vibrations in a phonograph, 
or allow the electric current to pass the least re- 
sistance. These 48-hour investigations are no 
unusual occurrence, they happen weekly, and 
sometimes semi-weekly, and unless Mr. Edison had 
been blessed with a most vigorous constitution he 
could never endure such a strain. After this little 
sketch of the man, it would be in order to describe 
the scene of his labours, viz., the laboratory which 
the party had come to visit, were it not that such a 
description would extend this article to undue limits, 
and will therefore be dealt with separately. 


(To be continued). 





CANADIAN RAILWays.—The Grand Trunk Railway Com- 
pany of Canada has decided to support the construction 
of a line between Uttawa and Vandreuil. Agents of the 
Canadian Pacific Railway have been purchasing a right 
of way through Chatham for a western extension. It is 
rumoured in Quebec that a through line from the Sault 
to Quebec is to be built under Northern Pacific auspices, 








NOTES. 
European NAvIiEs. 

Tue French Government has ordered two cruisers 
of 5000 tons each from the Loire Workshops and 
Shipbuilding Company. Five torpedo boats are 
also to be built for the French Admiralty by the 
Chantiers de la Gironde ; five more by the 
Chantiers de la Méditerranée ; and five more by 
M. Normand, of Havre. The French arsenal at 
Lorient is to build two torpedo despatch boats this 
year ; these craft are to be named the Leger and 
the Levrier respectively. A cruiser is further to 
be commenced at the Toulon arsenal. The 
German Admiralty has ordered ten torpedo boats 
from the Schichau Works at Elbing ; these torpedo 
boats are to work up to 1500 horse-power each, and 
they are to steam at the rate of 23 knots per hour. 
The Russian Admiralty is about to commence an 
ironclad of 9000 tons burthen and two cruisers each 
of 6000 tons burthen upon the banks of the Neva. 
The Nibbio, a torpedo boat constructed at Schichau 
for the Italian Government, is stated to have 
attained a speed of 26 knots per hour, with 144 
tons of coal on board. Her displacement is 130 
tons. 


Tue Exvecrric Licutine Inquiry. 

On the resumption of this inquiry after Easter 
on Wednesday, the 24th ult., Mr. Brown Martin, 
one of the directors of the Westminster Electric 
Supply Corporation, was examined. This com- 
pany proposes to light the parishes of St. Margaret, 
St. John the Evangelist, and St. George’s, Hanover- 
square, their capital being 100,000/. The system 
proposed was the continuous current with ac- 
cumulators, and the capital cost was estimated at 
353. per light, a sum which included the cost 
of the mains, batteries, dynamos, land and build- 
ings. Several witnesses were examined in support 
of this application, but later in the day it was 
withdrawn, as was also the application of the 
House-to-House Company for the same district. 
The application of the St. James’s and Pall Mall 
Electric Light Company was next considered. This 
company propose to use direct currents on the 
three-wire system, but batteries are also to be 
used. The remainder of the sitting and a good 
proportion of the time of succeeding ones, was 
spent in hearing the objections of the vestries of 
different districts to the applications which affected 
them. After these had been heard, the application 
of the Kensington and Knightsbridge Company was 
taken up, Mr. Wallace replying to the objec- 
tions raised by the vestries, and then Mr. Shire 
Wills, Q.C., answered objections raised in a 
similar way against the House-to-House Com- 
pany. Mr, Moulton, Q.C., next spoke on behalf 
of the Electric Power Storage Company, urging 
that the Board of Trade should give the companies 
reasonable sized areas to work in, so that they 
should have a local character. As to certain ques- 
tions which had been raised concerning the capital 
of the company he represented, he contended that it 
was an act of wisdom on the part of this company for 
them not to have the capital subscribed before they 
got the provisional order, as if things turned out 
unfavourably they would be spared the expense of 
returning it. 


A New Fatrrievp Fast Artantic Liner. 

The famous Fairfield Shipbuilding Company at 
Glasgow are, according to our advices from Ham- 
burg, to again place before the naval world a vessel 
which will maintain their reputation against the 
new competitors. Whether this new move is to be 
regarded as an indication of the belief of the com- 
pany as to the probability of the Cunarders being 
beaten at an early date, or is only the outcome of 
the desire on the part of another Atlantic company 
to possess a ‘‘ greyhound,” it is needless to inquire. 
Certain it is that after many consultations in Ham- 
burg between the designers of the well-known ship- 
building company and of a Hamburg steam packet 
company, a vessel has been designed and the con- 
tract placed at Fairfield. In some respects the 
new vessel will be unlike the Cunarders, but in 
others, and particularly in dimensions, she will re- 
semble these successful steamers. She will be pro- 
pelled by twin screws, made of manganese bronze, 
and according to present intentions of small dia- 
meter. The engines will be of the triple-expansion 


type, but the dimensions and the arrangement of 
the cylinders have not yet been decided upon. 
The collective power of the two engines will, it is 
This is 


said, be 16,000 indicated horse-power. 
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very much less than the newer vessels now on the 
Atlantic, but it is 1500 indicated horse-power more 
than in the case of the Umbria and Etruria. There 
are to be nine double-ended boilers, possibly 16 ft. 
long by 17 ft. G in. in diameter, and there will be 
54 furnaces. The vessel, as we have said, will 
resemble the Umbria in size. Her length and beam 
will be the same, 520ft. by 57 ft., but her moulded 
depth will be 38 ft., which is 2 ft. less. She will 
have a straight stem and an elliptical stern, but 
her lines will be finer than in the case of the 
Cunard boats. She will be fore-and-aft rigged on 
three pole masts, and there will be three funnels. 
The only noteworthy feature of the internal arrange- 
ment of the hull is a double-bottom tank, con- 
structed on a novel system. There will be nine 
water-tight bulkheads and a longitudinal one sepa- 
rating the engines. The Hamburg people hope to 
have her by the beginning of next April, and their 
desire is that with a speed of between 20 and 21 
knots she will bring them well to the front. 


TriaAL Trip oF A New Rattway TRAIN. 


However much one may be familiar with the idea 
of a trial trip as applied to steam vessels, or indeed 
to locomotives, although the trials of these are little 
heard of, there is a decided novelty about a trial 
trip of a new and complete railway train, more 
especially when it has been through the deep ravines 
along the front of precipices, and over the heather- 
clad moorlands of the highlands of Scotland. The 
Caledonian Railway Company have just completed 
the first of a number of special trains which they 
are constructing for services between Glasgow and 
Oban, and for the new Gourock route, fully de- 
scribed by us in recent numbers, and an ofiicial trial 
of the new train was made on Saturday last. The 
locomotives for these trains are all new, and have 
been made at the company’s works at St. Rollox 
under the special supervision of the locomotive 
superintendent, Mr. Drummond. They are bogie 
engines, and have been specially designed for climb- 
ing steep inclines and going round quick curves. 
They have 18-in. cylinders, with a 26-in. stroke of 
piston. The coupled wheels are 5 ft. in diameter. 
The boiler pressure is 150 lb. per square inch. 
The engine on trial attained a speed of over 60 miles 
without difficulty. It is, however, in the design 
and arrangement of the carriages that the greater 
novelties are introduced. Each train consists of 
engine, one first-class and two brake third-class 
carriages, the total accommodation being 150 pas- 
sengers. Each carriage is placed on four-wheeled 
bogies, and the bogie centre is placed 2 in. 
nearer one pair of wheels than the other, in- 
stead of in the centre. The first-class carriage 
has eight compartments accommodating thirty-four 
passengers, two being coupé compartments with 
glazed fronts—a new feature in Scotch trains. 
Four of the compartments have lavatory accom- 
modation. The third-class carriages are 45 ft. 
long, and each contains six compartments giving 
accommodation to sixty passengers. The under- 
frames of the two classes of carriage are dupli- 
cates. The weight of the third-class bogie is 
19 tons, and of the first class, including water in 
tanks for lavatories, 22 tons. The train is lighted 
with Pintsch’s patent gas. A decided improvement 
has been effected in the arrangement for communi- 
cating with the guard. This is McNee’s system, 
by which a passenger desirous of securing the 
attention of the official in charge of the train, pulls 
a small knob placed above the window in each 
compartment. This action completes the electric 
circuit, disengages a small armature in the guard’s 
van, and blows a whistle which can be heard all 
over the train, and at the same time it brings into 
action a small disc on the outside of the compart- 
ment, so that the guard is able to see at once the 
whereabouts of the passenger calling for attention. 
The disc is coated with phosphorus paint to make 
it distinguishable at night. Once the disc is 
exhibited it cannot again be put in gear by a 
passenger. The train, of course, can only be 
stopped by the guard or driver. The method of 
ventilation of the smoking compartments is also an 
improvement. It is patented by Mr. John Ander- 
son, of the Callander and Oban Railway Company. 
The motion of the train causes the ventilator to act 
as an injector and ejector, so that there is an inward 
and outward current of air within 10 in. of the top, 
while at the same time there is no great commotion 
of air under that point. This method, which has 
been long on trial, has been found very satisfactory in 
replacing vitiated air. It is almost unnecessary to 








say that the carriages are well built, and beautifully 
finished internally and suitably upholstered. Six 
of these trains have been built for the Callander 
route to Oban—‘‘ the Charing Cross of the High- 
lands” —and trains of a like description, excepting 
the lavatory accommodation in the _ first-class 
carriages, will be put on the Gourock Railway when 
it is opened next month. 


New Sourn Wates and EncGiisH MacuInery. 


Another instance of the desire of the Australian 
colonies to adopt a protective policy against the 
mother country is reported, and in general terms 
the case exhibits the spirit of the crusade of the 
New South Wales people against British-built loco- 
motives. No one will object to healthy rivalry 
between the engineers and naval architects of the 
colonies and those at home, but the advisability of 
fostering the one, regardless of cost or efficiency, is 
open to criticism. And this is really the desire 
evinced in an agitation at present in progress in 
Melbourne. The Harbour Trust some time ago 
ordered dredgers from a well-known firm of ship- 
builders on the Clyde—Messrs. Simons and Co.— 
and the Trades Hall Council of the Australian port 
have made complaint and sent a deputation to the 
Premier, to remonstrate with him on’ the proceed- 
ings, and to request him to have the order given to 
the Glasgow builders cancelled. The question was 
taken up by the Government officials, and, of course, 
much correspondence followed, the Harbour Trust 
being called upon to explain why colonial firms 
were not asked for tenders. The Melbourne Har- 
bour Trust has made a bold and commendable stand, 
and in the report which they have issued they make 
it clear that neither sentiment nor popular outcry 
make them swerve from what they consider their 
proper course. The contracts, therefore, have not 
been cancelled. The statement, for instance, that 
it would be contrary to their Acts of Incorporation 
to permit the executive powers to be controlled or 
influenced by any irresponsible section of the public 
interested in special trades, is a good foundation on 
which to make a stand. The trustees, too, act from 
experience, which has taught them that local con- 
tracts for heavy machinery were seldom completed 
to specified time, and that in the matter of cost the 
home firms were preferable to those in the colonies. 
The trustees quote the case of the Government 
hopper dredger John Nimmo, constructed on the 
Yarra. Although the contract time was eighteen 
months, two and a half years expired before she was 
finished ; the cost to the Government was 51,000/., 
and even then the builder dropped a heavy sum on 
the ‘‘job,” while after all the dredging power is 
stated to be not equal to the Crocodile, built 
six years ago by Messrs. Simons. According to 
the report of the Harbour Trustees the latter 
vessel cost 22,700/., which is considerably less 
than half that of the John Nimmo. The dimen- 
sions are 150 ft. by 32 ft. by 10 ft., and the 
collective horse-power of the twin-screw engines is 
500 indicated horse-power. She can lift 500 tons 
per hour. She was delivered in Melbourne, too, 
three months over date. When the Crocodile was 
contracted for the colonial builders’ offers were 
45 per cent. higher than the prices quoted by home 
firms. In regard to efticiency one of the trustees 
states that the Crocodile can raise double the amount 
per hour of the John Nimmo. The trustees con- 
clude their report by saying that they wish to have 
as much as possible done in their town—if it were a 
mere matter of 25 percent. they might get the work 
done in the colony—but time is an essence of the 
contract, especially as the works of the port of Mel- 
bourne must be pushed on for the convenience of 
the shipping and to make the harbour safe for the 
large vessels that now come up tothe wharves and 
the much larger ones that berth at the piers at 
Melbourne and Williamstown in the bay. The 
Premier has got the report now. 





ANOTHER CABLE TRAMWAY FOR EpINBURGH.—Ground 
has just been broken in Edinburgh for the construction 
of a cable tramway, which, when finished, is to run 
between Princes-street and Stockbridge Park. The new 
cable will be about three miles in length, and will be kept 
in motion by the machinery which has been working 
most successfully another three miles of cable since 1877 
on a different route. Little or no trouble will be ex- 
perienced with pipes in the roads as the bottom of the 
tube is to be only 19in. from the surface of the road. 
Mr, J. N. Colam, Assoc. M. Inst. C.E., who as ny 
the first line in Edinburgh, is engineer for the new line. 
Messrs. Dick, Kerr, and Co., constructed the first line 
and are to build the new one, 





INDUSTRIAL NOTES. 

THE labour correspondent to the Board of Trade in his 
last report states that in seventeen of the chief skilled 
trades, representing societies numbering 179,857 
members, trade is increasingly prosperous. This is 
especially so in the iron trades, representing shipbuild- 
ing, engineering, the manufactured iron trades, and 
coal. ‘lhe reports sent in describe the state of trade 
as ‘‘very good,” ‘‘ good,” ‘‘ moderate,” ‘* well em- 
ployed,” and ‘‘ improving.” When such reports come 
from the men’s representatives, we may be sure that 
the condition of trade is tolerably satisfactory. 

Perhaps one of the most encouraging signs in con- 
nection with the present revival in trade is the order 
in which the improvement has manifested itself. For 
many years past the first to feel the pulse of quickened 
production has been the shipbuilding industries ; and 
they are the first to encounter the reaction of slackened 
speed. The last to feel the improved state of trade, 
and the last also to suffer from any signs of decline, 
are the building trades, It is characteristic of the 
present revival that the several trades have followed 
each other in the share of prosperity in precisely the 
same order as previously. ‘The percentage of men out 
of work in the building trades is excessively low, com- 
pared with the past ten years. The average number out 
of work is reported tobe only 4.7 per cent., compared 
with 8.5 per cent. in April of last year. 

The difficulty with the hot-bank hands at the 
Darlington Steel Works, which at one time threatened 
a general stoppage of the works, has been arranged, a 
strike being thereby averted. The whole question in 
dispute was relegated to a joint committee of employers 
and workmen, with power to remit any points to 
arbitration if they failed to agree. After two or three 
meetings the difficulty has been adjusted by the 
employers giving and the men accepting an advance of 
5 per cent., and 4d. per day in the wages of the hot- 
bank men, the total aches about 64d. per day increase 
in wages. The other steelworking operatives are also 
to have an advance of 5 per cent. all round, to run 
concurrently with the award of Mr. Dale of last year, 
and to last until the end of December next. 

The Warrington Works for the most part stopped 
work for the holidays on the Thursday before Easter, 
and restarted on the following Tuesday. Two of the 
works, however—-the Bewsey and Dallam Works—re- 
started on the Monday. The scarcity of puddled iron 
is so great that it is cut up as soon as it is sufficiently 
cold to handle. The furnaces at work cannot, it is 
said, supply iron fast enough. It appears that the 
Bewsey firm have orders for 1600 tons of steel cotton 
ties, hitherto made out of iron. If success attends 
this experiment, steel will, in all probability, be 
substituted for iron generally in cotton ties. 

The working classes of Sheffield are advocating a 
ship canal scheme on a large scale for Sheffield. The 
enterprise in connection with the Manchester Canal 
scheme seems to have led them to believe that a similar 
undertaking will largely benefit the Hallamshire dis- 
trict. One of the speakers at a recent meeting told his 
hearers that the prosperity of Sheffield depended upon 
the undertaking. Resolutions in favour of the scheme 
were unanimously carried. 

The question of ceasing work on Mondays was raised 
ata meeting of the Sheftield district committee a few 
days since, when a resolution, proposed by the Park- 
gate Lodge, to the following effect, was carried: 
‘*That the time has arrived when the question of 
Monday work should be considered with a view to its 
abolition, at the earliest possible date.” The question 
was referred to the approaching conference, the dele- 
gate being instructed to vote for it, and to support it. 

The ironfounders in the Sheffield district have been 
agitating for some time in favour of uniformity in 
wages, hours of labour, and payment for overtime in 
all shops. With that view the local bye-laws were 
revised, and sent to the General Council in London, 
by whom they were passed. Notice was then given to 
all employers that the men intended to commence on 
the new system about the middle of April. Most of 
the employers have agreed to the new regulations ; 
the rest, it is thought, will follow suit, without a 
strike. 

At Rotherham Police Court two puddlers were re- 
cently find 10s. each, for absenting themselves from 
work at the Parkgate Iron and Steel Works, without 
notice. The defendants, it appeared, should have 
worked six heats ; at the end of three they went away 
and returned ina state of intoxication. The solicitor 
who prosecuted on behalf of the directors, stated that 
the practice had become so serious and prevalent as 
to cause great loss to the company. The foreman of 
the rolling mill department was fined 20s. for a similar 
offence. bea 

In the Cleveland district the pressure for iron is so 
great that some of the works were carried on during 
the holidays. Orders are pressing, and pig iron is very 
scarce. It is said that the shipping demand is ex- 
traordinary for this time of year, and that the local 
demand is also very large. The _—— of the repre- 
sentatives of the workmen from the various districts 
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are satisfactory, and the delegates were urged by the 
chairman to husband their resources, as depression 
would surely visit them again. 

The revival of trade is stirring up the ironworkers 
of Shropshire, who were somewhat disorganised by a 
recent strike. Some of the men agreed at a recent 
meeting to restart their lodge, and to prepare for any 
movement in prices and wages that might arise. 

The movement in the coal trade is becoming very 
general, and is causing some anxiety in many quarters. 
It is reported that a number of furnaces have had to be 
damped down in Scotland for want of coal. This 
alleged scarcity led the miners of Lanarkshire to de- 
mand an advance of wages; the coalowners met, and 
decided to reduce the wages 24 per cent. This caused 
great discontent among the miners, and some of them 
struck work. But it was subsequently decided to fall 
in with the general view, and not to turn out generally 
until the conference took place at Nottingham, and a 
decision was arrived at by the entire body of miners. 

At the National Conference of Miners’ Associations, 
from all parts of the country, held at Nottingham, the 
whole question was carefully considered. The reports 
from the various districts were first of all given in and 
discussed with closed doors. After full consideration 
it was unanimously resolved to give notices for a 10 per 
cent. advance all round, such notices to terminate on 
June 29 next. It was contended that the condition of 
trade fully warranted the advance asked for. A re- 
striction of the output was also advocated. In many 
districts there appears to be a readiness on the part of 
the colliery owners to concede the advance; in other 
places there is a determination to resist the demand. 
The total number of miners represented at this confe- 
rence was said to be 320,000 men, or considerably over 
one-half the total number employed at all coal mines. 

On the last day of the Miners’ Conference at Not- 
tingham, it was resolved to postpone action with 
regard to the limitation of the output until the next 
conference, to be held in Manchester on the 2nd of 
July next. At that conference also is to be considered 
the question of ways and means, should the advance 
of 10 per cent. be refused, and a strike take place. 

The miners employed at the Seaham Harbour and 
Rainton Colleries, belonging to the Marquis of Lon- 
donderry and others, have decided to demand an 
advance of 20 per cent., and have denounced the 
sliding scale by which their wages are regulated. 
This attitude will considerably influence the action of 
the Durham Miners’ Association, the largest associa- 
tion of the kind in the country, the absence of whose 
delegates from the recent conference gave rise to a 
resolution of regret. Mr. Wm. Crauford is practically 
the representative of that association in Parliament, 
the members of which are all powerful in the con- 
stituency. 

Three very important miners’ associations were in 
difficulties about being represented, in consequence of 
the operations of the sliding scale. Durham and South 
Wales stood entirely aloof, while South Staffordshire, 
though represented, was not empowered to act freely, 
like the other delegates. Durham stands manfully by 
the sliding scale, as by an agreement, even while the 
men regard it as a barrier to improved wages. South 
Wales seems inclined to kick over the sliding scale 
altogether. If, however, the advance be obtained in 
districts not governed by the sliding scale, the latter 
will follow as a matter of course. It will bea matter 
of regret if the self-adjusting scale should fall into dis- 
favour, for it is generally acknowledged that all parties 
have benefitted by its operation. 

The Coal Wages Board of South Staffordshire have 
been passing through a crisis, and have only just 
managed to avert a dissolution by the adoption of a 
moderate policy, and a concession. Nearly 3000 men 
had evinced hostility to the Board ; the vice-chairman 
had resigned, and strong opposition was manifested to 
the Board. But at the recent meeting it was decided 
to submit the prices for the last three months to 
accountants, and if these shall decide that an advance 
is justifiable, the advance will be given. Hence the 
men were not able to act freely through their delegates 
at the conference. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 19, 1889. 

THE upward tendency in steel rails in foreign coun- 
tries is the subject of comment in American trade 
circles, Since the opening of the year prices on this 
side have been weakening, and are now quoted at 
27 dols. for large lots. One or two mills it is esti- 
mated would accept orders at 50 cents less, but no 
contracts have been taken at less than 27 dols. Large 
buyers are holding off. The rail mills have less busi- 
ness on their books than they have had for the last ten 
years. ng the first three months of this year 
15,000 miles of new road have been projected or are in 
contractors’ hands. All told there are 54,000 miles of 
railroad projected in the United States. This is 
equivalent to over 10,000 miles per year, which has 
n our average for the past five years, Itis difficult 


to say how much of this work will be undertaken dur- 








ing the next six months. Notwithstanding all 
appearances to the contrary, this year will be one of 
the best railroad building years we have ever had. A 
heavy rush for rails is expected to setin about June 1. 
The Railway Review of Chicago advises small buyers 
to come in and cover during the present dull time. 
The Railway Age announces that a great deal of work 
isnow under consideration, and that if the requirements 
for the projected roads can be placed a great deal of 
new work will be undertaken this fall in the south. 
All other branches of the iron trade are improving 
slowly. The most activity next to steel rails will set 
in in bridge material. The second on the list will be 
pipe material for natural gas lines. The production 
of pig iron at this time is 150,000 tons per week, or 8000 
tons per week more thanthirty days ago. Nearly all 
this increase comes from the Southern States. The 
anthracite production has fallen back. The railroad 
companies have reduced freight rates slightly, but not 
sufficient to relieve the anthracite makers from the 
discrimination which has been checking production. 
Large sales of lake ore are being made every day. The 
production will be this year between 5000 and 6000 
tons. The bar iron mills throughout the country are 
running about two-thirds capacity this week. Mer- 
chant steel is improving, notwithstanding the fact that 
there is no combination. Throughout the west wire 
and cut nails are in good demand under combination 
rates. Last week 15,000 tons of line pipe were ordered 
at Pittsburg. Inquiries are on the market for some 
20,000 tons of southern irons in western markets; con- 
tracts will probably be placed within ten days or two 
weeks for the entire amount. Large consumers are 
predicting an upward tendency later in the season for 
all kinds of iron and steel, especially if railroad 
building should set in on alargescale, which is antici- 
pated in foreign circles. Commercial failures for the 
first quarter of the year foot up 3569 against 3053 
for the same time last year. ‘The speculative tendency 
in this country has not found enough to live upon, and 
even in railway circles everything is quiet. General 
business throughout the United States is good. Bank 
clearings are increasing. Freight traffic is also ex- 
panding. The volume of money in circulation is 
37,000,000 dols. greater than a year ago, and 85,000,000 
dols. more than two yearsago. The total now in cir- 
culation is 1,406,401,000 dols. The bank reserves have 
declined from 5,000,000 dols. to a little over 1,000,000 
dols. Thisis due to the expanding demand in western 
markets. Bank clearings from forty-one cities show 
an improvement of 61 per cent. over last year. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Coal and Commerce.—The decision of the miners to 
enforce another advance of wages in June, if necessary, 
has caused an interruption in trade. Iron and steel- 
masters refuse to book forward at present quotations, and 
though inquiries are plentiful, buyers are hesitating before 
they give way. Consequently there is not such a pressure 
of work on the books. All the mills are fully employed, 
and with good prospects. It has been usual in previous 
years to return to ‘‘ summer prices” of coal on the Ist of 
May. This year that has not been done in this district. 
The 10d. put on steam coal in October last is to be 
maintained, and no reduction is to be made in the price of 
house coal either. The latter is in very short supply. The 
coalmasters have given no definite answer to the miners 
as yet, and it is believed that the full concession of wages 
may not be made without some difficulty. Prospects in 
the coal trade are at present far from satisfactory. 


Railway Material.—Very large orders for railway 
material continue to ke sent into the district, the Mid- 
land, and one or two other companies have placed 
contracts for tyres. The railway wagon builders have not 
been so busy for many years past, and orders continue 
coming in both on home account and for export. 


Sheffield Ship Canal.—Meetings in support of this pro- 
ject continue to be held throughout the district, and the 
money for preliminary expenses is now assured. The 
Rotherham Corporation has, however, taken an extra- 
ordinary course. Though approving of the scheme, it 
_ | me to petition against it—so that it may be 

eard. 


Hull and Barnsley Railway and Dock Company.—An 
adjourned special meeting of the preprietors of this under- 
taking was held at Hull, on Saturday, for the purpose of 
declaring the result of the poll demanded at the meeting 
a fortnight ago, on an amendment that the directors be 
reduced by one, 14 to 13., The original motion was 
that they be reduced by five. The amendment was now 
declared lost by 23,350 votes. Mr. Pool moved as a further 
amendment that the directors be reduced from 14 to 12. 
Colonel Smith endeavoured to effect a pacific solution of 
the existing difficulties, viz., that the Bill now before the 
House and no other Bill should be gone on with this year. 
After a long and excited discussion the meeting was again 
adjourned for a fortnight, to enable an arrargement of 
conflicting interests to be made, if possible. 


Railway Rates.—The Sheffield Chamber of Commerce 
has been making exhaustive inquiries as to the probable 
effect on the Sheffield trades of the proposed revised rail- 
way rates. It is pointed out that the Chamber has in- 
curred considerable expense on behalf of the traders of 





Sheffield, and an appeal is to be issued to enable the 
Sheffield case to be adequately represented. 


Water Gas.—The success attending the use of water 
gas in steel manufacture by the Leeds Forge Company is 
creating great interest in the district, and the use of the 
system is likely to spread rapidly. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was only 
a moderate attendance on ’Change, and very little business 
was done. Merchants who are selling iron ask 39s. per 
ton for prompt f.o.b. delivery of No. 3 g.m.b. Cleveland. 
Buyers, however, only offer 38s. 9d. for this quality. 
Makers have practically no iron to sell, and generally re- 
fuse toquote. Many firmsexperience difficulty in getting 
through the contracts they have already booked. The 
great scarcity of coke is being felt just now. It has 
had the effect of somewhat reducing the output of 
iron, and it is feared that for a week or two this 
obstacle will not be got over. Makers who quote at 
all will not accept less than 40s. per ton for No. 3. 
Middlesbrough No. 3 warrants are 38s. 6d. cash. 
Makers’ hematite iron is quoted 51s, 3d. to 5le. 6d. per 
ton f.o.b. for Nos. 1, 2, and 3 east coast brands. Gellivara 
foundry is 47s, On Monday night Messrs. Connal and 
Co., the warrant store-keepers, had in stcck at Middles- 
brough 241,328 tons of pig ircn—a decrease of 1009 tons 
on last week. In Glasgow Messrs. Connal hold 1,030,163 
tons. Stocks are rapidly being reduced, and it isexpected 
that the Cleveland Ironmasters’ Association returns for 
April will show a decrease of something like 30,000 tons. 
During the past month the exports of pig iron from 
Middlesbrough have been exceedirgly heavy. The total 
amount shipped being 104,449 tons, of which 31,311 tons 
went to Scotland, 36,319 to Germany, 13,814 to Holland, 
2955 to Belgium, 2350 to France, and the remainder to 
other countries, In April, 1888, the total shipments 
reached 90,641 tons. There is a good deal of work going 
on in the finished iron trade and prices are maintained. 
Ship plates are 6/. 5s.; girder plates, 6/. 10s. ; boiler 
plates, 7/. 5s.; common bars, 5/, 15s.; and best bars, 
61. 53. ; all less the usual discount. Steel manufacturers 
are fairly busy but quotations for plates and angles are 
not so good as a week ago, plates being now 7/. 5s. per 
ton and angles 6/. 15s. at works. Steel rails are main- 
tained at 4. 12s, 6d. for heavy sections. 


Engineering and Shipbuilding.—Ergineers are as busy 
asever. Ata meeting of the Executive Council of the 
Federal Board, held at Newcastle on Tuesday, the notices 
regarding the second advance in wages which have been 

ted at some of the engineering works were discussed. 

t was decided that negotiations should te opened with 

the Employers’ Association and that individual action in 

the shops must be strictly avoided. Shipbuilders con- 
tinue very active and are turning out alot of work. 





NOTES FROM THE SOUTH-WEST. 
Caerphilly.—Another seam of coal, 3 ft. 9 in. thick, bas 
been reached in the Llanbradach Colliery, near Caerphilly. 
Only a few weeks since a seam of 2 ft. 8 in. was passed. 


Cardiff.—Rather a better feeling has prevailed in the 
steam coal trade; the best qualities have made 13s. 6d. to 
13s. 9d.; good dry coal, 12s. to 12s, 6d.; best Monmouth- 
shire, 11s. 6d.; and small steam 6s. 9d. per ton. The house 
coal trade has been inactive and prices have shown a 
slightly downward tendency. No.3 Rhondda has made 
12s. 9d. per ton. Patent fuel has keen slightly easier. 
There has been a good demand for coke; furnace qualities 
have made 16s.; foundry ditto, 18s. per ton. As regards 
the manufactured iron and steel trades, it may be stated 
that the local works are well employed. Heavy section 
steel rails have made 4/. 10s. to 4/1. 12s. 6d.; and light sec- 
tion ditto, 4/. 17s. 6d. to 51, 2s. 6d. per ton. 

Tynygraig. — At a pit which is being sunk on the 
Be a ear between Ystrad Mynach and Pwollypant, 
by the Cardiff Steam Coal Company, a second vein of coal 
has just been struck. The vein has been proved, and is 
fully 3 ft. 6 in. in thickness, and of excellent quality, with 
a strong blue clod roof onit. The vein has been struck 
at a depth of 269 yards. 


The ‘* Phebe.”—The keel of the new cruiser Phebe, to 
be built at Devonport, was laid a day or two since in 
No. 5 slip, and work upon the verse] will be pushed for- 
ward with all speed. 


Barry.—A company has been registered under the title 
of the Barry Estate Company (Limited), ard we learn 
that the share capital required has been subscribed. The 
company has purchased Barry, which now comprises about 
300 houses, including shops, schools, and public buildings. 
The houses were built by Mr. T. A. Walker on leasehold 
ground, but the company, in addition to taking over his 
interest, has also purchased from the Ecclesiastical Com- 
missioners the freehold of the glebe land belonging to 
Barry parish. The latter portion of the property has 
been laid out for the erection of villas, &, Arrangements 
have been made for the efficient drainage and water 
supply of the new town. 


Railway Rates. — A committee appointed by the 
Federated Chambers of Trade of East Glamorgan and 
Monmouthshire, to report upon new schedules of rates 
submitted to the Board of Trade by the various railway 
companies, held another meeting at Merthyr on Thurs- 
day. It was agreed that the Federated Chambers should 
oppose the schedules of all such railway companies as 
served the districts included in the area represented by 
them, and it was left to the president and Mr. J. Plews, 
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the hon. secretary, to confer with the London, Liverpool, 
and Manchester Chambers, as to the form in which the 
opposition should be conducted. A meeting of agricul- 
turists was held at Frome on Wednesday to consider the 
proposed alteration in the classification of agricultural 
produce. There was a consensus of opinion that the new 
oe eeeaen would be injurious to the agricultural in- 
terest. 


Wages in Wales.—Notices were posted up at the Dowlais 
Works on Friday intimating that an advance of wages 
would be granted to all men employed at the iron and 
ateel works, The advance came into operation this week. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a quiet tone in 
the iron market last Thursday forenoon, the depression 
on the Stock Exchange apparently reflecting its influence. 
Prices of Scotch warrant iron were pressed down 14d. per 
ton further, but in the afternoon there was a better feel- 
ing, and the early decline in prices was fully recovered. 
Cleveland and hematite iron also declined in price in the 
forenoon, but before the close the decline was almost 
wholly recovered in the case of the former, and com- 
pletely in the case of the latter. The settlement prices 
at the close were—Scotch iron, 44s. 6d. per ton; Cleve- 
land, 39s. ; hematite iron, 493. per ton. Friday’s market 
was rather quieter, particularly in the afternoon, the 
weakness reported in Scotch railway stocks causing buyers 
to be very shy. Business opened fairly strong in the 
warrant market, but prices receded, closing in the fore- 
noon 4d. per ton down for Scotch iron, and 3d. more in 
the afternoon, when the depression was severe. Cleve- 
land iron lost 1d. per ton in the forenoon, and 24d. in the 
afternoon, and hematite declined 2d. per ton. Theclosing 
settlement prices were—Scotch iron, 44s, 14d. per ton; 
Cleveland, 38s. 9d.; hematite iron, 48s. 104d. per ton. 
There was a dull tone in the iron market on Monday, and 
buyers were scarce in the morning. The price of Scotch 
warrant iron declined 4d. per ton before buyers could be 
induced to operate, but orders subsequently came in, and 
orices during the afternoon recovered 3d. of the early loss. 

he dulness in the early part of the day was largely 
owing to a depressed stock market, causing buyers to hold 
off, but the later recovery in stocks helped the afternoon 
market. The price of Cleveland iron also declined 4d. 
per ton, and hematite was 54. per ton down, the recovery 
being, reepectively, 1d. and 2d. per ton. The only change 
in the closing settlement prices was a decline of 14d. in 
the case of hematite iron. Yesterday’s market was steady 
at the opening, but afterwards gave way, and business 
was done at a decline in prices; indeed, the selling was 
heavy in the forenoon, and in the afternoon also the offers 
were free; but at the decline everything was promptly 
vicked up, the cash close being 24d. over the bottom price. 

he closing settlement prices were—Scotch iron, 433. 9d. 
per ton; Cleveland, 38s. 6d. ; hematite iron, 48s. 6d. per 
ton, thus showing a reduction all round. The ‘‘ bears” 
having temporarily retired from the market, presumably 
to reconsider the situation, prices improved this forenoon, 
the close being firm with buyers at 43s. 11d. cash, or 2d. 
above yesterday’s closing rate. In the afternoon the 
price of Scotch iron ranged from 483, 114d. cash down to 
43s. 7d., at this there were sellers over. Cleveland iron 
was quoted at 38s, 11d. cash, and for hematite iron sellers 
were wanting 48s. 44d. per ton cash. The Scotch special 
brands generally are fairly steady in price, and all round 
the market may be said to have agood sound basis. A few 
orders have lately been booked for Canada, which for 
some time had been doing very little in the way of giving 
out orders. An additional furnace has been relighted to 
work on hematite at Coltnesss lron Works, and there are 
now 83 blast furnaces in actual operation in Scotland, as 
compared with 87 in the corresponding week last year. 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 9859 tons, against 8724 tonsin the same week 
of last year. They included 300 tons for the United States, 
1330 tons for Canada, 100 tons for India, 500 tons for 
Australia, 1450 tons for Italy, 210 tons for Holland, 
smaller quantities for other countries, and 3555 tons 
coastwise. The stock of pig iron in Messrs. Connal and 
Co,’s public warrant stores stood at 1,030,163 tons yester- 
day afternoon, against 1,030,522 yesterday week, thus 
showing for the week a decrease of 459 tons. 


Shipments of Machinery, cc., from the Clyde.—The 
foreign and colonial shipments from the Clyde reported 
last week included the following: Sugar-crushing, tea- 
preparing, and other machinery, valued at 4200/.; loco- 
motive engines for Madras, of the value of 4500/. ; sewing 
machine parts, chiefly for Rouen and Antwerp, valued at 
4825/7. ; blooms, billets, plates, bars, and other steel manu- 
factures, of the value of 4310/.; pipes and other castings, 
malleable iron plates, sheets, bars, tubes, and miscellaneous 
iron manufactures, of the value of 17,0000. 


Malleable Iron and Steel Trades.—The finished iron 
trade is as busy as ever, there being a good demand for 
bars, &c., at the prices that have been current for several 
weeks. Most makers report that they have as much 
work on hand as they can overtake. Makers of sheet 
iron advanced their prices 5s. per ton last Thursday, the 
quotation being raised froin 7/. 7s, Gd. to 7/, 12s. 6d. per 
ton. The following are some of the prices of finished 
iron, less 5 per cent, discount. Common bars (lowest 
grade), 62. per ton; second grade, 61. 2s. 6d. ; first grade, 
6/, 5s. ; best bars, 6/. 12s. 6d. to 62 15s. ; plates, 7/. 10s. ; 
hoops, 67. 154. ; angle bars, 6. There is continued pres- 
sure at the steel works for delivery of boiler and ship- 
plates. The quotations of the Steel Company of Scotland 


are about the following: Boiler plates, 8/. 10s, per ton; 
ship plates, 7/. 12s, 6d; rivet bars, 7/, 53.; angle bars, 





gow district. 


Clyde Shipbuilding—Launches during April.—The out- 
put of new vessels from the Clyde shipbuilding yards 
during last month was the largest recorded for any corre- 
sponding month since the year 1883. There were twenty- 
fonr vessels launched of a total of 29,414 tons, being 
12,922 tons over the output in April, 1888, and only 3480 
tons under that of April, 1883. The output for the four 
months was 84,172 tons, being 21,949 tons over the total 
tonnage launched in the corresponding period of 1888, 
and 33,592 tons over the output of the same period of 


61. 12s. 6d.—all less 5 per cent. for delivery in the Glas- 
t. 


1886, but nnder that of the four months of 1883 to the} C 


extent of 31,664 tons. Of the vessels launched last month 
seventeen were steamers of a total of 20,848 tons, while 
seven were sailing vessels aggregating 8566 tons. Amongst 
the steamers in the month’s launches there were the fol- 
lowing: Indramayo, 4500 tons, built by the London and 
Glasgow Shipbuilding and Engineering Company, for a 
Liverpool firm, for the eastern trade; the Hong-Kong, 
34100 tons, built for the “P. and O.” Company, 
by Messrs. Caird and Co., for the China trade; the 
Strathendric, 3600 tons carrying capacity, built by Messrs. 
Russell and Co., Greenock and Port-Glasgow, for Messrs. 
Burrell and Sons, Glasgow; the Hydarnes, 4500 tons 
carrying capacity, built by Messrs. John Reid and Co., 
Port-Glasgow, for Messrs. R. P. Houston and Co., Liver- 
pool. Amongst the sailing vessels there were ships of 
1649 tons, 1700 tons, 1800 tons, 2000 tons, 2200 tons, and 
2600 tons. The vessels in course of construction in 36 iron 
shipbuilding yards on the Clyde number 125, being 1 more 
than at the close of March. Of these 44 arein the Glasgow 
district, an increase of 2 on the month; 34 in the middle 
district to Dumbarton, 2 less ; and 47 in the Greenock or 
lower district, 1 more than at the close of last month. 
There are 22 about ready for launching, 30 plated, 49 in 
frames, and 24 keels laid or being laid. These figures 
show that, in addition to there having been one more 
vessel laid down during the month than were launched, 
there are 21 more vessels in the first and second stages of 
building than in the third and final stages, The new con- 
tracts reported during the month have been heavy, aggre- 
gating about 45,000 tons gross register. 


Prices of Shipping on the Clyde.--There has of late been 
a very decided increase in the prices asked for new 
shipping on the Clyde, and in reference to that matter it 
may be mentioned that wages have risen all over at the 
rate of 25 per cent., while the cost of materials has ad- 
vanced during the past year to the extent of about 20 per 
cent. At present full-powered steel passenger steamers 
cost from 26/. to 31l. per ton gross register, aud steel cargo 
steamers from 13/. to 17/. per ton gross register, or from 
91. to 121. per ton dead weight, while steel sailing vessels 
can be contracted for at 91. to 10/. 5s. per ton dead weight. 


Fife Coal Trade.—Circulars have been issued this week 
by the Fifeshire coalmasters intimating an advance of 3d. 
per ton on the f.o.b. prices of coals, The expectation 
evidently is that the Baltic coal shipping trade will pre- 
sently be very active, and as freights are low, it is no 
doubt believed that a good opportunity now presents itself 
for obtaining a little more money for coais, the prices of 
which have been hitherto this year comparatively mode- 
rate, considering the great activity of the trade. 


Destruction of a Marine Engineering Works by Fire.— 
The extensive works in Elliot-street, Glasgow, belonging 
to Messrs. David Rowan and Son, marine engineers, were 
destroyed by fire in the ‘‘small hours” of this morning, 
the result being damage to the extent of, it is said, some 
15,000/. or 20,000/., but which is fully covered by in- 
surance, 

Strikes of Shipbuilding Yard Workers.—The frequent 
strikes among the menemployed in the local shipbuilding 
yards is having theeffect of retarding to a considerable ex- 
tent the prosecution of the work. A communication has 
been posted up at several of the yards, including that of 
Messrs. Robert Napier and Sons, Govan, to the effect 
that in order that no misunderstanding may arise, helpers 
are informed that the rates offered in these works are: 
General helpers, 64d. per hour ; frame and shell hanging 
helpers, 7d. per hour; and tackle and screwer-up helpers, 
8d. per hour. Between 60 and 70 rivet boys employed in 
Fairfield have again come out on strike for an advance of 
wages. Stoppage of work through intemperance is like- 
wise giving a great amount of trouble to the shipbuilding 
employers. 


Shipbuilding Contract.—Messrs. Fleming and Ferguson, 
shipbuilders and engineers, Paisley, have received an 
order from the Bury Docks Company, Cardiff, for one cf 
their improved hopper dredgers of 850 tons capacity. She 
is to be fitted by the builders with their new type of 
quadruple engines and with their independent traversing 
gear for moving bucket ladder in advance of hull, so as 
to enable vessel to make her own flotation. 








City GuiLps or Lonpon INSTITUTE FOR THE ADVANCE- 
MENT OF TECHNICAL EpucatTion.—The ordinary general 
meeting of the Institute was held at the Mercers’ Hall, 
Cheapside, yesterday, the Right Hon. the Earl of Sel- 
borne, the chairman, presiding. The chairman moved 
the adoption of the report, and referred to the flourishing 
position of the Central Institution, the Technical College 
at Finsbury, and the South London School of Technical 
Art. He gave details of the three Institutes as regards 
attendance. He said that whilst fully appreciating the 
generosity of the City companies generally, he thought 
the magnitude and importance of this work was such that 
it ought not to be allowed to languish for want of such ad- 
ditions ss could bs made, and which are required to prevent 
the work falling back. Everything was encouraging 
except the one matter of money. 





LAUNCHES AND TRIAL TRIPS. 
TueEs.s. Foyle, recently launched by Messrs. W. Doxford 
and Sons, Sunderland, took her trial trip on the 10th ult. 
in exceptionally rough weather, when everything went off 
without a hitch, and the vessel proceeded to Middles- 
brough to load. She has been built to the order of the 
Mercantile Steamship Company, of 70 and 71, Bishops- 
gate-street, and during construction has been under the 

supervision of Mr. Terrot Glover, of Sunderland. 





The s.s. Lyonnesse, a steel screw steamer built and 
engined by Messrs. Harvey and Co., Limited, of Hayle, 
ornwall, for the West Cornwall Steamship Company, 
Limited, was taken on her official trial on Tuesday, the 
16th ult. The shipis170 ft. long gag | mgm mime 
breadth, 25 ft. 3in. ; depth, 10ft. 4in. er engines are 
of the triple-expansion type, with cylinders 22in., 32in., 
and 52in. in diameter by 30iu. stroke, supplied with 
steam from two boilers, each 13ft. 6in. in diameter by 
10ft. long, having three Purvis furnaces in each, and 
adapted to a working pressure of 1501b. per square inch. 
The ship is intended for traffic between Penzance and the 
Scilly Islands. After a preliminary run of several hours, 
she was taken four times over the measured mile, which 
was accomplished at the rate of over 124 knots per hour. 
The engines ran very smoothly at ninety-six revolutions 
per minute, and there was an entire absence of heated 
bearings. 





Messrs. MacIlwaine and MacColl, Limited, launched 
from their shipbuilding yard in Belfast, on Wednesday, 
April 17, a steel screw steamer specially adapted for grain 
carrying, to the order of Mr. A. Embiricos, of Braila. 
The vessel is 275 ft. long between perpendiculars, 38 ft. 
beam, moulded, and 20ft. 4in. moulded depth. The 
engines are three-crank triple-compound, with cylinders 
214 in., 36 in., and 59in. in diameter by 3ft. Gin. stroke, 
and, together with the boilers, have been made by the 
builders. The boilers, three in number, are 12ft. in dia- 
meter by 10ft. 6in. long, made of steel throughout, for a 
working pressure of 160lb. per square inch. ‘Ihe vessel is 
built from specifications suy plied by the owner’s consult- 
ing engineers, Messrs. William Esplen and Son, Liver- 
pool, and on being launched was named Embiricos. 





On Thursday, the 18th ult., the new screw steamer 
Cape Clear left the Tyne on a trial trip. This vessel, 
which has been built by Messrs. W. Dobson and Co., Low 
Walker, to the order of Messrs. W. Milburn and Co., of 
Newcastle, is a very fine steamer, built on the improved 
well-decked principle, and is of the following dimensions, 
viz., Length, 265 ft. ; breadth, 37 ft. ; depth (moulded), 
184 ft. She is fitted with triple expansion engines of 950 
indicated horse-power, having cylinders 20 in., 33 in., 
54in., and astroke of 39 in. ; these have been built by the 
North-Eastern Marine Engineering Company, Wallsend. 
During the trial the engines worked with perfect smooth- 
ness and without a hitch of any kind, and gave every 
satisfaction to all concerned. 





The s.s. Pocahontas, built and engined by Messrs. 
Robert Stephenson and Co., Limited, of Newcastle, was 
taken on her trial trip on the 18th ult. The principal 
dimensions of this boat are 300 ft. between perpendiculars, 
39 ft. breadth, and 27 ft. 6 in. depth moulded, with a 
carrying capacity of 3750 tons. She has been built under 
the superintendence of Mr. Geo. Hepburn, of Liverpool, 
for the Mediterranean and New York Steamship Com- 
pany, for whom Messrs. Phelps Brothers, of Liverpool, 
are managers, and is intended for the Mediterranean and 
New York trade. She is fitted with triple-expansion 
engines of the latest type, having cylinders 25 in., 39 in., 
and 62 in. in diameter, with a stroke of 42 in., and sup- 
plied with steam from two extra large steel boilers work- 
ing at a pressure of 155 1b. per squareinch. Four runs 
were made on the measured mile, when a mean speed of 
12} knots was attained. The engines worked without a 
hitch. 





On the 22nd ult. Messrs. Edwin Clark and Co., of 
Stroud, Gloucestershire, launched from their yard a 
shallow draught twin-screw passenger launch built to the 
order of Mr. J. Salter, of Oxford, to run on the Upper 
Thames between Oxford and Kingston. Her length is 
72 ft.; beam, 12 ft. 3 in.; depth, 4 ft. 6 in.; mean 
draught, 2 ft. 3 in. ; she is decked forward, and has a 
raised saloon aft, and will carry 120 passengers. She will 
be the largest launch navigating the Upper Thames, and 
is specially designed to make the least possible wash in 
narrow channels when steaming at ten miles an hour. 

The steamship Neva, which has recently had her engines 
converted to the tri-compound type by Messrs. David 
Rollo and Co., has run her trial trip on the Mersey ; 
a speed of 8 knots was obtained, the engines making 
83 revolutions per minute. The new engines have 
cylinders 15 in., 22 in., and 38 in, in diameter with a stroke 
of 2 ft. 6 in. 

A steel screw steamer for the Clyde Shipping Com- 
pany’s passenger service between Glasgow and London 
was recently launched from the Caledon Shipbuilding 
Yard of Messrs. W. B. Thompson and Co., Limited, at 
Dundee. Like the other vessels of the fleet, the new 
steamer is named for a lighthouse—Pladda. The dimen- 
sions are as follows: Length, 252ft.; breadth, 33 ft. ; 
depth of hold, 16ft. The engines, also constructed by 
Messrs. Thompson, are of the tri-compound type, having 
cylinders 23in., 38in., and 61Lin. in diameter, with a 
piston stroke of 48in. Steam is supplied from two boilers 
at a pressure of 1561b. to the square inch, each boiler 
having three of Fox’s flues, 
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There has been launched from the yard of Messrs. 
Raylton, Dixon, and Co., Middlesbrough, the steel screw 
steamer Elba, which has been built to the order of the 
English and American po a Company, Limited, 
London. The vessel is of the following dimensions : 
Length, 305 ft. 3 in.; breadth, 38 ft. ; depth moulded, 
22 ft. 10 in., with a deadweight capacity of 3600 tons. 
Her engines, which will be by Messrs. Richardson, of 
Hartlepool, are to have cylinders 23in., 37 in., and 61lin., 
by 42 in. stroke. 


Messrs. Ramage and Ferguson launched recently from 
their yard at Leith a steel screw steamer named Rosary, 
built by them for Messrs. Harrison and Dixon, Grace- 
church-street, London. The dimensions are: Length, 
230 ft. ; breadth, 32 ft. ; and depth moulded, 16.4 ft., her 
tonnage being 1400 tons. The engines, which are of the 
triple-expansion type, have been made by the builders, 
and have cylinders 20 in., 33 in., and 54 in. in diameter, 
with a piston stroke of 36 in., and steam is supplied from 
two single-ended steel boilers, 

The steam yacht Conqueror, built by Messrs. Russell 
and Co., Port-Glasgow, for Mr. W. S. Bailey, commodore 
of the Royal Yorkshire Club, left the Clyde on a recent 
date for Hull, the head-quarters of her owner. The Con- 
queror is a craft of 526 tons, being 188 ft. long, 24 ft. 6 in. 
broad, and 15 ft. 2 in. deep moulded. The main engines, 
which are of the tri-compound surface-condensing type, 
have been constructed by Messrs. William King and Co., 
Dock Engine Works, Glasgow. The diameters of the 
cylinders are 154 in., 24 in., and 40 in. respectively, with 
a stroke of 33 in. Steam is generated in two steel boilers 
13 ft. in diameter, and working to a pressure of 160 lb. to 
the square inch. On trial the indicated horse-power was 
750, and the speed attained was 13 knots per hour. Mr, 
William Connal, Glasgow, personally superintended the 
designing and building of the vessel. 

The Solent Queen, a paddle steamer built by Messrs. 
Barclay, Curle, and Co., Limited, Whiteinch, for the 
Isle of Wight and Southampton Royal Mail Steam Packet 
Company, went on her speed trials on the measured mile 
in the Gareloch, on the Clyde, on Monday, the 29th ult. 
This vessel was built to replace the Princess of Wales, 
which, while running on the measured mile at Skelmorlie, 
in the Firth of Clyde, in June last year was run into and 
cut in two by a screw steamer also on speed trials, The 
new vessel is 215 ft. long, 21 ft. beam, and 8 ft. 6 in, deep, 
She has compound surface-condensing engines with 
cylinders 29 in. and 50in. in diameter, and a struke 
of 60in. Steam is supplied at a working pressure 
of 100 lb. tothe square inch from a double-ended boiler 
12 ft. 9 in, in diameter and 17 ft. 6 in. long, and having 
six furnaces, with plain flues, each 3 ft. in diameter, On 
trial the speed attained was 16? miles per hour. 





On Thursday, the 18th ult., there was launched from 
the yard of the Tyne Iron Shipbuilding Company, 
Limited, Willington Quay-on-Tyne, and a steel screw 
steamer named the Renwick, which has been built to the 
order of Messrs. Fisher-Renwick and Co., of Newcastle. 
She is of the following dimensions: Length, 210 ft. ; 
breadth, 31 ft. ; and depth moulded, 16 ft. She will be 
fitted with powerful triple-expansion engines by the 
North-Eastern Marine Engineering Company, Limited, 
of Wallsend, and with all modern improvements for the 
rapid loading and discharging of cargo. 





On Saturday, the 27th ult., the new steam trawling 
vessel Rugby, which has been built by Earle’s Shipbuild- 
ing and Engineering Company to the order of Mr. G. F. 
Sleight, of Grimsby, was taken on her trial trip. The 
dimensions of the vessel are 87 ft. by 20 ft. by 10 ft. 6in., 
and the engines are of the compound type, having cylin- 
ders 17 in. and 32 in. in diameter by 21 in. stroke, with a 
large steel boiler to work at 90 ]b. pressure. The trial 
was made on the measured mile off Withernsea, the result 
being a mean speed of upwards of 9? knots, which was 
considered very satisfactory. he machinery worked 
well throughout the day without the slightest hitch of any 
description, ; 


‘The screw steamer Brandenburg, belonging to the 
Liverpool and Maranham Steamship Company, of which 
Mr. Hugh Evans, of Presson’s-row, is the founder and 
managing owner, went on her trial trip on Tuesday, 
April 30, from the Mersey. The steamer, the contract for 
which throughout has been with Messrs. David Rollo and 
Sons, of Fulton Engine Works, is of the following dimen- 
sions : 260 ft. long, 35 ft. broad, and 22 ft. deep, and was 
built by Mr. Charles J. Bigger, of Foyle Shipyard, 
Londonderry. The engines are of the triple-expansion 
type, and have been constructed by Messrs. Rollo to 
indicate 1300 horse-power, to obtain which power they 
have cylinders 23 in,, 27 in., and 59in. in diameter, by 
42 in. stroke, and one double-ended steel boiler 15 ft. in 
diameter by 17 ft. long, having six Fox’s patent corru- 
gated furnaces 3 ft. 8 in. mean diameter, made fora work- 
ing pressure of 150 lb. per square inch. The engines ran 
smoothly at 85 revolutions per minute, and indicated 
1400 horse-power, the vessel attaining a mean speed of 
13} knots per hour. 





MISCELLANEA. 

Mr. H. J. Oram has been appointed to succeed Mr, 
Soper as chief engineer in the engineering department at 
the Admiralty. 

An examination of the Anson at Portmouth has disclosed 
the fact that the beams supporting the barbettes were 
cracked by the simultaneous discharges of her 67-ton guns 
on Fr-day during the testing of the gun mountings, 








A share capital of 100,000/. is being offered for subscrip- 
tion by the New Wire Wove Roofing Company, Limited. 
An account of the manufacture of this promising material 
appeared on page 264 of our last volume. 


The subscription list for 75,000/. six per cent. deben- 
tures of the Anglo-American Brush Electric Light Cor- 
poration, Limited, closes at 4 p.m. today. The credit 
side of the last balance sheet showed assets valued at 
272,650. 

The fourteenth annual dinner of the students of the 
Institution of Civil Engineers will be held on Monday 
next, May 6, at 7.30, p.m., in the Holborn Restaurant. 
Sir George B. Bruce, President of the Institution, has 
kindly consented to preside. 


The Hawkesbury Bridge, which is the most important 
steel structure in the southern hemisphere, was opened on 
Wednesday, May 1, by the Governor of New South Wales. 
It is of seven spans and carries a double line of rail. The 
spans are each 415 ft. clear, and the headway above the 
water is 40 ft. 


Messrs. William Simons and Co., Renfrew, have re- 
ceived an order from the Board of Trade to construct one 
of the patent hopper dredgers to be employed in connec- 
tion with the improvement of Ramsgate Harbour. The 
new vessel is to be similar to the hopper dredger St. George 
which the above firm supplied tothe Admiralty and which 
is at present employed at Portsmouth Dockyard, 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom, for the week ending April 
21, amounted, on 16,023 miles, to 1,308,977/., and for 
the corresponding period of 1888, on 15,948? miles, to 
1,220,274/., an increase of 74} miles, or 0.4 per cent., and 
an increase of 88,703/., or 7.2 per cent., the returns now 
published being for Good Friday week. 


The Portuguese Government despatched last week to 
Quilimane three shallow draught stern-wheel gunboats, 
specially designed for the navigation of the Zambesi 
River, where they are intended to serve as a protection 
to the traders and enable the district to be more rapidly 
opened up to commerce. These steamers have been 
built by Messrs. Yarrow and Co., of Poplar, and are 
somewhat similar to those constructed by the same firm 
for the Nile expedition. 


The adjourned inquest on Joseph Selway, who was 
killed by the bursting of a steam pipe at the Deptford 
station of the London Electrical Supply Corporation, was 
resumed last Saturday. From the evidence given it 
appears that the pipe which exploded was attached to a 
range of cast-iron pipes, and it was suggested that the 
presence of water in this long range of piping had some- 
thing to do with the accident. At the same time, there 
appeared to be a consensus of opinion amongst the experts 
that the brazing of the copper pipe was imperfect, which 
in itself would seem sufficient to account for the accident. 
The jury returned a verdict of accidental death, with a 
rider to the effect that an insufficient allowance had been 
made for expansion in the long range of piping referred 
to above, 


The French consul at Lié¢ge in his report for the past 
year states that 1,503,540 firearms were manufactured 
there during 1888, of which 612,350 were revolvers. In 
1887 the total production was only 925,345, so that there 
has been an increase of 62.6 percent. The value in 1888 
was 12,262,369 fr., against 11,337,798 fr. in 1887, an in- 
crease of only 16.81 per cent., so that the prices have 
fallen considerably. The workmen are poorly paid in this 
branch of industry, earning an average of scarcely 2 fr. a 
day of 12 to 14 hours. The trade has suffered from the 
measures recently taken against it in the United States 
tariff, and also from the position of affairs on the African 
coast. The export to Holland of arms from Liége last 
year amounted to 2,124,081 fr., to France 1,926,826 fr., 
to Germany 1,643,471 fr., tothe United States 1,184,494 fr., 
to Great Britain 799,647 fr. Next in order come Brazil, 
China, Italy, and Portugal. 


In a recent lecture to the students of civil engineering 
at the Cornell University by Mr. Francis Collingwood, 
some data as to the loads on foundations in different 
cases were given, from which it appears that at the East 
River Bridge 14} tons per square foot was allowed on 
brickwork, and in one case, the locality of which is not 
given, the pressure on brickwork foundations reached 
70 tons per square foot. In this instance the pier has 
cracked, but nevertheless still sustains itsload. For pile 
work Mr. Collingwood recommends the following for- 
mula for the safe load, first given, we believe by Engi- 
neering News: 

Let L=safe bearing load in pounds, 
w= weight of hammer in pounds, 
h=fall of hammer in feet, 
s=penetration at last blow in inches, 

| Pa hada 
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In granite foundations the columns of the church of All 
Saints, at Angers, France, sustain 43 tons per square 
foot, and Brunel has used 50 tons per square foot on this 
kind of masonry. In the granite towers at the East 
River Bridge 27 tons have been allowed. 


The Board of Ordnance and Fortification appointed by 
the United States Government have drawn up a number 
of regulations as to the general dimensions and testing of 
guns supplied to the Government by private firms. Ac- 
cording to these 10-in. guns shall weigh about 30 tons and 
have a length of 34 calibres, the trunnions are to be 
12 in. in diameter and 42 in. over the faces, so as to avoid 
the necessity of a special carriage. The gun shall have 
a muzzle energy of not less than 15,000 foot-tons, and the 
range with 20 deg. elevation shall be 13,650 yards. The 


then 


requirements as to accuracy are, that 25 per cent. of the 
shots shall strike within a vertical rectangle 1.4 ft. by 
1 ft. at 1500 yards range, and within a horizontal rect- 
angle, measuring 48.5 by 9.2 yards at 10,000 yards range. 
The endurance test is to be 300 rounds with full charges, 
after 250 of which the gun may be relined wholly or in 
part. The projectile to be used is to be of 575 lb. weight, 
and the mechanism of the breech shall be such that at 
least 15 rounds per hour can be fired. The 12-in. guns 
shall have a weight of about 52 tons, and shall also be 
34 calibres in length, the trunnions being 14.5 in. in 
diameter and 49.8 in. across. The muzzle energy of this 
gun is put down as 26,000 foot-tons, and the range with 
20 deg. elevation 14,700 yards, whilst the projectile is to 
weigh 1000 lb. The test for endurance is to be 250 rounds, 
after 200 of which the gun may be relined. 


A meeting of the Yorkshire College Engineering 
Society was held on Monday evening, April 8, Mr. 
Wilson-Hartnell presiding. Professor William Stroud, 
B.A., D.Sc., read a paper entitled ‘‘ Electrical Trans- 
formers and their Uses.” In this paper, after drawing 
attention to the difficulties of electrical distribution 
owing to the necessity of keeping the potential constant 
over large districts, the author went on to say that to 
Professor Ayrton was probably due the credit of having 
first suggested the possibility of using high pressure in the 
mains, and low pressure in the houses. Electrical trans- 
formers were ured for converting asmall electrical current 
at high pressure into a large electrical current at low 
pressure. Four distinct types of transformers were de- 
scribed, viz., the alternate transformer, the motor 
dynamo, the battery transformer, add the direct current 
transformer, which was only in an experimental stage, 
and was the latest type. An efficiency cf 96 per cent. 
could be obtained from an alternate transformer at full 
load. A diagram was shown illustrating the amount of 
current required during the day at Boston, U.S.A. The 
maximum amount was required at half-past five in the 
evening, and decreasing until seven o’clock, it reached its 
second highest point at half-past eight. From that time 
the amount required decreased gradually to nothing. 
After indicating the directions in which improvements 
might be looked for in the future, the lecturer concluded 
by describing fully the application of transformers to 
electric welding, by Professor Elihu Thompson and 
Bernardo, of St. Petersburg. 





Socrrty or Arts.—The papers to be read at the ordi- 
nary meetings on Wednesday evenings after Easter will be: 
May 1, on ‘* Secondary Batteries,” by Mr. W, H. Preece, 
F.R.S. ; May 8, ‘‘ Origin and Manufacture of Playing 
Cards,” by Mr. George Clulow; May 15, on ‘* The Use 
of Spirit as an Agent in Prime Movers,” by Mr. A. F. 
Yarrow; May 22, on ‘‘ Automatic Sellirg Machines,” 
by Mr. J. G. Lorrain; and May 29, on ‘‘the Science of 
Ventilation, as Applied to the Interior of Buildings,” by 
Mr. D. G, Hoey. Mr. H. Graham Harris will commence 
his course of four Cantor Lectures, on ‘“‘ Heat Engines 
other than Steam,” on Monday evening, May 6. 


Tue IstHMus Or CorIntTH CaNAL.—The British consul- 
general at Patras in his report for the past year, refer- 
ring to the Corinth Canal, says that the managing 
committee has decided to defer payment of interest due 
to the shareholders. The canal was to be completed 
within 1888, at a cost cf 30,000,000 fr. ; but this is not 
possible before 1891, at a cust of double the estimated 
expenditure. The canal is 1% miles in length; accord- 
ing to the original plan it was reckoned that 8,000,000 
cubic metres of earth should be extracted at the cost 
mentioned, which included 5 per cent. interest per 
annum to shareholders. A committee having been 
appointed by the Government to inquire into the difficul- 
ties which have arisen, it was informed that the period for 
completing this work should be extended and that the 
angles of slope should be reduced, and the sides protected 
by walls to prevent any earth slips. On account of there 
peter ve he period for completing the work is extended 
to November, 1891, the amount of cubic metres of earth to 
be extracted is increased to 10,000,000, and the cost to 
60,000,000 fr. 

Raritway ACCIDENTS IN 1888.—A Parliamentary return 
dealing with the subject of railway collisions during 
1888 has recently been issued. It shows that during the 
past year accidents to trains and rolling ttock had 
caused the death of 11 passengers and seven servants, 
compared with 25 passengers and eight servants; the 
injury to 594 passengers and 93 servants, compared 
with 538 passengers and 109 servants in 1887. There 
were 101 collisions reported, 53 of passenger trains 
leaving the rails, 20 of trains running into stations and 
sidings at too high a speed, 131 cases of trains running 
over cattle, and 57 of trainsrunning through gates at level 
crossings. There were six fires in trains and three fires 
at stations. Besides the casualties named above, {6 pas- 
sengers and 389 servants of companies were killed, and 
814 passengers and 2100 servants injured from other 
causes. Fifty-three persons were killed and 24 injured 
through passing over railways at level crossings, 295 
trespasse:s—including suicides—were killed and 114 
injured, and 54 were killed and 84 injured, who are not 
classified. The total was 905 persons killed, a decrease 
of 14 in number, and 3826 injured, an increase of 236 com- 
pared with 1887. This total is still further increased to 
977 killed and 8807 injured by other accidents, such as 
those occurring by falling down steps, on and off plat- 
forms, from the kicks of horses, and other causes. During 
the year 24 horses, three ponies, 47 beasts and cows, 73 
sheep, two donkeys, four hounds, ore goat, and one dcg 





were run over and killed, 
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‘* ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
Compitep By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 


The number of views given in the Specification Drawings te stated 
im each case the price ; e none are mentioned, the 
Specification is not illustrated. 


Where Inventions are Jrom abroad, the Names, 
&c., of the Communicators are given in italics. 


8; 
Chancery-Lane, E.C., either personally, 
amount FS tpe' and postage, addressed to 
The date advertisement of the acceptance of a complete spe- 
cification is, in case, given after the 
Patent has been sealed, when the date of sealing 


4 2on may at any time within two months from the date of 
a abeertiannent the acceptance of a complete specification, 


of 
i tice at the Patent O, position to the grant 
Patent on any of the grounds mentioned inthe ase 


RAILWAY ROLLING STOCK, 


4858. J. Smith, Bradford, Yorks. Improvements 
in Brakes for Tram Engines, Cars, Vehicles, and the 
like. (8d. 4 Figs.) March 81, 1888.—The object of this inven- 
tion is to prevent ‘‘ skidding” of the wheels of vehicles when apply- 
ing the brake. To the sole frame A of an engine or car are secured 
brackets B and C, the brackets B supporting one end of the brake 
frame D by ashaft E, the other end of D being suspended by 
spiral apriage 8. The brackets C support a cam shaft F, and are 
stayed by bars. On the shaft F are secured two cams H in 

ition over the side frame plates of the brake D, each cam hav- 
ing a projecting stop at H'. Acchain pulley J is also secured to 
shaft F, likewise a balance lever K. Two chains L are attached 


The bar is provided with a stop F. On the middle of the axles is 
keyed a ratchet-wheel G, on each side of which, and loose on the 
axle, are lever arms H, held together by distance bolts H'. These 
levers are connected to the end of part D of draw-bar by a pin I 
mameny through an eye J on the underside of bar. Between the 
ever arms is pivo' a pawl K, engaging ratchet-wheels G, and 
on the draught being applied, a leverage equal to the length of 
the arms H is applied to axle, thereby facilitating the starting of 
the car. When the draw-bar is drawn fully out, the pawl should 


be held off the wheel G, and also continue to be held off, although 
the draw-bar be partially drawn in by spring E on the draught 
being partially taken off. To do-this the pawl is connected to the 
draw-bar by a spring L, attached to a shank, sliding in a slot 








connected to the draw-bar. 
ratchet when the draw-bar is fully in, the pawl is fitted with a 
tappet end, which is acted upon by a projection on the under- 
side of D. On the draw-bar being drawn out, this projection 
allows the pawl to fall upon ratchet, and the draught holds the 
pawl in ratchet, overcoming the strength of spring L, but as soon 
as the draw-bar completes its stroke, and the wheels continue to 
revolve, the pawl is freed of the draught strain, and is at once 
lifted by the tension the draught applies to the spring L. The 
horse may. be attached to the end of draw-bar, or to a pivotted 
pe N, to obtain a further leverage. (Accepted February 20, 
1889). 


10,988. A. F. Smith, Dover, Kent. An Improved 
Spperetts for Coupling and Uncoupling Railway 





to pulley J, each passing over a guide pulley M to a brake shaft N, 
so that on turning either shaft N to apply the brake, the chain is 
wrapped thereon, and the cams H actuated in the direction of the 
arrow, whereby they come in contact with the side frame plates, 
and the brake-block is lowered until the underside is in contact 








with the surface of the ground, thereby checking the vehicle in 
its motion. The stops H' are so placed that the cams cannot 
be turned toofar. The brake-block may be a plate corrugated on 
the underside, and mounted in the side frames, so that when 
applied for stopping the vehicle, the spiral springs P are com- 
pressed, thereby reducing vibration, In the drawing a series of 
rollers R are shown mounted in the side frames, which come in 
contact with the ground in lieu of the corrugated plates, and are 
prevented from rotating freely by being pressed against the under- 
side of a plate, the springs P allowing for irregularities in the 
road, On the reversal of theshaft N the weighted lever K causes 
the pulley J to return to its normal position, allowing the springs 
S to raise the brake clear of the ground. Another plate is attached 
to each side frame plate, which on the brake being lowered, the 
edge of each such plate will engage with the groove of the rail, 
tending to keep the vehicle on its track should the vehicle rise 
from off the rails. (Accepted March 6, 1889). 


6520. R. R. Hutchinson, London. Improvements 
in and relating to Armour-Clad Trains and Movin 
Forts and Apparatus in Connection therewith. (8d, 
7 Figs.) May 2, 1888.—The armour-plated car A is mounted on 
a truck B, and provided with a conning tower C. One wheel D 
of each pair is provided with an annular friction drum E, driven 
by drums F attached to the shafts of two petroleum or gas motors 
G, so arranged that the direction of rotation is opposite in each, 
and the beds carrying the cylinders, &c., are supported by shafts 
H, furnished with cranks I. This allows of either drum F being 
raised from contact with E, and the direction of motion thereby 
reversed, by means of the screwed spindle J and handwheel K, or 
the locomotive may be stopped without stopping the motors. A 
water tank M carries pipes for containing the petroleum. A 


dynamo N is attached to the framework in such a manner as to 
be driven by one of the motors when the latter is raised by the 














wheel K, and the current so produced may be conducted to one 
or more of the cars, in which an electrical projector or search 
light may be fitted within a revolving turret, suitable car couplings 


carrying the mains being provided. An air — or pumps in 
connection with the motors, may be provided, so that when the 
train is at rest, air may be stored uncer pressure in a receiver for 
ventilating or other purposes. For conveying a supply of petro- 
leum from each or any of the storage tanks, or for conveying 
compressed air from one car to the other, flexible tubes are em- 
ployed coupled together between the cars by a screw coupling 
fitted with a nozzle provided with a conical seating, which 
admits of a tight joint being formed upon a conical nipple being 

esed tightly into said seating by means of the coupling nut. 
Where the two motors are both required to work in unison, they 
arearranged to run in one direction, and an arrangement is pro- 
vided for reversing the motion of the driving wheels, indepen- 
dently of the motors. (Accepted March 20, 1889). 


8565. J. Yates, London. An Improved Starter for 
Tramears, (8d. Fig.) June 11,: 1§88.—This invention 
refers to a device enabling the draught of the horse to exercise a 
compound or increased draught on the vehicle. A is the frame of 
the car and B an extensible draw-bar swivelled at C to a second 
part D. Both ends of the car are fitted with the same kind of 
draw-bar, and the draw-bars are connected together centrally by 
a spiral spring E to kcep them drawn in when the draught is off. 


4 , Carriages, and the like. (8d. 2 Figs.) July 
30, 1888.—The object of this invention is to provide means for 
raising the coupling link by pressing down a handle at each side 
of the wagon, and whereby the said link is lowered or dropped 
over the connecting hook of the adjoining wagon by means of 
slides. The dotted lines indicate the manner in which the 
coupling link is lifted to connect it to the hook B of the adjoining 
carriage or wagon. The handle M is now passed along a slot O 
in the slide plate N to the full extent permitted by the length of 
the slot, A bar L passes from the slide Non one side of the 
wagon to a similar one on the other side, and to this bar are 








attached the handles M on each side, to work the slide gear 
either in or out, or to lift or lower the coupling link. The slide 
gear is bolted to the bed of the carriage, whereby the block Q is 
permitted to slide in or out of the frame R, and is connected to 
the bar L, by framework P, at the joint S. On the bar L is fixed 
a crank-bar K, to the centre of which is fixed a bar or plate 
with a joint on the top, to receive a jointed tongue-piece H, the 
end of which is rivetted by a crank connecting piece G, welded 
to the link D. By pressing one or both handles M downwards, 
the joint is lifted upwards, and the end of the plate closes up 
to the underside of the tongue-piece H, and carries the link D 
into the position indicated by dotted lines. The coupling link is 
composed of three links, D being the end one, U the centre, and 
F the link pivotted to the hook B. (Accepted March 6, 1889). 


17,224. L. Paget, New York, U.S.A. Improvements 
in and relating to Electrical Apparatus for Pro- 
pelling Tramway and other Vehicles. (8d. 5 Figs.) 
November 27, 1888.—A dummy car, running on ordinary rails R, 
carries an electrical motor M, the pulleys on the motor shaft being 
located midway between and above the axles A of the wheels T. 
The grooved pulleys P! run loosely on A and receive the cords 
K, K!, and N, N' are tension pulleys provided with spiral springs 
and swivel connections. The pulleys P!, P?, are provided with 
insulated wire bobbins Z so wound as to magnetise them when 
a current is passed through them. C' are two similar magnetic 
masses wound with coils z', and keyed to the axle. The ends of 
coils z are connected to insulated rings e', which are connected 
through brushes b> to wires w? leading to the pole changing 
switch 8S, and which are in turn connected at points p, p*, to the 
storage battery B, A. The ends of coil z! are also connected by 
rings e*, brushes b?, and wires to the poles of the battery. 
















The poles of M are connected by brushes and wires w through 
switch S" to the poles of the same battery. All these conductors 
are inclosed in a flexible cable H and connected to a portable 
switchboard having hooks h, and carrying a rheostat Rh and 
switches S, S'. This apparatus is hung on the dashboard on the 
front platform of the first car. As seen in Fig. 2, the motoris out 
of circuit. If the switch S' be closed there will result a multiple 
arc branch of the circuit from battery B A by wires w to the motor 
M, and its armature rotates carrying with it the loose pulleys 
P', P*, under stress of the cords K, K'. After the motor has 
obtained sufficient speed, switch S is reversed, thereby causing 
the pulleys P', P*, to slide on the axles A in the direction of the 
fixed parts C!, clutching them firmly together, and imparting 
motion to the axles and trucks T. The box B, carrying the 
battery, is sustained by springs s at or near each corner to prevent 
— due to inequalities in the road. (Accepted February 20, 
1889). 


MISCELLANEOUS, 


2157. The Hon. 8. Coleridge, London. Improved 
| Apparatus for Keeping a Buoyant y such as a 
| Torpedo at a Constant Depth Below the Surface of 
| the Water. [Sd. 5 Figs.) February 13, 1888.—The novelty of 
| this invention consists in utilising the changes of — near 
| the sea bottom (or at any fixed distance from the bottom) from 
| the rise and fall of tides upon any elastic substance for the pur- 











pose of thereby producing the oscillation of a piston, which oscil- 
lation after multiplication by wheels or otherwise can be used to 
let up and down a buoyant torpedo or buoy so that it shall always 
remain approximately at the same distance from the surface. 
A', A* is an air chamber. and B is a piston fitted in the cylinder or 
part A2, The piston rod as it oscillates in and out revolves a 
small wheel, rigidly connected on a common axle to a large wheel 
F, around the circumference of which runs the chain attached to 
the torpedo, which is buoyant. The apparatus is f d to the 
bottom of the sea at low tide, the air chamber, with the piston at 
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the end of its outward stroke having previously been filled with 
air or other elastic gas, at a pressu?e equal to that exercised by 
the water 2 ft. from the bottom at low tide. According to 
** Boyle’s Law,” that with gases the volume varies inversely asthe 
pressure, the volume of air in the air chamber will diminish in- 
versely as the pressure increases from the greater depth of water, 
as the tide rises, The wheel F worksthe mine rod G up and down, 
and as the tide rises and falls the motion of the piston in the 
cylinder multiplied upon the wheel F, will let up and draw down the 
torpedo which will always remain approximately at the same dis- 
tance from the surface. (Sealed April 23, 1889). 


18,324. W.E.Heys,Manchester. (Schaefer and Buden- 
berg, Buckau, Germany.) Improvements in Indi- 
cators for Ships. (6d. 12 Figs.) December 15, 1888,—The 
apparatus consists of a mouthpiece M fixed externally to the ship 
in as low a position as possible, so as never to be out of the water 
when the sbip rolls, and near the front, so that it may be exposed 
to the full current of the water before itis disturbed by the motion 
of the vessel. It also consists of an air vessel fixed within the 
ship at a — below the water level, and a pressure gauge or 
indicator fixed on the bridge. The mouthpiece M has open- 
ings d and 8 — in two directions, d pointing forwards 
and s pointing backwards. The openings d are ted with an 
air chamber D, Fig. 4, by a pipe d, whilst the openings s commu- 
nicate by aseparate pipe s with the chamber S. The duplex air 
vessel is provided with gauge glasses, cocks, and pipes, so that 
the water in the vessels may be adjusted to the same level and be 
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under control. Within each of the vessels is fitted a perforated 
rtition p to prevent excessive agitation of the water therein. 
f the —_— in still water, and if the water level in each air 
chamber D and S be at the same height, the pomeere in the two 
chambersis equal, and corresponds with the hydrostatic pressure 
due to the external water, but if the ship moves forward, an in- 
creased pressure arises in chamber D and a relatively diminished 
pressure in chamber S, owing to the action of the current of water 
past the mouthpieces d ands. The difference inthe pressures in 
the two chambers depends upon the velocity with which the 
mouthpiece is moving through the water, and is indicated by the 
gauge connected by two pipes with the air chambers. One of 
these pipes opens into the gauge above the partition, and commu- 
nicates with either D or S, whilst the other opens below the par- 
tition and communicates with the other vessel S or D. The gauge 
therefore indicates the speed of the ship irrespective of its depth 
in the water and of the roughness of the sea. (Sealed April 23, 
1889). 





UNITED STATES PATENTS AND PATENT PRACTICE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 





Tue DanuBE.—The Hungarian Minister of Communica- 
tions has submitted to the Reichstag a Bill for the regula- 
tion of the Iron Gatein the Danube. The works contem- 
plated are to be completed in six years, Their cost is 
estimated at 900,000/. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

In our last issue we made a brief reference to 
the meeting of this Institution which was held on 
Wednesday, Thursday, and Friday of last week, 
and we now have to deal with the proceedings in 
detail. Of the address delivered by the President, 
Mr. Charles Cochrane, we have already spoken, 
and we commence the publication of the address 
itself in extenso on page 542 of the present number. 


Marine ENGINE TRIALS. 


The report of the Research Committee appointed 
to inquire into the marine engine question, was 
naturally the chief feature of the meeting. This 
report, which was read at the meeting of the 
[st inst., was presented by Professor A. B. W. Ken- 
nedy, F.R.S., who is chairman of the Committee. 
We print this report in full on another page, and 
need not therefore make further mention of it here 
more than to say it is not a final or conclusive 
document, but merely embodies the results of the 
first series of experiments made with the engines 
of the Meteor, a passenger vessel running between 
London and Edinburgh. Doubtless this Committee 
will do a good deal more of the valuable work, which 
has been so well inaugurated by the Meteor’s trials. 
The chief difficulty, putting on one side those insepar- 
able from all marine trials, appears to have been to 
get a vessel on which the trials could be made at all, 
and certainly the thanks of the Institution, and of 
the engineering world at large, are due to the London 
and Edinburgh Shipping Company for granting 
facilities for making the test. Whilst speaking on 
this subject, we would suggest that the Admiralty 
authorities might well give some encouragement to 
the Committee by granting facilities for making 
further trials. Such a step would be quite within 
the legitimate scope of the work to which Her 
Majesty’s vessels may be put, and we think it may 
safely be asserted that the plan would be acceptable 
to the professional officials of the engineering 
branch at the Admiralty. We fear, however, that 
the clerkly influence is too strong at Whitehall to 
admit of such an assault being made on red tape 
traditions. 

At the conclusion of the reading of the paper, 
the President, Mr. Charles Cochrane, asked the 
author if there was anything he would like to 
add before the discussion was opened. In reply 
to this, Professor Kennedy said, that although 
the report was presented in his name, the details of 
the programme of trials had been fully discussed 
by the Committee, and he thought if the list were 
read over, it would be conceded that there could not 
easily be found a body more competent to deal 
with the subject. Since the report had been written 
the cylinders of the engines of the Meteor had 
been carefully measured with the following re- 
sults: The high pressure was found to be 
29% in., as stated by the makers, the intermediate 
44.03 in., and the low 70.12in. The difference in 
the final results, as to power, would be so trifling as 
not to make it worth while altering the figures. 
The alteration would be about one-fifth of one per 
cent., so that instead of 1994 there would be 1998 
indicated horse-power. Reference had been made 
to the state of the fires at the beginning and end of 
the trial, and the speaker thought it would be well 
therefore, to state that the fires were really thicker 
when the trial ended than at the beginning. They 
were, however, of about the same value, as at the 
end there was the accumulation of clinker present. 
Since the Meteor’s trial anotherexperiment had been 
made with compound engines of smaller size. The 
steam pressure was 58lb. and the indicated horse- 
power 371. The result was that 2.68 1b. of coal 
were used per indicated horse-power per hour and 
8.11b. of water were evaporated by each pound of coal. 
This was equal to about 9 lb. from and at 212 deg. 
Fahr. The water used was 21.71b. per indicated horse- 
power per hour. He was glad to say that through the 
intervention of Mr. Holden, the Great Eastern 
Railway Company had promised to allow a trial to 
be made on the Colchester, a new passenger steamer 
with engines of 2000 indicated horse-power. These 
were not triple-expansion engines but compound 
engines. 

Professor Kennedy also wished to pointoutto those 
who were about to take part in the discussion, that 
the subject before the meeting was the report of the 
trials, and it was not desirable that the engines 
should be criticised. The vesse was taken just in 


her ordinary running conditions, and no efforts 








were made to get extraordinary results, but merely 
to see if scientific data could be obtained from a 
vessel whilst going on her usual voyages. Itis a 
pity these remarks of Professor Kennedy’s did not 
receive more attention from some engine makers 
who spoke afterwards. It is very evident that 
engineering firms will not be favourable to having 
their productions subject to tests, if the results 
are to be made a text for deprecatory remarks 
of an unfair character by rival makers. To give 
one instance in the present case. The Meteor 
is a fast passenger vessel, or what used to be known 
asa ‘‘packet boat.” In order to gain speed, eco- 
nomy is designedly sacrificed, coal consumption not 
being considered so closely as it might be were less 
speed required. In spite of this, some speakers 
persisted in comparing the coal consumption of this 
vessel with cargo vessels of the ‘‘ocean tramp” class, 
in which fuel economy is the leading criterion of 
excellence. It should also be remembered, that 
there is a vast difference between making trials 
which are trials in all respects, and obtaining data 
during ordinary commercial work. Some cynic 
of the engine-room once said that the best indicator 
diagrams are always made in the cabin after lunch. 
Now without wishing to indorse any such sardonic 
remark as this, we cannot help thinking that there 
may be a possibility of an error occurring occasionally 
when builders construe the results of their trials ; at 
any rate, there is the advantage of stokers working 
at competition grade, and the whole machine tuned 
up to concert pitch by a highly skilled staff. All 
marine engineers know what an advantage may be 
gained in this way—equal, perhaps, to that between 
a racehorse or athlete in and out of training. 

Mr. W. H. White, the Director of Naval Con- 
struction, next rose in response to an invitation 
from the President. He said, that although he 
was a member of the Committee, he could speak 
quite disinterestedly upon the excellence and value 
of the workdone, for he himself had been able to bear 
very little part in it, a circumstance of which he had 
warned the Council when they elected him as one of 
the number of experimenters. It was the begin- 
ing of a new field of research, and one in which he, 
from the nature of his profession and his official 
position, took the greatest interest. The Institution 
might well feel proud of the good work done by 
the Committee, for it was facts that were wanted 
in this field of inquiry, and it was facts that the 
report gave. The naval constructor had to deal 
with the marine engine in the aggregate, but the 
members of the Institution had to go into the ques- 
tion in detail, and unless they had data upon which 
an investigation of the problem could be carried on, 
no further advance could be made with surety. 
There were in the trials one or two points that 
might have been altered with advantage, the chief 
being the way in which the jacket steam was dealt 
with. It said in the report that the amount of 
steam used in the jackets was not measured. It 
was to be hoped that in future trials means would 
be found for settling this point more definitely. 
The main results, however, were of very great 
value, and would lead to a closer appraisement 
of the performance of marine engines, for which 
engineers and shipowners should be grateful. 

Mr. Frederick Edwards, who took charge of one 
watch on the trial, was the next speaker. He said 
that he had checked the spring balance on land by 
which the coal was measured during the experi- 
ments, and had found that it was accurate within 
.417 per cent. of the whole. With the spring 
balance it was found that 88 tons of coal could be 
weighed in twenty-four hours. He had also tested 
the tanks, and found that an addition of 4 lb. of 
water raised the level 24 in. This was equal to an 
error of .192 per cent. 

Mr. Brown, of Renfrew, who rose in response to 
an invitation from the chairman, said that in 1852 
he had made the first steamer for Mr. Aitken’s com- 
pany. It wasa beam jet condensing engine with 
cog-wheel gearing. Before that time the over-sea 
carriage had been done by sailing smacks. This 
steamer was looked upon then as a bold venture, 
and a very remarkable advance on previous methods. 
The coal consumption was 8 lb. or 10 lb. per indi- 
cated horse-power per hour, and the boiler pressure 
was 15 lb. This vessel, and another built by 
Napiers, made their maiden trips at the same time, 
and attracted a great deal of attention at that date. 

After some remarks from Mr. E. H. Carbutt the 
discussion was adjourned until the next evening and 
the members separated. 

On reassembling on Thursday, the 2nd inst., 











the President opened the proceedings by re- 
ferring to the rate of transmission of heat. The 
President found that in some cases the parti- 
culars given in the body of the report did not 
agree with those contained in the Table follow- 
ing. It was also difficult to explain how more 
steam was got into the intermediate than in the 
high-pressure cylinder. A calculation appeared to 
have been made taking the point of cut-off as a 
basis, and the difference might have been due to 
condensation and re-evaporation, but if this were the 
case why was the same result not observed in the 
low-pressure cylinder ? 

Professor Kennedy next made a sketch of the 
tanks used for measuring the feed. One was run 
up full and the hot-well discharge was then turned 
into the other by means of a two-way cock. Con- 
necting the two tanks and at the level of measure- 
ment, there was an overflow pipe. It was necessary 
that the feed pump should take the water faster 
than the air pump delivered it to the tanks, other- 
wise, of course, the apparatus would not work. 
The difficulty was to shut-off the delivery to 
the tank which was being filled at the exact 
moment that the proper level was reached, but 
by means of the overflow pipe this was got over 
as the tank to be drawn from could not very well 
be filled above the overflow level. There was a 
hopper at the top common to both tanks, and at the 
discharge from which the two-way cock was placed. 
This gave a short rest, so that there was no anxiety 
for half a minute or so. There was of course a second 
two-way cock at the bottom of the tanks so that the 
feed pump might draw from either. The tanks had 
conical tops so that the water area at the level to 
which they were filled was very small, and thus any 
possible error was greatly reduced. In reference to 
the remarks which had just fallen from the President, 
the speaker referred to the following passage in 
the report. ‘‘ The amount of water evaporated per 
square foot of tube surface was 5.18lb. per hour, 
and per square foot of total heating surface 4.49 lb. 
per hour. These quantities have to be multiplied 
by 1.1 to bring them to standard conditions. The 
average rate of trangmission of heat through the 
material of the boiler was 5244 thermal units per 
square foot of heating surface per hour.” It might 
be however, Professor Kennedy continued, that a 
miscalculation had been made, but he thought 
the figures were correctly worked out. He would, 
however, have the calculations checked again. As 
to the other point raised by the President, the cut- 
off was not very well defined on the intermediate 
cylinder, and that might account for the discre- 
pancy, although he had no doubt there might be 
some re-evaporation ; that, however, was a point 
upon which he would not like to speak positively. 

Mr. P. W. Willans was the next speaker. He 
commenced by saying that the report of the trials 
had been awaited with much interest, as they were 
probably the first of large engine trials made with 
care and accuracy. The fact that Professor Ken- 
nedy, and the other highly competent members of 
the Committee, had made them, was suflicient to 
secure their acceptance, and the only things wanted 
to make them standards for reference were that the 
condensation in jackets and the condensation in 
cylinders should be separated. Enough was seen, 
however, to show that the cylinder condensation 
was large, and the water consumption also large. 
One often hears of extraordinary performances in 
the matter of coal consumption, and it would appear 
that these performances must be more or less 
apocryphal, if with triple-expansion engines of 
2000 horse-power, nothing better could be shown 
than a water consumption of 15 lb. per indicated 
horse-power per hour. Professor Kennedy made 
the actual efficiency of the engines 10 per cent., 
i.e. the efficiency of engines and boilers to- 
gether. No doubt this seems a very bad result, 
but as by far the greater part of the difference 
between the heat supplied and the heat utilised is 
necessarily thrown away, owing to physical diffi- 
culties which it is beyond our power to overcome, 
it will be better to divide this efficiency question 
into the efticiency of the engine and the efficiency 
of the boiler. The speaker did not propose to say 
anything with reference to the boiler efficiency, but 
he thought that when Professor Kennedy said that 
the efficiency of the engine was only 54 per cent. cr 
thereabouts, he hardly did it justice. The report 


stated that 528,700 heat units were supplied, and 
85,240 were turned into work, or an absolute 
efficiency of 16.1 per cent. ; 528,700 heat units 
were supplied with the feed at 160 deg. or there- 
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abouts. With this result Professor Kennedy com- | the standard of perfection theoretically possible, it 
pared the result due to an ideal engine following must be compared not with the ideal Carnot cycle but 
the Carnot cycle, but working between tempera-| with an engine which receives a pound of saturated 
tures 363deg. and 120deg. Fahr., not 160deg.| steam from the boiler, none being condensed on 
Fahr. Speaking from Professor Kennedy’s point) entering the cylinders, and which expands the 
of view, Mr. Willans was of opinion that this steam adiabatically from the higher to the lower 
statement should be corrected, and the heat sup-| temperature, and ejects it at the lower tempera- 
plied be taken as the heat required to convert the | ture, i.e., at the corresponding back pressure. 
feed water (497 lb. per minute) from water at|The formula for work done from a pound of 
120 deg. to steam at 363 deg. If this correction | steam in such an engine the speaker gave on the 
were made, the efficiency, calculated as Professor| blackboard as follows : 
Kennedy calculated it, would be 52.4 per cent. in-|} W=work done from 1 1b. of steam expanded 
stead of 54.6 per _ on yee ‘*ifthe engine had | from temperature A to temperature B absolute= 
been perfect and had worked between 363 deg. and A—B 
120 deg. Fahr. it should have turned into work .295 1438 — 7A ( A )+A- B—B log, 


of the heat received by it.” The ideal engine with | proximatel d this withi w limits as 
which Professor Kennedy compared those of the) Mr. ae: Sigs it mi iar: 


Meteor, was not a steam engine as we understand | 
: Wa (ee) (A-B). 


it, but an ideal heat engine receiving all its heat at | 

the temperature of the boiler. No actual steam | 

engine does this. The feed water may be heated| Compared with this standard, that is, with an 
by the exhaust steam to, or nearly to, the tempera- engine receiving steam as the Meteor does, and 
ture of the exhaust steam, and the remainder of making a perfect use of it, the efficiency would be 
the heat necessary to raise the feed water to the 58 per cent. instead of 52.47 when compared with 
boiler temperature must be supplied in the boiler, an engine following the Carnot cycle. The speaker 
at least it cannot be obtained byconduction merely. | also took exception to the lower temperature used 
To compare the heat utilised in an ordinary steam by Professor Kennedy for the purpose of calcu- 
engine with the heat theoretically utilised in| lating the efticiency, and failed to see why he used 
the Carnot cycle is, therefore, misleading, because 120 deg. In a non-condensing engine working 
the possible return for the heat units supplied to against the atmospheric pressure on a hot summer’s 
the feed water at temperatures varying from 120 deg. | or a cold winter’s day, he would not take the tem- 
to 363 deg. is not so great as the possible return perature of a well or river, but that corresponding 
from the heat received at 363 deg. The only fair| to the barometric pressure on the day in question. 
comparison would be between engines receiving | This pressure really governs the temperature of the 
the same amount of heat and receiving that heat | feed water as far as the engine is concerned, for by 
at the same absolute temperature. Should it be} an eflicient feed heater the feed water, whatever its 
desired to see how nearly the engine comes up to| temperature, can be raised by the exhausted steam 
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to the temperature answering to the back pressure 
of the atmosphere on the day in question. In the 
case of a condensing engine, Mr. Willans would 
not take the temperature of the condensed water as 
the lower limit, but the temperature answering to 
the back pressure in the condenser. In the case 
of the Meteor this would be about 140 deg., and he 
would therefore compare the Meteor’s engine as 
to efficiency, not with the Carnot cycle but with a 
perfect steam engine working between 363 deg. and 
140 deg., to which temperature the feed could be 
raised by exhaust steam. Compared with such an 
engine the Meteor’s engines have done 64.3 per 
cent. of what they could possibly be expected to do, 
against the 54.6 per cent. named by Professor 
Kennedy. The next question was why had they 
not done better? Professor Kennedy spoke of 
them as being economical engines, and so compara- 
tively speaking they might be, but the fact remains 
that in spite of their size and the great accuracy 
with which they have been constructed, they 
only develop two-thirds of the power, theore- 
tically and thermodynamically speaking, to be 
expected. We have been told that large marine 
engines are extraordinarily economical, and have 
believed it, but here we have the fact that an engine 
of 2000 horse-power has done no better in the 
matter of water consumption than a little engine 
which many probably thought a toy when it was 
brought here a year ago. It worked as a condens- 
ing engine between temperatures 370 deg. and 
158 deg., answering pretty nearly to the tempera- 
tures between which the Meteor’s engines work, 
and required 15.2 lb. of water for each indicated 
horse-power, when developing 38 indicated horse- 
power or thereabouts, the efficiency being about 67 
per cent., or rather higher than the Meteor’s. And 
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this was in spite of the comparative reduction in| engine. The difference was partly due tothe reduced reports of the Research Committees of the Institu- 
cylinder surface, and that in the little engine the | range of temperature, but mainly, he thought, to | tion would play an important part in the education 
cylinders were not designed for condensing work, | the high rotative speed in the latter case. It might of engineers, and in all books on the steam engine 
the ranges of temperature being as follows: High | be said that parts of the missing water was jacket they would be frequently quoted as standards of 


pressure, 53 deg. ; 
pressure, 86.3 deg. ; the remainder of the ranges of 


temperature being made up in the receivers. In| 
the case of the Meteor’s engines the ranges are 
84 deg., 61 deg., and 95 deg. respectively, the col- | 


lective range being 24 deg. in excess of the total 


range between boiler and exhaust steam. In the! 
little engines the collective range was about as many | 


degress less than the total range. 


latter point, as it was the fashion to call anything 


with two or three cylinders a compound engine, but | 


he was of opinion that a compound or a triple 
engine was one in which the stages of expansion 
are so divided that the ranges of temperature are 
approximately equal and do not overlap in the con- 
secutive cylinders. A compound engine, he further 
stated, without a receiver was only a half-and-half 
compound engine, and could hardly hope to com- 
pete in economy. He pointed out that the missing 


quantity at cut-off in the high-pressure cylinder is | 


nearly three times as great in the large engine as 
it was in his small one. It was equal to 22.9 


intermediate, 48 deg. ; low | 


per cent. in the Meteor and 8.8 per cent. in his! 





water, but to this he would reply that the jackets 
were used to diminish condensation. 

Mr. Willans desired in conclusion, and with 
special reference to the course that some engineers 
are pursuing in electrical engineering, to call atten- 
tion to the misapprehension that exists as to the 
probable saving in large engines over smaller ones; 
he felt sure that beyond a certain size no such sav- 


f |ing would be found to exist, and that from a point 
Mr. Willans called particular attention to the 


of convenience engines of 500 or 600 horse-power 
would be the largest required. He looked forward 
to reaching an economy of under 13 lb. of water per 
indicated horse-power per hour with comparatively 
small condensing engines, whilst probably the con- 
sumption might be under 12 1b. Large engines like 


‘the Meteor’s may do as well as this when fully 


loaded, but he did not think they would do much 
better ; and when lightly loaded, as they must be 


| for a great part of their time, they would do a great 


deal worse. 

Mr. J. McFarlane Gray heartily concurred in all 
that had been said regarding the value of the work 
done by the Research Committee, and especially by 
Professor Kennedy in getting up the report. The 





‘reference, both in respect to facts and to methods 
| of treatment of facts in making comparisons. He 
thought it was therefore to be regretted that the 
present report in defining the efficiency of the per- 
| fect engine had departed from the sound principle 
\laid down by Rankine and Clausius, The report 
| states that ‘‘if the engine had been ‘perfect,’ and 
had worked between 363 deg. and 120 deg. Fahr., 
it would have turned into work 0.295 of the heat 
‘received by it.” Mr. Gray claimed for the engine 
that if the reduction of temperature were due only 
'to the performance of work, and if all the heat 
which disappeared in that reduction were converted 
| into work, then would it be a perfect engine. That 
is what Rankine and Clausius had defined the 
‘duty of a perfect steam engine to be. The 
duty under the conditions named in the report 
| would be, according to this view, only 0.266 of the 
heat expended on the engine, and the efficiency 
realised would therefore be really 60.6 per cent. of 
| perfection and not 54.6 as given in the report. No 
one knew this, Mr. Gray said, better than Professor 


| Kennedy, and probably he had adopted the Carnot 


function as expressing the efficiency merely from its 
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being slightly simpler arithmetically. The speaker 
thought it important to put forward in such reports 
not that which is most easily calculated, but that 
which expresses best the true relation of the facts. 
A practical engineer has made an important step 
in understanding thermodynamics, when he has 
clearly grasped what is the difference between the 
two expressions now put forward for the efficiency 
of a perfect engine. The Carnot function applies 
to every element of a heat diagram separately, each 
fur its own range of temperature, When it is 
applied to the diagram as a whole the mean range of 
temperature must be taken, and not the maximum 
range as in this report. The importance of adher- 
ing to the accurate facts of the case would be obvious 
when it was considered that between the accurate 
efficiency and the approximation adopted, there was 
no fixed ratio. Taking a Davey motor working 
between 219 deg. and 139 deg. Fahr., and a 
Perkins engine working between 467 deg. and 
139 deg. Fahr., according to the method adopted 
in the report the efficiency of the Perkins engine, 
if perfect, would be 3.004 times that of the Davey 
motor, perfect; but according to Rankine and 
Clausius the duty of the perfect Perkins engine 
would be only 2.756 times that of the perfect Davey 
motor. At the lower temperatures given, the re- 
lative difference of the two methods would actually 
be only 3.73 per cent., whereas at the higher tem- 
peratures given, the relative difference would be 
9 per cent. The approximation adopted in the 
report could not therefore be recommended as a 
legitimate standard of comparison. 

Mr. John List, superintendent engineer to 
Messrs. Donald Currie and Co., was the next 
speaker. He said that marine engineers thought 
they knew something about coal per indicated 
horse-power, but what they wanted information 
upon was water per indicated horse-power. It was 
this the report gave them, and it was for this reason 
that it was so valuable. He agreed it was a 
pity that the jacket water was not measured, but 
that was not the Committee’s fault, as the fact of 
the steamer having to run on her ordinary voyage, 
whilst the trials were in progress, put obstacles in 
the way. The pressures in the cylinder jackets, as 
stated in the paper, were 131 1b. per square inch 
for the high-pressure jacket, 77.5 lb. for the inter- 
mediate, and 56.8lb. for the low-pressure jacket. 
He thought this was too high for the low-pressure 
jacket, his experience leading him to prefer a pres- 
aure of not above 101b. higher than the initial 
pressure. He was also of opinion that the engine 
might have been more economical if ordinary slide 
valves had been used in place of piston valves. It 
would be interesting if a trial could be made of the 
same engines, the jackets not being in operation. 
His experience showed him that engine makers, 
as a rule, were always anxious to avoid fitting 
jackets to cylinders. This might often be a 
mere question of expense, but at any rate it 
was a point upon which it was desirable to have 
some authoritative statement, as a good many engi- 
neers of standing said that jackets were no good. 
The speaker's opinion was that in order to get the 
highest economy jackets were necessary, and these 
should have automatic traps. It was also necessary 
to see that the jackets were absolutely tight, as 
sometimes the liners did not make a good joint, 
and this of course would neutralise any advantage 
that might otherwise accrue. It would also be in- 
teresting if experiments could be made to find the 
difference between machinery in which a feed- 
heater was fitted and that in which there was no 
such appliance. In conclusion, Mr. List wished to 
state that the results given in the report as to coal 
consumption agreed very closely with some records 
he had obtained on trial with much the same sort of 
coal. 

Mr. Daniel Adamson referred «t some length to 
what he had done in steam engine manufacture in 
the year 1862 and onwards, giving copious ex- 
tracts from a paper he had read at a meeting of the 
Tron and Steel Institute in 1875. As we published 
this paper in extenso at the time when it was read, 
we prefer to refer our readers to the original docu- 
ment,* rather than incorporate Mr. Adamson’s re- 
marks in the present discussion. A dissertation on 
the art of stoking followed, the speaker giving his 
views on this subject, but here again we regret that 
space will not allow us to follow Mr. Adamson, not- 
withstanding that the good work he has done in pro- 





* See ENGINEERING, vol, xx., page 218. The quadruple- 
expansion engines desmibed by Mr. Adamson were 
illustrated in the same volume on page 436, 


moting the use of high-pressure steam and other 
aids to steam engine economy, renders his deduc- 
tions from his experience worthy of careful atten- 
tion. The speaker thought the analysis of the 
coal given in the paper was not as full as it might 
be, and then proceeded to criticise the engines of 
the Meteor at considerable length. For reasons 
already stated in Professor Kennedy’s opening 
remarks, we once more think it unnecessary to 
follow the speaker, and more especially as he did 
not appear to have made himself fully acquainted 
with the details of the trials. 

Professor Cotterill wished to add his testimony 
to that which had already been expressed as to 
the high value of the experiments. Reference had 
been made to the standard of perfection adopted 
by Professor Kennedy as a means of comparison. 
It should be remembered, however, that such 
standards were conventional and were to be 
founded on the most convenient basis. For in- 
stance, in the matter of temperatures it might be 
urged that the temperature of the furnace gases 
should be referred to as the starting point, but this 
was not done, as it was inevitable in all cases that 
there should be a certain loss in transmission, and 
this was, therefore, inherent to all examples. Again, 
in treating of the non-condensing engine absolute 
pressures were not of necessity used, because the 
back pressure due to the pressure of the atmosphere 
was an ever-present factor. In the present instance 
it was necessary to inquire whether the loss of heat 
in the feed water was an inherent defect. If so, 
Professor Kennedy was right ; but if not those who 
claimed a higher standard were right. As a matter 
of principle, however, such a loss might be regarded 
as inevitable, and, therefore, the conventional 
standard adopted might be accepted. In the para- 
graph treating of the steam accounted for by the 
indicator diagrams the question of liquefaction arose. 
It appeared nearly equal, taking into account the dif- 
ference in the range of temperature in the cylinders, 
but no certain conclusion could be reached owing 
to the fact that the jacket water was not measured. 
It was a fact to be commented upon, however, as 
the surface was so different, but it must be re- 
membered that liquefaction in the cylinders de- 
pended upon the jackets. This would lead up to 
the question raised as to whether a square foot of 
condensing surface was more effective at a high than 
at alow temperature. In conclusion, the speaker 
wished to point out that the expanded indicator 
diagrams should not be set out in accordance with 
the actual content of each cylinder, but with the 
effective capacity taking compression into account. 

Major English, R.E., said that in the combined 
diagrams the compression in the receiver should be 
taken into account, and therefore indicator dia- 
grams should be taken from the receivers. He 
considered, however, that it would simplify matters 
if each cylinder was treated separately. He 
would be glad to know what was the initial surface 
under the valves, and also the volume of the re- 
ceivers. 

Professor Unwin was the next speaker. He 
wished to protest against the remarks made by 
Mr. Adamson that experiments should only be 
carried out with the very best engines ; in fact, he 
was of opinion that more could sometimes be learned 
from bad engines than from those more nearly ap- 
proaching perfection. But the speaker considered 
the Meteor’s engines to be good, and the labours of 
the Committee would result in facts not beforeknown 
being added to the store of scientific knowledge. 
The speaker next proceeded to criticise the com- 
bined diagrams which accompanied the paper, and 
which we reproduce in Figs. 8 and 9 on page 528 of 
our present issue. If diagrams of this kind are to 
be useful, the speaker said, they must become re- 
cognised forms which engineers would understand 
as easily as the ordinary conventions in drawing. 
it was, therefore, not unimportant to ascertain which 
was the best mode of representation, and then to 
adhere to it. The two diagrams were given in the 
report, as if they furnished the same results. But 
this Professor Unwin said was not really the case. 
In speaking of the first of the two diagrams referred 
to (Fig. 8 in our illustrations), the speaker drew 
on the blackboard a diagram to illustrate his mean- 
ing. This we reproduce in the annexed sketch. 
The horizontal abscissze of a b c d are thrown back to 
get the dotted curve a b cd, the area of which is the 
same as that of the actual diagram. Ifthe adiabatic 
curve b, c; were drawn for the amount of steam used 
per stroke, then the figure a bs c, d would represent 





the work which would have been done by the steam 





used in an engine with non-conducting walls, per- 
fect valve gear, and no waste spaces. This was the 
diagram given in Mr. Willans’ paper of a previous 
date. The comparison of the areas a bc d and a b, 
c, d formed a very useful and definite comparison. 
In the figure already referred to (Fig. 8), b. c. was 
not an adiabatic curve but a saturation curve, and 
therefore the comparison of areas was useless. A 
saturation curve, the speaker continued, was drawn 
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to determine the wetness of the steam during the 
— and the wetness of the steam was given as 
<1 But this was not really the wetness of the 
steam at any point of the stroke. The steam used 
per stroke was represented by AC, but A B was 
not the volume of actual steam as steam in the 
cylinder. Referring to the second of the two dia- 
grams (Fig. 9), the speaker said that it did not give 
the wetness of the steam during the expansion 
period accurately if the curve corresponding to bh, cs 
in the blackboard sketch is the saturation curve for 
the steam used, exclusive of jacket steam. But 
the dryness fraction (see Fig. 9) would be nae , hot 
iz 4 as given in the report. QB represented all 
the steam in the cylinder and clearance existing as 
steam, and Q C was the weight of steam uscd per 
stroke plus the weight of the steam caught by com- 
pression in the clearance. ‘ All that was known was 
that while a volume of steam represented by QB 
at the point B of expansion was all the steam in the 
cylinder, the whole weight existing ought to give 
the volume Q C, hence B C must be steam as water, 





and the dryness fraction is ax The same held for 


any other horizontal line during the expansion 
period. 

Mr. J. G. Mair was of opinion that the question 
upon what standard the ideal or perfect engine 
should be based was one of considerable importance. 
In considering this matter one ought to take a line 
of perfect vacuum, because often a bad air pump or 
bad attachments would give an imperfect vacuum. 
No doubt from a commercial point of view the air 
pump and connections should be taken as part of 
the engine, but from a scientitic standpoint these 
were attachments, and should not be allowed to 
influence the comparison. The speaker raised the 
question whether Carnot’s function was the proper 
basis of comparison, or whether it gave a better 
result for low rates uf expansion than for high rates. 
He would, however, leave it to others to settle 
whether Carnot’s theory held good for the steam 
engine ; there wasa question whether Carnot would 
so apply it himself, having intended it only for air 
engines. Mr. Adamson had said that the engines of 
the Meteor were not good engines, but he, Mr. Mair, 
wished to state that they were good engines, for 
they only took 265 thermal units per indicated 
horse-power per minute, whilst the best published 
results gave 275 thermal units per indicated horse- 
power per minute. It was true that the diagrams 
were not perfect, but it was well known that the 
best -looking diagrams did not always give the 
highest results. The expanded diagrams covered 
67 per cent. of the total area that would be 
occupied by perfect diagrams. 

Mr. W. Anderson said that it was not the duty 
of the meeting to criticise the engines, and if Mr. 
Adamson were to try to make a marine engine he 
would not be surprised to find that he did not pro- 
duce one nearly as good as the set treated of in the 
paper. There were a good many # goo that would 
arise in connection with these trials, and it would 
be desirable to go further into the figures. He 
would be glad to know if the original papers would 
be accersible to members (Mr. Kennedy intimated 
that they would be handed in to the secretary ). 
Mr. Anderson asked several questions as to the 
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details of the report, but the author intimated that 
he would answer many of these in writing after- 
wards. The speaker regretted that an accident had 
happened to the bottles of funnel gases, as their 
constitution was a point of importance. He thought 
the quantity of air was too high considering the 
thickness of the fires. It was assumed in the report 
that the valves and jackets were tight; this was 
not very likely to be the case, especially with the 
piston valves. In this matter he agreed with Mr. 
List that ordinary valves would be preferable for 
purposes of experiment. 

Mr. J. R. Fothergill, of West Hartlepool, was 
the next speaker. He said that the paper, being 
the report of so able a Committee, it was with con- 
siderable hesitation that he ventured to join in the 
discussion. There could be no question as to the 
great advantage of a standard system, determined 
from actual data obtained from the working of 
marine engines under normal conditions, but in 
order that such a standard might be of complete 
value, it would be necessary that the method of in- 
vestigation should be complete in every detail. It 
was on this point that the speaker wished to dwell. 
It seemed to him desirable that such engines 
should be chosen, which would in their general 
dimensions and details compare with the most 
generally accepted practice of the principal firms 
of engineering contractors, for it was a fact that 
engine designers, more particularly of late years, 
had been working largely in the dark. Most of 
the large firms had a scientific staff in connection 
with their works, and this would enable a prelimi- 
nary inquiry or trial to be undertaken before com- 
plete arrangements were made for a thorough inves- 
tigation. Jn the case of the Meteor he noted that the 
cylinder ratio did not at all compare with the practice 
of many leading firms. The high-pressure cylinder 
was exceptionally large in its ratio to the low-pres- 
sure cylinder, and there was no doubt the stresses 
and strains were unduly heavy. In the indicator 
diagrams he noted that the intermediate cylinder 
showed 23 percent. less power than the high-pres- 
sure cylinder, whereas the low-pressure cylinder 
gave out 24 percent. more power than the high- 
pressure cylinder. 

Turning to the consideration of the indicator dia- 
grams the speaker said that a most unsatisfactory 
range of temperature was found. The range of tem- 
perature for the high-pressure cylinder was 78 deg. 
Fahr. ; for the intermediate cylinder 59 deg. Fahr. ; 
and for the low-pressure cylinder 98 deg. Fahr. This 
gave a range of 24 per cent. less for the intermediate 
than forthe high-pressure cylinder, and the low-pres- 
sure cylinder had a range 66 per cent. more than 
the intermediate. The diagrams given to illustrate 
the paper of the late Mr. Wyllie, read at the Leeds 
meeting of 1886, showed there was no difficulty in 
obtaining an equal distribution of power and range 
of temperature with the initial stresses well 
balanced. Speaking of the economy of the engines, 
the term could only be used in comparison with 
the generality of marine engines. Taking the 
steam used for the indicated horse-power developed, 
there was no doubt that the engines were most 
economical, but the manner in which the indicator 
diagrams were taken was very different to usual 
practice. There were two indicators to each cy- 
linder, and the connections consisted of only a few 
inches of pipe having in no case more than one 
bend. Comparing this to the ordinary method in 
which diagrams were taken on marine engines, the 
speaker felt sure the difference would be from 5 to 
10 per cent. in favour of Professor Kennedy’s 
more perfect method. The measurement of the 
feed water Mr. Fothergill looked upon as the most 
important point, and it was very unfortunate that 
the jacket steam could not be ascertained, and also 
the steam used in heating the feed, for this was of 
really vital importance in calculating the efticiency 
of the engine. In the majority of steamers the 
water required to make up loss was usually supplied 
from the sea, but in the case under consideration 
the exhaust from various engines using steam from 
the donkey boiler, had been more than sufficient. 
The speaker would be glad to know what allowance 
had been made for the steam used from the donkey 
boiler as against supplementary feed from the sea. 
His experience was that with triple engines a mini- 
mum of 3 in. to 4 in. of water measured at the 
gauge glass was required to be supplied to each 
boiler for twenty-four hours. He would venture to 
suggest that at any future trials great consideration 
should be given to the subject. The speaker fully 
realised the great difficulty in obtaining the effi- 





ciency of boilers and the work got out of the coal. 
The first consideration was as to the scale condition 
of the boilers, and then as to the duration of the 
trial. Of course the evaporative efficiency of fur- 
naces, tubes, &c., was much affected by scale. 
During the few hours run the tubes were clean, and 
so were the fires, and therefore the coal was con- 
sumed to the best advantage, and there was no neces- 
sity for the constant raking and pricking of fires. Mr. 
Fothergill had had much experience in taking funnel 
temperatures, as he had found them of great value 
in his forced draught experiments, and he would 
point out that the temperature in the funnel varied 
very much during the first few days’ steaming. He 
generally found an increase of 100 deg. to 150 deg. 
of temperature, and even more after the first thirty 
or forty hours at sea. It was extremely unfortunate 
that only one sample of furnace gases was saved, for 
the analyses of furnace gases were of the greatest 
value. He thought that a mean result very different 
from that given in the paper would have been shown. 
He should think that the sample was taken just 
before firing, and wken the fires were in good 
condition, for the percentage of carbonic oxide was 
very small, and probably other analyses would have 
shown it in larger proportions, as there was such a 
small supply of air—only 15.5 1b. per pound of coal, 
and seeing that the boilers were then under natural 
draught. 

There was much to say on the subject of coal 
consumption did time permit, but he could only 
then draw attention to the very long grate, 6 ft., 
and the exceptionally large consumption per square 
foot of grate, the latter being 19.25lb. of coal per 
hour. This was exceptionally high for natural 
draught, more particularly when the small supply 
of air was borne in mind. Every practical 
engineer knew that a grate 6ft. long could not 
be efficiently fired in a marine boiler. Mr. Fother- 
gill disclaimed, however, any intention of criticising 
the engines for the purpose for which they were 
designed ; he merely looked at them from the trial 
point of view, and he thought they were not the best 
examples on which could be established a standard 
system of comparison. Taking the coal consump- 
tion as a basis of comparison he failed to find the 
engines very economical. The consumption 
appeared to be 2.01 lb. per indicated horse-power 
per hour, and the analysis of the coal gave a 
calorific value of 12,790 thermal units, equal to 
13} lb. of water evaporated per pound of coal from 
212 deg. Fahr. Fairly good Newcastle coal gave 
about 14,000 thermal units with an evaporation of 
144 lb. of water, and the coal used was therefore 
about 8 per cent. inferior to ordinary Newcastle ; 
therefore had the coal been of the latter descrip- 
tion the consumption would have been about 
1.8 lb. per indicated horse-power per hour. To the 
speaker’s own knowledge there were lots of triple 
engines with which the consumption did not exceed 
1,6 lb. of Newcastle coal per indicated horse-power 
per hour when working under ordinary conditions. 
In conclusion the speaker was of opinion that such 
trials as those under consideration should be 
made with engines which consorted with general 
practice. 

It may, we think, be pointed out in regard to 
Mr. Fothergill’s remarks, that the report on the 
Meteor trials is only the first result of the labours 
of the Committee, and that, although the vessel 
may not consort very closely with the class of ships 
with which that gentleman is in the habit of dealing, 
she may fairly represent another important type, of 
which knowledge is still rarer than of cargo vessels. 
Mr. Fothergill’s observations are, however, to the 
point, and his speech was that of a thoughtful prac- 
tical man. 

Mr. D. B. Morison, of Hartlepool, said that he 
thought Professor Kennedy would admit that there 
was considerable difficulty and expense attending 
marine engine trials, as even in the case of the 
Meteor a special staff, seventeen in number, was 
necessary, and that under exceptionally favourable 
conditions of fine weather throughout. The valu- 
able part of the paper was not so much in reference 
to the design of the engine, as obtaining the results 
with accuracy. All marine engineers would admit 
that the ordinary coal consumption trials were un- 
reliable and incorrect, and were simply manipulated 
to satisfy the specified requirements. The same 
might be said of trials of indicated horse-power, as a 
skilled operator with a little assistance from the 
engineers in charge could obtain results which were 
absurdly high. This manipulation of trial trip 
results must continue as long as shipowners bound 





engineers to obtain practically impossible results ; 
in fact, it was such stipulations which compelled 
engineers to resort to means which might impair 
the efficiency of the engines. Such being the case 
it was only natural that coal consumption trials 
should become less frequent, and maximum indi- 
cated horse-power on trial was looked upon with 
suspicion. 

The most interesting feature in the Meteor trials 
was the measurement of the feed water, which cer- 
tainly showed that the engine was very efficient, and 
that being so one naturally analysed the principal 
proportions. It would be generally admitted that the 
modern ‘‘ ocean tramp” was a commercial succesr, 
Although the engine did not contain every possible 
refinement necessary to obtain the greatest possible 
economy, nothing was omitted which experience 
had taught the shipowners would give a good return 
on capital invested. It would be interesting there- 
fore to compare the efficient engines of the Meteor 
with cargo-boat practice. A cargo-boat engine was 
generally unjacketted and had a cylinderratio of high 
pressure to low pressure of 1 to7 or thereabout. The 
Meteor’s cylinders were jacketted, and the ratio was 
1to5.67. The mean pressure in the Meteor reduced 
to the low-pressure cylinder was 30 lb., and that in 
the cargo-boat engine about 26lb. As regarded re- 
volutions the cargo-boat engine was limited to the 
number which gave the greatest propeller efficiency, 
and was usually from 58 to 65. The most important 
question was, which was the most economical rate of 
expansion at which a triple-expansion engine should 
be worked, consequently a trial with a cargo-boat 
engine would be valuable and instructive. The 
many little details which Professor Kennedy had 
been compelled to assume as correct, and others 
which were not under the most favourable condi- 
tions for purposes of trial, showed that the various 
arrangements should be made during the actual 
construction of the engines, and that being so Mr. 
Morison would endeavour to fit a cargo-boat engine 
with all the details required for trial, and Professor 
Kennedy was very welcome to supervise any trials 
that might be made. This statement elicited—and 
most deservedly—hearty applause from the meet- 
ing. Certainly if there had been in the past more 
engineering contractors prompted Ms the liberal 
spirit which appears to animate Mr. Morison’s 
firm, we should not so long have remained in doubt 
upon the elementary conditions upon which the de- 
sign of a modern marine engine should be framed. 

One could not but be sorry, Mr. Morison con- 
tinued, that the jacket water was not kept separate 
in the Meteor’s trials, or, if that were impossible, 
that the jackets were not shut off entirely, as then the 
results would have been more definite and valuable. 
Tt would also be interesting to know what was the 
nature of the feed-heating arrangements. A very 
simple arrangement, which his firm often adopted, 
was to lead a pipe from the low-pressure steam chest 
to the feed-suction pipe, and with that, together 
with light feed-pump valves, the water might be 
pumped without difficulty at a temperature of 
170 he A very convenient method of comparing 
the vacuum in the cylinder and condenser was to 
take a diagram from the condenser with the same 
indicators used for the low-pressure engine. If the 
Meteor’s gauge was correct the advantage of feeding 
the boilers with a separate pump was seen, as it 
reduced the amount of air in the condenser toa 
minimum, thereby causing the pressure to corre- 
spond more nearly with the temperature. He 
had found that it was advantageous to carry 
the low-pressure steam well above atmospheric 
pressure, although if carried to excess, it naturally 
followed that the initial loads on the three engines 
were unequal. An example of this was given in 
the Meteor’s forced-draught trial with auxiliary 
steam, as the initial load on the high-pressure engine 
was 59,000 lb. and that on the low-pressure engine 
142,000 lb. That made it severe on the bearings 
and gear, in fact, in this case, the piston-rod seemed 
loaded to about 9000 Ib. per square inch at the bot- 
tom of the thread ; this was rather high. Speak- 
ing of the boilers, Mr. Morison regretted that the 
coal was so inferior, but even taking that into con- 
sideration the consumption appeared high for the 
indicated horse-power. Comparing this vessel’s 
boilers again with cargo-boat boilers, the usual 
allowance in the latter case was about 3.6 square 
feet of total heating surface per indicated horse- 
power averaged at sea. The tubes were larger, and 
the consumption per square foot of grate was about 
three-fourths that of the Meteor. In the Meteor, 
however, the speaker pointed out, thespecial require- 
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ments must be considered, as she was a fast passen- 
ger boat, where the greatest power from a given 
weight of boiler had evidently been aimed at rather 
than obtaining the maximum efficiency. An example 
of this was the use of a 6-ft. grate and a consumption 
of 19} lb. per square foot of grate surface. Grates 
6 ft. long, except where circumstances rendered 
this length necessary, were, in the speaker's opinion, 
objectionable, as the efficiency of a furnace de- 
pends to a great extent on the manner the fire 
was kept. No ordinary fireman was able to do 
justice to a 6-ft. grate, and there was no doubt that 
the correct direction in which to work was towards 
a large diameter furnace and a 4 ft. 6 in., or, as a 
maximum, a 5-ft. length of grate. Advantages were 
gained here by forced draught or by an arrange- 
ment of mechanical firebars. 

Mr. F. Edwards spoke next. He said that few 
people had any idea of the difficulties of conducting 
marine trials, such as those which were the subject 
of the report. He had made many trials on land, 
but they were simple matters compared to those of 
the Meteor. Once they had gone to Dundee, and 
then the donkey gave out, so that they had to 
come back again. Another time they had gone to 
Leith, but the vessel got ashore and knocked a hole 
in her bottom, so then once more they had to 
return home from a fruitless errand. The weather 
question was alwaysan anxious point, and the sobriety 
of the stokers, which was also an important element, 
was not always assured. He wished to impress on 
the meeting that the engines of the Meteor were 
designed to get the greatest power, rather than the 
highest economy, and to this end the cylinders were 
proportioned. The boiler was intended for forced 
draught, and the tubes were proportioned with this 
in view. He considered the enormous power ob- 
tained very creditable to the builders. The atten- 
tion paid to the feed water used was an important 
point. Ifit were known what feed water was being 
passed into the boiler the most economical type of 
engine could be determined, and shipowners would 
then know where to go for their engines. Mr. 
Edwards had determined to fit measuring tanks into 
steamers he had to do with, whenever he had a 
chance. In this way the engineers would find out 
the most advantageous grade of expansion at which 
torun. The matter was very simple, and no extra 
staff would be required. If the records were taken 
for an hour or so it would be sufficient to show 
what was the best condition of working. Mr. 
Adamson’s remarks showed that he had not 
studied the matter, and had not been responsible 
for marine engines. With regard to the test of the 
spring balance, Mr. Edwards wished to explain that 
the vibration on shipboard was such that accurate 
readings could not always be got. The percentage 
of error was .419, and this was nearly all on one 
side. He had gone into the back end of the boilers 
and found the combustion chamber and tubes in 
good order. He had not an opportunity of opening 
out the boilers to see in what state the interior sur- 
faces were asto scale. The tubes were swept before 
the trial commenced. Mr. Edwards agreed with 
Mr. List in the remarks he had made about steam 
jackets, and he found contractors preferred to 
supply engines unjacketted. 

Mr. C. J. Wilson, who had made the analyses of 
coal and furnace gases, in commenting on this sub- 
ject said that chemists were not always in agree- 
ment as to the methods by which comparison should 
be made as to calorific values of fuel, but it might 
be taken that those results which were published 
some years ago were, as a rule, too low. The 
methods now more generally in use give slightly 
higher values, In taking samples of chimney gases 
for analysis, he preferred that several samples 
should be taken at intervals rather than one long 
draught, and engineers should remember that it 
was important the gases should be brought in 
contact with no other liquid than mercury. A 
strong brine was sometimes used, but brine often 
modities the composition of the gases and gives an 
alkaline reaction. 

At this point the meeting was adjourned until 
the following afternoon. 

On reassembling on the next day (Friday) Mr. 
Halpin was allowed to say a few words, although 
the President had stated on the previous evening 
that only Professor Kennedy’s reply would be 
taken. Mr. Halpin said that one great value of 
these experiments was that they would upset the 
fancy figures which had been culminating for some 
time past. One member had put on record that a 
consumption of 1.231b. of coal had been re- 
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quired each hour for each indicated horse-power, 
but the diagrams given had not borne out these 
figures, judging by the amount of water required. 
Another experimentalist had said that his ship was 
driven with 1.61b. of coal per indicated horse- 
power per hour. The speaker hoped he did 
it. It was possible, but it took a great deal 
of doing. As to the measurement of feed water 
he did not agree with the Committee. The object 
of the trials was to make observations without 
stopping the boat, but the speaker thought that 
there was a still more important function, which 
was to popularise such trials. He did not think 
special tanks for measuring feed were necessary, as 
a meter was sufliciently accurate for the purpose. 
He noticed that the boiler was fed by a Worthington 
pump, and if a counter had been put on some 
valuable information might have been got on the 
performance of that type of pump. ‘The means 
used for taking the indicator diagrams were on the 
trial above question. One speaker had said that 
the full power was not indicated if indicators were 
fixed in the ordinary way. He had no doubt of 
this, as he had known one case in which an improve- 
ment of 30 per cent. had been gained by altering 
the connections of the gear. He wished to dis- 
claim against the assumption that engineers could not 
make jackets to take the full pressure. No doubt 
there were difficulties, but these could be overcome, 
and then the complication of traps and reducing 
appliances would be got rid of. It was a pity the 
water in the jackets was not measured, as this vitiated 
the results. The speaker had introduced a system 
of jacketting which had been pronounced worse 
than useless. With this verdict he did not agree, 
and made reference to experiments he had under- 
taken to support his own views. Mr. Adamson 
had criticised the engines unfavourably, but the 
speaker thought 15 lb. of water was a record bad 
to beat, although the total efficiency of the machi- 
nery was not high. This was due to the boilers 
which were bad, but the rapidity of steaming must 
be taken into consideration. In another boiler 
test recently made by Professor Kennedy it was 
said that an efficiency of 87 per cent. had been 
reached. It would be interesting to know at what 
rate of evaporation this high figure had been 
obtained. 

Professor Kennedy, in replying to the discussion, 
said that there were so many points raised and 
questions asked that he could not undertake to deal 
with them all then, but would send in a supple- 
mental written statement to be incorporated in the 
Transactions. He was glad such stress had been 
laid on the necessity for measuring jacket water, as 
this strengthened the hands of the Committee in 
urging that point in future trials. As to the burn- 
ing question of efficiency, it was necessary to make 
the choice of a standard, and the one he had selected 
was very different from the engine itself. Mr. 
Gray took one nearer, but it was a question of ex- 
pediency which should be used. He agreed with 
Professor Cotterill, and in his next report would 
put the efficiency calculated on both standards. 
Mr. Gray had, however, treated the matter as one 
of right and wrong, and had accused him of ignor- 
ance, if not of something very like misrepresenta- 
tion. Mr. Gray knew so much about the subject, 
and could have taught so many lessons by the 
trials, that it was a pity he-did not take that line 
rather than settle his attention on the one point. 
It was possible to conceive an engine which would 
utilise all the heat given to it, but the conditions 
laid down by Mr. Gray, although applicable to the 
theoretical engine, were impossible in practice, and 
the speaker was of opinion they would be likely to 
mislead those not fully acquainted with the subject, 
and encourage inventions of the Marchant engine 
type. Mr. Gray, however, had said that the Carnot 
theory gave efficiencies good at low but not at high 
pressures. The speaker doubted this, and had 
worked out the efficiencies of five different types 
of engines, which, according to Mr. Gray, ought 
to be different, and ranging between 60 lb. and 
200 lb. The results, which the speaker quoted, did 
not support Mr. Gray’s opinion, but the latter re- 
fused to accept them, saying the figures must be 
wrong. It was ultimately agreed that the discussion 
on this point should be continued in writing. 

As to Mr. Adamson’s unfavourable comments on 
the engines the speaker could only say that had he 
designed them he should have been very proud of 
their performance. They had, for reasons of tide, 





to run five hours faster one way than another, and 
this threw a great difficulty in the way. The 
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greatest credit was due to those who had so success- 
fully met this point. As to the management of 
the fires to which Mr. Adamson had referred, it 
was impossible to control stokers at sea as one 
could a single fireman on a locomotive. That the 
stoking was not so good as it might have been, the 
results showed, but is was the best they could com- 
mand. As to what Mr. Fothergill said, it should 
be remembered that shipowners did not crowd to 
offer their vessels, and the Committee were grate- 
ful to those who did make such offers. With regard 
to the manner in which the diagrams were taken he 
thought Mr. Fothergill need hardly blame him for 
getting results as nearly accurate as possible. If 
engineers in the ordinary way were content to lose 
10 to 20 per cent. of their record it was their own 
look-out. The remaining points he would deal 
with in writing. 

A vote of thanks to the author and the Com- 
mittee was then moved by the President and 
carried with acclamation. 

The next business brought before the meeting 
was the reading of a paper written by Mr. Emil 
Pressburg, of Breslau, and communicated through 
Mr. Samuel Geoghegan, of Dublin. This contained 
a description of an apparatus for 


Dryinc IN a Vacuum. 


This paper we hope to printin full at an early 
date, and we will therefore proceed to the dis- 
cussion. This, although long, was not of an im- 
portant nature from an engineering point of view. 
The controversy appeared to range chiefly round 
three burning questions; viz., the price of 
grains, its value as cattle food, and the priority 
of Mr. Pressburg’s invention. We do not think it 
necessary to deal with any of these subjects at 
present. There were, however, one or two mecha- 
nical points raised ; for instance, Professor Ken- 
nedy asked how the substance to be dried was 
conveyed through the bottom cylinder of the appa- 
ratus ; the answer being that as the grains dried 
out they were conveyed to the delivery end simply 
by gravity, it being remembered that the grains 
are kept revolving in the cylinder by the stirrer. 
Our readers will better understand this point when 
we publish our illustrations of the apparatus. 

The next speaker, after dealing at length with 
the grains question, asked what was theconsumption 
of coal per ton of dried grains, and how many men it 
took to work the apparatus. Mr. Martin asked 
whether the pump took the vapour given off direct 
from the apparatus, or whether there was a con- 
denser. It appeared by the reply given subse- 
quently by Mr. Strohn that there is a condenser, 
although it is not shown in the drawings. Mr. 
Martin also asked if the apparatus would do for 
sludge drying, and was told that it had been used 
for that purpose, but not to any great extent. 

Mr. Collier spoke at some length as to the ori- 
ginality of the author’s invention, which he seemed 
to consider had been forestalled numberless times 
within the last twenty or thirty years. As however 
it appeared that the instances quoted by this gentle- 
man did not include a vacuum process—which is 
the chief feature of the present invention—the ob- 
jections on the score of originality may be con- 
sidered not to carry much weight. The same 
remark applies to the observations of other speakers 
on this head. Mr. Halpin doubted if a vacuum of 
29 in. as stated in the paper could be obtained with 
the pump illustrated. Mr. Worssam objected to 
the apparatus on account of the smallness of capa- 
city. He was convinced it would not do for drying 
malt, as it was necessary to keep the grain under 
observation during that process. He also antici- 
pated a difficulty from leakage. 

Mr. Browning, a visitor from the east end of 
London, also spoke. He had had to do with dry- 
ing grains since the year 1869, and treated the 
subject very exhaustively, but from a commercial 
rather than a scientific point of view. Perhaps we 
may put it on record, as the question was so hotly 
debated on Friday last, that the price of grains in 
London on that day was eighteenpence a quarter 
for black beer, and 2s, 3d. for ales. This quotation 
however does not include chucking out, which in- 
volves the further sum of 1}d. pertun. Mr. Wil- 
liam Anderson said that those who wanted infor- 
mation on the subject of drying grains and other 
vegetable substances could not do better than turn 
to the proceedings of the Royal Agricultural Society ; 
with which seasonable advice we may fitly close our 
report of this discussion. 

Votes of thanks closed the proceedings, the mem- 








bers dining together in the evening. The summer 
meeting of the Institution will be held in Paris, 
commencing on the 2nd of July next. 





PORTABLE BOILER WITH REMOVABLE 
TUBES. 
THE illustrations on pages 520 and 521 represent a 
ortable boiler with removable tubes, constructed by 
Messrs. Ruston, Proctor, and Co., of Sheaf Iron Works, 
Lincoln. 

The barrel is of the standard size, secured to a cir- 
cular firebox by a saddle-plate flanged in the usual 
manner. A strong angle iron, turned on the face, is 
rivetted to the firedoor end of the firebox. The flue 
is of steel, welded up and flanged, and is rivetted to 
both the tubeplate and the front plate. The smoke- 
box tubeplate is turned, where it fits on to the flanged 
plate of the boiler shell, which is faced to receive it. 
The tubes are 2 in. in diameter and the heating surface 
is of the usual proportion, of about 20 square feet per 
nominal horse-power. The front plate is stayed by an 
angle iron, and the top of the flue by bridge stays; in 
the larger sizes, and particularly where length is not 
of so much importance, the flue is made perfectly 
circular. The plates throughout are of Siemens steel, 
planed at the edges, and sufficiently strong for a work- 
ing pressure of 90 lb. 

Messrs. Ruston, Proctor, and Co. also ccnstruct 
this class of boiler up to 1201b. working pressure. 

For districts where good mechanics are not available 
the system evidently offers an advantage over the ordi- 
nary locomotive firebox, both as regards repair and 
periodical removal of scale. 

The engine itself calls for no special remark, except 
that it is fitted with the outside stop-valve arrangement 
in which are thelock-up and spring balance safety valve; 
the stopand the throttle valve are combined in one 
casting, and it has also the firm’s patent steam-expand- 
ing stay. 





THE STEAM YACHT “LADY TORFRIDA.” 

In our issue of April 12 we published a two-page 
engraving giving one view of the engines of the steam 
yacht Lady Torfrida, and with to-day’s issue we give 
another two-page engraving of this machinery, while 
on pages 524 and 525 are illustrations showing the 
general arrangements of the engines and _ boilers. 
The Lady Torfrida was built by the Fairfield Ship- 
building and Engineering Company, Govan, Glasgow, 
for the late Sir William Pearce, Bart., who was chairman 
of that company ; but he did not live long to enjoy the 
pleasures which cruising in this yacht would have 
afforded him. This is, at least, the second yacht of 
the same name built for Sir William, the first, which 
we described in our issue of June 6, 1884, having been 
sold by him. The new vessel, it is interesting to note, 
is only slightly larger than her predecessor, which was 
200 ft. 8 in. long by 25 ft. 7 in. broad, by 15 ft. 7 in. 
deep, and of 610 tons. In general arrangements, and 
in some cases in decoration, the vessels were similar, 
The engines of the former vessel were of the three- 
cylinder compound surface condensing type, whereas 
the new vessel has five cylinder engines, these having 
been constructed from the designs of Mr. Andrew 
Laing, the manager of the engineering department of 
the Fairfield Works. 

As will be seen from our engravings, five cylinders 
of the engines under notice are arranged in a manner 
adopted by the Fairfield Company with success in their 
large triple-expansion engines. There are two high- 
pressure cylinders 14} in, in diameter, and two low-pres- 
sure cylinders 38 in. in diameter, and one medium pres- 
sure cylinder 304 in. in diameter. This medium pressure 
cylinder is placed in the centre and at either side of it 
is a low-pressure cylinder with a high-pressure cylinder 
above. The cylinders thus arranged work a three- 
throw crankshaft, the piston stroke being 30in. A 
piston valve is fitted to each erg cylinder, 
and an ordinary slide valve to each of the other cy- 
linders. All the valves are worked by double eccentrics 
and link motion. The reversing of the engines is 
effected by one of Messrs. Brown Brothers’ steam and 
hydraulic reversing engines. 

The crankshaft is in one forging, and is, together 
with the tunnel, thrust and propeller shafts, made of 
Messrs. Vickers, Sons, and Co’s. steel. The propeller 
has four movable blades of manganese bronze. The 
design of the engines generally comprehends all the 
newest appliances, ae other fittings, a feed-water 
heater is fitted to the feed pipes. 

There is an electric engine of Messrs. W. H. Allen 
and Co.’s, London, and a ‘‘ Kapp” dynamo placed in 
the engine-room, with a number of storage batteries, so 
that the light can be maintained throughout the ship 
for a considerable time without working the electric 
engines. : 

Steam is supplied to the engines by one single-ended 
boiler 15 ft. 9 in. in diameter and 9 ft. 5in. long, havin 
four corrugated furnaces. The boiler is constructe 
entirely of steel, for a working pressure of 1501b. per 
square inch, The shell of the boiler is made in two 
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plates only, which is an important feature in boiler 
construction of this size, requiring the aid of large 
machinery, such as the Fairfield Company have recently 
added to their boiler works. With their bending rolls, 
rivetter, and planing machine they can manage with 
ease plates of this size. 

There is an auxiliary boiler fitted on board for 
supplying steam to the electric engines and for other 
subsidiary purposes. The details and arrangements of 
the boiler and propelling machinery are shown on 
pages 524 and 525. 

The Lady Torfrida is of beautiful model. She hasa 
clipper stem with handsome figure-head and elliptical 
stern. She is 216 ft. 6 in. long, 27 ft. beam, and 19 ft. 
depth moulded, and her tonnage is 735 tons. The 
vessel is schooner-rigged, with long rakish masts, and 
is fitted with a steam windlass forward, and hand and 
steam steering gear aft, with a small steering wheel 
on the bridge amidships. All the deck fittings are of 
manganese bronze. There is a large steel deck-house 
amidships, covered with teak, inclosing the engine 
and boiler space, deck saloon, and smoking-room, and 
in addition affording entrances to the cabins forward 
and aft. The accommodation is well planned, and the 
decorations and furnishings do credit to the artistic 
taste of the late owner. The deck saloon and 
smoking-room are floored with parquetry, the seats 
are cushioned in red morocco, a table being placed at 
the fore end of the deck saloon. Rich and handsome 
portitres are fitted at the after end, separating it from 
the entrance to the main saloons and fore cabins. 
Abaft this entrance are situated a large pantry and 
galley fitted up in a most complete manner, and having 
immediate communication with the saloons. 

The main saloon is a luxurious and commodious 
apartment, lofty, and well proportioned. The fittings 
and carvings, designed in the style of the Italian 
Renaissance, are of dark mahogany, artistically grouped 
and separated by gilt pilasters of a highly artistic 
character. The wall panels are covered with silk and 
brilliant brocatelle, in shades of terra-cotta, gold, and 
silver. The furniture consists of a sideboard, book- 
case, tables, piano, sofas, and chairs, the latter being 
upholstered in gold-coloured velvet. Panels of hand- 
painted tapestry in Louis XVI. style, and electro- 
oxidised metal work are fitted into the backs of the 
piano and other furniture and form a pleasing decorative 
feature in the saloon. The porticos are of rich rose 
silk Venetian velvet, with elaborate bullion borders 
and fringes. The Axminster carpets are of Persian 
design on gold ground. A brass stove, chastely orna- 
mented, completes the furnishing of this apartment. 

Aft from the main saloon are situated the ladies’ 
cabin and owner’s room. The fittings of the former 
are of walnut, the lower panels being carved in 
Italian scroll and foliage work. The upper panels are 
of a floral design, conventionally treated in rich gold 
satin. This apartment is furnished with wardrobe, 
writing table, sofas, and ehairs in gold velvet. Two 
ivory panels in the doors specially attract attention 
from the beauty of the carvings, the subjects being 
‘* Morning” and ‘‘ Evening.” The owner's room is 
fitted up in a manner equally artistic, the walls being 
panelled with decorated gold leather in framing of 
pollard oak. Curtains of fine copper red silk velvet, 
with elaborate hand-painted and applique borders, 
drape and screen the couch bed. A large writing table 
with ottoman seat occupies one side of the room, a 
mirror being placed above. From the main saloon isa 
corridor, on either side of which are disposed the 
guests’ state-rooms, of which there are six forward 
and two aft. These rooms are thoroughly ventilated 
and furnished with careful regard to comfort and con- 
venience. 

The accommodation for the officers and crew is pro- 
vided aft, and for the former itincludes a general mess- 
room and cabin for each. 





MARINE ENGINE PERFORMANCE. 


Research Committee on Marine Engine Trials. Report upon 
Trials of the s.s. ‘* Meteor,”* 


By Professor ALEXANDER B, W. Kennepy, F.R.S., 
Chairman. 


Steamer.—The s.s. Meteor is a steamer belonging to the 
London and Edinburgh Shipping Company, and permis- 
sion to test her engines was most kindly given to the 
Committee by Mr. Thomas Aitken, the manager of the 
company, who with his staff and all the officials on board 
the ship, have done their utmost to facilitate the work of 
the trial. The Meteor is a vessel of 261 ff. in length 
between perpendiculars, 32 1 ft. in breadth, and 19.3 ft. in 
depth moulded. Her registered tonnage is 692 and gross 
t mnage 1223, under deck 958 tons. Her displacement on 
the day of the trial, when the mean draught was 15 ft. 
14in., was 2090 tons. ' 

Engines.—She is fitted with triple-expansion engines, 
made by Messrs. J. and G. Thomson, of Clydebank, 
Glasgow. The high-pressure cylinder, originally 29 in. 
in diameter, has been rebored to 29% in. in diameter, the 
intermediate cylinder is 44in. in diameter, and the low- 
pressure 70 in. ; the stroke of all three cylinders is 4 ft. 





* Paper read before the Institution of Mechanical 
Engineers, 








The piston-rods are all 7 in. in diameter; the tail rod of 
the high-pressure cylinder is 4.45 in. in diameter, and the 
tail rods of the other two cylinders 4.37 in. in diameter. 
These rods have been measured; and the stroke of the 
engine has also been measured, and found to be exactly 
47.94 in. instead of 48 in. There has been no opportunity 
of measuring the diameters of the cylinders. 

he three cranks are spaced at equal distances apart, 
and follow in the order—high, intermediate, low. 

The cylinders are made with separate liners, and are 
jacketted at the sides but not at theends, The net length 
of the jacketted space is about 4 ft, Live steam is admitted 
separately to each of the jackets, each having its own re- 
ducing valve, The jackets are drained through pockets 
provided with gauge glasses, and during the trial water 
was always kept visible in these gauges. The clearances 
of the high-pressure, intermediate, and low-pressure 
cylinders are given by the makers as 12.4, 9.3, and 8.02 per 
cent. respectively. 

Each cylinder is provided with a piston valve or valves, 
single for the high-pressure cylinder, and double for each 
of the others. The valve gear is the ordinary link- 
motion, and during the trial the high-pressure motion was 
linked up as much as possible, giving a nominal cut-off of 
26 in. ; the intermediate and low-pressure motions were 
notlinked up. The valve gear was left untouched during 
the whole of the trial. The surface condenser has 3200 
square feet of condensirg surface. The screw propeller 
is four-bladed, having a diameter of 14 ft. 10 in,, anda 
mean pitch of 23ft. The actual area of the blades is 
78 square feet, and the projected area 57.6 square feet. 
The engines had been overhauled last at the annual 
survey which took place March 1 to 14, 1888. 

Boilers.—The boilers are two in number, each double- 
ended, the total number of furnaces being twelve. They 
are of steel with Fox’s corrugated flues, and have a dia- 
meter of 13 ft. 6 in. and a length of 16 ft. The total grate 
surface in the trial was 208 square feet, and the total tube 
surface 5760 square feet, the ratio between the two being 
1 to 27.7. The total heating surface is 6648 square feet, 
or thirty-two times the grate surface. The mean diameter 
of the flues is 3 ft. 3in. The firebars are of ordinary de- 
scription, 3ft. long, 1 in. broad at top in body, and about 
14 in. at the ends, the air spaces being thus about 4 in. 
wide. There are twenty-five bars in the width of each 
furnace, and therefore fifty bars in each grate. There is 
no air admission at the bridge or anywhere except from 
the front and from belowthe bars. The tubes are 24 in. 
external diameter and 6 ft. 44 in. long. The furnaces and 
tubes open out into a common combustion chamber. The 
two boilers have one chimney in common, whose internal 
diameter is 7 ft. 3 in. ; the external diameter of the outer 
chimney is 8 ft. 3hin. The chimney has a total height 
of 61 ft. above the centre of the lowest furnace. 

The total weight of the engines and boilers, including 
water in condenser, pipes, and boilers, and also spare 
gear, is 3904 tons. 

Object of Trial.—The object of the trial was to measure 
the coal, water, and indicated horse-power, as accurately 
as possible, and over as long a period as possible. 

Coal Measurement.—For weighing the coal, a spring 
balance was used in each stokehole. From the spring 
balance was suspended a large basket holding about 1401b, 
of coal ; this being filled was hoisted by tackle, its weight 
noted, and the coal then thrown upon the stokehole floor. 
About six baskets were filled and emptied as rapidly as 
possible one after the other, first on the starboard side 
and then on the port side of the stokehole floor, giving 
thus two weighed heaps of about 800 lb. of coal each. 
The time at which each heap was finished (that is, com- 
pletely put on the fires) was noted, and no more coal 
was weighed out until the floor was clear. A continuous 
record of coal thrown on the fires was thus kept, which 
plots out into the line of coal consumption shown upon 
the diagram, Fig. 1, page 528. The fires were not cleaned 
during the run, but the cleaning commenced when the 
trial was over, and the ashes and clinkers were weighed 
before being thrown overboard. The coal was Scotch 
from the Shawfield pit in the Wishaw district, its price 
at Leith being 7s. 6d. per ton. It has been analysed and 
its calorimetric value determimed by Mr. C. J. Wilson, 
F.C.S., of University College, London, with the follow- 
ing results : 


Per Cent. 
Carbon .... 70.31 
Hydrogen ... 4.88 
Water isa 10 68 
Ash... “is “ae ise tai 3 46 
Nitregen, sulphur, and oxygen 10.67 
100.00 


These figures are the mean of two almost identical 
analyses. Reducing the hydrogen to the corresponding 
value of carbon, each pound of coal, not allowing of 
course for the bad lumps which formed the greater part 
of the clinker, is thus equivalent to 0.878 lb. of carbon, 
and its calorific value may be taken as 12,790 thermal 
unite, 

Furnace Gases.—The temperature of the gases passing 
up the chimney was observed at intervals throughout the 
trial, the thermometer used being placed at the level of 
the upper deck, or about 12 ft. above the top of the 
boiler. The thermometer was long enough to reach over 
2ft intothe chimney. It was a mercury thermometer 
having the space above the mercury filled with compressed 
nitrogen, eo as to enable it to give readings far above the 
ordinary boiling point of mercury. 

Samples of the gases from the chimney were collected 
during the trial, and placed in sealed bottles over mercury. 
Unfortunately, however, all the samples taken except one 
were spoilt before they reached the laboratory for analysis. 
The analysis of this sample has been made by Mr. C. J. 
Wilson, and is given later on, 





The chimney draught was measured by a U gauge at 


the place where the furnace gases were collected. 

Feed Water Measurement.—The feed water was measured 
on its way from the hot-well to the feed pump, the latter 
being a Worthington pump entirely separate from the 
engine. A 4-in. pipe was connected with the hot-well, 
and terminated ina 4-in. two-way cock, by means of which 
the discharge could be turned into either one or two 
measuring tanks. At the bottom these tanks were con- 
nected to another 4-in. two-way cock, through which the 
feed pump could be made to draw from either of therr. 
The tanks were so tilted that one corner was lower and 
another corner higher than all the rest, so as to render 
their filling and emptying more certain. They were 
fitted with glass water gauges and with relief pipes. 
The method of operation was as follows: The hot-well 
discharge—which contained the condensed steam passing 
through the cylinders, the jacket condensation, and also 
the steam used for heating the feed water, as weli as the 
other quantities mentioned in the next paragraph—was 
allowed always to run into one or the other tank, and filled 
each one up in turn in about 3} minutes. By means of 
the lowercock the feed pump was put into connection with 
the tank into which the hot-well was not discharging, and 
emptied it in about 24 minutes. For each tankful there 
was therefore about one spare minute in which to insure 
its complete emptiness or fullness and to note the tem- 
peratures, &c. uring this time the feed pump had to be 
stopped, being started again directly the next tank was 
full. After the trial the tanks were re-erected with all 
their connections at University College, London, and water 
carefully weighed into them. It was found that one held 
1808 lb. and the other 1785 lb. of water at 62 deg. Fahr., 
and also that the probable error of the filling and empty- 
ing as carried out on the trial was not more than 2 lb, in 
each tank, and was equally likely to be plus or minus. It 
seems, therefore, that the method of water measurement 
used, although very laborious, must have given very 
closely accurate results. A more elaborate system with 
storage tanks, which was preferred by the Committee, 
could not be carried out for want of room on the vessel. 
The temperature of each tank was taken, so that a very 
good average value of the feed water temperature was 
obtained. 

The steam made by the boilers, corresponding with the 
measured weight of the water, all went to the main 
engine, except the small quantity required to drive the 
Worthington pump, which may be fairly considered com- 
parable with the quantity required for the feed pump of 
an ordinary engine. The circulating pump, the dynamo 
engine, the winch engines, the steering engines, &c., were 
all worked from a donkey boiler, which was specially kept 
going for that purpose. The exhaust from the eeeubting- 
pump engine and also that from the dynamo engine were 
both taken into the condenser, and therefore were mea- 
sured through the feed tank on their way to the boiler 
again. These additions to the ordinary air pump dis- 
charge more than made up for the various losses of steam 
through the engine, so that from time to time part of the 
hot-well discharge had to be thrown away, and not taken 
back to the boiler. The whole of the pipe connections 
between the boilers and engines, which were of very great 
complexity, were carefully examined before the trial, to 
make sure that no unintended communication existed. 

Power Measurement.—Indicator diagrams were taken at 
half. hourly intervals throughout the whole trial. Six 
Crosby indicators were used, one on each end of each 
cylinder ; the connections in all cases were through only 
a few inches of large pipe having in no case more than one 


nd. 

The revolutions were noted half-hourly on the counter, 
all the gauges being read at the same time. 

General Conditions.—The general conditions as to speed, 
power, steam pressure, frequency of stoking, and so on, 
were all those of ordinary working on a southward journey, 
and were fixed beforehand by the chief engineer. 

Results.—The results are shown graphically in Figs. 1 
and 2, and their principal points are the following : 

Duration of Trial.—The trial, which was made on a 
voyage from Leith to London, commenced at 1.30 a.m. 
on Sunday, June 24, and ended for the engines at 
6.36 p.m., and for the boiler at 6.39 p.m. upon the same 
day. Its duration was therefore 17 hours 6 minutes for 
the engines and 17 hours 9 minutes for the boilers. This 
small difference of three minutes arises from the fact that 
the signal for ending the engine trial, that is, for taking 
the last reading of the counter, was given three minutes 
before the water in the boiler gauge glass reached the level 
from which it had started. The weather was fair through- 

t. 


out. 

Fuel.—The coal used in the after stokehole was 16,675 lb. 
upon the starboard side and 16,831 lb, upon the port side, 
In the forward stokehole these amounts were respectively 
18,242 lb. and 16,945 1b. The starboard boiler, therefore, 
used 34,917 lb. and the port boiler 33,776 lb. of fuel. The 
total quantity was 68,693 lb., or 4005 lb. per hour. 

At the end of the trial it was found on cleaning the fires 
that the ash amounted to 1671 lb., and the clinker to 
2806 lb. in addition. The ash was, therefore, 2.43 per 
cent. of the total fuel, the clinker 4.08 per cent. of the 
— fuel, and the two together 6 51 per cent. of the total 
fuel. 

The mean temperature of the escaping gases, deduced 
from thirty-eight observations, was 791 deg. Fahr. The 
chimney draught was constantly about ; in. of water. 
The sample of furnace gases which was brought success- 
fully to analysis gave the following results by volume: 


Per Cent. 
Carbonic acid... 125 
» oxide 0.8 
Oxygen = jas 5.4 
Nitrogen is rs 812 


This sample was collected at 11.30 a.m. under normal 
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conditions of working. During the greater part of the 
trial the fires were worked very thick, indeed as thick as 
possible, and they were so at the end of the trial; as 
already mentioned they were not cleaned during the trial. 
Very much smoke was always emitted after stoking; but | 
while no stoking was actually going on, there was not | 
much smoke, The times of stoking were noted frequently ; 
and on the average it was found that stoking occurred 
in each stokehole about every twenty-four minutes, all 
the fires being stoked one after the other as quickly as 
possible. 

Feed Water.—The mean temperature of the feed water, 
which was heated before leaving the hot-well by an appa- 
ratus devised by Mr. Clephane, the chief engineer of the 
ship, was 163.1 deg. Fahr. ; it was very fairly constant 
between 160 deg. and 170 deg. during the wholetrial. At 
this temperature the amounts of water contained by the 
two measuring tanks are 1771 |b. and 1749 1b. respectively, 
these figures being found by calculation from those already 
given. During the trial the larger tank was filled 145 
times, and the smaller 146 times. The total quantity of 
— used was therefore 512,150 lb., or 29,860 lb. per 

our, 

Speed.—The counter read 1,439,668 at 1.30 a.m. when 
the trial commenced, and 1,513,318 at 6.36 p.m. when 
the trialended. The total number of revolutions made 
by the engines was therefore 73,650, the time being 
17 hours 6 min., which gives the average rate of 71.78 revo- 
lutions per minute. The maximum number of revolu- 
tions per minute for any half-hour was 72.4, and the mini- 
mum 70.9, 

Pressures, dc.—The mean barometric pressure during 
the trial was 30.34 in. of mercury, or say 14.9 lb. per 
equare inch, The mean boiler pressure was 145.2 lb. per 
square inch, The other pressures were as follows : 


Pounds per 
Square Inch. 
High-pressure jacket A 
Intermediate _,, 
Low-pressure _,, 
First receiver st : Se 
Second ,, * ae ous * 6.2 
All these pressures are given above the atmospheric 
pressure. They were observed every half-hour throughout 
the trial. The gauge for the boiler pressure was checked 
by a standard gauge; the other gauges were not checked, 
and their readings must therefore be taken as approximate 
only. The average pressure during admission to the 
high. pressure cylinder (from measurements of diagrams) 
was 134.41b. per square inch, The actual initial pressure 
(or pressure just at the commencement of the stroke) was 
practically the same as this in the top diagrams, and 6]b. | 
or 7 lb. higher in the bottom diagrams. The difference | 
between the average admission pressure and the boiler 
pressure was thus (assuming the gauge to be correct) | 
10.8 lb. per square inch. The mean reading of the vacuum | 
gauge was 24.78 in, of mercury, or 12.17 lb. per square 
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inch below the atmosphere. The mean vacuum in the; Power.—The following are the mean effective pressures 
low-pressure cylinder (obtained by detailed measurement | in the different cylinders in pounds ed square inch : 

of all the diagrams) was 11.6 lb. per square inch below the | Cylinder. Top. ttom. Mean. 
atmosphere. The absolute back pressure was therefore High-pressure ... 60.10 56.82 58.46 
2.73 Ib. in the condenser, assuming the gauge to be correct, | Intermediate 20.47 18.54 19.50 
and 8.3 lb. in the cylinder, | Low-pressure ... 1222 1255 1238 
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' These pressures correspond with the following indicated 
| horse-powers : 


High-pressure cylinder _.... as we 662 
Intermediate - a pe pa 507 
Low-pressure 99 ie: He is 825 
Total indicated horse-power ... 1994 


| _ These figures are the average from thirty-four sets of 
| diagrams, six diagrams in each set. The maximum indi- 
| cated horse-power given by any one set was 2086, taken 
| at 5.15 a.m. with 72.1 revolutions per minute and 147 lb. 
| boiler pressure. The minimum indicated horse-power 
| given by any one set of diagrams was 1890, taken at 
| 12.45 p.m. with 70.9 revolutions per minute and 140]b. 
boiler pressure. Each set of diagrams was worked out 
for the revolutions per minute corresponding with the 
counter readings for the half-hour in which that set was 
taken. One set of diagrams—that nearest to the mean-— 
is given in Figs. 5 to 7. 
| Boiler Efficiencies.—The rate of combustion in the fur- 
naces was 19.251b. of fuel per square foot of grate surface 
per hour, or 0.6021b. per square foot of total heating sur 
face per hour. The evaporation was at the rate of 7.46 lb. 
of water per pound of fuel put on the fire, including 
clinker. This water, being supplied at a temperature of 
163 deg. Fahr. and evaporated at a temperature of 363 deg., 
must have received heat at the rate of 1062 thermal units 
per pound. Each pound of it was therefore equivalent to 
1.101b. evaporated from and at 212 deg. he actual 
evaporation reduced to this standard was therefore 8,211b. 
' of water per pound of coal, or about 9.62 1b. per pound of 
carbon value in fuel, allowing forclinker. The equivalent 
, amount of heat utilised per pound of coal was 7922 thermal 
units, or say 62 per cent. of the whole calorific value of 
the coal, which percentage therefore represents the actual 
boiler efficiency. The total nominal calorific value of the 
fuel burnt per minute was 853,900 thermal units. Although 
it cannot be assumed that the analysis of furnace gas 
already given was a fair average, it has been thought 
worth while to work it out. It appears from it that the 
' weight of air per pound of carbon was about 22.0lb., and 
r pound of coal about 15.5lb. The loss of heat in rais- 
ing the temperature of the furnace gases works out to 
21.9 per cent. of the whole calorific value of the fuel, the 
loss by formation of carbonic oxide to 3.6 per cent., and 
that due to the evaporation of the moisture in the fuel to 
1.2 per cent. The sample of coal analysed being free from 
clinker, the 4 per cent. of clinker may roughly be said to 
correspond toa loss of about 3 per cent. of the whole heat. 
These quantities add up to 91.7 per cent. of the whole 
heat of combustion ; and the balance must include, among 
other things, all losses by radiation. The amount of water 
evaporated per square foot of tube surface was 5.18 lb. per 
hour, and per square foot of total heating surface 4.49 1b. 
per hour. These quantities have to be multiplied by 1.1 
| to bring them to standard conditions. The average rate 
jof transmission of heat through the material of the boiler 
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was 5244 thermal units per square foot of heating surface 
per hour. 

Engine Efficiencies: —The measurement of feed water 
shows that the quantity used per indicated horse-power 
per hour was only 14.98 lb., or withia the limits of accuracy 
of measurement 15.0lb. The actual heat received by the 
feed water per minute was 528,700 thermal units, or 265 6 
thermal units per indicated horse-power per minute, 
which, as given in the last paragraph, is 62 per cent. of 
the whole heat of combustion. For purposes of com- 
_ parison with a perfect engine, it may be assumed that the 
higher limit of temperature is that of the bviler steam, 
363 deg. Fahr., while the lower limit may be taken as 
120 deg. Fahr. It was unfortunately impossible to measure 
the temperature of the condensed steam as it entered the 
hot-well; but with the good vacuum given above, it is 
not probable that it differed much from 120deg. Fahr. 
(The temperature corresponding to the mean back pres- 
sure in the low-pressure cylinder is 146 deg. Fahr.) If 
the engine had been “‘ perfect” and had worked between 
363 deg. and 120deg. Fahr., it should have turned into 
work 0,295 of the heat received by it. The heat actually 
turned into work was 85 210 thermal units per minute, 
showing an efficiency of 54.6 per cent. as compared with 
a ‘* perfect” engine werking between the same limits of 
temperature and receiving the same quantity of heat per 
minute. This is a high efficiency, but corresponds with 
the low feed water consumption. The absolute engine 
efficiency, or ratio of the heat turned into work to the 
total heat received by the feed water, was 16.1 per cent. 

Total Efficiency.—The combined efficiency of the boilers 
and engines, or ratio of the heat turned into work to the 
total heat of combustion of the fuel, was almost exactly 
10 per cent, 

Steam by Indicator Diagrams.—Careful measurements 
of all the diagrams tiken have been made to ascertain 
the proportion of steam accounted for by them, and the 
foliowing are the results, the actual weight of feed water 
used per revolution having been 6.93 lb, : 
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Steam presentinhigh-pressurecylinder Jb. |per cent per cent 
after cut-off, when the pressure was 
110 1b. per square inch above the 


| 
atmosphere Re oEb es cies cast Sk’ | ORTAL {RO 
Steam present in intermediate cy linder, | | 
when the pressure was 221b. per | 
square inch above the atmosphere .. 65.56 | 80.2 | 19.8 
Steam present in low-pressure cylinder | 


near end of expansion, when the 
pressure was 4 1b. per square inch 
below the atmosphere .. x --| 622 | 76.8 24.7 

It will thus be seen thateven in these very economical 
engines, and with a liberal allowance for the steam used 
in jackets, which unfortunately could not be separately 
measured, there must have been a very considerable loss 
due to cylinder condensation. 

In Fig. 8 are shown expansions of the set of indicator 
diagrams given in Figs. 5 to 7, each expanded dia- 
gram being the mean of the two corresponding actual 
ones. The full lines in Fig. 8 show these mean indi- 
cator diagrams themselves drawn to the same scale of 
pressure and of volume, and placed so that the space to the 
left of each diagram represents the clearance space in the 
corresponding cylinder, The dotted lines in Fig. 8 show 
the same diagrams set back (in the manner described in 
Proceedings 1887, page 70) in such a way that at any 
pressure the horizontal distance A B measures the actual 
volume of working steam in the cylinder at that pressure, 
as represented by the difference between the volume of 
steam of that pressure in the cylinder during expansion 
and during compression, or A E—A D, independently 
altogether of clearance steam. Each horizontal distance 
or abscissa of the dotted curves, such as A B, is therefore 
directly comparable with the corresponding abscissa A C 
of the saturation curve S S; and the ratio of the one to 


2 
the other a at any pressure gives the “‘ dryness frac- 
tion,” or ratio of steam to mixed steam and water, for the 
working steam at that pressure. 

In Fig. 9 the same diagrams are treated in a some- 
what different manner, proposed by Professor Unwin. 
The mean indicator diagrams themselves are here again 
expanded in the usual fashion, as shown by the full 
lines. The expansion line of each is continued to the 
end of the stroke at B, and the horizontal line Q A B is 
drawn. Then the length A Cis set cff from the compres- 
sion line (produced if necessary) to represent the me sta 
of the whole feed water per stroke (less jacket water, if 
any), if it were entirely steam of the pressure at B ; and 
a saturation curve is drawn upwards through C, Then at 
any pressure  B represents the volume of the whole steam 
in the cylinder ; B C the volume of thesteam correspond- 
ing with the water in the cylinder, apart from accumu- 
lated water if any ; while Q A shows the volume of steam 
in the clearance space when the same pressure is reached 
in the return stroke. The distance A B therefore re- 


presents the volume of working steam, and the ratio wr 


the ‘‘ dryness fraction” in the same way as the similarly 
lettered distances in Fig. 8. 

Coal Consumption.—The total coal put on the fires, 
4.005 1b. per hour, corresponds to 2.01 ]b. of coal per indi- 
cated horse-power per hour, of the quality already stated. 
This corresponds to 1.76 Ib. of carbon value per indicated 
horse-power per hour, or say 427 thermal units per indi- 








cated horse-power per minute. As each indicated horse- 
power per minute is equivalent to only 42.75 thermal 
units, this makes the combined efficiency of boilers and 
engines 10.0 per cent., as given above. 
Speed of Vessel.—The following notes from the log-book 
of the ship may be of interest : 
Distance in 


Time. Nautical 
Miles, 
Left pier head... 0.50 a.m 0 
ico Mocks ve _ a 2.20 20 
St. Abbs Head os .. 8.40 395 
Ferns... = ne a 5.10 62 
Flamborough Head ... 0.50 p.m. 175 
Dudgeon ES Re se 4.57 236 
Cromer ... ss uP foe 6.25 257 
Haseborough ... = ee 2654 
Cockle ... ve 7.46 275 


The mean speed between Leith and Cromer, which 
practically covers the trial, was therefore 14.6 knots. 

Supplementary Trial.—Some hours after the main trial 
was finished, and after all the fires had been cleaned, the 
stokehole was closed, the fans set to work, and the engine 
driven for a few hours at full power with forced draught. 
The particulars of the work done under these circum- 
stances are given in Table I. As to diagrams C, E, and 
F, which were taken from live steam admitted to the 
first receiver, it may be explained that the engine has 
an auxiliary starting valve 24 in. in diameter, which 
enables this tobe done. This valve is occasionally used 
when there is any fear of the boiler blowing off, so as to 
avoid waste of steam and fresh water. This occurs gene- 
rally for only a minute or twoatatime. Theengines run 
from two to three and sometimes as much as four revolu- 
tions per minute faster, and it will be seen that the dia- 
grams shown in Figs. 13 to15and 19 to 21 are distorted, and 
the pressure on the intermediate piston much increased. 


Tab_Le I.—Supplementary Trial at Full Power with Forced 
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A 146 «81.0 60.9 | 28.4 | 18.5 778 | 832 | 1893 | 3003 
B 151 81.0 63.2 | 28.8 | 19.0 808 | 844 | 1426 | 3078 
Cc 150 83.1 30.2 | 33.7 | 24.1 897 | 1013 | 1863 | 3273 
D 145 78.7 64.1 | 25.5 | 16.7 796 | 727 | 1222 | 2745 
E 136 80.0 329 | 33.0 | 21.8 415 957 | 1617 | 2989 
F 130 §©680.0 31.2 | 32.9 | 216 894 952 | 1608 | 2954 























The four sets of diagrams A C D F are shown on page 529. 

Diagrams A and B are believed to represent the average full- 
power working of the engines going north from London to 
Leith, when the steamer always runs with forced draught, Dia- 
grams C, Figs. 13 to 15, correspond to the conditions of A and B, but 
with live steam admitted to the first receiver. 

Diagrams D, Figs. 16 to 18, are believed to represent the average 
working of the engines later on in the same full-power run when the 
tubes are getting dirty, the high-pressure motion being drawn up 
about lin. Diagrams E and F, Figs. 19 to 21, correspond to the con- 
tions of D, but with live steam admitted to the first receiver. 


When the vessel got into port and was being berthed, 
it was endeavoured to get aset of indicator diagrams while 
the engines were going astern. One complete set only 
was secured, Figs, 22 to 24, of which the following are the 
particulars, all the links being in full gear. 


Boiler pressure, pounds per square inch 


above atmosphere e os ae 147 
Revolutions per minute... ‘si i 76 
Vacuum in inches of mercury .. Ae 27 
Mean pressure, high-pressure cylinder, lb. 48.8 

a “ intermediate * 8 1.5 

a ae low-pressure + & ‘ful 
Indicated horse- power, high-pressure I.H.P. 

cylinder... BS oR ie te 585 
Ditto, intermediate cylinder... eck 867 
Ditto, low-pressure * ~ ae 1208 

Total ... re say 2660 


It is interesting to compare the results thus obtained 
with those when running in forward gear (Figs. 5 to 7) 
as showing the effect of altering the sequence of the cranks, 
which under these circumstances follow in the order—high 
low, intermediate. 

Observers.—As this trial was perhaps the first marine 
engine trial carried out on any large scale at sea in which 
the feed water was measured and the coal weighed 
throughout for such a length of time, it may be interest- 
ing to mention the staff which was found necessary for 
the experiments. The work was carried on by two relays 
of observers, five in each relay, keeping alternate four- 
hour watches. Mr. Frederick Edwards took charge of 
one watch, consisting of Mr. Bryan Donkin, Jun., Mr. 
A. G. Ashcroft, Professor Beare, Mr. Beck, and himself. 
Professor Kennedy took charge of the other watch, on 
which were also Mr. C. L. Simpson, Mr. R. H. Willis, Mr. 
B. Bramwell, and Mr. N. Burnett. One man in each watch 
took the feed water measurements continuously; with 
him was an engineer, specially engaged for the purpose, 
to stop and start the feed pumpas the tanks were changed 
in the manner above described. Two observers in eac! 
watch took the indicator diagrams and other observations 
in theengine-room ; andtwoothersattended to thecoal mea- 


surements, one in each stokehole ; these four interchanged 
places after two hours’ work. As it was necessary that the 
ordinary work of the ship should not be interfered with, or 
the time of the engineer’s staff encroached upon, an extra 
stoker was carried in each stokehold for the purpose of 
filling the coal baskets to be weighed. An extra man 
was also carried to look after the donkey boiler, which for 
reasons already mentioned, had to be kept going during 
the wholetrip. Besides the ten observers already men- 
tioned, there were thus seven others employed, allowing 
for change of watch. The whole trial, although requir- 
ing very close and continuous attention on the part of 
those engaged on it, went off without the least hitch of 
any kind, a fact which was no doubt dve in a great 
extent to the very cordial help received throughout from 
everybody connected with the ship, but especially from 
Mr. Clephane, the chief engineer; his co-cperation 
throughout was invaluable, and the Committee have much 
—— of taking this opportunity of acknowledging it. 
hey are also indebted to Messrs J. and G. Thomson, 
who have kindly furnished them with detail drawings of 
the cylinders and other parts of the engines; to Mr. C. 
J. Wilson, F.C.S., for analysing the furnace gases and 
the coal; and, of course, in the highest degree to Mr. 
Aitken, of the London and Edinburgh Shipping Company, 
for his kindness in allowing the trial to be made, and 
for the trouble which he took in connection therewith, 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.— Last Thursday’s market was 

somewhat firmer in tone, and a fairly large amount of 
business was done. Scotch warrant iron was in better 
request, and at one time prices were 3d. per ton higher, 
but 1d. of that advance was lost towards theclose. Cleve- 
land iron was 34d. per ton easier in price in the forenoon, 
but the decline was recovered in the afternoon. Hematite 
iron was in strong demand, the price rising 3d. per ton in 
the forenoon and 14d. further in the afternoon. The 
closing settlement prices were—Scotch iron, 48s. rie: 
per ton ; Cleveland, 33s. 6d.; hematite iron, 48s. 74d. 
perton. There was a lively business done during Fri- 
day forenoon, and the quotations on Scotch iron were 
run up 5d. per ton, chiefly in consequence of cer- 
tain coke-workers in county Durham having intimated 
their intention to strike for a 10 per cent. advance of 
wages. Such a movement was calculated tointerfere with 
the make of pig iron in the Cleveland district. In the 
afternoon the excitement was less marked, and the close 
was 14d. per ton under the highest quotation, but 34d. 
above the previous’s day’s final quotations. Cleveland 
iron and hematite iron closed, respectively, 34d. and 3d. 
per ton dearer. Thesettlement prices at the close were— 
Scotch, 44s. per ton ; Cleveland, 38s. 9d. ; hematite iron, 
48s. 104d. per ton. As Monday was a Bank Holiday in 
Scotland there was no meeting of the ‘“‘iron ring” on 
’Change, either forenoon or afternoon. When business 
was resumed at the opening yesterday morning the market 
was very strong, and up to 44s. 4d. cash per ton was paid 
for Scotch iron, but the demand was not sustained, and 
prices subsequently gave way, and closed only a frac- 
tion higher than on Friday. The closing settlement 

rices for Scotch and hematite iron were the same as on 

‘riday, but that for Cleveland iron was 3d. per ton higher 
—39s., as against 38s. 9d. per ton. There was some 
expectation that the favourable Board of Trade returns 
would stiffen the prices of pig iron in to-day’s warrant 
market, but the result has been the other way, prices 
showing a decline of 5d. per ton in the course of the fore- 
noon. Considerable sales took place at falling prices. In 
the afternoon Scotch iron was sold at 43s. 9d. to 43s. 104d. 
and 43s. 10d. cash per ton, Cleveland at 38s. 9d. and 
38s. 9}d., and hematite iron at 49s. to 493. 14d. per ton 
cash. There has been rather less inquiry for Scotch special 
brands, and the current quotations of several are—Colt- 
ness No, 1, 55s. 6d. per ton; Langloan and Summerlee, 
54s, 3d.; Shotts, 53s. 6d.; Calder and Gartsherrie, 
52s, 6d. Canada is buying fairly well, but on the 
part of the United States very little demand is showing 
itself, Last week’s shipments of pig iron from all Scotch 
ports amounted to 8182 tons as compared with 9562 tons 
in the corresponding week of last year. They included 
1105 tons for the United States, 1770 tons for Canada, 200 
tons for India, 575 tonsfor Australia, 100 tons for Russia, 
260 tons for Holland, smaller quantities for other coun- 
tries, and 4016 tons coastwise. The stock of pig iron 
in Messrs, Connal and Co.’s public warrant stores yester- 
day afternoon stood at 1,029,833 tons, against 1,030,163 
tons yesterday week, thus showing for the week a decrease 
of 330 tons. 

Spanish Ore Imports into the Clyde.—Thirty-two steamers 
with 47,717 tons of iron ore from Spain arrived at the 
Clyde harbours during the month of April. This is an 
increase of 13,234 tons as contrasted with the landings in 
April last year. On the four months, however, the import 
is only 2789 tons over that for the same period last year, 
and is fully 7000 tons less than the import for the same 
period in 1887. The returns are: 


Month. Four Months. 
Vessels, Tons. Vessels. Tons. 
1889 wee 32 47,717 103 150,348 
1888 ae 29 34,483 113 147,559 
1887 de 26 32,957 123 157,558 
1886 = 18 13,207 89 100,403 
1885 pa 20 12,763 90 97,129 


Shipments of Machinery, dc., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde reported last week, included the following: Sugar- 


h| making and other machinery, for Calcutta, Mauritius, 


China, Bombay, &c,, valued at 11,400/. ; blooms, plates, 





bars, and other steel goods, chiefly for Calcutta, New 
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York, Canada, China, and Japan, Singapore, of the value 
of 78001. ; pipes and other castings, malleable iron plates, 
sheets, bars, tubes, and miscellaneous iron manufactures, 
valued at 36,000/. ; sewing machine parts, chiefly for Italy, 
Natal, and India, of the value of 2615/. 


Scotch Coal Trade.— Business in the Scotch coal 
trade continues to be steady and without any of the 
activity that has characterised it for some time back. 
To-day, however, there was rather a better feeling 
amongst the members of the trade meeting on Change. 
The inquiry for steam coal remains very good, and the 
prices are in some instances advancing. Producers of the 
best sorts are kept very busy at their works to meet the 
existing demand. The quotations for main, splint, and 
ell coals are unchanged, although the full rates are more 
easily obtained than was the case a week ago. The ship- 
ping department, both on the east coast and at the Clyde 
ports was dull during last week, but there has been an 
improvement in the demand at Glasgow within the past 
few days with an increase in the available tonnage. 


Alarming Shipyard Fire at Dumbarton.—Just before 
starting time this morning a fire broke out in Messrs, 
A. M‘Millan and Son’s dockyard, Dumbarton, which very 
soon assumed alarming proportions. It began in a 
building, the upper story of which was used as a store 
and contained highly inflammable materials. The lower 
or ground floor was principally used as a machinery shed, 
and in which there were two large and powerful hydraulic 
machines and furnaces. In this portion of the building 
there was also the powerful steam engine for driving the 
whole of the machinery in the shipyard. Itis expected 
that the damages will be found eventually to be not less 
than 5000/7. 


Important Water Works Contract.—Measrs. Watt and 
Wilson, railway and public works contractors, 93, Hope- 
street, Glasgow, have just received an acceptance from 
the Water Works Committee of the Manchester Corpora- 
tion for the execntion of the work comprised in the 
Thirlmere Aqueduct Contract No. 7, which is over 19 miles 
in length, and includes two miles of tunnels, the contract 
price being 142,255/. Of this gigantic scheme for supply- 
ing the city of Manchester with water from Thirlmere, 
about 80 miles have now been let and another 20 miles 
will complete the scheme. 


Contract for Heavy Rolls.—Mr. R. B. Tennent, of the 
Whifflet Foundry, Coatbridge, has just booked a large 
order for rolls from a firm at Jarrow-on-Tyne. The 
weight of each roll will be 16 tons, and the number re- 
quired is 80. They are to be delivered at the rate of two 
per week. The orders for this class of work have in- 
creased of late to such an extent that Mr. Tennent has 
found it necessary to increase his works and lay down 
extra plant with the view of expediting matters. At pre- 
sent the works are going night and day, and when the ex- 
tensions are made employment will be given to a large 
number of additional workmen. 


Proposed New Steel Works at Renfrew.—It is stated 
that negotiations have just been concluded between the 
Town Council of Renfrew and a new steelmaking firm 
for the acquisition by the latter of some 15 acres of land 
on the farm of Porterfield, situated on the banks of the 
Cart, and only a short distance from the Clyde. Exten- 
sive works for the manufacture of steel are to be erected 
on this site, and when completed they will be sufficient, 
it is said, to give employment to athousand workmen, 


The *‘ Challenger” Observations.—At a meeting of the 
Royal Society of Edinburgh, held on Monday night, Dr. 
Alexander Buchan, secretary of the Scottish Meteoro- 
logical Society, read a second paper on analysis of the 
Challenger observations, in the course of which he 
exhibited draughts and maps which are being prepared, 
giving the mean temperature and mean pressure of the 
sea all over the world. He stated that there was also 
preparing a set of maps which would show in each, from 
month to month, the mean of the earth’s atmosphere as 
differently distributed over the globe. One of the facts 
disclosed by these observations was that in the northern 
hemiephere, if a person stood with his back to the wind 
and held out bis left hand, it pointed to the lowest pres- 
sure, and the same result was arrived at in the southern 
hemisphere by holding out the right hand, and the stronger 
the wind the closer the relationship. 


Govan Iron Works.—All the six blast furnaces of these 
works have temporarily been put out of blast this week in 
order that they may be connected with the extensive and 
very complete ammonia-recovery works which have been 
erected during the past year and a half or two years by 
a R. and J. Dempster, of Newton Heath, Man- 
chester, 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The demand for steam coal has increased and 

tices have shown more firmness. The best qualities 

ave made 13s. 6d. to 14s. ; good dry coal, 12s. to 12s. 6d.; 
and best Monmouthshire, 11s. 3d. to 11s. 6d. per ton. 
House coal has been in pretty good demand at low rates $ 
No. 3 Rhondda has made 12s, 6d. Patent fuel has con- 
tinued in fair demand, but there has been less inquiry for 
iron ore. The manufactured iron and steel trades have 
exhibited a fairly good tone. Heavy section steel rails 
have made 4. 10s. to 4l. 15s. ; and light section ditto, 
41. 17s. 6d. to 51. 12s, 6d. per ton. 


South Wales College.—A deputation of Welsh members 
of Parliament and others interested in the South Wales 
College, waited on the Master and Court of the Drapers 
Company on Thursday to ask the company to endow a 
py of eapipasriog = commana with the institution. 

) was given that the representations of the de- 
putation should be favourably han arr . 





Taff Vale Railway.—A special meeting of this na 
was held at Bristol on Friday, when an agreement wit 
the promoters of the Cowbridge and Aberthaw Railway 
was approved, as was also another agreement with the 
Great Western Kailway Company, for giving that com- 
pany power to run over the Penarth and Penarth Exten- 
sion Railways. The question of consolidating the stock 
of the company and amalgamating certain subsidiary 
railways was adjourned. 


Briton Ferry.—A meeting of the directors of the Villiers 
Tin-Plate Company, Briton Ferry. was held on Thurs- 
day, Mr. W. P. Struvé presiding, when tenders were re- 
ceived from Messrs, W. John and A. George for an addi- 
tional mill for the works. Mr. John’s, being the lowest 
tender, was accepted. 


Water Supply of Bristol.—Under its original Act of 
1846, the Bristol Water Company sought to provide 
Bristol with 3,000,000 gallons of water per day, and 
actually began with only 400,000 gallons per day, while, 
with the works now contemplated, it will be able to give 
a supply of 15,000,000 gallons per day. The original 
capital of the company was 200,000/.; with the present 
Act it will approximate 1,750,000/. The original scheme 
sought to supply Bristol only, but now its possible 
customers number 350,000. The pipes of the first supply 
from the Cold Bath spring extended over five miles; the 
total length of aqueducts and pipes now reaches over 50 
miles, to which may be added 130 miles of supply mains 
distributing water throughout Bristol and its suburbs. 


The Electric Light at Exeter.—The Exeter Electric Light 
Company has offered, tradesmen first and private resi- 
dents next, to supply light free of charge for the first two 
months of the experiment. Progress has been made with 
the erection of suitable machinery at a central depét in 
New North-road. 


The Ordnance Survey.—The Ordnance survey of Wales 
has been completed. Parish maps on @ 2:40 scale have 
been published for Denbigh, Flint, Glamorgan, and Mon- 
mouth, and similar maps are in progress for other of the 
Welsh counties, except Carnarvon. County maps on a 
scale of 6 in. to the mile, have been published for Breck- 
nock, Denbigh, Flint, Glamorgan, Monmouth, and 
Montgomery, while similar maps are being prepared for 
all the other counties in the Principality. 


Coal at Bristol.—At the request of the coalowners of 
Somerset, a deputation from the Bristol Docks Committee 
met them at Bath on Thursday, when the coalowners 
produced statistics of the output of the Somerset coal- 
field, and urged the deputation to represent to the Com- 
mittee the importance of continuing its efforts to induce 
the Great Western Railway Company to quote rates 
which would justify the erection of coal tips at the docks. 


The Barry Dock.—The last of the dock gates at the 
passage has been hung. All the four gates are now in 
position. Theerection of the coal tipping machinery is 
being proceeded with rapidly, the laying of- the hydraulic 
pipes is drawing towards completion, and the graving 
dock at Castleland Point is also nearly completed. The 
entrance gates and caissons at the Barry Dock were made 
by the Thames Shipbuilding Company, and the work has 
been carried out under Messrs. Higham and Tiice. Mr. 
J. W. Barry and Mr. H. M. Brunel, engineers-in chief 
(accompanied by Mr. J. Robinson and Mr, Brereton, 
resident engineers), officially inspected the works on 
Wednesday. 


The Electric Light at Barry.—A contract for apparatus 
for lighting the Barry Dock by electricity has been let to 
Messrs. Crompton and Co. The external lighting will be 
secured by forty-one arc lamps of 3000 candle-power ; and 
the internal lighting, for workshops, offices, &c., will be 
effected by 665 incandescent lamps of 16 candle-power. 


Wages in Wales.—An advance of 74 per cent. has been 
conceded to the ironworkers at Cyfarthfa and Dowlais as 
from May 1. The Ebbw Vale Steel, Coal, and Iron Com- 
pany (Limited) has also agreed to an advance of 5 per 
cent. in wages at its iron and steel works. 


Milford Docks. —The number of vessels which loaded at 
Milford Docks in January this year was 15, of an aggre- 
gate burden of 1662 tons. In February, the correspond- 
ing number of vessels increased to 55, of an aggregate 
burden of 3656 tons; in March, to 85, of an aggregate 
burden of 7444 tons; and in April to 227, of an aggie- 
gate burden of 17,862 tons, 


North’s Navigation Collieries.—On Friday a meeting of 
this company was held at Winchester House, Old Broad- 
street, London, Mr. R. B. Lockett in the chair. The 
chairman said the Llynvi Iron Works which had been 
standing idle for two years, were to be shortly broken up 
and sold. The directors of North’s Navigation Collieries 
Company had reason to expect that a substantial sum 
would accrue to the company as the proceeds of the sale. 
The company, the chairman added, possessed a large field 
of superior steam coal, and he was satisfied that it would 
pay good and steady dividends. 





Hatiipay’s Process ror Sorrentnc Water.—In the 
rocess for softening and filtering water carried out by 
eon Joseph Halliday and Co., of Water-street, Ashley- 
lane, Manchester, the exact proportion of softening agent 
to water is obtained with certainty by the use of two 
pumps driven by the same motor. One pump raises the 
water to be treated into an elevated tank, while another 
pump, a smaller one, lifts the lime water, with or without 
soda, at the same time. If the volumes of the two pumps be 
correctly proportioned there is the certainty that the whole 
of the hardness will be removed. The cara lime 
is removed by filtering the water through charcval. 
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THE OFF-SHORE FLOATING DOCK AT 
HAMBURG. 

Last November we drew the attention of our readers 
in a short paragraph (November 23) to a feat of very 
rapid docking performed by the Hamburg Off-Shore 
Dock, viz., docking a vessel of 2000 tons in thirty 
minutes, and we expressed our anticipation that the 
regular performances of the dock would beat even this 
record of rapidity, as everything was then quite new, 
the river covered with ice, and the workmen fresh to 
the work. This anticipation has been fulfilled more 
thoroughly than could have been expected; as a 
sample of rapidity of work we may mention that on 
December 11 the dock lifted a steamer of about 1800 
tons in nineteen minutes. On March 9 a steamer 
drawing 11 ft. of water was lifted in ten minutes. 
This steamer left the dock at 8 o’clock in the morning, 
another being high and dry on the dock ready for 
work at 8.50. A short description of the dock that 
performs these rapid feats of dry-docking vessels will 
doubtless be interesting. 

Our illustration on page 532, which is a reproducticn 
from a recent photograph, shows on the dock the s.s, 
Sorrento, 330 ft. in length and 2850 tons dead weight. 
It will be seen that the dock has only one upright side, 
which is connected to vertical columns on the shore by 
means of booms, of which there are several pairs ; this 
arrangement compels the dock to be always horizontal 
at whatever level it may be. 

Communication from the pontoon deck to the top 
deck is provided by four broad gangway ladders and 
to the shore by passages through the side of the dock, 
from which gangways or brows lead to the shore ; these 
gangways are hinged at their shore end and are fur- 
nished with rollers on the dock. 

When the dock has been lowered the vessel is 
brought over the keel blocks, and immediately centred 
by the rapidly acting mechanical breast shores worked 
from the top deck ; as soon as the vessel has taken a 
proper bearing on the keel blocks the bilge blocks 
(also worked from the top deck) are brought up to 
support the bilges, and in a few minutes more the 
keel of the vessel and the pontoon deck appear above 
water. 

The dock is divided into a great many water-tight 
compartments, each of which can be pumped out or 
shut off separately. In each half of the dock there are 
two centrifugal pumps which are driven by compound 
vertical engines of the marine type; these are placed 
in the upper part of the side of the dock. Steam is 
supplied from the workshop boilers on shore. 

One end of the pontoon is provided with a well to 
allow of the vessel’s rudder being unshipped ; the side 
of the dock is furnished with several vertical spring 
booms to allow of the vessel beirg brought close along- 
side without any perceptible shock. Two painting 
stages run the whole length of the dock. 

The dock was built from the designs of its inventor, 
Mr. John Standfield, of the firm of Messrs. Standfield 
and Clark, of Westminster and Grays, who have long 
been specialists in the class of work. It was constructed 
for their own use by the Ruherstieg Schiffswerfte and 
Maschinenfabrik, of Hamburg, who have done thorough 
justice to the designs in the excellence of their work 
and material. 





Tue INsTITUTION oF CiviL ENGINRERS.— STUDENTS’ 
FourTEENTH ANNUAL DINNER.—The fourteenth annual 
dinner of the students of the Institution of Civil Engi- 
neers was held last Monday in the Holborn Restaurant, 
when Sir George Barclay Biuce, President of the Institu- 
tion, presided, and a very enjoyable evening was spent. 
After the usual loyal toasts, the toast of the Instituticn 
was proposed by Mr. F. Walter Scott, vice cheirman of 
the Students’ Representative Committee, who, in the 
course of his remrk~, referred tothe want«f interest of 
the students as a b dy in the management of their own 
affairs. Sir George Bruce, in bis reply, stated that the 
Institution bad ever conridered that no coliege training 
could make an engineer practical experience being abse- 
lutely necessary. At the sume time, scientific t-vinig 
was becoming more and more important, and in the future 
the rules forthe admission of students would be drawn 
tighter, so as to insure that the candidates should possess 
this. In concluding his remarks, he proposed the toast of 
the ‘Students of the Institution,” which was briefly 
replied to by Mr. Martineau, a member of the Students’ 
Representative Committee. The ‘‘ Guests” were proposed 
in acapital speech by Mr. S. H. Wells, and replied to by 
Mr. William Anderson, of Erith, who, referring to what 
the President had said as to the importance of scientific 
training, stated that only one of the last batch of students 
admitted by the Council was without certificates from a 
public examining body, and he therefore thought the In- 
stitution was not moving ahead of public opinion in this 
matter. The ‘Secretaries of the Institution” were pro- 
posed by Mr. H. Medway Martin, who referred to the 
trouble Mr. James Forrest had taken in extracting 
papers from students to be read at their supplemental 
meetings. In his reply, Mr. Forrest said that he had 
recently been asked by the President of the Canadian 
Institution of Civil Engineers how he got papers for the 
meetings. He replied that they came in all sorts of ways, 
but po ll without being asked for. The first thing to 
be done was to select a subject, and the next to get several 
men to write on it. 
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THE PARIS EXHIBITION. 

THE convulsive energy which more or less charac- 
terises the last few days that precede the opening 
of a great Exhibition, was less apparent last week 
than is usually the case on such occasions. Partly 
because the structural work of the Exhibition was 
practically completed ; and partly because, in many 
sections at least, the state of preparedness was more 
advanced than could have been hoped for ashort 
time before. The vast extent over which this great 
show is spread misled the visitor as to the actual 
amount of work in progress, unless he visited some 
of the more active courts, or stood beside a tem- 
porary gateway and watched the congested flood of 
heavy traflic—the endless stream of loaded wagons 
pouring in, and the equally interminable quantity 
of vehicles struggling to get out with empty cases. 
The unusually violent thunderstorm of Wednesday 
week, which covered the Exhibition buildings witha 
black pall and inundated the grounds, while the sum- 
mit of the Eiffel Tower was bathed in sunshine, was 
responsible for considerable delay in the work out 
of doors ; on the other hand, the storm, as well as 
the wet day that succeeded it, was invaluable in 
refreshing the parterres and lawns that were begin- 
ning to look dry and dusty. While speaking of 
the gardens we may call attention to the wonderful 
success with which French gardeners remove and 
replant large trees; many of the finest in the 
grounds, some of them over 60 ft. in height—and 
which are now bursting with full vigour into leaf— 
were removed only two months ago; the greater 
number of these trees were arranged by the 
gardeners of the Ville de Paris with great skill as 
regards picturesque effect. Innumerable palms 
have been planted within the last two weeks, many 
of them taken from the nurseries of the Munici- 
pality, and many more coming from the Riviera ; 
the terraces outside the buildings of the Fine Arts 
and of the Liberal Arts are lined with tree 
palms, whilst every foot of the very scanty space 
that has been saved from the encroachment of 
the separate pavilions, is bright with grass and 
gay with flowers. The paths, which a week ago 


“6B | were cut up with the ruts of heavy wagons and 


full of the white sticky mud that characterises 
the Champ de Mars in wet weather, are now for 
the most part in an irreproachable condition. Long 
lines of light wooden framing covered with gaily 
covered coloured awnings, mark the direction of 


2| the principal promenades of the garden, and in like 
,| manner the whole width of the Pont de Jena, and 


many of the walks in the gardens of the Trocadero, 
are sheltered from rain and the sun’s rays, which 
are already beginning to be felt. The noble range 
of fountains and of basins that will constitute so 
great an attraction to visitors, especially at night, 
when they are illuminated by coloured electric 
beams, are practically completed ; although the 
monumental fountain beneath the great arch of the 
Eiffel Tower was in a somewhat backward stateon the 
opening day. The Tower itself is of course finished, 
but some days must elapse beforethe elevators are in 
regular working order for the public service. The 
electric installation in the lantern is also complete, 
and was tried for the first time on Friday evening 
last. The long row of buildings in front of the 
tower upon the Quai d’Orsay, illustrating the history 
of human habitation, is practically finished, and 
many of them look gay with the bright colours by 
It is not a little 
curious to remark the regularity with which a vast 
number of separate buildings devoted to entirely 
independent interests, and pushed forward by the 
representatives of many different nations, should 





have arrived at nearly the same stage of complete- 
ness at the same time. Of course some few are 
hopelessly in arrear, but these form quite the ex- 
ception ; others which ten days ago threatened to 
be only a forest of staging by the day of the open- 
ing, have grown as if by a miracle ; for example, one 
could almost imagine that the shades of the Aztec 
high priests must have aided the Paris workmen, 
so rapidly did the reproduction of the marvellous 
Mexican temple grow from hour to hour. 

Every one who has taken a part in, or watched 
the final efforts to get ready in the different 
sections, before an Exhibition has been left in the 
hands of the Administration to give the last touches 
of preparation, has left the buildings with the con- 
viction that the opening ceremony will take place 
amid scenes of disorder, and has been astonished 
the next morning to tind how much has been done, 
and how the chaos of the preceding evening has 
been cleared away. It may be safely said that such 
a transformation scene as that enacted between 
Sunday evening and Monday morning on the Champ 
de Mars, has never been witnessed before. The 
delivery of goods was stopped late on Saturday 
night, when thousands of packing cases were heaped 
within the different sections and outside the build- 
ings, many of them empty but far more still un- 
opened. 

On Sunday morning the whole of the Champ de 
Mars and other parts of the Exhibition were crowded 
with thousands of workmen, both those employed 
by the authorities and by exhibitors ; the stream of 
loaded wagons towards the gates was incessant, as 
the empty cases were loaded up and cleared away to 
the different quarters assigned them outside the 
barriers ; comparatively few of the courts and glass 
cases of the exhibitors were filled; unsightly gaps 
and rough planking were apparent everywhere ; 
there yet remained much scaffolding about the 
buildings in active use; some of the restaurants 
were still unprepared to gather in the golden har- 
vest of the opening day, and the grounds and paths 
were in what seemed to be a condition of hopeless 
disorder. With one or two minor exceptions the 
British Section in the Miscellaneous Industries 
Court maintained the position it had taken up three 
months ago and was, at least, so far as the central 
avenue was concerned, almost complete. The 
little court of Denmark adjoining was quite ready, 
and so were those of Norway and some of the other 
minor sections ; but many of the more important 
ones, and especially the industrial galleries of 
France, presented little but empty show cases. 
The great central dome under which the opening 
ceremony was to take place, was all completed from 
the tesselated floor to the gilded roof, enriched with 
its stained glass and wealth of tapestry. Most of 
the objects in the great gallery leading from the 
dome into the Machinery Hall were in place ; 
objects of monumental art and industry, colossal 
sculpture, great show cases, and trophies of metal 
work, which even the vast proportions of the 
gallery failed to throw into insignificance. But not 
one-half of the flooring was laid down, and the 
preparations for the official reception were com- 
menced only at a late hour on Sunday evening. 
The Palais des Arts Libéraux presented a curious 
state of calm compared with all the bustle and con- 
fusion that reigned elsewhere; unlike the other 
parts of the Exhibition, its floor space is not crowded 
by exhibits, which are all arranged in courts beneath 
the galleries around the building, or within the 
pavilion which occupies so much space. It is within 
this building that the Retrospective Exhibition is 
held, and as the collection and arrangement of the 
objects of which it consists were in the hands of a 
few men who knew their business, order and com- 
pleteness prevailed throughout. The section de- 
voted to railway material of all nations was practi- 
cally finished and deserted, the locomotives, 
carriages, and other objects being shrouded in 
canvas ts preserve them from the dust which was 
flying everywhere. In speaking of this section we 
may say here that its completeness —- certainly 
so far as the English portion is concerned— 
was due to Mr. Henry Chapman, who was 
nominated by the English Executive Committee 
to serve upon the French Committee of Rail- 
way Material, and to look after the interests 
of English exhibitors, a task in which he has been 
wonderfully successful. Beyond the Machinery 
Hall in the narrow slip of ground adjoining the 
Avenue de Suffren, all was in good order, com- 
paratively speaking, from the Pavilion of Guatemala 
towards the Seine, but in the other direction every- 
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thing was in confusion ; the Indian Pavilion—the 
beautiful creation of Mr. Purdon Clarke—was evi- 
dently a week at least behind hand; China and 
Morocco were unfinished, and the roadway of the 
Egyptian street was in a truly Oriental condition. 
Entering the Machinery Hall—that vast and noble 
creation of MM. Dutert and Contamin—the con- 
fusion became absolutely bewildering. Here at 
least all prospects of anything approaching readiness 
on the morrow were out of the question. Here and 
there, of course, exhibits were complete, and suffer- 
ing from the prevailing dust, but the condition of 
things from one end of the building to the other 
showed only too clearly that some little time 
must elapse before engineers will be repaid for the 
trouble of visiting this part of the Champ de Mars. 
As is shown upon the map we published in our last 
issue, nearly three-fourths of the space is devoted 
to French exhibits, the other nations having allot- 
ments in this gallery being, with some trifling 
exceptions, Switzerland, Belgium, the United 
States, and England, which latter occupies a position 
at the extreme end of the building adjoining the 
Avenue de la Bourdonnais. Of the appearance 
which this part of the British representation will 
make when it is completed it is too early yet to 
speak in confidence, but we think that it will bea 
very good one. Unfortunately many circumstances 
combined to hinder progress ; in addition to the usual 
tardiness of exhibitors the difliculties of bringing the 
cases into the section were vastly increased by the 
position assigned to it, which undoubtedly is the best 
that could be given, but which was certainly one 
of the worst as regards facilities for arrangement, 
since all the cases to ba delivered upon the ground 
had (before the railway communications were 
prematurely cut off) to be brought through the 
whole length of the Machinery Hall upon lines 
blocked by the wagons containing the packing cases 
of other exhibitors. In addition to this it unfortu- 
nately happened, that such of the exhibits belong- 
ing to the other sections of Great Britain as had 
been brought into Paris by the same line of railway 
—-the Western of France—were deposited in the 
Machinery Hall, and these had to be sorted out and 
transmitted with much trouble to their respective 
courts; the delay which occurred in completing 
the building was also a great impediment not only 
to foreign but to French exhibitors, and worst of 
all, Mr. Joseph Cundall, who has had charge of 
the machinery section, fell ill at a critical time, 
and was obliged to absent himself from Paris for 
some weeks. Passing through the end of the 
Machinery Hall into the narrow strip of ground 
adjoining the Avenue de la Bourdonnais, the 
condition of things offered but little promise of 
completion for Monday; most of the numerous 
pavilions indeed were finished, but the pathway 
which had been used for carting exhibits after 
the railway lines had been cut, was in a hopeless 
state, and very few of the courts adjoining the 
back of the industrial galleries were ready. Exter- 
nally, the numerous pavilions and other buildings 
around the Eiffel Tower near the Seine were nearly 
all complete, but the gardens were in terrible dis- 
order. The Eiffel Tower itself was, as we have 
said, finished so far as structural work and decora- 
tions were concerned, but the elevators were not com- 
plete, nor will they be ready until the 15th inst., 
when a formal public inauguration will take place. 
At the summit the lantern and electric lighting ap- 
paratus were in working order, and on Friday, the 
4th inst., the electric beam was projected over Paris 
for the first time. Probably so powerful an artificial 
light was never seen before ; during the experiments 
it was quite possible to read small type at a distance 
of a mile and three-quarters by the beam. The 
condition of the other parts of the Exhibition may be 
dismissed in a few words, as bein: very satisfactory. 
In the Trocadero gardens the work had only been 
light, consisting of separate pavilions, greenhouses, 
and long lines of awning protecting the paths ; the 
Agricultural Galleries were well advanced, and they, 
as well as the other buildings on the Quai d’Orsay, 
were practically ready. The singularly striking 
suspended platform bridge that has been built by 
MM. Levy, Moisant, and Co., of Paris, across the 
end of the Pont de l’Alma to connect the sections 
of the Agricultaral Galleries, did not appear as if 
it could possibly be prepared for the crowd on 
the following day; but it was opened to the 
public nevertheless. Everything looked bright 
and gay on the Esplanade des Invalides, and 
here, at least, there was no fear, but that the 
Monday’s crowd would find ample occupation and 








amusement in the Colonial Exhibition, and the 
other numerous attractions provided them. 
the afternoon of Saturday, the 4th inst., the in- 
auguration of the Décauville Railway took place, 
the first train having started with a full comple- 
ment of visitors from the Place de la Concorde 
Station at 4 o’clock in the afternoon ; there can be 
no doubt as to the enormous boon which this rail- 
way will afford the public by sparing them the 
weariness of walking from one end of the Exhibi- 
tion to the other. 

We have made no reference to the building 
devoted to the fine arts, because, very wisely, a 
system of rigorous exclusion was practised in this 
part of the Exhibition, and no one excepting those 
absolutely at work within the courts was admitted ; 
this system was strictly enforced even in the British 
Section, which surprised the few visitors admitted 
on Sunday last, by the extent of the galleries, 
the richness of their decoration, and the remarkably 
fine collection of English works of art that had 
been brought together. The appearance of the 
court indeed convinced the few members of the 
British Executive, who had been strongly opposed 
to the grant of 15001. made out of the slender funds 
in the hands of the Mansion House Committee, 
that Sir Polydore de Keyser had exercised a very 
sound judgment in urging that this sum should be 
devoted to the purpose. Two persons are especially 
to be credited with the success and completeness 
of the British Art Section on May 6. Mr. Charles 
Deschamps, who has been indefatigable in his 
efforts to collect, and afterwards to finish the courts 
ani hang the pictures; and Mr. William Forbes, 
the Continental traffic manager of the London, 
Chatham, and Dover Railway, who took under his 
personal charge the work of despatching the cases 
to their destination. It should be added that had 
it not been for the invaluable assistance rendered 
by three French superintendents in this court, the 
efforts of Mr. Deschamps and of his coadjutor, 
Mr. Lindon, would have been unavailing, and the 
gallery would have not been completed on the day 
of opening. 

We have endeavoured in the foregoing paragraphs 
to convey a tolerably clear idea of the condition of 
things as they existed on the evening of the 5th 
inst., and we may now pass on to describe briefly 
the so-called opening ceremony, and the circum- 
stances which rendered it one to be long remem- 
bered by all those who took a part in it. For many 
days before the 6th, every one was in doubt as to 
what really would take place on that day ; the only 
thing that appeared quite certain was that the 
facilities usually granted to official bodies were 
very late in making their appearance. Contrary 
to usual practice, the Exhibition of 1889 was to 
be opened to the public at mid-day on Monday 
on a payment of three francs ; hence it was rightly 
anticipated that a very large crowd would be 
present, especially as, owing to the recent issue 
of the lottery bonds, the market value of en- 
trance tickets was 40 per cent., and even 
more, below their nominal value, and one-franc 
tickets could be purchased on the boulevards in any 
quantity for 40 centimes each. Under these circum- 
stances it was evident that the public would, to a 
large extent, fall even below the three-franc 
standard. This arrangement practically excluded 
the haut-monde of Paris from being present, to say 
nothing of the upper stratum of the demi-monde ; 
it was the people’s Exhibition, and the people were 
to be left to enjoy it to the utmost. Butin another 
respect the opening ceremonies on the Champ de 
Mars were expected to be unique. It was said that 
the exigences of diplomacy would make themselves 
severely felt; a comparatively small number of 
foreign Governments had consented to recognise 
the centennial celebration of 1789, and these were 
of course prepared to be present at the opening cere- 
mony in the person of their respective ambassadors ; 
but it was maintained that official invitations could 
not be sent to the various embassies of those 
countries whose Governments had ignored the 
Exhibition, because such invitations would be 
declined. Equally it was said to be impossible for 
the French Government to make a distinction 
between the official representatives of one country 
and another, and so the ambassadors of all nations 
in Paris would have to be passed over. The actual 
facts, however, gave the lie to these rumours, for 
there were present at the ceremony representatives 
of Germany, Italy, the United States, Belgium, 
Seheuhed, Norway and Sweden, Servia, Japan, 
and many others. This country was officially repre- 
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mbassy. 

The apparently conflicting arrangements made by 
the Government, the finance department of the 
Exhibition, and the Administrative Department, 
seemingly without any concerted action, produced 
many original combinations which were scarcely 
consistent with the solemn form of opening a 
great International Exhibition. The principal part 
of the ceremony was to take place in the central 
dome, which is large enough to have accommodated 
all the members of the foreign commissions who 
were present. As a matter of fact, about two 
thousand invitation cards to witness this part of the 
ceremony were issued, but they were withheld from 
the members of the foreign committees ina manner 
that caused considerable offence to all ; for example, 
only two of these invitations were granted to the 
British Executive, one to the chairman, the other to 
the commissaire délégué. In the same way a 
number of printed invitation forms were prepared, 
presumably with the intention of passing the bearer 
through all parts of the Exhibition where their ofticial 
duties would call them. Considering the fact that 
the presence of the members of different committees 
was urgently needed on the opening day, especially 
to do honour to the President by receiving him in 
a body as he passed through their respective sections, 
the least that could have been done would have 
been to supply every member of each foreign sec- 
tion with special passes. But as a matter of fact 
their distribution was extremely irregular. Thus, 
the chairman of the English Executive succeeded, 
after many efforts, in obtaining six such passes for 
the use of his committee which numbers fifty 
persons ; other executives were equally unfortunate; 
the French and English Committee of the Retro- 
spective Exhibition of Means of Transport, was one 
of the few to which a full number of these tickets 
was allotted. 

Special permits-de-service had been issued very 
freely by M. Berger for the use of everybody whose 
business lay in the Exhibition, and these passes 
were available for entrance at the gates up to 
9 o'clock on Monday morning; after that hour, 
when the affairs of the Exhibition appeared to have 
entered under the mixed control of the finance and 
general management administrations, and of the 
department of police, the gates were closed to every 
one without exception, and a large force of ser- 
gents de ville took charge of the Exhibition 
grounds and forced every one to quit its pre- 
cints. From this manceuvre was due the divert- 
ing spectacle of the president of a Royal Com- 
mission (we would not for the world divulge 
whether of Victoria or New Zealand) being 
rescued—by his own presence of mind and the aid 
of his colonial staff still remaining in the vicinity— 
from the ignominious fate of quitting his own section 
and the Exhibition grounds, minus his trousers. 
The incident arose in this way: After having 
attended an important committee meeting, the 
president in question had retired to his own room 
in his own section, for the purpose of assuming the 
evening costume which was de riguewr, when he was 
0 suddenly and unseasonably interrupted by the 
police. 

The fortunate few who had obtained special 
official passes were notified that the only gate at 
which they were available was that of the Adminis- 
tration offices in the Avenue de la Bourdonnais ; 
hence about half-past eleven some 150 persons of 
various nations, and all of them acting in official 
capacity, had passed through the first barrier into a 
court yard expecting to go direct into the Exhibition 
grounds, but at an inner barrier an unexpected 
obstacle presented itseif in the form of an inflexible 
sergent de ville, and, business or no business, a 
weary hour of waiting ensued, enlivened most of 
the time by diplays of furious indignation on the 
part of French officials at the manner in which 
they, equally with the foreign executives, were 
kept waiting. At last the gate was opened and the 
crowd, every member of it en grande tenue, passed 
through to their respective destinations, the 
members of the British Executive to their own 
office, to ascertain what arrangements had been 
made for receiving the President as he passed 
through their section. Soon it was time to take 
up the assigned position, for 1 o’clock was at 
hand, the hour when the public was to be ad- 
mitted. But now an entirely new difficulty pre- 
sented itself; all the paths in the grounds leading 
to the Exhibition were lined with troops and no one 
was allowed to pass on any pretext. Protests, 
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entreaties, the display of passes, were alike un- 
availing ; nothing could exceed the studied polite- 
ness of the officers, or the civility of the men, but 
they had their orders, and they fulfilled them. So 
here again along delay occurred, affording ample 
opportunity of studying the contrast between 
English philosophy and French indignation at these 
unfortunate arrangements. Presently the word 
was given to make way for a curious looking body 
. of men and women who proved to be members of 
the Opera Comique troupe, and Opera Comiques, 
a Continental railway manager, and the Director of 
Dockyards passed through and so reached their 
destination. But time was passing, and if the 
members of the British Executive were to be in 
their proper place to do honour to the President 
some decisive action was necessary. After a con- 
sultation it was decided that the position should be 
taken by storm, a manceuvre triumphantly carried 
out, but one which involved the unusual spectacle 
of a body of distinguished Englishmen in evening 
dress forcing their way through a plantation and 
scaling a parapet. After this sacrifice to a sense of 
duty, the British Section was reached with only 
some half-dozen interruptions of a less serious kind, 
and the Committee was in ample time to pay all 
honour to President Carnot as he passed through 
the British Court. We have said that two cards of 
invitation had been given to the English Committee 
to attend the meeting in the dome ; by a most un- 
fortunate chance, a sudden indisposition detained 
Sir Polydore de Keyser a prisoner the whole day, 
and he was deprived of the pleasure of being pre- 
sent, after all his work and self-sacrifice, which has 
made the British Section a success. Mr. Wood, 
the Commissaire délégué, reached his seat in the 
dome by quitting the Exhibition grounds and re- 
entering them as one of the paying public. Ina word, 
the arrangements made for the official opening of the 
Exhibition were unfortunate to a high degree ; this 
was apparently owing to a want of organisation, 
and possibly to a lack of harmony between the 
different administrations engaged to carry out the 
programme ; very probably, too, the blank cart- 
ridge fired in the direction of the President’s car- 
riage on the previous day, rendered it wise to take 
special precautions. It has been asserted that the 
French Exhibition authorities and the Government 
have shown an indifference, and even a veiled 
opposition, to nations taking part in their Exhibi- 
tion, and that for this reason slights have been pur- 
posely put upon the various representatives of the 
different countries. Nothing could be more unfair 
or more untrue than such a foolish charge, and if 
foreign contributors to the Exhibition have suffered 
inconveniences of various kinds, French exhibitors 
have at least equal grievances. On the con- 
trary, special orders have been issued by the 
Government to show the utmost consideration 
during the Exhibition, especially to English and 
American travellers coming to Paris, and the action 
of the Custom House officers is an evident proof of 
this. It would be impossible to desire a more able 
or considerate chief of foreign sections than M. de 
Lacretelle has proved himself to be through a 
long trying period, while everybody knows the 
sentiments of M. Georges Berger towards England 
and Englishmen. It is fair to assume that a good 
deal of friction has arisen from time to time 
between the various independent administrations 
controlling the Exhibition and its fortunes, and 
with the organisation adopted more or less friction 
seems to us to have been inevitable; from this 
certain incoveniences have resulted, but certainly 
not any more to foreigners than Frenchmen. 

The appearance of the buildings and the grounds 
on the Champ de Mars was absolutely marvellous 
on Monday morning. Where chaos had reigned 
the night before, absolute order now prevailed, 
and it was difficult to believe that such a transfor- 
mation had been possible in the course of a few 
hours. The paths which had been shapeless were 
now all made up and rolled, the lawns were in per- 
fect order, the beds of flowers bright and full of 
bloom ; the magnificent fountains in the centre of 
the grounds were throwing up their numerous and 
complicated jets; the scaffoldings had vanished ; 
the waste of packing cases and litter had disap- 
peared. Externally the Exhibition seemed in 
almost a perfect state, and within the buildings the 
change was almost as much marked ; acres of floor- 
ing had been laid down in the night, hundreds of 
empty cases had been filled, and with that marvel- 
lous art which probably the French nation alone 
possesses, the main part of the Exhibition had at 








least the semblance of being ready. Even in the 
Machinery Hall where disguise was impossible, 
system and decoration attracted the eye from the 
unfinished parts. It wasa tour de force which could 
only have been accomplished by a wonderful com- 
bination of skill, energy, and power, and the short- 
comings that attended the opening ceremony were 
far more than atoned by the success which attended 
this last and herculean effort of the Administration. 

Want of time and space prevent us from attempt- 
ing to deal with any of the objects exhibited, but 
we think that we are justified here in saying a few 
words about the British Section and the results that 
have attended the efforts of the Mansion House 
Executive Committee. The British Section is, or 
will be, a success, and it will prove triumphantly 
that the work of a Royal Commission can be carried 
out at least as well by private energy. Not the 
least difficult task of the Committee has been the 
expenditure of its finances ; not tospend too much, 
nor yet too little. Not too much, because one of 
the first objects that the Finance Committee has had 
in view has been to avoid any call upon the 
guarantors. Not too little, because they have felt 
it their duty to expend the funds intrusted to them 
by exhibitors for the benefit of exhibitors. It may 
be that in the end the Committee will not have been 
able to exactly hit the mark; they may have a 
deficit or a surplus, but either way the amount will 
not be large. Some exhibitors may possibly com- 
plain that their money has been expended in help- 
ing the Art Section ; others in the Machinery Hall 
might criticise the comparatively large outlay for 
decoration in the industrial courts. The reply to 
each objection is the same—that the section had to 
be regarded as a whole, and the funds to be ex- 
pended so as to produce the best general result. 
In some branches of industry it must be frankly 
admitted that we are very poorly represented or 
even not represented at all; in others we can 
fearlessly challenge the whole of the Exhibition. 
To make only one comparison ; the display of this 
country is infinitely superior to that of the United 
States in spite of a practically unlimited money 
grant and the warm sympathy of a sister govern- 
ment. The efforts of the independent committee of 
the Retrospective Exhibition havealso been verysuc- 
cessful, and have elicited the warmest appreciation 
from the French authorities as a spontaneous dis- 
play of good feeling and a desire to help the welfare 
of the Exhibition without any direct or indirect 
selfish motive or commercial interest. 

We referred at the beginning of this article to 
the remarkable success which attended the electric 
lighting at the summit of the Eiffel Tower, during 
the evening féte on the 6th inst. ; when its form was 
outlined by thousands of gas jets, it showed that 
amongst other uses, that of being a splendid and 
striking spectacle on such occasions must be in- 
cluded. The arrangements provided for illumi- 
nating the gardens on the Champ de Mars, and 
such of the buildings as are opened to the public at 
night, promise to be most efficient, and it is satis- 
factory to note that a great part of the power used 
for this purpose has been supplied by an English 
firm, Messrs. Davey, Paxman, and Co. Any detailed 
notice of this important and extensive plant would 
of course be out of place here, but we may mention 
that they have laid down engines and boilers which 
drive one-sixth of the whole of the dynamos used 
for the electric lighting in the courts, the grounds, 
and for the fountains, which latter are on a larger 
and more brilliant scale than has yet been attempted, 
and which were installed, partly by Messrs. Gallo- 
way and Co.,, of Manchester, and partly by a French 
firm ; the dynamos and electrical plant have been 
chiefly supplied by the Soci¢té Gramme. 

We fear we have given but a meagre and incom- 
plete idea of the circumstances that attended the 
inauguration of the greatest International Exhibi- 
tion ever yet held; we hope, however, in future 
issues to make amends for present shortcomings by 
ample descriptions of the principal exhibits which 
will fall within our province to describe. 








IRON ORE SUPPLIES. 

THERE was quite a large gathering of the members 
of the British Iron Trade Association at the 
Westminster Palace Hotel, on Tuesday last, to hear 
Mr. Josiah T. Smith, the President, read a paper 
entitled the ‘‘ Iron Ore Requirements cfth> World, 
and the Conditions of their Supply as affecting the 
British Iron Industry.” 

The subject is one that has been exciting a good 





deal of interest, not to say apprehension, of late in 
the breasts of those most closely affected by the 
state of the sources from which iron ore is obtained. 
The rumours that have been heard for some time 
past of the approaching exhaustion of the Bilbao 
workings and the growing competition of other 
countries, have induced symptoms which make 
Mr. Smith’s paper additionally welcome. As is 
usually the case the bogey looked at in the cool 
light of day loses many of its terrors, and although 
the paper was by no means couched in optimistic 
language it will do much to reassure the timorous 
and half-informed ; a class, by-the-by, which on all 
sides seems to be growing in numbers, if not in 
importance or strength. 

The paper dealt with the iron ore deposits of the 
United Kingdom, the United States, Germany, 
France, Sweden, Austria, and Spain. These do not 
of course exhaust the existing, and still less the 
possible, iron ore fields of the world, as Canada, 
Cuba, the South American Republics, India, and 
China have, so far as one can judge by external 
signs, sources of supply which only wait the 
fostering hand of commercial enterprise for their 
development. In fact it is but a truism to say that 
there is no fear of the world running short of the 
raw material for iron manufacture, so that the only 
problem we, in this country, have to solve is 
whether we stand in as good a position as our 
neighbours for obtaining our share of this the 
greatest mineral treasure provided by nature. 

Within our own borders we find, according to 
Mr. Smith, a wide distribution, iron ore being 
mined in no fewer than twenty-seven counties. 
Some of these, however, are of comparatively 
small importance, and it is only in seven districts 
that the annual output exceeds a million tons. 
For practical purposes Mr. Smith divides our 
native ores into two classes, hematite and lias ; the 
former represented by the Cumberland and Lanca- 
shire ores and the latter by those of Cleveland, 
Lincolnshire, and Northamptonshire. The three 
latter districts produce more than 50 per cent. and 
the former 18 per cent. of all the iron ore raised in 
the United Kingdom. Of the lias ore there is prac- 
tically an unlimited supply, but the sources from 
which the hematite ore may be drawn are more 
limited, and it is here that the manufacturer turns 
to foreign markets. 

It was not until the great discovery of Sir Henry 
Bessemer had forced itself upon our unwilling steel- 
makers that Great Britain was forced to look abroad 
for what had up to that date been considered one of 
our most typically national productions. Up to 1866 
the United Kingdom imported little or no iron ores. 
In 1868 we brought within our borders 88,770 tons 
from Spain and 12,073 tons from Norway, whilst alto- 
gether we imported 114,435 tons in all ; during that 
year we mined at home no less than 10,169,000 tons, 
so that our imports were but 1.12 per cent. of the 
home production. After that we began to take more 
and more iron ore from foreign countries, so that in 
1873, which, however, was an exceptional year, we 
imported 967,000 tons. This appeared for some 
time to be the high-water mark, as for the next 
four years the imports fell off considerably, whilst 
the home production showed a fairly steady in- 
crease. In 1877, however, there was a big jump, 
the imports springing up to over a million tons, 
whilst the native production was even a little less 
than the previous year, amounting to over sixteen 
million tons. Since that year the imports have 
gone on increasing until we find last year we bought 
from abroad over three and a half million tons of 
ore. It was in the memorable year 1882 that we 
reached the highest point of our home production 
of iron ore, over eighteen million tons being then 
mined. Since then there has been a pretty steady 
decline, until in 1888 we used little more than 
fourteen million tons of British ore, the proportion 
of imports to home production being 20 per cent. 

It is hardly necessary to remind the readers of 
this journal of the cause which has led to this ever- 
growing demand for foreign ores. Our native 
hematites are limited in quantity, and what we 
have is handicapped by artificial restraints. The 
ever-increasing use of Bessemer or mild steel, 
notably in rails and shipbuilding, but also in nearly 
every branch of engineering construction, renders 
the demand for hematite ores more and more 
urgent, and as steel increases so does it press iron, 
made from our own more widely distributed ores, 
from the market. There are perhaps many who 
begrudge the money sent abroad for the purchase 
of foreign iron ores. This is a narrow and un- 
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generous sentiment, for it was Spanish ore that 
came to the assistance of the British iron industry 
when the advantage of using ingot, in place of 


. wrought iron, came to be recognised by engineers, 


Had it not been for the Bilbao or other accessible 
sources of supply, English manufacturers might have 
been sending to the United States for steel made 
from the rich hematites of the Lake Superior or 
other foreign mine fields. 

This may seem to optimistic Britons an exag- 
gerated statement, and doubtless, had we been put 
to the push, we might have further developed our 
native supplies of hematites, British ironmasters 
blame the railway monopolists for much that is left 
to be desired in the extension of the Cumberland 
and Lancashire mines. To what extent these 
strictures are warranted would be too big a question 
to discuss now, but had the question become one 
of ultimate national importance, the railways would 
have had to give way. As it was, the iron manufac- 
turers on the seaboard found they could get what 
they wanted by ocean carriage within freight limits 
that enabled them to carry on operations with a 
profit; and so long as the average British manu- 
facturer can earn a handsome competence he is little 
likely to expend his energies on popular agitation. 
It is not until he sees his trade going, or gone, that 
his indignation finds articulate expression. After 
all, we area long-suffering race, patiently submitting 
to many injustices, so long as we are allowed to 
accumulate riches in peace, 

It may be some consolation to us to know, how- 
ever, that in this characteristic we do not stand 
alone. In that other younger English-speaking 
nation across the Atlantic we hear of an almost 
parallel case. Mr. Hewitt, a northern ironmaster 
of America, informed the meeting that finding he 
was growing a sick man—that is sick in pocket— 
through the increasing competition of the newer 
iron-producing States, he had made a journey 
southward to learn how it was he and his neigh- 
bours were being pushed from ancient markets. He 
found the newer districts had many natural advan- 
tages, but their mainstay was the liberal and en- 
lightened policy of the railway companies. In 
Alabama the freightage was so much lower that it 
enabled the southern ironmaster to push his product 
north and sell in competition with the older firms 
of those districts. ‘‘Had our northern railways 
treated us,” said Mr. Hewitt, ‘‘as well as those in 
the south behaved towards their customers, we 
should never have found our trade disappearing in 
the way it has done. What we want is an en- 
lightened control which will prevent these great 
monoplies from sapping our industries by unjust 
and unequal tariffs.” The cheers with which this 
statement was received by the British ironmasters 
assembled showed plainly where the shoe pinches 
in this country also. The days of feudalism may be 
past, but the instinct of man to prey upon his 
fellow-man lives. The modern company director is 
the successor to the medieval noble ; oppressing 
his more helpless fellows by freights, terminals, 
and bye-laws, as the baron of old did by the franker 
arguments of spear and sword. 

The action of the railway companies is, however, 
but a side issue, although a most important one, in 
the history of the development of the iron ore 
products of the world. 

The experience of the United Kingdom, we learn 
by Mr. Smith’s paper, has been much the same as 
that of the other great iron-producing countries, 
excepting Germany. There the imports increased 
from 1866 to 1884, when the total quantity imported 
amounted to 980,442 tons, only about 200,000 tons, 
however, coming from Spain. Since 1884 the basic 
process has largely extended in Germany, especially 
in Alsace-Lorraine and Luxembourg, the latter 
duchy being in the Zollverein. The production of 
ores in Germany in 1887 amounted to 9,351,000 
tons, as compared with 5,457,000 tons in 1878. 
‘*The remarkable progress that the basic process 
has made in Germany, and the proximity of the 
leading works to the large sources of ore supply 
adapted to that process, justifies the belief that in 
the immediate future Germany is not likely to call 
for large requirements elsewhere.” 

Spain and Sweden are the only two European 
countries, besides England, which are known to 
have considerable deposits of iron ores suitable for 
high-class Bessemer iron. Russia is also said to 
have in the Ural large quantities, but distance from 
the seaboard would put them out of our calculations. 
Elbau ores are becoming scarce, and restrictions 
have been placed on their exportation, There is a 








possibility of additional supplies being found in 
Algeria, but so far enough is not known to give 
much promise of help from that quarter. 

Up to the present time 40,000,000 tons have 
been sent out from Bilbao; and it is a remarkable 
coincidence that this is about the same quantity 
that has been obtained from the Lake Superior 
districts, which are the chief source from which the 
high-class ores of the United States come. How 
much is left in Bilbao is a moot point, but in 1884 
it was estimated that 50,000,000 tons remained un- 
worked in the Sommorostro district. If this were 
true there would yet be 36,000,000 tons left. Further 
inland there is another 40,000,000 tons, according to 
recent computations, which, with the Sommorostro 
supplies, might last for another twenty years at the 
present rate of consumption. Inthe south of Spain 
the ore deposits are practically untouched, but they 
are, in effect, double the distance from our shores 
of those of Bilbao. They are of high quality, 
running up toas much as 65 per cent. of iron, and 
they are mostly within 20 miles of the coast. They 
are well adapted for the Bessemer and open-hearth 
processes, but contain manganese, running from 
3% to 44 per cent. In North Sweden we have the 
Gellivara supplies, of unknown, but undoubtedly 
vast quantity. They are 120 miles from the most 
northernly part of the Gulf of Bothnia to which 
there is a railway. The mineral appears to be 
chiefly magnetic, and contains 68 to 70 per cent. of 
iron. There is, however, in many instances, about 
three-fifths of the whole, an excess of phosphorus. 
Sixty miles beyond, there are the vastiron mountains 
of Luossavara and Kunumvara, containing, perhaps, 
270,000,000 tons, a large percentage of which is low 
in phosphorus. 

Mr. Smith discussed the probability of the United 
States competing with us for European hematites, 
but from what he said, and judging from the 
remarks afterwards made by Mr. Hewitt, there 
does not seem great cause for alarm on this head. 
Germany also appears to be turning her attention 
chiefly to those processes in which her own plentiful 
supplies of iron ore may be utilised. France, too, 
is largely developing the basic process, and her 
demand for Bessemer ores does not appear likely 
to be of a serious nature. How far the furnaces 
which have been started on the spot by Spain her- 
self may prove the beginning of trouble for the 
British customer, or whether the Spanish Govern- 
ment may restrict exportation, time alone can tell. 
It also remains to be seen whether new mine fields 
for high-class ores may be discovered in our own 
country or the colonies. 

Mr. Smith in his paper dwelt on the important 
question of the price of ores, and those interested 
in the subject will do well to consult his contri- 
bution on this head. Up to the present we have 
been able to import Spanish hematites at about 
one-half the price paid by steelmakers in the 
Eastern States for the Lake Superior ores, and 
ironmasters in Wales, or the Cleveland districts, can 
manufacture hematite pig at about 10s. a ton above 
the price at which pig can be made from impure local 
ores. 

A short discussion followed the reading of the 
paper, the principal speaker being Mr. Hewitt, 
our distinguished visitor from the United States. 
We wish we could render, in sober print, the 
eloquent words he used in speaking of the re- 
lations between American and British men of 
science; amongst whom, we are proud to state, 
may be numbered so many of our best-known iron- 
masters and steel manufacturers on both sides of 
the Atlantic. The generous acknowledgment by Mr. 
Hewitt of the assistance he has of late years 
received jfrom his British fellow-workers, will do 
much to knit together the hearts of the two great 
English-speaking races in that fraternity of kindly 
feeling which nature designed should exist, and 
which the perversity of evil government in the past, 
has alone marred. 


BRYMBO STEEL WORKS. 

Tue Brymbvo Iron Works have been established 
near Wrexham for a great many years, s0 many 
that the memory of man runneth not to the con- 
trary, and there are rectangular blast furnaces to be 
seen, having a truly venerable appearance which 
should delight the heart of antiquarians in metal- 
lurgy ; a class which appears largely to have sprung 
into existence during the last few years. 

At Brymbo, however, the old and new are seen side 
by side, for it is here that the latest development of 











steel manufacture, the basic process, is more exclu- 
sively followed than in any other works in the 
kingdom, so far, at least, as we are aware. In fact at 
Brymbo nothing but basic steel is produced, and 
that by the open-hearth process. A visit lately 
paid to these works enables us to give a few parti- 
culars of the process of manufacture and the material 
produced, 

The pig used is obtained either from local ore or 
that brought from the Northampton district. The 
blast furnace is worked so as to get a pig low in 
sulphur and low in silicon, the aim being to have 
about .03 or .04 percent. of the former and .4 or .5 
per cent of the latter element, with about 23 per 
cent. of phosphorus and 1? of manganese ; the sum 
of the impurities being not much greater than in 
ordinary hematite pig; the phosphorus replacing 
silicon, so as to enable the pig to be worked with 
facility in the open-hearth furnace and run freely 
in the pig bed. There is some difficulty in reach- 
ing this end, it being easy enough to get high 
silicon and low sulphur, as in ordinary grey pig, or 
to get low silicon and high sulphur, but to have 
both elements low and work the blast furnaces 
satisfactorily at the same time, is by no means an 
easy task. The appearance of the pig may be de- 
scribed as a species of spiegel white, but in reality 
it is a white pig with a grey slag, or rather a descrip- 
tion of slag that might be expected with a grey pig. 
On the present page we give a diagram showing the 
manner in which the different elements leave the 


Fig.2. 


Basic hearth 
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iron during the process of treatment on the open 
hearth. It will ba seen that the iron contains, as 
stated, little more impurity than hematite pig, on 
account of the low silicon. Whatever silicon there 
is practically disappears in melting, and to neutra- 
lise this, a considerable proportion of limestone is 
added with the charge. The higher the percentage 
of silicon in the pig the larger the quantity of lime- 
stone required to neutralise it, and if, therefore, 
the silicon is low, the lime is only necessary to fix 
the phosphorus as it is oxidised. In the basic open- 
hearth process the quantity of slag presentis, neces- 
sarily, very much greater in amount than in the acid 
open hearth, owing to the lime, or limestone, which 
is added. This large amount of slag is a great 
obstacle to the working of the process, and for this 
reason it is exceedingly desirable to have a low per- 
centage of silicon to start with. 

It will be seen by the diagram that the phos- 
phorus line falls rather faster than the carbon; 
that is to say when the phosphorus is nearly 
eliminated there is still a small quantity of carbon 
left, and this preserves the bath of metal, keep- 
ing it from over-oxidising. There is nothing more 
hurtful to the quality of steel than to over-oxidise 
it, and in the basic open-hearth furnaces, when 
properly worked, the tendency to over-oxidise is far 
less than in any other process of steelmaking. 

The blast furnaces, to which we have made refer- 
ence, are three in number, but at the time of 
our visit only two were at work. They are of small 
capacity, being 55 ft. high and 16 ft. in the bosh. 
Ordinary pipe-stoves are used, the temperature of 
the blast being about 1000 deg. Fahr. The coke is 
made by the company from coal obtained at their 
own collieries. A feature in the North Wales coke 
is the low percentage of sulphur, and in this respect 
it is said to compare favourably with Durham 
coke. About 22} cwt. of this hard oven coke is 
used per ton of pig made. ; 

The open-hearth furnaces are placedinarow, under 
a building about 100 yards distant from the blast- 
furnaces. There are six of these steel furnaces, 
two of 25tons and four of 12 tons capacity. The 
charging platform is at a higher level, and the pig 
is brought from the pig-beds by railway and is dis- 
charged on to the working level, which is the 
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highest point on the premises, so that the material 
is always travelling downwards until it reaches the 
mill ; and indeed after that, for the Brymbo Works 
are situated on the top of a high hill which rears its 
head to a considerable elevation above sea-level. 

The pig iron, scrap, and limestone are charged 
into the furnaces, and when melted, ore and lime- 
stone are added as required. This, of course, is the 
ordinary plan, but with this exception, that the 
iron ore with the limestone are additional in this 
basic process. The furnaces have been designed 
by Mr. J. H. Darby, the managing director of the 
company, and in outward appearance are very 
similar to those used in ordinary open-hearth steel- 
making. The latest was erected about a year ago, 
and has since worked without a hitch. The re- 
generative chambers are, we understand, of large 
dimensions, The superstructure, or furnace proper, 
is of special construction for basic work, and is lined 
with silica bricks; the hearth which holds the 
bath of metal being of shrunk dolomite or mag- 
nesian limestone. The chief feature is the method 
in which the basic hearth is isolated from the acid 
part of the lining, which forms the sides and roof. 
It is well known that a basic roof cannot be put in 
an open-hearth furnace, as it would be so heavy that 
it could not well be made to stand. It is, there- 
fore, necessary to put in a brick roof, and this 
causes rapid fusion and wasting away where the 
junction of the acid and basic materials occur. In 
some cases furnaces have, from this cause, been off 
for repairs after a fortnight’s work. Mr. Darby has, 
however, been so fortunate as to hit on a device 
by which this difficulty has been overcome, by the 
introduction of a zone of neutral material, which 
isolates the acid from the basic portion, and so 
prevents the one from acting deleteriously upon the 
other. So successful has this arrangement been 
that, in the case of one furnace, work has been going 
on continuously since September 29; the lining is 
still in good working order, it being anticipated that 
it will last several months longer. There had at 
the time of our visit, now a month ago, already been 
produced by this furnace 3262 tons of steel. 

The casting pit is parallel to the furnaces, the 
latter being tapped into a ladle; the ingots are 
cast immediately in front of the furnace and after- 
wards taken across to the heating furnaces on the 
opposite side. These latter furnaces are a combi- 
nation of furnace and soaking pit, for the ingots 
are taken by the crane, whilst hot, and placed in 
the furnace, but some additional heat is supplied by 
fire in the ordinary way. The casting pit is com- 
manded by two steam travelling cranes, and there 
are six heating furnaces, fitted with steam boilers 
to take up the waste heat. The usual run of ingots 
average about 15 cwt., but some are cast of 5 tons. 
A point that may be noted here is the very clean 
top to the Brymbo ingots, a feature which enables 
a large output of slabs or billets to be obtained, 
compared to the weight of ingots cast. This is a 


point to which we shall again have occasion to make 
reference, 
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The Brymbo Company do not produce anything in 
the shape of manufactured steel, contenting them- 
selves with turning out slabs, bars, and billets, so 
that the mill department is not of a very elaborate 
nature, such as would be required were various 
sections rolled. The position of the mill is shown 
on the plan which we publish above. There 
|isa three-high 26-in. roughing mill and a 26-in. 
finishing mill. The roughing mill has a steam- 
worked rising table. The mill engine is of the 
horizontal type, and has one cylinder 40in. in 
diameter by 54in. stroke. The working pressure 





and hot saw, all the transporting of billets, &c., 
being done by mechanical appliances, and one man 
only is required on the table side of the mill. 

There are fifteen Wilson gas producers placed 
beyond the furnaces. 


having its own chimney and gas mains, the latter 
running parallel to and at the back of the line of 


With regard to the general features of the works, | 
it may be stated that the Great Western Railway 
runs on to the premises, and there is also a con- | 
necting branch with the London and North- 
Western. The company own the usual number of 
locomotives and other rolling stock. All the) 
materials are produced in the neighbourhood, and | 
from establishments either belonging to the same 
company, or closely aftiliated. The ore, however, 
as stated, is brought from Staffordshire and North- 
amptonshire. 

Passing to the department where the laboratory 
and testing house is situated, we get some further 
particulars of the material produced. In looking | 
through the records of this section, those who have 
been more accustomed to the other methods of steel | 
production will be struck by the small average of | 
croppings taken from the ingots. Five per cent. is | 
considered a high figure whilst 4 per cent. is not 
by any means exceptional. Yet, with this small | 
amount of rejected material, this process is found to 
give sound and reliable bars or billets. The weight 
of bars, with billets, is within 7 to 8 per cent. of 
that of ingots cast, allowing for everything, includ- 
ing furnace waste. 

As already stated the Brymbo Works produce 
only unfinished steel, and at the time of our visit 
were chiefly busy cn tin bars. The annual output 
is about 30,000 tons. The following analysis of a 
dead soft tin bar steel, taken from the laboratory 
record, may be of iaterest : 


Phosphorus... 034 
Sulphur 029 
Silicon ... a trace 
Carbon... 12 
Manganese 


Tracing this sample to the testing department, we | 
find that in a test piece, 8 in. long by 1} in. in dia- 
meter, the ultimate tensile strength was 234 tons | 
with an elongation of 35 to 38 per cent. This is_ 





|produced as a good material for deep stamping, 
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is 80]b. There are the usual live rollers, shears, | 


Each of the open-hearth | 
furnaces is arranged to be independent of the others, | 


furnaces. 
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such as now is so much in request for solid tin ware. 
In the office later on, we saw some examples of deep 
stampings that even in the present day may be 
looked onas remarkable. These were solid bottom 
drums, 103 in. deep by 9}in. in diameter, stamped 
out of a sheet of steel. These were not tinned. 
There were tinned pans, stamped solid, of 15in. 
diameter by 6in. deep; also cups Gin. deep and 
5in. in diameter. The latter had been stamped 
black and then tinned, being afterwards spun out 
to a curved contour. The article was shown in 
various stages of production. The chief point about 
these vessels, however, was the way in which the 
rim had been turned over the wire which is used 
to give strength and stiffness. This is the great 
test of material used for tinware, and the Brymbo 
steel may certainly be said to have stood it without 
showing sign of flaw or crack, judging from the 
examples shown, both tinned and in the black. 
There are many grades of steel used for tin-plates 
which will stamp all right to a great depth, but will 
not stand turning over at the rim, and for this 
reason charcoal iron has, for a long time, held its own 
in this special work. The rim wire in the samples 
we saw was, we should judge, about ,j; in., and 
the rim plate about 24 or 25 gauge. These figures 
are, however, only approximations, and, indeed, 
little more than guesses. 

We will give from the company’s books an analysis 
with higher carbon : 
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Phosphorus .035 
Sulphur .012 
Silicon ... 05 
Carbon... a ei .64 
Manganese ... des 32 


This material was produced for wire-making, and 
gave 83 tons tensile strength when drawn to a dia- 
meter of .04in. It stood eighty-three tests in 8 in. 
length. 

Another high carbon example was produced for 
the manufacture of miners’ drills, smiths’ tools, coal 
sets, &c., as follows: 


Phosphorus 03 
Sulphur .02 
Silicon ... a trace 
Carbon... . 
Manganese 4 


We give another example of material made to 
pass the Board of Trade and Lloyd's tests : 


Phosphorus .03 
Sulphur .02 
Silicon ... 05 
Carbon... 32 
Manganese ee 33 


In the machine shop attached to the works we 
saw some castings, such as pinions, tooth-wheels, 
clutches, &c., which had been cast from the furnace 
and were being turned for the purposes of illustrat- 
ing the qualities of the metal. The cuttings showed 
the ductility of the metal with a percentage of about 
.3to .40f carbon. The cutting tool, too, was a piece 
of basic steel produced at Brymbo, and containing, 
of course, a high percentage of carbon, say about 
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1 percent. We also saw here a10-in. ingot broken 
in the middle to show the fracture and solidity of 
the metal. It was broken by six drops of a 2 ton 
13 cwt. ball falling 35 ft., the supports being 4 ft. 
6 in, apart. This ingot had .15 of carbon. 





THE ROYAL SOCIETY SOIREE. 

On Wednesday evening, at Burlington House, 
the annual conversazione was given to a large num- 
ber of distinguished guests by the President of the 
Royal Society, Professor G. G. Stokes, D.C.L., 
M.P., and a large number of objects of special 
scientific interest was collected to add to the success 
of the evening. 

Of these perhaps the one that attracted the most 
attention was the magnificent collection of instan- 
taneous photographs illustrative of the phases of 
animal locomotion, the result of a long and highly 
elaborate research conducted by Mr. Eadweard 
Muybridge on behalf of the University of Penn- 
sylvania. These highly-interesting and instructive 
photographs were projected on the screen by the 
electric lantern of the Royal Society, and were last 
Wednesday witnessed by a very distinguished 
audience in the meeting room. 

In the same room, at an earlier hour, Mr. E. 8S. 


and the oceans, seas, and straits were illustrated by 
water contained in a shallow trough, and of which 
the coast lines were the boundaries. By means ofa 
number of continuous jets of air directed over dif- 
ferent portions of the water surface and correspond- 
ing to the trade and other winds, the water was set 
into currents corresponding very exactly to the 
equatorial and polar currents of the ocean, and 
a most perfect reproduction of the Gulf Stream 
was produced, traversing the Atlantic from west 
to east, sweeping round the Carribean Sea, being 
diverted by the curvature of the coast and projected 
in a north-western direction across the Atlantic, 
bathing the Azores in its warmer waters, flowing in 
a northerly direction up the west coasts of Ireland 
and Scotland, and striking across the North Sea tc 
Northern Norway and the North Cape. At the same 
time the north polar current might be observed flow- 
ing into the Atlantic from a north-western direction. 
A canal was shown cut through the Panama isthmus, 
through which a current was seen to be flowing, but 
although this by the scale represented some twenty 
miles in width it had no effect on the action of the 
Gulf Stream. When, however, a considerable portion 
of Central America was lifted out, which could 
be done on the model, the bulk of the warm waters 
flowed into the Pacific, and the Gulf Stream towards 





Bruce showed an ingenious method of illustrating 
the effect of the persistence of the image on the 
retina. In this demonstration the image produced | 
by a projection lantern was received upon a | 
whitened lath of wood about an inch wide, which, 
by means of a small electric motor, was kept in 
rapid rotation in its own plane and about its centre. 
The revolving lath thus took the place of a fixed 
sereen, and the effect was that of a bright but 
filmy image, appparently in the air, through which 
objects could be seen, and which, therefore, was an 
admirable reproduction of the so-called ghost effect. 

Mr. C. V. Boys, F.R.8., contributed one of the 
most valuable and interesting objects shown at the 
soirée, and this was what he modestly described as 
a portable Cavendish apparatus for demonstrating 
the attraction of gravitation, but which was so 
completely new in its design and details as to con- 
stitute an original apparatus. In this beautiful 
instrument, the movable beam consists of two little 
masses of lead only 1 centimetre long, to which a 
galvanometer mirror is attached, and this system 
is suspended by one of Mr. Boys’s filaments of 
quartz, by which the action exhibited is rendered 
possible. Around this can be moved a cylinder 
which carries two cylindrical lead weights each 
weighing a kilogramme, and the attractive influence 
of the heavier masses from the little movable beam 
was indicated by the movement of a spot of light 
through some fifty divisions of a scale fixed at the 
further end of the room. 

It may without chance of contradiction be said 
that Mr. Boys has invented quartz as a material 
applicable to the construction of scientific instru- 
ments, and it must be remembered that two years 
ago Mr. Boys astonished the visitors to the Royal 
Society soirée by forming filaments of quartz by 
means of a bow and arrow, the tail of the arrow 
being attached toa lump of molten quartz, the latter 
being drawn out into an excessively fine thread 
during the flight of the arrow, as if it had been a 
filament of melting sealing-wax. A second ex- 
periment shown by Mr. Boys was designed to 
show the extraordinary insulating properties of 
quartz. In this experiment a pair of gold leaves 
forming an electroscope are supported on a little 
rod of quartz ? in. long, and although the surround- 
ing atmosphere is kept saturated with aqueous 
vapour, the gold leaves retain their electrical charge 
for several hours, although if glass were used in- 
stead of quartz the charge would be dissipated in a 
few seconds. Moreover, the quartz may be dipped 
in water and replaced with its sur“ace studded with 
globules of water, and it appears to insulate as well 
as before. 

Mr. Boys showed also a very beautiful apparatus 
for testing the elasticity of fibres in which almost 
every conceivable error is eliminated in the most 
ingenious and simple manner. 

A centre of very great attraction during the even- 
ing was the model illustrative of the formation of 
ocean currents exhibited by Mr. A. W. Clayden, 
F.G.S. This most beautiful apparatus consists of 
a model of a portion of the earth’s surface on Mer- 
cator’s projection, of which the Atlantic Ocean was 
the central district. The continents and coast 
lines were formed of wood cut out by a fret 


the British Isles ceased to flow. The currents in 
the model are rendered visible by means of lyco- 
podium powder sprinkled on the water surface, and 
it would be difficult to imagine a more beautiful re- 
presentation of the currents of the ocean. 

Another most interesting exhibit was that of Mr. 
H. Brereton Baker, of Dulwich College, in which 
is exhibited the unsuspected properties of oxygen 
gas when it is in a state of dryness. Thus finely 
divided carbon and sulphur may be heated to red- 
ness while a stream of dry oxygen is passed over 
them, and no combustion takes place, but the 
moment oxygen not so perfectly dried is admitted 
to the vessels, the substances flash off with the 
rapid combustion which would be expected. Even 
phosphorus in an atmosphere of dry oxygen may be 
boiled (temperature 290 deg ) and distilled, while it 
would instantly be ignited in ordinary oxygen gas 
if the temperature exceeded 60 deg. 

Mr. Shelford Bidwell, F.R.S., showed his experi- 
ment illustrative of the effect of light in magnetising 
iron, which he described before the Physical Society 
a few weeks ago, and which has already been re- 
ferred to in these columns. 

In the first room Mr. Jesse W. Howard exhibited 
the graphophone, and the voices of many of the 
most distinguished guests were recorded and repro- 
duced by this most interesting instrument. 

Altogether, the conversazione of 1889 was in no 
way inferior to its many predecessors, either in 
points of scientific interest illustrated, or in the 
number and eminence of its invited guests. 








THE IRON AND STEEL INSTITUTE. 

THE annual meeting of the Iron and Steel Insti- 
tute commenced this week in the theatre of the 
Institution of Civil Engineers. The late president, 
Mr. Daniel Adamson, occupied the chair during 
the opening proceedings. The first sitting was 
held on Wednesday, and the meeting continued 
yesterday, whilst the final meeting will be to-day. 

Eight papers were down for reading, of which 
the following is alist: ‘‘ On the Influence of Copper 
on the Tensile Strength of Steel,” by Dr. Ball and 
Mr. Arthur Wingham. ‘‘On Alloys of Nickel and 
Iron,” by Mr. James Riley, Glasgow, Member of 
Council. ‘‘On the Application of Thermo-Chemistry 
to the Reactions of Metallurgy,” by M. Pourcel. 
‘On Testing Machines in France,’ by M. F. 
Gautier, Paris. ‘On the German Iron Industry,” 
by Herr Schrodter, Diisseldorf. ‘‘On the Lash 
Furnace,” by Mr. T. Blair, Pittsburg. ‘‘ On Roll- 
ing Mills,” by Mr. Sack. ‘On the Basic Open- 
hearth Process,” by Mr. J. H. Darby, Brymbo. 

Pressure on our space will prevent us giving this 
week more than a very brief account of the pro- 
ceedings during Wednesday and yesterday, but we 
shall deal with the meeting in detail, in our usual 
manner, in subsequent issues. 

The report of the Council, which was the first 
business taken, showed that the Institution con- 
tinues to flourish financially, the income increasing 
whilst the expenditure has decreased: a happy 
state of affairs upon which we are glad to congratu- 
late the executive, but, perhaps, more especially 
the secretary. In commenting on this report Mr. 





saw, and covered with a coloured waterproof varnish, 





Adamson spoke of the way in which the financia] 


surplus was growing ; the amount to the good on 
this year’s balance-sheet being 7921. He said that 
there was every prospect of a surplus of 1000l. a 
year soon being reached, and no better way of 
investing the money could be found than in using 
it to establish a home for the Institute. He 
suggested that the Council might open up negotia- 
tions with some kindred society, so that a building 
could be raised which would be worthy of the 
great interests represented by the leading scientific 
societies. We are accustomed to hear sentiments 
such as these expressed by prominent members 
of most of the technical institutions, the majority 
of which are dependent on the hospitality of their 
neighbours for a roof under which to hold their 
meetings. Certainly a noble building dedicated to 
the applied sciences London ought to possess. Were 
the matter properly initiated and vigorously worked, 
there should be little difficulty on financial grounds. 

Speaking of the aims of the Iron and Steel In- 
stitute in particular, Mr. Adamson said that an 
effort should be made to bring the smaller iron 
workers within the scope of their organisation. He 
himself had benefitted in so marked a degree by 
that spread of scientific knowledge, which the 
Institution had done so much to promote, that he 
would like to see all his fellow workers in metal 
reap similar advantages. He estimated that since 
he had undertaken the study of the compcsition of 
ores in a systematic manner, he had saved 8 per 
cent. in his foundry. It was not now so much 
a question for the scientifically-instructed iron- 
founder where his material was produced as what 
ingredients it contained, and how the various grades 
could be most advantageously applied to the varying 
requirements of his art. 

After other formal proceedings had been gone 
through, Mr. Adamson vacated the chair, into which 
he installed the new President, Sir James Kitson, 
of Leeds, who forthwith commenced his inaugural 
address. This we shall treat of more fully ir our 
next issue, and we will give now no more thana 
sketch of the subjects which were touched upon. 

Sir James is well known to be an effective public 
speaker, and having also a thorough knowledge of 
the working of metals and the appliances required 
for the production of iron and steel, his address 
could hardly fail to be of a high standard of ex- 
cellence. The Institution is fortunate in having 
one so well qualified a speaker as President during 
the two coming years, in the course of which it will 
visit both France and the United States. 

In the course of his address the President said 
that he might be taken to represent the old estab- 
lished Yorkshire iron industry, in praise of which 
he spoke at some length. When the Institute last 
visited Paris Mr. Adamson had read a paper on the 
production of steel, in the course of which he pre- 
dicted the coming decadence of the wrought-iron 
industry. At that time Sir James had said that, 
at any rate, the ironmakers would have sufficient 
time to look around and make suitable provision 
before they found the demand for their material 
had quite died out, and he now appealed to sub- 
sequent events to bear out the accuracy of his fore- 
cast ; at any rate, in the works which he managed, 
there were as many puddling furnaces at work as 
ever there had been. This was due to the increased 
demand for wrought-iron, which had grown up side 
by side with that for mild steel. 

We must leave the further observations made by 
Sir James on this subject for our fuller abstract, and 
pass on to the second part of the address. This 
consisted of a striking parallel drawn between the 
appliances used by the ironworker some years ago 
and at the present time. The advances in the size 
and perfection of blast furnaces, blowing engines, 
rolling mills, steam hammers, hydraulic forging 
presses, shears, and other ironmaking plant, were 
brought out in a masterly manner, and their 
influence in production was well illustrated by 
the examples quoted. The subject served to em- 
phasise the instances given of the difficulties Sir 
Henry Bessemer and other pioneers had to contend 
with in early days. Having disposed of the his- 
torical side of the subject, Sir James proceeded to 
draw a brief forecast of what might be done in 
the immediate future by means of the light thrown 
on industrial science by later discoveries of 
physicists, chemists, and other workers in allied 
branches of investigation. A few words on technical 
education, and a salutary warning against over pre- 
cipitation in the extension of commerce, concluded 
one of the most thoughtful and instructive pre- 





sidential addresses which the Institution has been 
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favoured with, high as the standard is in this | 


respect. 

The usual vote of thanks was appropriately moved 
by Sir John Pease, who had a difficult task in 
following so excellent a discourse, and it is only 
necessary to say for the present that he proved 
himself equal to the occasion. Sir Lowthian Bell 
also spoke a few words in seconding the resolution. 

The next business was the reading of a letter of 
invitation to the Institute to visit the United States 
during 1890, from the American Institution of 
Mining Engineers, after which Mr. Hewitt, of New 
York, who had been delegated to represent his 
country, spoke in support of the invitation. We 
will not attempt even to give a sketch of Mr. 
Hewitt’s remarks. He has oratorical gifts of a very 
high order, even for an American, but, great as are 
his powers of clothing his thoughts in words, we do 
not think he could have so far carried his audience 
with him had he not spoken from his heart. If Mr. 
Hewitt’s utterances may be taken as an earnest of 
the welcome British ironmasters will receive in 
America —and those who know what American 
hospitality is will not doubt it for a moment — 
the members of the Institute who cross the Atlantic 
next year will be envied by all those whom untoward 
circumstances keep at home. 

The Bessemer medal was next presented to Mr. 
John Ellis, of the firm of John Brown and Co., 
of Sheffield, the President making an interesting 
speech, containing a great many interesting facts. 
Sir Henry Bessemer also added a few words, in 
which he spoke of the early appreciation by Mr. 
Ellis of the process which bears his (Sir Henry’s) 
name. In returning thanks for the honour done 
him, Mr. Ellis also gave many interesting details 
connected with the early history of Bessemer steel. 

After this the reading of the papers was com- 
menced, Mr. Riley’s contribution being the first 
on the list. This most important paper we shall 
print in full, and we shall also deal with the hardly 
less important discussion in our next issue. The 
remaining papers we need not now refer to, as we 
shall notice them in the course of our further 
report of the meeting. 





NOTES. 
ALUMINIUM. 

On Friday last Sir Henry Roscoe delivered, at 
the Royal Institution, a discourse on the manufac- 
ture of aluminium. The subject was illustrated by 
a splendid display of samples lent by the Aluminium 
Company of Birmingham. These included ingots, 
bars, sheets, rods, tubes, foil and leaf. The small 
specific gravity of the metal was well illustrated by 
balancing 200 oz. of it ona pair of scales against 
an ingot of gold of the same weight. At the time 
of a former lecture on the same subject, delivered 
before the Society by Mr. Barlow, to explain the 
Deville process on its first introduction, aluminium 
was about of the same value, weight for weight, as 
gold, whereas now it is selling at twenty shillings a 
pound. The discourse was confined to the method 
of manufacture by the Deville-Castner process, 
which we have lately explained at considerable 
length,* and, therefore, it is unnecessary to repeat 
it again. 

CuitLep Sipe VALvEs. 

We learn from L’Ingeniewr-Conseil that M. 
Bollinckx is casting the valves of Rider engines in 
a mould which chills the faces. The chill penetrates 
to a depth of in. to} in. As the surface cannot 
be cut with a tool, it is ground with emery rollers, 
until a perfectly true and polished face is ob- 
tained. It is claimed that not only do these sur- 
faces not wear, but that, thanks to their exceed- 
ing smoothness, they do not wear the faces on 
which they work. Further, the co-efficient of 
friction is naturally very small. The Administration 
of the State Railways has sent a representative to 
examine the application of the mode of construction 
to the slide valves of locomotives. Of course there 
is nothing novel in the idea of chilling a slide valve 
face. The plan has already been tried in this 
country and with a considerable amount of success. 
It needs, however, a very long time to demonstrate 


the advantages of a particular construction of slide 
valves, 


Accipent at Satrarre Dinine Hatt. 
On April 15 a floor in course of construction at 
Saltaire Station fell and killed one man, besides 
injuring some others. An inquest was held in due 





* See ENGINEERING, page 284 ante, 





course, and the coroner requested Mr. John Waugh, 
of Bradford, to prepare a report dealing with the 
cause of the accident. From this report we learn 
that the building, which was the scene of the 
disaster, was a lofty dining hall, with the roof 
carried on pillars. With the view of affording 
additional accommodation a floor was being put 
into the hall at the level of the bridge crossing the 
station. This floor was of concrete, and weighed 
50 tons to 60 tons. It was carried by rolled-girders 
of I section, 12} in. deep, and 5g in. wide. The 
girders were stepped on brackets bolted round to 
the columns. Each bracket was composed of two 
half cylinders with a web projecting radially on 
each side. Through each web there were three 
bolt holes, and thus by means of six }-in. bolts the 
two half cylinders were clipped together so as to 
embrace the pillar. The clips were 1 ft. 6} in. 
deep, and the bottom bolt on each side was 93 in. 
from the bottom of the bracket, and 7 in. from the 
centre of the pillar. The pillars tapered ;, in. in 
the length of the bracket clip, that is, from 6,4 in. 
to 63 in. The brackets appeared to fit the pillars 
very badly, and only bore on them at the lower 
parts. There was no attachment of the bracket to 
the pillar itself, except by frictional contact. The 
result was that as the load came on to the brackets 
they moved down the taper columns, and then 
burst at the bottom. An apparent support was 
afforded by a collar on the column just below the 
bracket. But this collar was not cast on; it was 
made in four pieces, and held in place by fourteen 
ys in. screwed pins. Of course these pins sheared 
off the moment the load came on to them, and the 
greater part of the floor in course of construction 
fell into the room below. The following is the 
verdict of the jury : 

We find that Simeon Laycock accidentally came to his 
death on the 15th April, 1889, from fracture of the base of 
the skull by the fall of a floor in course of erection in the 
dining-hall, Saltaire, by the Bradford Coffee Tavern 
Company, Limited ; that the architects, Messrs. Morley 
and Woodhouse, are primarily responsible for the fall of 
such floor, in that they failed to devote that amount of 
care and attention to the work which the unusual nature 
of the structure demanded ; and that Mr. Jos. Crabtree, 
the fitter of the brackets, and the contractors, Messrs. 
Dinsdale and Co., are guilty of contributory negligence 
in the carrying out of the works. But this carelessness 
was induced or invited, and in a material way brought 
about, by the undue hurrying forward of the work, and 
the extremely low price at which the contract was taken. 
The jury are also of opinion that detailed plans of all 
structural internal alterations of, or additions to, build- 
ings, should be first submitted to and approved by the 
Local Board. The jury wish to express their deepest 
sympathy with the widow and children of the deceased, 
and also with the injured and their friends. 

An Exxectric Rarroap In Scortanp. 

An evidence of the fact that extremes sometimes 
do meet is found in the fact that at Carstairs, a 
district of Lanarkshire rich in prehistoric relics, 
there has been constructed an electric railroad— 
said to be the first complete line in Scotland—from 
the Caledonian Railway Station there to the mansion 
house of Carstairs, the property of Mr. Robert 
Monteath. The ‘‘ relics” comprise the ruins of an 
ancient Roman town, carved stones which formed 
part of a castle built in the thirteenth century, a 
cave where Wallace, the champion of Scotland’s 
independence, took refuge, and a Roman bridge of 
one semicircular arch. Here also Covenanters 
were known to have met for public worship in spite 
of King, Parliament, and Claverhouse. The electric 
railroad, which may be said to be one of the latest 
developments of science, and completely anti- 
thetical to the ‘‘relics,” is the outcome of the 
enterprise of Mr. Monteath. Flowing past his 
mansion, at a considerable distance, is the Mouse 
Water, which, in 16 miles, falls 805 ft., and passes 
through one of the most awe-inspiring chasms in 
Scotland, three-quarters of a mile long. In this 
stream are several falls, one of them, Cleghorn 
Falls, being three miles from the house, and Mr. 
Monteath decided to utilise this natural power by 
the use of a turbine wheel, which drives a dynamo 
generating an electric current. Wires from the 
dynamo are carried overhead to within 200 yards of 
the house, and thence underground, inclosed in lead 
pipes, to a switchboard near a battery in the base- 
ment of the house. The battery is of 106 E.P.S. 
cells, and is used for lighting the house. Mr. 
Monteath’s enterprise and ingenuity carried him 
further, and he designed an electric railroad to the 
railway station, about a mile and a quarter distant 
from the house. It has a gauge of 30 in., and 
passes through some of the most picturesque parts 
of the policies. The gradients are easy, the worst 





being 1 in 75. The intention, of course, is that the 
railroad will supersede cartage, as well as provide 
for passenger traffic, a siding having been arranged 
at the Caledonian Station for the loading of coal, 
&c. A four-wheeled car for passengers has been 
constructed. The motor, which is on the Gramme 
principle and specially designed for the purpose, is 
fixed between the two axles under the car, and the 
nominal power is equal to eight horses; but it can 
develop fourteen horse-power. Motion is com- 
municated to the driving wheels by a noiseless 
chain passing round a tooth-wheel on the motor 
and a larger one on the axle. A cone friction gear 
permits of full speed being attained more quickly 
and of the speed being controlled. The current for 
the railroad, or for lighting the house, may be 
taken direct from the dynamo or from the battery. 
On each side of the railroad is an iron conductor 
carried on insulators, and the current is communi- 
cated to the motor by rubbing contact—brushes 
being fixed on either side of the car. The power 
available for the motor is ten horse-power, but 
four horse-power gives a speed of 35 miles an hour. 
While Mr. Monteath designed the cars, Messrs. 
Anderson and Munro, Glasgow, did the electrical 
and mechanical part, and Mr. David Hunter assisted 
in the matter of superintendence. 





HIGH EXPLOSIVES. 

AT a meeting of the Society of Engineers, held at the 
Town Hall, Westminster, on Monday evening, May 6, 
Mr. Jonathan R. Baillie, President, in the chair, a paper 
was read by Mr. Perry F. Nursey (past-president) on 
** Recent Developments in High Explosives.” 

The author first pointed out the importance of high ex- 
plosives, and instanced the removal of Flood Rock at the 
entrance to East River, New York, in 1885, when 150 
tons of nitro-glycerine compounds were simultaneously 
exploded. He then described the special features of 
various explosives and compared their action, showing 
how explosion in some was intensely rapid and smashed 
the rock within a limited area, whilst in others the rate of 
explosion was more retarded so that they rent and fissured 
the ground over a large area, to the manifest advantage of 
the miner. He then referred to the detrimental fumes 
evolved by the explosion of dynamite, and pointed out 
how that these fumes were abun from some of the 
comparatively slower burning compounds which had 
time for perfect combustion. He briefly referred to 
some of the earlier explosives which had been described 
in previous papers read by him on the subject of ex- 
plosives, He then pointed out that during the existence 
of the dynamite patent the field was closed against other 
nitro-glycerine compounds in this country, although on 
the Continent and in America they flourished. On the 
expiry of that patent, however, in 1881, there was every- 
where renewed activity in the invention of nitro-glycerine 
compounds, The author then pointed out that there were 
practically over 300 varieties of explosives of all classes 
and including gunpowder, but that commercially the list 
of high explosives was a comparatively short one, and 
had reference mainly to those of more recent date. This 
list included dynamite, lithofracteur, blasting gelatine, 
gelatine dynamite, gelignite, roburite, securite, bellite, 
carbo-dynamite, Von Dahmen’s safety dynamite, Hengst’s 

wder, cotton-powder, tonite, potentite, and mélinite. 

he author explained the composition and special at- 
tributes of each of these explocives, and detailed the 
results of experiments and practical trials he had made 
with many of them, and of the practical work he 
had done with several of them. This latter included 
the bringing down of some 400 tons of rock in Jersey 
harbour at one blast ; the demolition of a bridge in Bel- 
gium, and the chambering of the hard chalk 400 ft. down 
a trial boring 4? in. in diameter, and under a 350 ft. h 
of water. The two former blasts were made with litho- 
fracteur, and the latter with carbo-dynamite. The author 
described some heavy blasts which had been effected with 
gunpowder and nitro-glycerine compounds at various 
times, and gave the results of work done as being from 
3.0 tons to 3.50 tons of rock brought down per pound of 
high explosive used, which agreed with the results he had 
himself obtained. He concluded by pointing out that the 
same explosive was not suitable for every kind of work, 
but that the present tendency of manufacturers and in- 
ventors was to so modify and regulate the explosive force 
of blasting compounds that they could be made generally 
available for any kind of ground. 





Tue Frencu Navy.—A steel cruiser named the Lalande 
has just been launched from the Chantiers de la Gironde, 
at Bordeaux. The Lalande is 316 ft. 8 in. long by 31 ft. 
8in. beam. Her displacement is 1877 tons, and her 
average draught of water is 16ft. 8in. Her engines, 
which were furnished by the Creusét Works, will work up 
to 6000 horse-power with forced draught ; and when the 
engines are making 140 revolutions per minute it is ex- 

cted that the ship will attain a speed of 19} knots per 

our. The Lalande will carry nine guns, of which three 
will be quick-firing and four revolvers. A torpedo 
cruiser, named the Vantour, has been launched at Toulon; 
her hull, which isof steel, measures 226 ft. 8 in. between 
perpendiculars. Her engines are to work up to 3200 herse- 
power, and she is expected to attain a speed of 20 knots. 
The Vantour will be fitted with four lance torpedo tubes 
and two Hotchkiss guns of long range. The Forbin cruiser 
has just made her trial trip; the average speed on the 
measured mile was 19? miles per hour, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
fair attendance on ’Change and the market was very 
firm. Since our last notice pig iron has risen 6d. per ton, 
the quotations of No. 3 Cleveland now being 39s. 3d. by 
sellers for early f.o.b. delivery, buyers offering 3d. less. 
The amount of business transacted was only small, owing 
mainly to the great scarcity of iron just now. Makers 
are all well supplied ahead and do not care about booking 
more orders at present, as in many cases they are almost 
unable to turn out sufficient iron for their contracts already 
entered into. The majority of them will not give any 
quotations, and those who can be induced to do so, will 
not accept less than 40s. for early delivery of No. 3, 
Stocks are rapidly decreasing and shipments continue 
heavy. There is not quite so good a demand for finished 
iron, and prices are rather easier. The steel trade is 
fairly busy, but quotations are not so g For coal and 
coke there is a very great demand, especially the latter, 
which is in good request for blast-furnace purposes at 
15s, 6d. to 16s, per ton. 


The Make and Disposal of Cleveland Pig Iron.—The 
Cleveland Ironmasters’ Association have just issued from 
their offices at Middlesbrough their customary monthly 
returns showing the make and disposal of pig iron in 
Cleveland during the month of April. The statistics are 
more satisfactory and encouraging than they have been 
for years past. They show that of 155 blast furnaces 
built, 103 have been in operation, and have produced 
233,922 tons of pig iron, being a decrease of 2078 tons as 
compared with Marsh. Stocks show a very large de- 
crease, the total at the end of April being 391,278 tons. 
This is a decrease as compared with the previous month 
of no less than 41,589 tons, Shipments of pig iron have 
been very heavv, amounting to 104,449 tons, or 17,135 tons 
more than in March, and 13,808 tons more thanin April 
last year. 


Engineering and Shipbuilding.—Both these great indus- 
tries continue as active as ever, and most of the firms 
in the North are sufficiently supplied with orders to keep 

‘them in full swing for some very considerable time. A 
great many vessels in course of construction are rapidly 
approaching completion, and during the past few days 
one or two fine steamers have left the stocks, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Dore and Chinley Railway.—The work in connection 
with the making of this line is proceeding vigorously. At 
the Dore end there are nearly four miles of tunnelling. 
The tunnel of 6171 yards commences at Totley Grove, 
and comes out at Padley Wood, near Hathersage. It is 
being worked from six shafts, which are all within the 
first thousand yards, When the land was purchased from 
the late Duke of Rutland, his grace stipulated that there 
should be no above-ground interference beyond this point. 
The effect, therefore, is that for a distance of 5000 yards 
all the excavated material has to be taken to the nearer of 
the two ends. All the shafts have been bored to their full 
depth, and a heading has been driven from the Dore 
entrance for a distance of 900 yards. Rock-drilling ma- 
chinery worked by compressed air is being used for 
tunnelling. Of water, something like 2,000,000 gallons 
per day have had to be pumped from the works. At the 
Padley Wood end of the tunnel a heading has been made 
to the length of 400 yards. Itis believed that the line will 
be ready for traffic in the summer of 1891. Messrs, Oliver 
and Son are the contractors for the Dore section. 


The Derbyshire Miners and the Wages Question—An 
Ultimatum,—At a meeting of Derbyshire miners’ dele- 
gates held at Chesterfield yesterday, it was agreed to send 
out 20,000 notices to c2ase work and to hand them in so 
that they would expire simultaneously throughout the 
country on June29, The meeting also resolved that none 
of the notices should be withdrawn until the full advance 
of 10 per cent. on the miners’ gross earnings be uncondi- 
tionally given, 

Yorkshire Water - Gas Company.—This company has 
resolved to sell its water-gas rights in the borough of 
Sheffield for the sum of 30,000/. A similar offer has been 
made for its rights in Leeds, 


The Coal Resources of South Yorkshire.—Mr. C. E. 
Rhodes, chairman of the Midland Institute of Minin 
Engineers, speaking at Rotherham, on Saturday, sai 
they might be thankful that they were surrounded by the 
largest unworked coalfields in this country, and he saw no 
reason why Rotherham shonld not have a long career of 

rosperity, surrounded as it was by an article which 
argely controlled the trade of the country. The coal 
traffic of the new ship canal should alone make it a new 
centre of industry. 


Alterations in Trade,—During the concluding days of 
last week there was a fall in the value of Bessemer steel, 
but it had a small effect on values in the local market, as 
most of the outputis bought forward. Prices have again 
recovered, with anticipation of further rises, and prices of 
Bessemer billets, at works which control the market, may 
be positively placed as follow: Guaranteed temper, 5/. 6s. 
—a recovery of 1s. per ton on the fortnight, after a relapse, 
and second qualities 5/, 4s. At these rates, sales are free, 


but converters decline to book forward, The quotations 
for manufactured iron as given last week are unaltered, 
Coke has risen 6d. per ton, making 13s. 6d. at the ovens. 
Orders for railway material still come in heavily, and 
aepecien in the Leeds district are especially well em- 
ploy’ 





MISCELLANEA. 
Mr. G. W. Hastines, M.P., has accepted the president- 
ship of the Congress of the Sanitary Institute, which is to 
be held in Worcester, commencing September 24 next, 


The application of volatile hydro-carbons, in lieu of 
water, for producing power is just now attracting con- 
siderable attention, and we are glad to hear that Mr. 
Yarrow will read a paper on this subject at the Society of 
Arts on the evening of Wednesday, the 22nd inst. 


In our last issue we mentioned that the Anglo-American 
Brush Electric Light Corporation were placing on the 
market 75,000. worth of 6 per cent, debentures; we are 
now informed that these have been over-applied for, and 
that letters of allotment and regret have been posted. 


The gross receipts of the twenty-three principal! rail- 
ways in the United Kingdom, for the week ending April 
28, amounted, on 16,023 miles, to 1,321,306/., and for 
the corresponding period of 1888, on 15,948? miles, to 
1,219,153/., an increase of 74} miles, or 0.4 per cent., and 
an increase of 102,153/., or 8.3 per cent., the returns now 
published being for Easter week. 


A project for extending the irrigated area in Egypt by 
250,000 acres is now being considered by Colonel Ross, 
the Inspector-General of Irrigation. The water is to be 
taken from a point so high up the stream that the canals 
shall not run dry, even on low Niles, The present system 
of canals is to be made use of by deepening, widening, 
and extendingthem. The estimated cost of the improve- 
ments is about 380,000/. 


A company is being formed, with a capital of 220,000/., 
to acquire the patent and other rights in the Hopcraft 
furnace. These furnaces are intended to burn small coal, 
slack, or coal dust, and are self-feeding and self-stoking. 
They have been tested with very satisfactory results in 
both land and marine boilers. A description of this 
furnace will be found on page 59 ante. 


The new Inman steamer City of Paris arrived in New 
York last Wednesday, having broken the Transatlantic 
record by steaming from Queenstown to Sandy Hook in 
5 days 23 hours7 minutes, this run bring 2 hours 48 minutes 
less than the shortest previous voyage. Her daily log was 
as follows: 445 knots (part of a day), 492, 504, 505, 511, 
and 398 (part of aday). On three of these days she beat 
the day record, 503 knots being the longest run previously 
made in twenty-four hours, 


Mr. J. T. Harrison held a Local Government Board 
inquiry at Draycott on Thursday, the 2nd inst., to con- 
sider an application to borrow 2700/. for sewerage and 
sewage disposal. Mr. W. H. Radford, of Nottingham, 
is the engineer for the scheme, and he explained that it 
was proposed to deal with the sewage by irrigation on 
six acres of specially prepared land. The district is very 
flat and there has been great difficulty in arranging the 
levels of the sewers to act efficiently without pumping. 


We are informed that the Nettleton Chemical Com- 
pany have decided to put up one of the self-contained 
and continuous ammonia stills supplied by Mr. Henry 
Simon, of Manchester. The still is worked entirely by 
steam, and capable of dealing with 40 to 45 tons of 
ammoniacal liquor per diem. The activity in the am- 
monia trade seems to be on the increase, more especially 
in the production of sulphate of ammonia, for the makers 
of this still report orders recently received for no less 
than twelve 40-ton ammonia plants, besides numerous 
smaller ones. 


Mr. Bernstein has long been known among electrical 
engineers for his ingenious chemical cut-out by which in- 
candescent lamps can be worked in series. Recently, 
however, he has adopted a somewhat simpler device for 
the same purpose. The wires rips ge | the straight 
rod which in his lamp takes the place of the ordinary 
filament, are brought very close together, whilst a spring 
tends constantly to force them into contact, and is only 
prevented from doing so by the stiffness of the carbon 
rod. Should this break, however, the spring instantly 
forces the two wires into contact with each other, and re- 
establishes the circuit. 


The Union Steamship Company’s Royal Mail steamer 
Tartar, which arrived at Southampton at i0 a.m. on 
Sunday, 5th inst., has made a very rapid passage from 
Capetown. She left that port at 5.17 p.m. on April 17, 
and the distance run, 5982 miles, vid Madeira, was 
accomplished in 17 days 16 hours 43 minutes gross time, 
the net steaming time being 17 days 10 hours 28 minutes, 
giving an average speed over the whole distance of 14.3 

nots per hour. This is the fastest passage yet made 
between Capetown and Southampton. The same vessel’s 
passage of 17 days and 50 minutes net steaming time 
between Capetown and Plymouth vid Madeira in August 
last remains the quickest on record. 


At a meeting of the Newcastle-on-Tyne Engineering 
Students’ Club, held at the Durham College of Science, 
on Wednesday, May 1, Mr. H. G. bee ae a@ paper on 
“Screw Propellers.” The principles of the theories of the 
working of propellers, respectively formulated by Professor 
Rankine and the late Dr. Froude, were first explained and 
the chief objections to each pointed out. Professor Cot- 
terill’s investigation concerning “‘ the minimum area of a 
screw blade necessary to form a complete column” was 
then described, from which he inferred that in actual 
practice a complete column is not formed, thus explaining 
the discrepancy between the results obtained by Professor 
Rankine’s formule and the results given by actual prac- 
tice. 

The large steel plates now manufactured for boiler and 
shipbuilding work, are, it would appear, from experiments 





recently made in Germany, not very uniform in thickness. 


In the case of one plate by Schulz Knaudt, of Essen, 
measuring 12 ft. 7 in. by 9 ft. 9 in., the thickness ranged 
from .478 in. at the edges to a maximum of .574in. The 
mean thickness of the whole plate determined from its 
weight and specific gravity was .559in. In another 
instance with a plate manufactured by Grillo, Funke, and 
Co., which measured 8 ft. 4in. by 7 ft. 6in., the thick- 
ness ranged from .715 in. to.757 in., the mean of the whole 
being .74lin. With a plate made by Krupp measuring 
11 ft. 9in. by 9 ft. 2in. quite as large variations were 
obtained, the thickness ranging from .511 in. to .623 in., 
the mean of the whole plate being .619 in. 


In the annual report for 1888 of the Canadian Minister 
for Railways and Canalsit is stated that thirteen new com- 
panies began operations last year, making a total of sixty- 
four Canadian companies, operating 12,332 miles of 
railway, of which 11,157 are laid with steel rails. The 
amount of capital invested is 683,773,000 dols. The gross 
earnings were 38,847,000 dols., an increase of 5,500,000 
dols. The net earnings were 11,217,000 dols. The number of 
passengers killed was ten. The report makes the strange 
statement that these deaths were due in every case to 
the passengers’ own carelessness. The loss on Govern- 
ment lines was 454,000 dols. larger than in any former 
year, indicating that the lines are yearly becoming more 
expensive. Freight traffic increased less than 2 per cent. 
over last year. There were paid 1,374,000 dols. in subsidies 
to thirty-seven differentlines. The latterare being increased 
year by year, until now there is a strong feeling that the 
granting of bonuses to struggling enterprises which are 
mainly incorporated for no other purpose than to give, in 
many cases, irresponsible contractors something to do, 
should be stopped. In many instances railroad companies 
have been notoriously started for the sole purpose of ob- 
taining the Government subsidy, and particularly is this 
so in the case of the Hereford Railway, the contractors for 
which, after obtaining the subsidy, decamped. 


At the Westminster Palace Hotel on Friday, the 26th 
ult., a paper was read before the Junior Engineering 
Society by Mr. W. T. Dunn, hon. secretary, on ‘* The 
Southwark and City of London Subway,” in connection 
with which on the following Tuesday afternoon a visit 
took place to the works of the undertaking, permission 
having been granted by Mr. J. H. Greathead, the engi- 
neer. Entrance was obtained to the underground work- 
ings at the New-street station of the line, Kennington 
Park-road, the visitors being accompanied by Mr. Basil 
Mott, resident engineer, who explained the construction 
of the workings, the position and proposed fittings of the 
platforms, and arrangements for entrance and exit, and 
the general manner in which the work at present com- 
pleted had been carried out. The party then proceeded 
for a short distance along the down tunnel Citywards, 
afterwards passing through a connecting passage into the 
up tunnel. From thence they passed to the section of 
the tunnel leading in the direction of Kennington, and 
during their progress the method of constructing the 
tunnel was fully seen and explained, the principal 
features of interest being: the boring shield worked by 
hydraulic rams, the manner of fixing the segments of the 
cast-iron tunnel lining, and the apparatus employed for 
injecting the cement grouting under air pressure, 


On Wednesday, May 1, under the auspices of the Liver- 
pool Engineering Society, Mr. C. H. Beloe, M. Inst. C.E., 
read an interesting paper on “ The Purification of Water 
and Sewage by the Magnetic Spongy Carbon Process.” 
The difficulties attending the use of all previously known 
filtering media has led to the discovery of this material, 
commercially called ‘‘ polarite.” This mineral having 
been carefully examined and tested by Sir Henry Roscoe, 
M.P., he had reported that its complete insolubility and 
freedom from rust constituted its claim to be considered a 
valuable filtering material. It extracted iron and lead 
from water, and destroyed organic matter in solution. 
There were several methods of applying this material to 
the purification of water. Water supply could be purified 
on a large scale by passing it through a filter constructed 
in a manner similar to the ordinary sand filters, with the 
addition of a layer of polarite at least 6in. thick, mixed 
with an equal quantity of sand. From 500 to 1000 
gallons per square yard could be obtained from it in 
twenty-four hours, this being a higher rate than by the 
ordinary filter. Proceeding to the filtration of sewage, 
the author described the ‘international process,” which 
was in use in various places, and which had given the 
greatest satisfaction. It comprised a magnetic precipitant 
and deodorant called ferozone, which was rich in ferrous 
iron, and which also contained alum, calcium, sulphate of 
magnesia, and rustless magnetic oxide of iron in a very 
spongy and absorbent condition. Its cost for sewage 
filtering would be about 14s. per square yard, or 4/. per ton. 
The foregoing paper was read at the last meeting of the 
Society for this session, at which the officers were elected 
for the ensuing year. The list is as follows: President, 
Mr. H. H. West; vice-presidents, Messrs. J. J. Potts and 
F. Hudleston. The eight members of the council were 
Messrs. W. N. Blair, F. M. Evanson, T. L. Miller, J. 
Morgan, Jos. Price, Jun., Walter Sang, Professor H. S. 
Hele-Shaw, and Mr. J. T. Wood. Hon, secretary, Mr. 
J. H. T, Turner; hon. treasurer, Mr, O. S. Pilkington ; 
hon. librarian, Mr. J. A. Brodie, 





British CoLtumpra.—An application will be made to the 
British Columbian Legislature in its coming session for a 
charter and land grant fora line to be built from some 
point at or near Butte Inlet, en the Chilcoten and 
Cariboo districts and Yellowhead Pass, and to connect 
with a probable extension of the Manitoba and North- 
Western Railroad from Winnipeg. The Northern Pacific 
Rail has a direct connection with the latter, and will 





thus secure another route to the Pacifi , 
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HORIZONTAL BORING, DRILLING, AND SURFACING MACHINE. 
CONSTRUCTED BY THE BRITANNIA COMPANY, ENGINEERS, COLCHESTER. 


THE boring, drilling, and surfacing machine illus- 
trated on the present page is constructed with power- 
fully geared boring heads, having steel spindles, driven 
by spur and mitre gearing, with variable feed, self- 
acting in either direction, or stationary for surfacing. 
The heads are mounted on upright heavy slides, wit 
vertical adjustment by screw and handwheel, and 
transverse adjustment by rack and pinion. The up- 
right bar rests are made with socket heads to carry 
the boring bar and bushes, one bar rest at each side 
of the work, and are also adjustable vertically by 
screws and handwheels. The driving cone pulleys 
have four speeds, and double gearing is fitted, giving 
eight changes of speed. The whole is mounted on a 
machine-planed heavy foundation bedplate with T slots 
for bolting work to. The machine above illustrated 
has steel spindles 3} in. in diameter, and is capable of 
boring holes up to 24in. in diameter by 42in. long. 
It has a double set of boring heads and bar rests, the 
foundation plate being 12 ft. by 5 ft., but the machines 
are made of all sizes. The weight is about 74 tons. 





BENT’S TOOL-HOLDER. 

A neat form of tool-holder has lately been devised 
by Mr. Baldwin H. Bent, B.A., Demonstrator of 
Mechanism and Mechanics in the University of Cam- 
bridge. It is illustrated in the annexed views. The 
tail of the cutter lies in a hollow formed in the handle 
of the holder. By reason of this arrangement a re- 
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latively long piece of steel may be used to form the 
cutter, and when it is so far reduced that the remainder 
has to be thrown away, the piece wasted bears only a 
very small proportion to the part which has been used, 
The cutter is secured by being passed through a slot 





When the nut of the bolt is tightened it nips the | 
cutter between the bolt-head and a flat surface on the | 
holder, holding it very stiffly and securely. 

The Britannia Company, Colchester, are the makers | 
of Bent’s tool-holder, 





INDUSTRIAL NOTES. 

REFERENCES have been made more than once in these 
Notes to the question of the ‘‘ sliding scale ” as a mode 
of dealing with rates of wages and preventing labour 
disputes which otherwise might have ended in strikes. 
For the moment, there seems to be a disposition to 
revolt on the part of the men against the ‘sliding 
scale,” and it is feared that, for a time, it will have to 
be abandoned. The officials of the Durham and) 
Northumberland Miners’ Association, and of the North | 
of England Ironworkers’ Association, have endeavoured 
to prevent any overt action which may tend to the! 
termination of the subsisting agreements under the | 
scale, but the attitude of the men is becoming more 
and more determined, and therefore it is possible that 
they will have to give way. If the movement ends in 
merely revising the scale, all will be well, butif it ends 
in an attitude of open resistance, a period of labour 
disputes may set in. Some of the men say that the 
ratio of the decrease of wages, according to the scale, 
is larger than the ratio of increase, because the per- 
centage of decrease is taken upon a higher figure than 
the percentage of increase. But in some associations | 
this is prevented by an arrangement by which a 5 or} 
10 per cent. rise and an equal fall shall mean putting | 
on or taking off precisely the same amount, neither | 
more nor less. 

The movement among the ironworkers, in the direc- 
tion of the reorganisation of the members of the trade, 
is making rapid progress in various parts of the iron 
trade districts. Meetings are being held weekly with 
the view of ‘‘ reviving the old strength.” In the Staf- 











at one, instead of 120’clock noon. Another meetirg 
of the men was held, when they determined to decline 


| the offer of 5 per cent. and to stand by the demand of 


10 per cent. at the same hours as before. It appears 
that at some of the works in the district the men 
work full shifts of eight hours each every day in the 
week, while at other works they work five full shifts 
of eight hours each, and on Saturdays a shift of six 
hours only. The men now say that they will have 
equal shifts, on the latter basis, all over the district. 

The recent dispute at Barrow has been settled by 
arbitration, by ‘‘splitting the difference” between the 
masters and the men. This is the men’s way of look- 
ing at the award of the arbitrator. But there is every 
probability of the award being accepted as a settle- 
ment of the dispute. In an arbitration neither side 
can expect to have all its own way. 

Trade is said to be very good at Sheffield at the 
present time, and the prospects are exceedingly en- 
couraging. In some branches of trade there is a 
scarcity of men; this is especially the case with 
puddlers, some furnaces being idle for want of men. 
And it is probable that as the summer weather comes 
in there will be a still greater scarcity of puddlers, for 
they complain of the heavy strain of the heat and the 
output. 

The cutlers of Sheffield complain of very low wages, 
and efforts are being made to reorganise the workmen. 
A society has been formed for that purpose, and it 
appears to be progressing, if not exactly thriving. The 
trades of Sheffield, some five-and-twenty years ago, 
were strong, prosperous, and even dictatorial. For 
some years they have been disorganised and weak, and 
the trade has had to complain of foreign competition. 
But the state of trade is reviving, and the men are 
thus encouraged to revive their old associations. 

In the Warrington district, the steel wire rod trade 
is not very flourishing ; the mills at Whitecross, which 
depend solely upon this branch of trade, have been 





formed in the shank of a bolt just beneath the head. | men worked an extra hour on Saturdays, leaving work 


fordshire districts the men have been especially busy. | running irregularly for some time past. 
The principal objects of the movement are shorter time| The Huyton Quarry puddlers very nearly had a 
and higher wages, but the demands appear to be| strike a few days since, in consequence of the grey 
pretty reasonable. While urging the importance of | quality of the iron they were working. After a couple 
joining the Iron and Steel Workers’ Association the | of heats they left work without assigning any reason. 
delegates do not advocate the breaking away from the | But the day manager was sent for, and soon arrived 
Wages Board. | on the scene, and the matter was settled, so that the 
The workmen at the Barrow Hematite Iron and! men went to work again. One man, who had gone 
Steel Company’s works are agitating for an advance of home, was discharged on the following day. If the 
10 per cent. At an interview with the manager he men had communicated with the manager in the first 
offered 5 per cent. advance on the condition that the instance, it is said that the cause of complaint would 
have been at once removed, without the loss and in- 
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convenience occasioned by ceasing work, and the loss 
of employment by one of the men. 

The dispute at Askam and Millom still continues. 
The Builders’ Union of Middlesbrough have resolved 
to levy the members Is. per week towards the sup- 
port of those on strike; and a gentleman at Barrow, 
who was formerly a member of the Blast Furnace- 
men’s Association, recently sent to those on strike 
1000 loaves of bread, a barrel of ale, and other com- 
modities for their relief. Many of the men are finding 
employment at other places, in the same or distant 
districts. 

The pipe moulders employed by Messrs. Cochrane 
and Co., near Middlesbrough, have had an advance of 
74 per cent, in wages conceded to them. 

A number of the men employed at Messrs. Dixon 
and Co.’s Cleveland Shipyard, at Middlesbrough, have 
struck for an advance of wages, similar to the advance 
conceded to the men in other yards in the North, doing 
the same kind of work. 

In consequence of the prosperous state of the ship- 
building industries it is said that new steel works are 
to be started at Hartlepool, on the site of the old roll- 
ing mills in that district, abutting on the main line of 
railway. Should this project be carried out for the 
manufacture of steel plates, it will probably greatly in- 
crease shipbuilding at Hartlepool. 

It is said that there is such a scarcity of able-bodied 
sailors inthe Middlesbrough district that there areten or 


eleven large sailing vessels in the river and docks that | 4 


cannot complete their crews. Some hundred or more 
able-bodied men are needed for these vessels, It is 
not surprising, therefore, that the seamen are agitating 
for a further advance of wages, in addition to the ad- 
vance of 10s. per month recently conceded. 

The voting of the Durham miners as to the ‘‘aboli- 
tion” or the ‘‘amendment” of the sliding scale, has 
resulted in 90 per cent. in favour of abolition, Of 
the four societies which constitute the ‘‘ Federation 
Board,” three voted in favour of abolition, and one in 
favour of its termination, with a view to its amend- 
ment and renewal. In addition to the strike at 
Seaham and Rainton, referred to last week, the men 
at the Brampeth No. 2 pit, to the number of 220 
men, struck work, contrary to the advice of the 
committee of the union, But the feeling is so 
strong in favour of the men that other pits are 
likely to follow their lead, unless the advance asked 
for is granted. 

With reference to the operation of the sliding scale, 
one of the speakers at a recent mass meeting of the 
miners of eleven or twelve of the large colliery districts 
in Durham, gave some figures in order to show the 
operation of the scale. The following figures give a 
condensed view of the effects of the scale upon prices 
and wages. Ifthe price of coal was raised from 4s. 
per ton to 4s, 2d., the men got 24 per cent. and the 
owners 6.197 per cent. At 4s. 6d. the men got 5 per 
cent. and the owners 12.39 per cent. At 5s. the men 


got 7 per cent. and the owners 21.68 per cent. At 
5s. 6d. the men got 124 per cent., the owners 30.978 
per cent. When the price of coals reached 6s. 6d. 


the men got 22 per cent. and the owners 47 per 
cent. Thus, they contend, the scale does not give 
an equivalent rise to the workers, as compared with 
the owners. 

The figures quoted by Mr. Samuel Hill, the delegate 
of the New Herrington district, in the county of Dur- 
ham, may be explained thus: The men may get pre- 
cisely the same percentage of advance upon their 
wages as the mineowners do upon their prices ; but 
10 per cent. advance upon the price of getting coal and 
10 per cent. advance upon the selling price of coal 
present two very different sets of figures. In the one 
case the actual increase of wages per ton of coal raised 
may amount to a few pence, while the increase of 

rices might amount to nearly as many shillings. 

his mode of computation may or may not be a 
fair one, but the men view it in the light cf actual 
increase. 

The Associated Blacksmiths of Scotland are taking 
the votes of their members upon the eight hours’ 
question. An application has been addressed to the 
employers in the Clyde district in this trade for an 
advance of one halfpenny per hour and 74 per cent. upon 
ag rates, The report states that there is a pro- 

ability of a friendly concession by the employers. 
At Dumbarton a demand has been made for 10 per 
cent. advance all round. In some other districts an 
advance from 5 to 7} per cent. has been granted. The 
last report says that considerable progress is being 
made with wage questions and other important matters. 
‘There is a g demand for labour, and no member 
of the trade who can work, and is willing to work, need 
be unemployed.” Yet they have 80 members on 
‘*idle benefit” and only five receiving the protective 
benefit of the society. 

The Colonial Office report upon the progress of New 
Zealand, just issued, shows that there are fifty-eight 
iron and brass foundries in the colony, employing 1748 
hands. The estimated value of the eet buildings, 
machinery, and plant was 239,938/.; while the esti- 
mated value of the output was 351,379/. at the date 








given in the report. For the manufacture of ma- 
chinery, tools, and implements, there were twenty- 
two establishments, employing 326 men; the value 
of the land, buildings, machinery, and plant, was 
66,025/. ; and the value of the output 126,663/. in 
the year. Ship and boatbuilding firms numbered 
fifty-three, employing 172 men, the value of land, 
building, plant, &c., being 17,094/., and the value of 
the output 56,132/. 

There were seventy-nine collieries at work, employing 
1448 persons, the value of the land, buildings, plant, 
&c., being 148,773/., while the value of the output was 
255,326/. The sawmills numbered 266, employing 5042 
persons, value of land, buildings, machinery, plant, 
&c., being 964,095/., while the value of the output was 
1,177,713/. The latter is the largest output of any 
single industry in New Zealand, as given in the 
returns, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 26, 1889. 


Tue Amalgamated Association of Iron and Steel- 
workers have taken a vote in their lodges throughout 
the United States on the question of suspending work 
two months during the summer. year ago manu- 
facturers had an association, but it was broken up and 
there is no organised body to whom this unusual re- 
uest can be presented. The probabilities therefore 
are that the workmen of each mill will notify their 
employers that they will not work during July and 
August. Just what the effect will be we cannot anti- 
cipate. From present indications it will be beneficial. 
Three-fourths of the mills of the country have barely 
enough to do. This is largely due to the action of 
consumers who decline to place large orders upon a 
declining market. This action will not aftect the steel 
rail mills. Even if they were affected it is a question 
whether they would be hurt by it. About 150,000 tons 
of the allotment remain unsold. So far these allot- 
ments amount to 1,000,000 tons in round figures. The 
iron trade throughout the United States is exceptionally 
dull. Iron and steelmakers continue to talk about a 
booming demand that is sure to come in midsummer, 
and meanwhile consumers of all kinds of steel are keep- 
ing out of the market. The report of the American 
Tron and Steel Association furnishes the following 
figures for 1888 and the first quarter of 1889: The 
production of pig iron for 1888 was 7,268,507 tons, 
itn steel ingots 2,812,500. Bessemer steel rails 
155,631 tons, open-hearth steel ingots 352,036 tons, 
open-hearth steel rails 5261 tons, crucible steel ingots 
78,713 tons. Rolled iron, except rails, 2,397,402 
tons. Iron rails 14,252 tons. Kegs of cut nails 
(100 Ib.) 6,493,591. Pig, scrap and ore blooms, 
39,875 tons. Our production of pig iron in 1888 
was the largest we ever aiaet The domestic 
production of pig iron in 1887 was 6,417,148 
tons, against 6,489,738 tons in 1888. We imported 
467,522 tons in 1887, as against 197,237 tons in 
1888. Stocks on hand on January 1 were 225,629 
tons in 1887, as against 301,913 tons in 1888. The 
total supply was 7,110,299 tons in 1887, and 6,988,888 
tons in 1888. The approximate consumption in 
1887 was 6,808,386 tons, and in 1888, 6,688,744 
tons. The decreased demand for steel rails in 
1888 was the cause of the dull condition of the 
iron trade. Our total production of steel rails in 
1888 was 1,386,278 gross tons, against 2,101,904 
tons gross in 1887. A decrease in 1888 of 715,626 
gross tons, a shrinkage which is — than our total 
production of 1879, when we made 610,682 gross tons. 
The production in the last half of 1888 was less than in 
the first six months. Our importation of steel rails in 
1888 was less than in 1887. The approximate con- 
sumption of steel rails for 1888 was 1,448,294 tons ; for 
1887 the approximate consumption was 2,239,492 tons, 
making a decrease in our consumption of Bessemer 
steel rails in 1888, as compared to 1887, of 790,198 gross 
tons. The importsof iron and steel for 1888 aggre- 
gated 914,754 gross tons, against 1,783,256 tons in 
1887. Our imports of iron ore in 1888 amounted to 
587,470 gross tons, as against 1,194,301 in 1887. It is 
singular that while the demand for steel rails declined 
34 per cent. in 1888, as compared to 1887, the demand 
for locomotives and cars was very active, and was pro- 
bably larger than in 1887 or any preceding year. The 
Baldwin Locometive Works built 737 locomotives in 
1888, the largest yearly product ever attained by any 
locomotive works in the country. In 1888 four car 
works built over 300 passenger cars each, and one built 
over 5000 freight cars. Twenty car works built over 
1000 freight cars each, and others contributed to the 
year’s aggregate. 





Nova Scotian Coat.—The output of the Nova Scotian 
coal mines last year was 1,586,500 tons, an increase over 
1887 of 51,500 tons. The Cumberland collieries show a 
decrease of 50,000 tons. owing to a stoppage of work for 
some time on the Springhill mines, but Pictou county 
shows an increase of 78,000 tons, and Cape Breton of 
23,500 tons. 





INSTITUTION OF MECHANICAL 
ENGINEERS. 


Address by the President—Mr, CHARLES COCHRANE. 


I HAVE found great difficulty in deciding to present the 
members of this Institution with an address on the occa- 
sion of my election to the presidency, feeling that the prac- 
tice of doing so might be more honoured in this instance 
in its breach than in its observance ; but being reminded 
I had the world to roam over, and that whatever I might 
say would not be debatable, I have ventured on an 
attempt to follow the usual custom. The difficulty con- 
sists in knowing on what subject to address you, with 
which you are not already more fully acquainted than 
myself ; and if I make suggestions which may seem out 
of place, allow me to plead a simple desire to impart what 
I possess, whether common to us or not. 

irst and foremost I suppose among the topics which 
most interest mechanical engineers is the steam engine 
itself, to the study of which this Institution may boast 
that it has contributed in no small degree by its recent 
investigation into the practical relation of the horse- 
sag developed to the steam and boiler power needed 
or its development. Nothing could be more confusing 
than the method hitherto in use for determining the 
efficiency of marine engines by a mere reference to the coals 
consumed on a voyage, no regard being paid to the 
nature of the boilers, their evaporative power, the steam 
connections, the degree of expansion of the steam, the 
perfection of the condensation, &c., all of which seem to 
have been merged into three factors—coal consumed, 
cargo carried, and length Of voyage. The recent experi- 
ments of the s.s. Meteor have gone far to get rid of this 
confusion, and to establish practically the real relation 
between the water evaporated in the boiler, the water 
which in the form of steam fills the cylinder in its ex- 
panded condition, and by difference the steam which 
actually condenses and is lost in the course of the stroke. 
This is at present mixed up with what is condensed in 
the steam jacket; but here again our Institution is 
investigating by a separate committee the benefits of the 
steam jacket ; and doubtless they will consider the question 
of whether it is better to heat the steam jacket by heated 
gases rather than by steam. The outcome of such 
researches as those which have already been made can- 
not fail to redound to the credit and renown of our Insti- 
tution, whilst enabling engineers to separate the duty of 
the boiler from that of the engine, and so to know which, 
if either, is at fault, and the extent to which it is at fault. 
It is only proper here to call to mind the advantages that 
must arise out of this important system of original re- 
search, to which this Institution has most wisely com- 
mitted itself. There are points of practice which can be 
investigated only by a body combining practice and theory 
in such a way as to make their work a standard of refer- 
ence for future progress, . 

It must be painfully confessed, I think, that there is 
sad neglect of land engines and boilers in respect of ob- 
taining the highest economy of steam, as for instance in 
the employment of cylinders too large for the work they 
have to do; of connecting pipes too small between boilers 
and engines; and in the omission to call in the aid of the 
mechanical engineer as often as ought to be done, in 
order to effect economies in large and small establish- 
ments, economies which, in consequence of the invisible 
character of the steam to be dealt with, are out of mind 
as well as out of sight. $ 

In respect of non-compound locomotives, attention 
may be drawn to the improvement made in getting rid of 
the exhaust steam to prevent the choking of the outlet, a 
condition which threatened to prevent the further de- 
velopment of speed on railways. By increasing the area 
of the exhaust passage, and dividing it into two branches 
—one of which allows half the exhaust to pass away as 
usual, while the other by a descending passage partially em- 
bracing the cylinder permits the escape of the other half 
into the exhaust pipe through a more circuitous route— 
this difficulty was surmounted in one or more of the 
engines which accomplished the remakable feats of 1888 
in the celebrated runs to Scotland, when a speed as high as 
seventy-five miles per hour was obtained on some portions 
of the journey. The Institution has recently had under 
discussion the important subject of the compounding of 
locomotives, and it seems extremely probable that in the 
coming summer the respective merits of compound and 
non-compound locomotives will be fairly tested by the 
competing railways. There appears to be little doubt 
that compound locomotives show a fuel economy of 12 to 
14 per cent., and in one case 23 per cent. has been named ; 
but there seems to be.some difference of opinion as to how 
far the economy of 12 to 14 per cent. is due merely to the 
employ ment of the higher pressure of steam, and whether 
a like economy is not obtainable by raising the boiler 
pressure 20 lb. in a non-compound locomotive. The 
balance of evidence seems to show that the economy 18 
due to the extra pressure of steam, but that this extra 
pressure cannot be efficiently employed without com- 
pounding, on acconnt of the greater range of temperature 
occurring in the pair of single cylinders, and the conse- 
quent greater waste from condensation, and the greate. 
strain on the working parts from the higher pressure of 
steam in two equal-sized cylinders than in -the small 
cylinder of a compound engine. Stress is laid by the 
advocates of one small and one large cylinder of the 
Worsdell and von Borries type on the fact that strains 
are reduced and a softer exhaust is obtained. It is to be 
hoped the subject will soon receive further consideration 
at the hands of the members of our Institution, and that 
the comparative merits of the various systems of com- 
pounding will be brought fully under our notice. ‘ 

Electricity has further come to the aid of the mechanical 
engineer in the railway system, two remakable illustra- 
tions of which our members had the opportunity of wit- 
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nessing last year at Bessbrook and Portrush in Ireland, 
giving promise of larger and more general application of 
this power, where circumstances favour its cheap pro- 
duction by proximity of waterfalls or cheapness of fuel. 

In connection with this subject of locomotion may be 
mentioned the increasing development of the endless- 
rope system for the movement of tramcars in towns and 
cities. Nowhere has this development attained to such a 
pitch as in the United States. At San Francisco the 
steepest gradients on which houses can conveniently 
be built are provided with the wire-rope system, and so 
the houses at the top of the slopes are made as accessible 
as those at the base; just asin the houses themselves the 
top story, by aid of the American elevator, is made as 
accessible to the tenants as the lower. In Chicago the 
wire-rope system has attained a marvellous development ; 
and in one case, if I remember rightly, a clear run of five 
miles is obtained from one engine plant. 

Now that the question of increased cheapness of trans- 
port is engaging the attention of the commercial world, 
the fact of past neglect of the waterways, which, through 
the genius of our Brindley, Telford, and other engineers 
we once possessed, is evident, and makes it imperative 
that the development of this the least costly means of 
conveyance must be the policy of the future, if we are to 
hold our own against the nations of the world, and supply 
ourselves to the bestadvantage. The meansof propulsion 
for our boats and barges along existing and future water- 
ways, is a problem which is already engaging the serious 
attention of mechanical engineers, and opens up a field of 
investigation promising to bear valuable fruit to the dis- 
coverer of the simplest and most effective motor capable 
of easy removal from one canal boat to another; so that, 
if the boat is laid aside, the engine may be usefully em- 
ployed. It is hoped that, at our Paris meeting, some 
valuable information may be placed before the members 
on this question of propulsion. Our French neighbours 
are themselves busy in efforts to solve the haulage or pro 
pulsion problem, the conditions of which are well summed 
upin the Journal of the Society of Arts, September 7, 1888, 
page 1035, in the following suggestions: ‘* That practical 
and scientific experiments be made in order to ascertain 
the most suitable forms and proportions for boats used in 
the great traffic on inland waterways ; that these experi- 
ments be carried out under the direction of the govern- 
ments interested in the progress of inland navigation, 
and according to a uniform system to be previously agreed 
upon ; and also(to ascertain) the best means of propulsion, 
either forming part of the boat or independent of it, which 
best fulfil the conditions of speed, regularity, and cheap- 
ness.” Among the existing means of propulsion may be 
mentioned: self-propulsion by steam, with screw or 
paddle; and propulsion by aid of a submerged chain or 
rope gripped by the tug. With either of these methods 
it is stated that haulage of barges by a locomotive running 
along the bank compares unfavourably. Inthe mean 
time the urgency of the solution of the problems of in- 
creased facilites for water transport in this country, and of 
the best methods of propulsion, is rendered evident by the 
enormous advantages possessed by other European coun- 
tries—Holland, Belgium, France, and Germany—in com- 
parison with Great Britain; whilst the Americans have 
made great strides in the same direction. I saw it stated 
in the Iron and Coal Trades Review, of 23rd November, 
1888, that up to 1883 France had spent 42,000,000/. on her 
rivers and canals combined; and there can now be no 
doubt that waterways have a great future in our country, 
in which, during the fifty years following on the construc- 
tion of the Bridgwater Canal between Manchester and 
Liverpool, 3000 miles of canal were made at a cost of 
50,000, 0007. 

The canals that are immediately needed in England 
should be constructed, or where already existing should 
be enlarged : first, from London to the Midland Counties, 
Birmingham, Wolverhampton, Dudley, &c, and from 
thence to Liverpool, possibly by junction with the Man- 
chester Ship Canal ; second, from the Midland Counties 
to Gloucester ; third, from the Midland Counties to Hull. 
These canals should be of a character differing in many 
important points from the miniature canals now in use. 
They should be walled in, to prevent the wash of boatsand 
barges from doing injury to their banks. The Government 
should provide carefully and stringently that these canals 
should be absolutely beyond the influence of railway com- 
panies. Trades of the Midlands now in a semi-decaying 
condition would spring into new life; and a new and 
permanent impulse would be given to numberless industries 
and to the general trade of all that part of England. The 
capital for such operations would be readily found, if only 
the Government recognised the claims on them, as they 
do elsewhere, to encourage such works, either by advancing 
the money at a low rate of interest, say 3 to 3} per cent., 
or by guaranteeing a minimum dividend of 3 to 3} per 
cent. per annum on the necessary capital. In either case 
the Government would decide on the route of the canals 
and upon the amount of the capital, and would nominate 
commissioners to represant Government interests. Should 
the Government advance the money rather than guarantee 
the interest, then, inasmuch as the Government could raise 
the amount at 2? to 3 per cent., they would make a profit 
of } to 4 per cent., which would cover expenses and leave 
a profit to the exchequer of the country. Should the 
Government prefer to guarantee the 3 per cent. interest, 
the value of the security would be equal to that of con- 
sols ; the risk would be infinitesimal ; the profit earnings 
might be fairly expected to do more than cover the 3 per 
cent. interest and the } per cent. extra for Government 
expenses if agreed ; and the Government would, at least, 


reserve to itself the right to make up the deficiency of any 
one year out of future earnings. Why should the Govern- 
ment refuse? The work is a nation: work, and the prin- 


ciple of Government advances is conceded in such exam- 
ples as the Suez Cane], local improvements, education, 





Trish eatin, and numberless other instances. Why 


should England in this respect be behind foreign govern- 
ments, nearly all of which guarantee a minimum dividend 
on important national undertakings? This policy has 
been adopted in India, the Government there freely enter- 
ing into such obligations, and finding such a course greatly 
to the advantage of the country and the Government. 
Nay more, the Government in India not only guarantees 
mivimum dividends on projected railways, but in some 
cases offers to work the railways by providing rolling 
stock and maintaining the lines, upon having assigned to 
itself 50 per cent. of the gross receipts. Such anexample 
is to be found in the railway to be constructed from Delhi 
vid Kurnal and Umballa cantonment station to Kalka at 
the foot of the Simla Hills at a cost of 800,000/., exclu- 
sive of 300,0007. debentures. In this case no dividend is 
guaranteed; but it must be admitted the proposed 
arrangement is an excellent equivalent, and hens the 
active manner in which the Government takes part in and 
assists works of great public importance. Why not then 
take part in these proposed canals, which are to restore 
the trades and manufactures in various parts of the coun- 
try and to promote those already existivg ? 

Nor need our view be limited to the growing import- 
ance of the question of canals, and to the activity of our 
near neighbours. Developments with which mechanical 
engineers must be intimately associated, are taking place 
in every country and every quarter of the globe. Science 
is ever making more rapid progress ; wealth all over the 
world is increasing in proportions undreamt of by our 
fathers: gold and silver discoveries and the mining of 
copper have called into play a class of machinery which 
has rendered profitable the working: of mines hitherto 
untouched ; whilst the products of the vast industries in 
progress all around us are annually adding largely to the 
wealth of nations, so that new wants, calling for the aid 
of the engineer, are everywhere being created. More espe- 
cially is this the case in connection with the republics of 
North, South, and Central America, and with Mexico 
and her federated states, scarcely inferior in number to 
those of her great neighbour, and certainly not inferior to 
the United States in the wealth which is now on the 
eve of vigorous and practical development. Mexico is 
about to cover her territory with railways, harbours, piers, 
gigantic drainage works, bridges, viaducts, tramways, 
&c., and is also requiring the necessary machinery for her 
mining and commercial enterprises. Chili and Peru are 
also moving forward with new sources of wealth and in 
the same direction as Mexico, thenitrates being far greater 
revenue producers than the famous guano deposits of Peru. 
What has for ages been a productive petroleum field in 
Peru, considering how crude have been the means hitherto 
employed for working it, is now being opened with modern 
machinery, and is already yielding large quantities of oil 
and gas from flowing wells; it may indeed probably rival 
both American and Russian fields, owing to the enormous 
advantages it possesses in distance and other respects for 
the Chinese, Australian, and Indian trade. The Aigen- 
tine Republic and other states are also at this moment 
addressing themselves to Europe for capital and for scien- 
tific assistance. Among the other states may be men- 
tioned Venezuela, where a railway is in course of con- 
struction from Barcelona, running 16 miles inland to open 
up a coalfield in a chain of mountains, in which the coal 
crops out in the hillside; the coal is to be shipped from 
the Puerto de Guanto, a port 13 miles distant from Bar- 
celona by rail. Even in Europe, Spain is at length 
waking up, and is now raising large sums to complete 
works which require the skill and co-operation of the 
engineer, and is giving subventions for her railways. 

n addition to all this, it is now clear that China and 
Japan have at length commenced, and are prepared to 
embark on, a career of railway, harbour, and bridgework, 
which may soon attain'colossal proportions ; and last of all, 
through the explorations of Captain Wiggins, of Sunder- 
land, and the generous concession of the Kussian Govern- 
ment toSir Robert Morier, there is now the promiseof open- 
ing up through the river channels of the Obi and Yenesi 
the almost unrivalled cornfields and gold-bearing rocks of 
Siberia. For these and other reasons too numerous to 
mention, the profession of the engineer must be regarded 
as one of daily increasing importance, especially when we 
remember that an English engineer is well received and 
relied upon in every part of the world. 

In reference to the present attainments of the engineer, 
whether in boldness of conception and magnitude of the 
work, or in the methods adopted for its execution, an 
example may be quoted in the wonderful structure of the 
Forth Bridge, so ably designed by Sir John Fowler and 
Mr. Benjamin Baker to avoid all necessity for supple- 
mentary centering, and to make every completed portion 
of the work serve as the requisite staging for further erec- 
tion. Inno other way does it seem possible that the huge 
bridge could have been constructed to span the two largest 
openings in the world of 1700 ft. each between pier and 


ier. 
g The Eiffel Tower, at Paris, to be 1000 ft. high, seems to 
have been designed for the world’s fair of 1889, in Paris, 
to show how even the high towers of the Forth Bridge 
rising to 361 ft, above high. water level, can be outstrippe 
in a veritable Tower of Babel of twice the height of 
any existing monument. The top of the tower is to 
be made accessible by an American elevator, of which 
I hope the Institution will have a description given to 
them in Paris, 

For boldness of design, combined with the greatest 
delicacy of manipulation, may be mentioned that won- 
derful telescope erected at Mount Hamilton, California, 
at the Lick Observatory, so named, after its founder, 
James Lick. The floor of this observatory is 61} ft. in 
diameter and weighs 26 tons, and is movable vertically 
through a range of 164 ft between two fixed galleries (see 
ENGINEERING, August 31, 1888). The upward movement 








is accomplished by hydraulic rams in ten minutes, and 
the downward in four minutes. This arrangement has 
dispensed with the use of a lofty and inconvenient series 
of step-ladders, and the idea of a rising and falling plat- 
form is due to the inventive genius of a countryman of 
ours, Sir Howard Grubb, of Dublin, who was consulted 
about the difficulty of arranging for an observatory of 
such exceptionally largedimensions. It isnot improbable 
that all the movements will ultimately be controlled by 
electrical connection from the observer’s hand acting on 
hydraulic machinery. The roof consists of a steel dume 
75 ft. in diameter, and the weight of its moving parts is 
100 tons. The tube of the telescope is 52 ft. long, taper- 
ing from 4 ft. in diameter in the middle to 3 ft. at either 
end. 

Of works in progress may be mentioned the construc- 
tion in this country of two hydraulic lifts to raise ships 
weighing 2000 tons out of the water toa height of 40 ft., 
to be transported by railway a distance of 17 miles before 
being again lowered into the water. The lifts will be 
erected at Halifax, Nova Scotia; and the railway will 
connect the head of the Bay of Fundy with the Gulf of 
St. Lawrence. The chief engineer of this work is Mr, 
Benjamin Baker. 

Among developments which may be attributed mainly, 
if not entirely, to the inventive faculty of the mecha- 
nical engineer, and which give him the power to carry out 
these wonderful structures, may be mentioned the exten- 
sion of the application of power machinery, such as the 
hydraulic machinery now employed for performing the 
effective rivetting of large thicknesses in situations which 
would otherwise be impracticable; for forging by pres- 
sure, and for the only thorough system of welding by uni- 
form pressure through the mass in place of surface 
hammering ; and for curving plates, from armour plates 
to Forth Bridge plates. At the Forth Bridge works the 
application of hydraulic power has been carried to the re- 
markable extent of effecting the continuous rivetting 
together of large steel plates forming an average thickness 
of from 3in. to 4in. through the joints, in positions ex- 
tending to a height of 350 ft , and stretching out over the 
water to a distance of 500 ft. ; ultimately 680 tt. distance 
is contemplated. The rivetting is done by small port- 
able machines working with a pressure of 1000 lb. per 
square inch, and in exceptional cases up to 3 tons; and 
the power is conveyed to them by small jointed pipes 
from the engine and compressing pumps on the ground 
below. In connection with the application of hydraulic 
pressure, mention ought here to be made of a system 
which dispenses with the necessity of accumulators and 
which my firm has had in operation at Woodside Iron 
Works for many years. It consists of a three-throw pump 
driven by shafting or worked by steam, and depends par- 
tially upon the work accumulated in a heavy flywheel. 
The water in its passage from the pumps and back to them 
is in constant circulation at a very feeble pressure, requir- 
ing a minimum of power to preserve the tube of water 
ready for action at the desired moment, when by the use 
of atap the current is stopped from giing bak te the 
pumps, and is thrown upon the piston of the tool to be set 
in motion. The water is now confined, and the criving 
belt or steam engine, supplemented by the momentum of 
the heavy flywheel, is employed in closing up the rivet, or 
bending or forging the object subjected to its operation. 
The inventor of this very useful and simple application of 
hydraulic pressure is Mr. Andrew Higginson, of Liver- 
pool. Hydraulic power has been successfully applied to 
the bodily lowering and raising of great turret guns, and 
most usefully to do the work of buffers at the ends of rail- 
way sidings. 

(To be continued.) 





INDIAN AND ENGLISH Rattway WorkKING EXPEnss#s. 
—The following Tables as to the cost of workirg and 
keeping in repair the rolling stock of Indian and Evglish 
railways are taken from the Indian Ergincer, the rupee 
being translated into English currency at 1s. 6d. 
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DOWNIE’S PISTON PACKING. 

Tue annexed illustrations show a form of piston 
packing invented by Mr. Thomas Downie and manu- 
factured by Messrs. H. and C. Grayson, of 179, Regent- 
road, Liverpool. Two piston-rings A A are used, 
rivetted together by rivets E E, and cut into overlap- 
ping segments, the one ring always covering the joints 
in the other. The depth of the piston-rings is 1} in., 
whatever the diameter of the piston. When ap- 
plied to existing pistons filling pieces H are used 
to occupy the extra depth. Several different mo- 
difications of these filling pieces are shown in the 
engravings. Behind the piston rings is a close- 
fitting brass ring B, also in segments, with pro- 
jections or abutments at the back. Between each pair 
of abutments there is fitted a coiled spring C, which 
is held at each end by ascrew. These springs exert a 
uniform outward pressure on the piston ringsall round, 
It will be noticed that all the parts of the packing are 
very light ; one man can handle them all, and, if neces- 
sary, as in the case of some tandem engines, they can 
be passed through a manhole in the cylinder cover. 
The lightness also prevents all vertical wear, which is 
a matter of considerable importance. A number of 
these pistons are already in use, and some steainers 
fitted with them have run 40,000 to 60,000 knots with- 
out the packing having been disturbed. 





RICE MILLING IN JAPAN. 
To THE EpIToR OF ENGINEERING. 

Srr,—Referring to the illustrations and descriptions, 
in your issue of April 26, of ‘‘ Rice Milling Plant for 
Japan,” I notice that hulling disc mills and husk burning 
furnaces have been supplied. Those who know anything 
of the rice trade in Japan are aware that hitherto the rice 
growers invariably husk the grain themselves and bring it 
to the cleaning mill entirely free of husk. It will be in- 
teresting to know if this custom has been departed from, 
and that the hullers and husk furnaces are really in use. 

I observe that in the description above referred to, the 
term ‘‘ pearling cones”—which is usually applied to the 
cleaning cones—is used to designate the cone polishers. 

Yours truly, 
April 30, 1889, ALA 





THE FOREIGN TRADE OF JAPAN; 
‘“AUDITE ALTERAM PARTEM.” 
To THE Epitor oF ENGINEERING. 

Srr,—Having spent the greater part of the last four 
years in the East, and having during that time visited 
Japan five times and given considerable attention to trade 
both present and prospective in that country, I desire to 
offer a few remarks on the leading articles in your journal 
of last autumn. To my mind the impression left by those 
able and well-meant statements, written as they evidently 
were by aman whose knowledge of Japan is as large as 
his instincts are thoroughly British, give notwithstanding 
somewhat illusory ideas as to the importance of Japanese 
trade. After all, Japan is a poor and a backward country, 
its total imports, taking the average of the last ten years, 
only amounting to about 5,000,000/. per annum, of which 
about one-half is in the shape of cotton and woollen piece 
goods and a considerable further proportion in petroleum 
and sugar. Another difficulty to the British trader with 
Japan lies in the fact that, as far as Government and 
Governmentally controlled business is concerned, the 
Japanese are particularly susceptible to diplomatic pres- 
sure, a motor which has been employed in the East to an 
incredible extent by Continental powers. English ministers 
and consuls in the East will not stoop to similar proceed- 
ings—to my mind rightly so—and I here take the oppor- 
tunity of saying that save in one or two instances I have 
always found the English official abroad most willing to 
assist me in my endeavours, as far as he could do so in 
fairness to others and to his official position. 

About three years ago the Treaty Revision Commission 
was sitting, and the German minister was supposed to be 
more friendly in treating the proposals of the Japanese 
Foreign Office than other ministers were. Consequently 
the bulk of the Government business for machinery and 
material required from Europe was ordered from Ger- 
many, and the German minister had only to ask to have 
it given to his countrymen. When the treaty revision 
negotiations failed a reaction against German favouritism 
set in, which was the stronger because of the undue 
manner in_ which the Germans had pushed their ad- 
vantage, Then the tide of political favour set in the 
direction of France, which country had taken steps to 
show her displeasure at the favour shown to Germany. 
It was thought desirable, therefore, to propitiate France, 
and consequently Government orders nave flowed steadily 
ever since to French firms, although a‘ higher prices than 
they could be purchased at secmabe, It was suddenly 
discovered that French shipbuilding was more scientific 
and successful than English, despite the loss of the cruiser 

; Unebi Kan on her first voyage out to Japan, and various 
cruisers were ordered from France. A flotilla of torpedo 
boats was ordered in France of the type now so seversly 
condemned in France itself. French gun steel was found 
superior to Krupp’s ; French guns to Armstrong’s ; French 
steel for bayonets and rifles to Sheffield; French ship- 
building and engineering material and machinery to that 
from anywhere else, Probably in another year or two it 
may be the turn of Americaor of England. At all events 
it is apparently not yet understood in Japan that it is 
always best to buy in the best market, and that trade con- 
siderations should be independent of political ones. 

Again, another obstacle to British trade is that the 





DOWNIE’S PISTON. 
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Japanese buyer does not always appreciate an honest and | 
above-board style of doing business. To Oriental suspicion | 
of motive, he adds sometimes a weakness for ‘ uncen- | 
sidered trifies” in the shape of commissions, and he finds | 
the Continental merchant more disposed to meet his | 
wishes in this respect than Englishmen. Therefore there | 
is no particular wonder to be felt at such occurrences as | 
those alluded to at the close of your paragraph on Japan | 
in pd issue of April 19, | 

fan English manufacturer desires a pleasant holiday, | 


and at the same time to make himself acquainted with the | 
conditions of tradein Japan, by all manner of means let | 
him go, but those who sacrifice their time in the expecta- | i i 
tion of developing a large market for their wares, will be | the facts mentioned in my letter as above, ; 
| has been the most important factor in determining the 


disappointed. 


for which I have much liking—whose development I watch 
with interest, and in whose commerce my firm has a stake, 
but Iam not blind to the difficulties of doing business 
there, nor to the certain ay aed which would 
attend those who built too much on the rosy, though well- 
meant, views of your able correspondent. 
Yours faithfully, 

April 27, 1889, T. GRANT BircH. 

Fa —dabecenent to writing the above, I have read 
the article in your issue of April 26 headed ‘‘ Foreign 
Trade of Japan for 1888.” The lessened percentage of 
increase of German goods and the increased percentage 
of increase of French goods are partly accounted for by 
though “ silk 


Nor in my opinion would it pay them to establish stores | increase in French trade, as stated by you. 


for their products, the demand being in most cases far too | 
limited. Nor yet could they hope to establish satisfactory | 
agencies with native houses: the number of such houses | 
with whom business can be transacted without European | 
intermediaries on the spot, may be easily numbered on the | 
fingers of one hand. } 
here a manufacturer would gain by visiting the East, 
would be in experience as to the real wants of the country, 
so that he might deal with them properly as occasion 
offered, and in an increased adaptability to such wants, a | 
ped in which the British manufacturer is as a rule | 
eficient, as compared with his foreign rival. He would 
learn something, also, if he studied the question of better | 
methods of packing, so as to reduce freight and the 
terrible destruction of property which at present goes on | 
owing to the brutal pot barbarous handling which goods 
receive at the hands of shipowners. In this respect, too, | 
the foreigner beats us. 
It is not my intention to depreciate Japan—a country 








WATER GAS. 
To THE EDITOR OF ENGINEERING. | 
Sm,—In my first communication I explained by an 
original form of thermic estimation relating to the values 
of producer and water gas that the absence of nitrogen in 
the latter is not always an advantage. Your correspon- 


dent ‘*Gas,” who makes a necessary correction of a 


clerical error in my equations, shows that fora lower final 
temperature of the products of combustion of _ producer 
gas that the balance of possible useful effect is in favour 
of producer gas. i 

For lower temperatures, down to a limit of 100 deg. 
Cent., the result will be increasingly in favour of producer 
as, because the latent heat of steam represents a fixed 
‘oss, not depending on the final temperature of the pro- 


| ducts of combustion, whereas the lower the temperature 
| of the products of combustion of producer gas the less the 
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unavoidable loss of heat. If the products of combustion 
of water gas could be passed through water or otherwise 
condensed, and the latent heat of the water vapour re- 
covered, then the theoretic loss would be 

16.847 x 100 

125,208 

Representing an advantage of 6.70 per cent. in favour of 
water gas, but for nearly all practicable purposes such a 
condensation would be inconvenient. 

I have shown that to effect a given calorific result in the 
instance of the fusion of pig iron and steel scrap for the pro- 
duction of the low carbide iron known as steel, that some 
7,392,000 British units are absorbed when water gas is used, 
but with producer gas, 14,400,000 British units are re- 
quired. As this correspondence refers merely to thethermic 
economy and does not touch that of finance, I think that 
the comparison demonstrates the advantage of the higher 
thermic value per unit of volume possessed by water gas 
in a most striking manner, and I could show that sucha 
result might theoretically be anticipated. Such a high 
thermic economy and efficiency means an accelerated 
production, and every manufacturer knows that if the 
output efficiency of a furnace, or indeed any agent of 
industry, is doubled, the cost of direct supervision is not 
increased in the same ratio, whilst the cost of official ad- 
ministration remains the same, so that the cost of pro- 
duction is considerably reduced. If this correspondence 
dealt with the financial question, ali the items of saving 
would have to be taken into account to enable a fair 
estimate to be realised. The prior and incomplete former 
correspondence referred to by ‘‘ Gas,” I consider useless 
and misleading. 

If the thermic result of using water gas is in its favour, 
but the relative financial cost (a variable figure) is against 
its use, it is only fair to credit the water gas with the 

ri passu financial advantages derivable from its use. 
Ties shortly to be able to give the financial value of the 
application of water gas, in precise figures from my own 
practical experience. 

The relative value of the gas generated in the improved 
apparatus mentioned by ‘“‘Gas” does not bear on the 
question at all, it simply shows that in one instance the 
producer gas carried with it an initial thermic loss of 
11,000,000 British units, and in the other case of 5,000,000 
British units lost in the reactions involved in generating 
the gas and by radiation and convection. 

Why does your correspondent constantly refer to pro- 
ducer gas by a specific name, why not call the producer 
gas Bischop gas? as on this name rests the fame of the in- 
vention of the gas generator, and not on that of an 
member of the deservedly eminent Siemens family. 
could, in imitation of ‘‘ Gas,” expatiate on the advantages 
of the producer bearing my own name; but this would be 
advertising, and would detract from the value of a corre- 
spondence that has for its simple aim the estimation of 
the possible relative thermal efficiencies of producer and 
water gas. Sv far the correspondence shows that, owing 
to the high thermic value of water gas, a thermic saving 
in one specific application of 50 per cent. is obtainable by 
its use. The net financial value can only be estimated 
by a comprehensive estimate, 

The correspondence also demonstrates that the advan- 
tage of the absence of nitrogen in water gas is more than 
counterbalanced by the absorption and retention of 
calorific units by the H20. 

In a future letter I hope to refer to the exact value of 
water gas as an agent for producing artificial light. 

April 27, 1889, B. H. THwalIrtE. 

P.S.—The real value of water gas is found in its high 
thermic character per unit volume. In any given equal 

volumes of producer and water gas, the ratio of thermal 
units is as 60.8 is to 277 in favour of water gas. 
To THE EpitTor or ENGINEERING. 

Sir,—I find a clerical error was made in copying one of 
the formule in my last letter; 16N 4- CO, should have 
been 16 N + 2 (COs); the calculations, however, are not 
affected by this clerical error. 


April 30, 1889, 


= 13,5 per cent, 


Yours faithfully, 
AS. 





THE “OTTO” AND ‘ ATKINSON” GAS 
ENGINES AT THE SOCIETY OF ARTS. 
To THE EpiTor oF ENGINEERING. 

Sin,—You have receatly printed a number of letters 
concerning the Society of Arts gas engine trials, wherein 
the claims of Mr. Atkinson have had much prominence. 
May we now call attention to the fact that the alleged 
superiority of his engine is in economy of gas only, that 
this is very slight, and only obtained when the engine is 
worked at full power. At half-power the “Otto” is 
equal or superior, and also when running light. Under 
these circumstances we submit that in practice the ‘ Otto” 
will generally be equal or more economical, for it is well 
known that as a rule small engines seldom run beyond an 
average of half their maximum power. 

But perhaps Mr. Atkinson may point out that at the 
Society of Arts trials the engine sent by him was smaller 
in size than the ‘* Otto,” a had it been equal he would 
have gained a further advantage. If so we reply that in 
our brake tests made here the difference between the 
economies of 4 horse-power, 7 horse-power, and 9 horse- 
power engines was a mere trifle, something like that in 
which Mr. Atkinson surpassed the “Otto” in the one de- 
partment out of three at the Society of Arts. The gas 
consumption per brake horse-power of a 4 horse-power 

Otto” carefully tested here was 24.5 ft.,a 7 horse-power 
24ft., and a 9 horse-power also 24 ft. We should say, 
therefore, that after all there was nothing whatever to 
prefer, in economy of gas between the ‘‘ Otto” and 

Atkinson” engines in ordinary practice, but there is 


much between them as regards the very important matter 
of construction. The method by which Mr. Atkinson 
has achieved what he calls his success is one which we 
should be sorry to adopt, focal be it does his arrange- 
ment of levers or toggle-links. ad these points been 
put forward in the controversy we should not have 
troubled you with them, but we think we are bound to do 
so in justice to the ‘* Otto.” 
We are, Sir, yours faithfully, 
CrossLeY BrotHers LIMITED. 
Openshaw, Manchester, May 1, 1889. 








ARMOUR-CLAD SHIPS. 
To THE EpiToR OF ENGINEERING. 

Srr,—Any one present at the discussion on Sir Nathaniel 
Barnaby’s paper at the Institution of Civil Engineers 
could not fail to arrive at the most unsatisfactory conclu- 
sion that there exists a hopelessly wide divergence of 
opinion between the foremost exponents of naval con- 
struction in this country on the above subject. It was 
admitted in the discussion that, as there is no actual ex- 
perience of naval warfare with modern agents of offence 
and defence on which to construct an empirical basis of 
protective construction, the designs for the new armour- 
clads were based on merely individual ideas. 

Now, under these circumstances, is it not the veriest 
madness to risk the enormous outlay proposed ? 

Could not some kind of practical experience of the rela- 
tive vulnerability of the different armour-clad systems be 
obtained before venturing to proceed with any of the 
designs adopted by the Admiralty Board? 

Would it not be possible (a query su ted with all 
humility) to construct an actual unsinkable target shi 
provided with means of storage of dynamic energy, suc 
as air compression cylinders and machinery, by which for 
a time sufficient propelling power could be stored to 
maintain the vessel at any desired speed ?—her course could 
be easily controlled and directed by an electro-dynamic 
agency, from a point away from danger. Such a vessel 
could be clothed with and adapted for the different 
armour-clad systems, and be subjected out at sea under 
varying conditions to artillery practice as near as possible 
like unto that of an actual naval engagement. 

Such a target ship could not fail to be of use to our 
naval constructors, and enable them to formulate a series 
of valuable axioms in the science of naval construction. 

Perhaps I may be alone, but I came away from the 
recent discussion with a strong sense of uncertainty as to 
the character of our armour-clad fleet, both for offence 
and defence. Our tars are still as brave as ever, a truism 
once more demonstrated before the world in the instance 
of that stirring episode in the career of that good ship 
Calliope and her gallant crew; such noble fellows surely 
deserve a better fate than to have to man warships whose 
offensive and defensive characteristics are the outcome of 


unproved individual ideas, 
Yours —_, 
B, H. THWAITE, 


April 27, 1889, 
BOARD OF TRADE UNSEAWORTHINESS. 
To THE EpiToR oF ENGINEERING. 
S1r,—Probably the least respected of our national 

institutions at the present moment is the Marine Depart- 
ment of the Board of Trade. Now that Mr. Plimsuvll is 
moving again, such of its functions as relate to the man- 
ning and handling of merchant vessels will no doubt have 
due attention from himself and Parliament, but there is 
another side of the Board’s duties, the technical, which 
merits at least as much notice, and on which there is, per- 
haps, still more need for reform, 

he working staff of the department consists of a body 
of surveyors mostly retired seagoing men, at the outports, 
instructed by a central clerical staff, which in its turn is in 
a great measure bound hand and foot by the red tape of a 
succession of ordinances of a past generation, to whom 
steam propulsion was a disordered dream and naval 
science a chaos of conflicting theories. Besides the above 
mentioned, there is an ‘‘engineer surveyor-in-chief and 
inspector of chain cables,” Mr. T. W. Traill, who ‘‘ dares to 
be free,” and within a limited sphere created in our own 
day, has done very excellent service. Under this gentle- 
man’s auspices an admirable set of rules for the construc- 
tion and testing of marine boilers has been formula 
and applied, to the satisfaction of all concerned, so that 
with every steamer that proceeds to sea there is a reason- 
able guarantee against explosion or cther mishap to the 
boilers. But how about the ship itself, which is perhaps still 
more at the mercy of leaks and structural weakness ? Here 
the written law is at fault : Parliament has not legislated : 
and so far as any probable interference of the Board is 
concerned, shipbuilders might presumably employ pot 
metal or bricks and mortar in their constructions with the 
same equanimity as steel. English merchant vessels are 
usually built with a view to classification by one or other 
of the registration societies, most frequently by Lloyd’s, 
a private company whose conditions of classification are 
largely influenced by an underwriting department with 
subsequent “insurance” in view. Such vessels are not likely 
to be too weak, but how about the unclassed ones? 
These, at least, merit Governmental attention. They 
consist partly of the fleets of powerful companies who take 
the risk of occasional loss, but they include also the 
rotten hulks whose periods of classification have expired, 
and the lightly built coasting and ‘‘ home paseenger ser- 
vice” vessels, which are the talk and anxiety of every 
channel seaport whenever the weather is stormy. In this 
latter class the Board, going carefully by Act of 
Parliament as usual, insists on the providance of so many 
square yards of deck space, of certain conveniences for 
crew and passengers, and of a carefully adjusted supply 
of boats capable of seating a small proportion ofthe 











the convenience of seagoers and give a fraction of them a 
chance of safety in case of shipwreck, is no doubt com- 
mendable, but to require a certain minimum strength for 
the main structure, and, by the light of well-known 
principles of naval architecture, to insist that the vessels 
themselves shall be fit to go through their intended work 
in reasonable safety, would be very much more to the 
purpose. 

As regards fitness for her work, the strength and dis- 
position of the materials of construction are not the only 
critical points in a ship. Her proportion of breadth to 
depth may be such that only very careful stowage can 
insure her against probable capsize, and, moreover, it is 
possible for a ship to leave port with sufficient tem- 
porary stability and for her to become unstable on the 
passage by the gradual consumption of her fuel. 

Again, a ship may be stable at moderate angles of keel 
and lose righting power on reaching a not very extreme 
inclination. The Captain, Atalanta, and Eurydice were 
ill-starred examples of this radical defect in proportions, 
and had it not been brought to light by Mr. Wm. John 
and other scientists associated with him in the inquiries 
specially instituted in these cases, their losses would 
have been put down to “stress of weather,” ‘* acts of 
Providence,” or any other general causes that might be 
conveniently indefinite and vague. When a merchant 
vessel disappears, there is not usually an inquiry held as 
to her probable fate. She is reported as ‘* missing,” and 
the Board of Trade and the public deplore the circum- 
stance and are content. 

Why cannot the Board of Trade be empowered to put 
a veto on the construction of dangerously proportioned 
vessels? Considering the importance of the question, the 
construction of a series of stability curves, for vessels of 
all the sizes, shapes, and classes likely to be built, wouid 
be neither very difficult nor very costly, and a reference 
to these, when made, would at once show the inherent 
merits or demerits in proportions of a proposed construc- 
tion. Within the limits prescribed for it, the marine de- 
partment no doubt does its duty, but most of its guiding 
principles were gathered piecemeal from their fossil resting 
places in remote Acts of Parliament and have survived, 
— by the living spirit that Scott Russell 
and his associates and successors infused into naval archi- 
tecture. It is high time the public of to-day took the 
matter up, and insisted upon a codification with necessary 
modifications and excisions of the existing shipping 
laws, or better still, on the repeal of all of them except 
such as embody broad general principles. This coupled 
with a large increase in the initiative powers and respon- 
sibility of the existing Board of Trade officials, and the 
addition to their staff of capable scientific advisers, would 
give the department a technical standing, and a measure 
of respect in the eyes of the public such as it cannot at 
present be said to command. 

Some five years ago, when Mr. Plimsoll and the philan- 
thropic public were agitating the question of overloading, 
the name of one well bona naval architect was freely 
mentioned in such a connection, and his accession to the 
departmental staff would have been a distinct gain to the 
good cause, but the rumour died away again as the storm 
subsided, ‘‘ and the billows rolled on as they rolled before” 
over many a devoted sailor’s grave, while the Board of 
Trade was allowed to turn in again and resume its pre- 
vious sleep. 

I am, Sir, yours faithfully, 
ArtTHuR R. LipDELL. 

110, Park-road, Elswick, Newcastle-upon-Tyne. 





LAUNCHES AND TRIAL TRIPS. 

Messrs. ALEX. STEPHEN AND Sons launched from 
their yard at Linthouse, on the Clyde, on Tuesday, the 
30th ult., a steel screw steamer of 2100 tons, constructed 
for Messrs. Robert M. Sloman and Co., Hamburg, for 
trade between New York and RiodeJaneiro. The vessel, 
which is named Capua, is fitted with triple-expansion 
engines with cylinders 21 in., 33 in., aad 54 in. in dia- 
meter respectively, with a piston stroke of 42 in., and 
with a working pressure of 160 1b. The vessel was launched 
with machinery on board. The Capua is the sixteenth 
vessel built by Messrs. Stephen for this firm, and they 
have another in hands at present. 





Messrs. Doxford and Sons successfully launched from 
their yard at Pallion on Wednesday, the 1st inst., the 
s.8. Marmari, a beautifully modelled steamer, built for the 
Shaw, Savill, and Albion Company, Limited, of 34, 
Leadenhall-street, London. The boat has been con- 
structed of steel, her dimensions being: Length between 
perpendiculars, 360 ft.; breadth extreme, 42 ft.; depth 
moulded, 314 ft. The engines are the ordinary triple- 
expansion three-crank type, and have been built by 
Messrs. Doxford, the cylinders being 27 in., 44 in., 7lin., 
by 48 in. stroke, and they are supplied with high-pres- 
sure steam from two cuelaeuelle large boilers. The 
—. is expected to have a mean speed of 11 knots 
oaded. 


The Grangemouth Dockyard Gonpeny been’ on the 
1st inst. a steel screw steamer named Winnie, built b 

them for Messrs. C. Neilson and Son, West Hartlepool. 
She is 2700 tons, her dimensions being: Length, 280 ft. ; 
breadth, 364 ft. ; and depth, 19 ft. 5in. The engines are 
of the triple-expansion type, and have been constructed 
by Messrs. Hutson and Corbett, Kelvinhaugh Works, 
Glasgow. The cylinders are 19 in., 30in., and 51 in. in 
diameter respectively, with a piston stroke of 36 in, 
Steam is generated in two single-ended boilers 12 ft. in 
diameter and 10 ft. long, having four furnaces, The in- 
dicated horse-power is about 950. The dockyard com- 
pany have two other vessels in hand for West Hartlepool 





people that the vessels are allowed to carry. To study 
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Comritep sy W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 
The number of views given in the Specification Drawings ts stated 
- ie aioe ae avant qhere mono ave cantonal, the 

Specification is not illustrated. 
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. personally, or by letter, 
rhe"date of berdimae if the apes 7) bat 
date vertisement 0, acceptance of a complete spe- 
cification is, in each the abstract, unless the 


q case, given 
Patent has been sealed, when the date of sealing is given. 
any time within two months from the date of 
the acceptance of a complete specification, 
we notice at the Patent Office of opposition to the grant of a 
‘atent on any of the grownds mentioned in the Act. 


SHIPS, &c. 


5300. W. H. Fry and T. Fry, Tynemouth, North- 
umberland. An Improved Padale Propeller. (8d. 
3 Figs.) April 10, 1888.—This invention relates to paddle pro- 
pellers in which the floats are made to maintain a perfectly 
vertical position whilst entering, traversing, and leaving the 
water. On the main shaft a are mounted the bosses a! support- 
ing arms a? curved outwards and stiffened by bracing 6b. The 
outer ends of arms a? are fitted with bearings in which shafts a3, 
rigidly connected with floats a4, rest. The ends of shafts a* are 
fitted rigidly with short cranks a5 in such manner that the 
vertical axis of the cranks, the shafts a*, and the floats a4, shall 
wot only remain parallel with one another, but the floats shall 
always maintain a vertical position relatively to an imaginary hori- 
zontal line. The outer ends of the cranks are fitted with short 
crank pins, to which the outer ends of arms or spokes aé of the 









































outer or subsidiary wheel are connected. These arms a6 form the 
framework of a single or outer wheel, and are firmly braced 
together by bracing b!, their inner ends being centred in a boss 0? 
carried on a short shaft b*° mounted on a beariug on the outer 
beam b4 of the framework. The centre of the shaft b* is arranged 
pee) above the centre line of shaft a, and the distance apart of 

* and a must be equal to the length from centre to centre of 
the cranks a5, The operation is as follows: The engine revolves 
the float wheel, the outer or single wheel receiving by its cranked 
connections to the arms of the float wheel identical motion, and 
as the arms a2, a6, of the two wheels are parallel to one another, 
the cranks @ always retain a perpendicular position, and with 
them the floats throughout the revolution of the float wheel. 
(Sealed April 23, 1889). 


6780. J.C. Williamson, London, New or Improved 
Apparatus for Scrubbing or Cleansing the Bottoms 
or Exteriors of Navigable Vessels. (lld. 4 Figs.) 
May 7, 1888.—In this invention, 1 is a base of light wood, consti- 
tuting a shoe, strengthened by a border 2 fastened around its cir- 
cular edge and sides, and 3 is a brush secured tothe shoe. The 
border may be provided with rollers 4. 5 are stops for restraining 
a motor 6 when at the end of its stroke, each provided with a 
stay 7. Stays 8, &a project across and are secured to the stops 5, 
and are formed with a fair lead for working lines connected to 
the foremostend of motor 6. A curved rod 11 extends between 
the motor stays and across the circular end of shoe, being secured 
to the stays 8 and forming a traverse bar for tke motor. 12 isa 
towing bolt formed with an eye 13, to which the towing line is 
shackled. 14, 15 is a frame supporting an angular or conical 
casing extending over the outer side of the shoe, and which is 





calledafan. Uponits after ends are attached leads for the after 
working line of the apparatus. The motor or propeller 6 is 
pivotted to an eye carried by a belt 21, and upon each side 
above the bar 11 is fixed a triangular frame 22, which keeps the 
motor from falling flat during its movement. A shackle 23 holds 
the foremost end of motor tothe bar 11. The apparatus on being 
lowered to the water’s edge, with the brush side to the ship, will 
be strongly pressed against the latter by the action of the pass- 
ing water on the conival surface of the fan, and by pulling the 
after working line, fastened to the free end of the motor, the 
motor is canted with its foremost end downwards, and the pass- 
ng water acting upon its surface propels the whole apparatus 
downward. On the apparatus reaching the keel a pull upon the 
foremost working line, also attached to the free end of the motor, 
reverses the position of the motor, and the apparatus is forced 
upward to the water’s edge. (Sealed April 23, 1889). 


18,672. C. D. Wooley, Walden, New York, U.S.A. 
Improved Auxiliary Rudder for Steering and Check- 
ing the Headway of Vessels. (8d. 2 Figs.) September 
21, 1888.—The object of this invention is to provide vessels with 
an auxiliary rudder which may be lifted completely within a well 
at the stern of the vessel when not needed for use, and easily 
lowered and handled for controlling the vessel. The vessel, 


provided with the ordinary stern rudder, is formed with a longi- 
tudinal downwardly-opening well or recess B, extending upward 


from the keel at the stern, and of a width to receive the auxiliary 
rudder C, which is a nearly balanced rudder fixed at or near its 
middle to a post D, mounted to slide vertically in a water-tight 
guide socket E. The post D is provided with a tiller D' for 
turning it, and with a threaded extension F mounted to slide 
loosely in a fixed guide G, and on which is also mounted a hand- 
wheel or nut H, by means of which the rudder can be lifted 
wholly within its recess B or projected completely below the 
vessel’s bottom, so that it can be turned to control the veseel’s 
course at will. The lower end of post D projects below the rudder 
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and carries fixed collars J and K, between which is mounted a 
loose sleeve L formed with eye-lugs, to which are pivotted the 
outer end of a brace N, whose inner end is slotted to receive a 
transverse pin O, fixed within a recess P in the vessel’s bottom. 
This recess, forming a continuation of the well B, is water-tight, 
and is arranged to receive the rudder brace N when the rudder is 
lifted into the well B. In case of danger ahead, the auxiliary 
rudder C may be turned directly across the keel to act as a brake 
to stop the headway of the vessel. (Accepted February 20, 1889.) 


17,705. M. P. Baxter, London. An Improved Ship 
Brake or Apparatus for Steering and Stopping 
Steam or other Ships. (8d. 6 Figs.) December 4, 1888.— 
The object of this invention is to provide apparatus which in case 
of impending collision could be used either to instantly stop the 
motion of the ship, by sending two brakes out, or to turn it 
suddenly by letting out either one or the other of the brakes. 
In the hold of the vessel is mounted a reservoir of compressed air 
R, and in front thereof two cylinders C, C', are arranged in 
inverted order, their ends being placed against opposite sides of 
the ship. Within these cylinders work pistons p, p!, fixed to rods 
whose ends are connected to plates P, P!', forming the brake 
proper. These plates are formed of cast steel and are held at 
their upper and lower extremities in the central grooves of bars, 
and slide within guides b, b! of brass fixed to the lowermost 
flange of the girders forming the lower deck of the ship. The 
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cylinders are provided with slide valves whose rods are furnished 
with pistons moving in cylinders J, /), whose ports are closed or 
opened by another slide valve n. The rods of these valves are 
angular, and held at the summit of their angle while their ex- 
tremities are prolonged upwards through a tube, and terminate 
with an elbow-piece surmounted by handles working upon a 
notched arc of iron carried upon supports. The reservoir R has 
a pipe O leading to the air pump actuated by the ship’s engine, 
and from the reservoir issue four pipes a, c!, a! c, leading respec- 
tively to the cylinders C, C!, and to the cylinders /, U!, for supply- 
ing them with compressed air, the pipes a!, c, serving to start the 
pistons of cylinders 2, until compressed air is admitted to the 
cylinders C, C', and to assist their motion. The rods of the valves 
nm may be operated simultaneously by hinging one of their handles 
8o that it can be bent down and connected with the other handle, 
whereby the brakes P, P! are both projected outwardly from the 
ship. (Accepted February 20, 1889). 


RAILWAY PERMANENT WAY. 


5850. J. Livingstone, Bogside, Perthshire. Im- 
provements in and Connected with the Securing of 
the Rails of Railways. (8d. 5 Figs.) April 19, 1888.—The 
object of this invertion is to prevent the wood or other keys or 
wedges from shifting longitudinally out of the chairs. The 
novelty consists in forming a VY, rectangular, round, or equivalent 
cheek or recess vertically down the centre of the inner face of 
the chair B next the ordinary wooden key A', and also down the 
adjacent face of the key, so that by inserting a correspondingly 
shaped section of iron or other metallic securing cotter C therein 
the key A! will be held in the position into which it is set in the 
chair B. Several of these recesses may be formed in the face of 








the key A' at short distances apart, and at alternate distances also 
across the opposite side of the key, when the key is made parallel 
vertically, so that it could be reversed to enable the key to be 
driven in to various distances for tightening up the rail against 
the retaining face B? of the chair and allow the cotter C to be 
inserted at the part where the key A' comes opposite the recess in 
the side of the chair. A T or projecting head C! is formed on the 
cotter C, on the edges and outside ; or slits or recesses might be 
formed in the back of the cotter or in the chair below it. For 
broad chairs, two or more cotter recesses might be formed in the 
inner face of the jaw, differentially divided to those in the key 





A!, enabling the key to be set at shorter intervals than would be 





the case with only one recess. When the keys A' are made of 
wood, the cotters C would preferably be made of steel with a 
cutting edge at the bottom and a recess running through them, so 
that they would cut out their own retaining recess in the key 
while being driven in, (Sealed April 23, 1889). 


6274. S. A. Rothschild, London. Improved Means 
for Enabling Tramway Vehicles to Automatically 
Operate Points or Switches, (8d. 6 Figs.) April 27, 
1888.—This invention consists in arranging on each side of one of 
the rails two projecting pieces, the motion produced by the de- 
a of either of which by the passage of a vehicle along the 
ine is transmitted by means of levers and rods to the point or 
switch to operate the same. Two levers e, e' are pivotted to each 
side of the main line rail a! by a pin/, their free ends bearing upon 
the arms 9, g' respectively of a three-armed lever, the third armg? 
of which engages with a sliding bar h, the lever being pivotted at i 
to a bracket j. d, d' are the two projecting pieces formed on the 
levers ¢, e. The switch c is connected to the sliding bar h by a 
pin, so that the movements of bar A, owing to the oscillation 
of the three-armed lever, are transmitted to the points. One of 
the wheels of the tramway vehicle is formed with flanges for 
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operating the switch, and m is a box, provided with covers, sur- 
rounding the mechanism. The operation of the apparatus is as 
follows: Assuming the vehicle is to be run on to the branch line 
the leading wheel running on the rail a' is provided with a flange 
formed on the inside of the wheel, so that in case the switch is not 
in its bogs ne position the said flange will act upon the projecting 
piece d', and thereby move the parts from the position indicated 
in full lines in Fig. 2 to that indicated in dotted lines, thereby 
moving the point to the required position. If the following vehicle 
is not to run on to the branch line its leading wheel on the line a! 
is provided with a flange, forming an extension of the wheel 
tread, which will act upon the projecting piece d to operate the 
points in the proper manner. Wherea vehicle runs sometimes on 
the main line and sometimes on the branch, auxiliary rollers may 
be employed, which can be lowered by the driver to depress one 
or other of the projecting pieces. (Accepted March 6, 1&89). 


6399. J. Howard and E, T. Bousfield, Bedford. Im- 
provements in the Manufacture of Railway Sleepers 
and Chairs and in Apparatus therefor. (8d. 13 Figs.) 
April 30, 1888.—The plate for each sleeper is rolled, so that the 
portions of the corrugation or crown, at the parts where the 
rail receptacles are to be formed, are left thicker, the trough 
formed on the underside by the corrugation being filled up or 
partially so, or the raised portion may be left solid throughout 
the length of the sleeper. The rail receptacles are partially 
formed by the rolls which produce the sleeper plates, and for 
this purpose depressions are made at proper intervals upon the 
periphery of one roll, and upon the periphery of the other 
roll are formed projections, the result being that indentations 
are produced in the upper surface of the sleeper plates at the 
parts where the rail receptacles are to be formed. Figs. 1 and 2 
show a pair of rolls through which the steel plate is passed, and 








by which it is caused to assume its finished form. J are indenta- 
tions corresponding to the form of rail receptacles as well as to the 
gauge of the line, and m are two rollers or cogs which work into 
the indentations of the other roll. The sheet of steel is passed 
between the rolls x, k', as itleaves the plate rolls, and whilst still 
in a heated state, and subsequently shaped by suitable presses. 
he receptacles are finished to the proper shape by cutting ap- 
pliances consisting in the use of an endless or revolving table, 
posed of a ber of links or small platforms carried upon 
wheels, and supported between the said wheels on rails. The 
plates are placed upon these platforms, and as the table moves 
forward they are caused to pass under a number of saws and 
cutters, arranged one before the other, by the action of which the 
surplus metal is removed. Several sleepers may be operated upon 
at the same time on one table, and after passing under the cutters, 
they are delivered from the table with the rail receptacles in a 
finished state. (Accepted March 6, 1889). 


13,119. T. J.and T. Blackmore, Greenwich, Kent. 
Improvements in Joints of Railway Chairs. (8d. 
4 Figs.) September 11, 1888.—This invention has for its object 
the prevention or reduction of the jolting oscillation and noise 
caused by trains passing over the joints of rails. For this pur- 
pose the rail and fish-plate are constructed in one piece, with each 
end of the rail cut on the bevel, that is diagonal to the length of 
the rail, thus enabling a chair to be placed under the joint. The 
drawing shows a perspective view of a rail joint complete, with 
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chairs and sleeper. a is the rail having the end bevelled off (that 
is, formed at an angle of 45 deg.), and having the fish-plate a' 
formed thereon, which latter overlaps the end of the next rail end 
b, to which it is secured by bolts a? through holes in the web 
thereof, and ia the fish-plate. In like manner the fish-plate 
forming part of the rail end } is secured to the rail end a by 
means of bolts 62 passing through holes in the fish-plate and web 
of the outer rail a, the chair being — just beneath the dia- 
gonal joint, so that the wheels of the vehicles passing over the 
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rails run smoothly and gradually from one rail to the next. If 
desired the rail ends may be joined by separate fish-plates, in- 
stead of the latter forming part of the rail end. By this method 
the fish-plates, which are bolted or secured through the web of 
each of the adjoining rails, are distributed further apart with 
about the same amount of metal, and the tieing power is made of 
greater strength. (Sealed April 9, 1889). 


GUNS. 


15,954, C. F. Wood, Enfield Lock, Middlesex. Im- 
provements in Machine Guns. [1ld. 6 Figs.) November 
19, 1887.—The object of this invention is the conversion of breech- 
loading firearms to operate as hine guns or repeating rifles of 
very simple construction. B is the bolt of the gun, provided with 
ahandle Z which passes through and is embraced by the diagonal 
slot H in hand slide F, and G is the handle to actuate the slide 
toand fro. The slide F travels on the bevelled rib E' attached to 
base-plate, O' is a cartridge feed rod. A pin Y, at the bottom 
of magazine T', projects into a slot, and by the motion of the rod, 
transverse motion is given to the magazine to deliver the cart- 
ridge in front of bolt B, the magazine being swung upon the axis 
U. Just before the finish of outward stroke a lug on slide F 
comes over cavity Q cut into cartridge feed rod O'. The lug 
engages with a projection of rod, pushing it backwards and 




















bringing the magazine to the dotted position shown in Fig. 2, and 
feeding a cartridge. At the backward stroke of feed rod it is 
raised by slots P travelling on screws C, and raises the bottom of 
cavity Q nearer to the end of lug O, so that at the return stroke of 
F the back side of lug O ges with shoulder R upon rod 0’, 
driving it forwards and returning T! to its original position. The 
end of O now bears upon the top surface of feed rod, holding 
it down during the forward and backward strokes until the lug 
again arrives over the cavity Q. When the bolt B arrives at ite 
forward position against the end of barrel C, slide F continues its 
forward movement, the incline H acts upon bolt handle Z turnin 
it in its locked position behind shoulder F', and bringing paralle 
part H' at the end of slot H over the top of handle Z, thereby 
locking it downwards and preventing bolt B jarring backwards 
during the discharge of the gun. (Sealed March 1, 1889). 


16,919. G. Quick, London. Improvements in 
Breechloading Ordnance. ([8d. 5 Figs.) December 9, 
1887.—This invention relates to the application of a band or bands 
of wire to the front end of the exterior of that form of gas ring 
in which the front part of the exterior is of cylindrical form and of 
less diameter than the corresponding rear part. Also to the 
application of a rotating valve face having a flat bearing surface 
to butt up against the rear face of the gas ring without entering 
the said gas ring or powder chamber. Fig. 1 shows in section a 
gas ring without the wire bands. a! is the front part of the ex- 
terior of the gas ring A, and a? the rear part of the exterior, a3 
being the angular step connecting a! and a2. a4 is the forward 
portion of the interior of the gas ring, of greater diameter than 
the rear portion a5, and preferably coned. B, Fig. 2, is the recess 
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for the gas ring, at the rear of powder chamber C, and b the 
recess in front of step a*, io receive a band or bands of wire b', for 
assisting to prevent the escape of gas, and as a means of adjust- 
ment to compensate for the wearing away of the contact surfaces 
forming the joint of ring A and valve face D. The rotative valve 
face D is so mounted in breech-screw E that the latter has a 
motion independent of D whereby the “‘ first motion” of E is 
facilitated. is the bearing in breech-screw E for the valve 
face D. G is the large-headed vent-bolt for retaining the 
valve face D inits place. This is fixed or locked to the breech- 
screw E by means of a screwed pin and recess or other fastening 
device. Hand I are washers for keeping gas-tight the joints of 
= rotative valve face D and vent bolt G. (Sealed December 21, 


17,252. H. S. Maxim, London. Improvements re- 
lating to Guns, Chiefly Designed for Use with Pro- 
es Containing Dynamite and similar Explosive 
‘ (8d, 2 Figs.) December 15, 1887.—The object of 
this invention is to provide for utilising the expansive and explo- 
sive forces of a mixture of gas and air under pressure for discharg- 
ing a projectile from a gun. Ais the barrel of gun, and B a 
chamber into which the air and gas are introduced. C isa tube 
fitted to slide in guides a, a', and forming an extension of barrel 
. The gun is loaded from the breech end by removing cap c, 
withdrawing cap b frem tube C, inserting the projectile, and re- 
placing the caps. An igniting cartridge q is inserted in a tube p, 
secured in barrel A. The pipe g admits air and gas under pres- 
sure through the pipes k, / to the chamber D, and h is a casin 
for mixing gasoline with the air, having within it a tube i dooed 








by a cork i! and filled with gasoli On opening the supply 
for compressed air the cork ¢' will be forced into tube ¢ and the 
pressure transmitted through the gasoline will push another 
cork past perforations in the end of the tube, whereby the gaso- 
line will mingle with the air and form an explosivemixture, which 
will enter chamber B through perforations k' in pipe k. The pres- 
sure in D will forcibly press tube C against the rear end of barrel 
A. To discharge the gun, the plug of a cock is turned so as to 
permit the escape of the air and gas from chamber D, whilst cutting 




















off communication between D and pipe!. The pressure in B will 
then be greater than that in D, and the tube C will be moved 
backward from A by the pressure exerted upon the surfaces C!, C?. 
The air and gas will then expard, and entering tube C and barrel 
A will drive forward the projectile. When the projectile has 
passed the open end of tube p, the gaseous pressure will drive 
the cartridge q against the pointed stud r and explode it, which 
in turn will ignite and explode the mixture of air and gas. ( 
March 1, 1889). 


LOCK NUTS, &c. 


16,908. W. Armstrong, London, Improved Fasten- 
ings for Bolts and Nuts. (8d. 3 Figs.) December 8, 1887. 
—The novelty consists in shaping a portion of the bolt so as to re- 
ceive acap, which by attachments secures the nut in a fixed posi- 
tion. A cap C has in its centre an aperture M corresponding to the 
square-shaped end of the bolt A. The cap is the shape of the top 
side of the nut B, but projecting beyond its surface on two oppo- 
site sides, from each of which descends an ear or flap V as deep as 
the thicknessof the nut. The square end of the Polt is pierced 





with a hole immediately above the plate of the cap C when fixed 
on the nut, and into this bole is inserted a split pin or other form 
of key. Inthe modification shown in Fig. 2 the end of the bok 
is not perforated and the attachment is different. In the centre 
of each ear V isa hole tap to receive a screw D made square- 
headed. All round the nut B is a groove E to receive the end of 
sorew D. Or, in lieu of a groove, a hole may be drilled in the 
centre of each face of the-nut B to serve the same purpose as the 
groove. (Sealed December 21, 1888). 


17,399. W, P. Wilson, London. Improvements in 
Locking or Fixing Nuts, and in Apparatus or Means 
Employed therein, which Apparatus is also 
Applicable to the Fastening of Windows, Doors, 
and the like. [S8d. 18 Figs.) December 17, 1887.—This inven- 
tion ists of a bined tongue-washer and lock or guard 
frame or plate made either in one piece or in two or more separate 
parts united or jointed together to the size and number of the nuts 
to be locked, the separate lock-nuts and washers hitherto employed 
being entirely dispensed with. Fig. 1 is a side view, and Fig. 2a 
plan of two combined tongue-washers and lock or guerd plates in 
one applicable for locking two nuts, as, for example, fish-plate 
nuts. The plate A has tongues @ cut therein which form the 
washers, the frames b ber | pane by cutting the tongues 
forming the lock plates which fit around the nuts. The tongue 
washers @ are perforated at c for the passage of the bolte, and the 
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nuts are screwed up tight sgainst them. By yee By that 
portion of the plate A forming the lock frame }, it will be caused 
to embrace closely the sides of the nut, and thus prevent any 
movement thereof. For maintaining the lock frames } in their 
raised position, keys e are employed recessed, and bevelled at one 
end to facilitate their introduction between the washer a and the 
frame b, the said frame resting on the upper or smooth side of the 
key, and the washer fitting the recessed lower side, — 
longitudinal movement of the key, lateral movement being pre- 
vented by stops g formed by bending up portions of the washer. 
In cases where extra strength is required, the washer and guard 

late are made of stouter metal, and in separate parts, as shown in 
Fig. 3, in which @ are the washers made in one piece and bent at 
a' for the introduction beneath of the portions b! of the lock frames 
db. The keys ein this case are not necessary. ( i! February 15, 
1889). 


671, R. Clay, London. An Improved Lock Nut. 
(1ld. 22 Figs.) January 16, 1888.—This improved lock nut con- 
sists of an externaliy tapered and longitudinally elit or divided 
tube adapted to be engaged with the screw or article to which the 
nut is to be applied, and having recesses in or projections on its 
exterior, and of an internally tapered ring or collar having pro- 
jections on or recesses in its interior, the said parts being of such 
relative sizes, and the projections and recesses thereon and 
therein being of such form and in such positions that the ring or 
collar may be placed over or around the slit or divided tube, and 
the said projections and recesses engaged together after the 
manner of a bayonet joint, whereby when the ring or collar is par- 





tially rotated, it is forcibly drawn towards the larger end of the 
slit or divided tube. (Sealed February 15, 1889). 


FIRE EXTINGUISHERS. 


15.207. J. Haslam, Tonge, Lancs. Improvements 
in Caps or Covers for Chemical Fire Extinguishers 
and other Vessels. (8d. 9 Figs.] November 8, 1887.—A is 
a nozzle whose lower end is made according to the class of vessel 
it is to be applied to. On the outside of A is a projection B to 
which is hinged the cap or cover C, provided with a cavity E to 
receive an india-rubber ring G, and on which is mounted a 
swivelling handle H on the pivot I. To this handle is attached 
the lip K which slides under the bayonet or other projection on 
the outside of nozzle, when the cap C is closed over the said nozzle 









aS SSS 
rN 





as shown in the drawings. When the hinged cap is closed the 
ring G is pressed on to the outer edge of the nozzle, by which a 
perfectly tight joint is made, pat page being imparted by the 
action of the lip K on the handle H in sliding under the bayonet 
projection. When it is intended to raise the cap C, the handle 
H is swivelled sideways, as in dotted lines, thereby removing the 
lip K from under the projection. If desired, the nozle A can 
be provided with two projections, the handle H having lips K 
baneng slide under the said projections. (Sealed November 16, 
). 


16,847, T. Witter, Boiton, Lancs. Improvements 
in Automatic Fire-Extinguishing Sprinklers. ([8d. 
8 Figs.) December 9, 1387.—Fig. 1 shows the sprinkler in opera- 
tion, and Fig. 2 is a section showing it closed. a@ is the metal 
casing divided into two parts by a disc a', and bis the cover and 
connection to the water pipe, the lower end of tube b forming a 
seating for the valve c. The valve is carried by a stem c' resting 
in a loose cap d carried by a lever e, bearing at one end on a screw 
Jf which passes through a bridge piece a2 cast with the casing a. 
The other end of lever e is supported on a shoulder g! on a lever g 
pivotted to casing a at one end, and at the other secured by a 
sensitive so'der joint tothe end ofanarmh. A pin h'on onelever 
may actas a bearing for the other lever, or instead thereof, a 

















loose clamp may be employed to prevent the levers g and h 
being forced asunder by a blow. The valve can be tightened by 
turnirg the screw f. The levers are held by the screw /, whereby 
the strain on the solder joint is reduced to a minimum, and is 
only sufficient to insure the valve opening when heat is applied to 
the solder joint and the solder melts, when the levers gand h fly 
open, the lever e and washer d fall down, and the valve c drops on 
to the disc @', allowing water from the supply pipe to rush through 
the stem } into the upper chamber im the body of the sprinkler, 
where it is deflected upwards and out through perforations b' in 
the cover b. The perforations b' are normally covered by a loose 
ring k, which is carried by the force of the water against a collar 
formed on the tube b, acting as a deflector to spread the water 
over the fire. (Sealed December 21, 1888). 


VENTILATING. 


15,476. E, Lofts, Cherryhinton, Cambridge. Im- 
| te mang ge in or relating to Ventilating. (8d. 12 Figs.) 

ovember 12, 1887.—In this invention the inrush of fresh air into 
a building is heated, whereby it rises instead of falling, and thus 
prevents draughts. The base A is closed at its front and two ends, 
the back being open for the admission of air. The tubes C are 
screwed and provided with nuts C’ and pene C? at each end. 
Outer tubes D fit into sockets A' on the base A. The upper ends 
of tubes C project through caps E, and G is a suitable packing. 
H is the inlet and H' the outlet, the tubes D being connected by 
unions I, each of which consists of a short tube with right and 
left-handed screw threads on its ends, its middle being formed 
with a squared portion, over which is fitted a hexagonal nut, 








capable of longitudinal movement. The respectively opposite 
sockets are screwed with right and left-handed threads to ac- 
commodate the short screw tubes, which are screwed home by 
the nut-shaped sleeve to form tight joints. peg oy the cool 
air to enter through the opening, which may through the 
skirting of the wall, the said air will pass upwards out from the 
base A by way of the tubes C and into the room or apartment to 
be ver:tilated, and will have become heated by contact with the 
tubes C, the heat to these being imparted by the circulation of 
hot water, steam, or hot air, or other medium in the chambers 
surrounding the tubes C and within the tubes D. Different 
arrangements of the apparatus are also described and shown. 


ber 21, 1888) 
365. J. Price, Newcastle-upon-Tyne. Improved 
Means for Ven ting Tanks Coustructed for Carry- 


ing Petroleum and other Volatile Liquids. (8d. 2 
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Figs.) January 9, 1888.—At the fore end of each tank a shaft 
serves as a down draught for the passage of air therein ; and at 
the after end a ventilator serves as an upcast shaft for emission of 
a8 or air therefrom. The downward and upward currents are 
nduced by the insertion of a steam jet in the upcast shaft, at about 
the level of the main deck of the vessel, and pointing upwards to 
the atmosphere. Steam or air admitted to this jet produces a 
ony ae vacuum in the upcast shaft, whereby a current of air will 
drawn into and through the tank, drawing with it the gaseous 
vapours contained therein. (Sealed February 15, 1889). 


MISCELLANEOUS. 


Trott, Battersea, Surrey. Improve- 
ments in Stop and other Valves for Regulating the 
Flow of Fluids, (8d. 11 Figs.) November 9, 1887.—The 
object of these improvements is to render valves more efficient, 
durable, and easily renewable at the parts of greatest wear. a 
is the inlet, b the case, and a! the seating for valve f. c is a screw 
cap, ¢ is the valve piece hung by horns e', one from each side, 
resting on a ledgez formed in the inner wall of case b. A knob 
facilitates the grasp of valve piece e. On the back of e is a 
slotted undercut projection e3 which engages a knob and em- 
braces the neck connecting the knob to the stem, so that 
horizontal motion given to the stem will be imparted to the 
valve piece ¢, which will slide along on its supports e', drawn or 
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pushed by the stem. The removable pad / is attached to the 

iece e by a screw, the head of the screw and washer holding 
he two pieces together aided by the annular wall. The exit g 
may be part of a pipe timg the ch i a, it being im- 
material at what angle to the axis of channel a the face of theseat 
a‘ is arranged, so long as the meeting face of piece e is maintained 
parallel thereto by ee the stem to operate said valve 
piece on its arms e' in a direction at right angles to the plane of 
the face of the seating a’, a, also that the opening, closed 
by the cap c, is correspondingly arranged to admit of removal of 
the valve piece e. e screw stem may be substituted by a 
lever, push piece with spring, or other suitable device for convey- 
ing motion to the valve piece. (Sealed November 16, 1888). 


16,715. C.D. Austin, Newcastle-on-Tyne, Improve- 
ments in Lubricators. [8d. 10 Figs.) December 5, 1887,— 
The objects of this invention are, to regulate the flow of oil in 
syphon lubricators ; to provide means for securing the glass vessels 
or globes of lubricators to their sockets; an arrangement of sight 
feed, and also a method of constructing and rendering tight the 
joints of lubricator vessels composed partly of glass and partly of 
metal. The lubricator is formed of a glass cylinder a jointed in 
grooves bin the end discs c,d, held together by bolts e. The 
disc ¢ is provided with a screw socket f through which passes the 





discharge tube g, and into it is screwed an outer tube A having 
inlet holes, and terminated by a plug k. The syphon tube A is 
actuated by means of a clutch consisting of a tube 7 having a 


Fig.?2. 











ongitudinal slot in its lower end which engages with a feather 
in. By these means the tube A is raised or lowered, and the 
feed of the lubricant regulated. The diameter of the upper part 
o of the tube is contracted and lightly packed, so that when the 
lubricator is in motion the lubricant is prevented from passing. 
The upper part of lubricator is completed by the screw plug p 
which closes the orifice of the lubricator and forms a stop for the 
tube l. Fig. 2 shows a method of securing the glass globes to 
their sockets. The discharge tube g is provided with a collar q, 
and is passed through a washer of cork r and screwed metal 
washer 8, and then through the socket ¢, the space u, between the 
globe vand the socket, being filled with cement, and the lubri- 
cator firmly secured to the socket by the nut w. (Sealed February 
22, 1889). 


16,805. W. T. Walker, Highgate, Middlesex. Im- 
ovements in Distillatory Apparatus for Use in 
emical Operations. (8d. 3 Figs.) December 6, 1887.— 

This invention relates to apparatus in which liquors are subjected 
to the action of steam heat whilst the said liquors are flowing 
from chamber to chamber of a superposed series arranged in the 
form ofacolumn. A, B are the compound chambers forming the 
sections of which the column is built up, A being the chambers 
through which the liquors pass, the floors of which are each pro- 





vided with a raised partition a in the form of a volute or spiral. 
B are spaces beneath the floors of the chambers into which steam is 
admitted from the pipe C by branches c, the condensed steam being 
drawn off by pipes d commnnicating with the main pipe D. The 
gases from each ber A by p ges E, to the next above 
it red to the outlet. The liquor descends by tubes / from 
each chamber A to the next below it, and to the discharge from 
the lowest chamber A. The floors of the chambers A are some- 





what inclined alternately inwards and outwards for the flow of 
the liquid, although this may be provided for by the level to which 
the tubes f open into the chambers A. The tubes / are alternately 
at the inward and outward ends of the spiral passages, so that the 
liquor flows outward and inward alternately, To economise heat, 
the chambers may be surrounded by acasing g with felt h bewween 
its interior and the exterior of thecolumn. The outer casing may 
be hinged, so as to be readily opened out to get at any of the 
chambers. (Sealed December 21, 1888). 


16,877. H. S. Maxim, West Norwood, London, In- 
termittent Water Discharge, Applicable to the 
Washing Out of Drains ater-Closets, and to 
8 poses. (8d. 2 Figs.) December 8, 1887.—A tank 
A, with its discharge A', is connected with the drain or closet- 
pan tobe flushed. In this tank is another vessel B, having trun- 
nions C supporting it in bearings Din the tank, so that it can 
tilt freely. Achamber B! is formed in the vessel B by a partition 
B*. Eis a buffer capable of sliding in a tube F attached to tank 
A, and provided with a spring tending to push it outward. 
Water flowsfrom the main into the vessel B, which is held slightly 
out of the perpendicular by the stop E, so that as the water rises 
therein, the veesel and its contents will move the centre of 
gravity to one side of the axis C, and be tilted into the position 
shown in dotted lines, and discharge the water into the tank A. 
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By this tilting of the vessel, an aperture in chamber B' is 
brought into such a position that the water from the supply pipe 
flows into the small chamber B', causing the vessel B to resume 
its vertical position, so as to be again filled from the supply. 
When vessel B is tilted, its motion is arrested by a cushion G! 
attached to it, striking the top of a casing I, the cushion G acting 
in the same way against buffer E, upon the vessel returning to 
its normal position. The tank A may be constructed to hold two 
discharges of water from vessel B, but when a third discharge 
takes place, the syphon formed by the casing I and pipe A? will 
be started and draw out not only the third but also the two 
previous discharges — in tank A by the vessel B, so that 
at each discharge from the tank A, water equal to three times the 
cubic capacity of vessel B will be caused to flow through the 
drain or closet. (Sealed December 21, 1888). 


16,919. A. V. Newton, London. 
Improvements in Detonators. (8d. 
8, 1887.—The main feature of this invention is the granulation of 
fulminates to be used for detonators. A granula fulminate of 
very good quality is obtained by mixing intimately 2 parts by 
weight of collodion cotton dissolved in 12 parts by weight of 
acetone, 1 part by weight of nitro-glycerine, 4 parts by weight of 

icrate of potash, and 8 parts by weight of chlorate of potash, the 
atter ingredient very finely powdered. Upon evaporation of the 
acetone, the explosive thus formed is sufficiently brittle to be 
easily broken up into grains. When the compound does not offer 
sufficient consistency to give the requisite hardness to the grains, 
a small quantity of gum, dextrine, or collodion solution may be 
added, but the quantity of dextrine or gum should in no case 


(A. Nobel, Paris.) 
2 Figs.) December 
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exceed one half per cent. of the weight of the compound. As this 
granulated fulminate is very inexpensive, it is desirable that the 
charge of detonator tubes should be increased beyond the present 
limit, For such purpose, bottle-shaped detonator tubes or cases 
are used, made of steel, copper, brass, hardened lead, or other 
suitable material. Fig. 1 shows in section a bottle-shaped 
detonator tube filled with granulated fulminate, and which is 
formed by the ordinary method of drawing a tube, then by com- 
pression reducing the diameter of the open end, so that it may 
fit the common fuze. Fig. 2 shows in section a detonator of 
exceptional energy. a is the external bottle-shaped tube charged 
with granulated explosive b, into which is inserted a tube c, 
charged with half a gramme of fulminate of mercury. To secure 
cin place, pressure may be applied to the neck of the bottle. 
(Sealed December 21, 1888). 


17,430. M. C. Bannister, Liscard. Chester. Im- 
provements in Pumps for Gases and Vapours. (8d. 
4 Figs.) December 19, 1887.—The invention relates to pumps 
used in icemaking apparatus for transferring vapours and gases 
from a part where there is a low pressure to another part where 
the pressure is higher. For minimising the quantity of gas re- 
maining in the end of the cylinder at the end of each stroke, and 





to open the aspiration valves to their full extent when the piston 
begins its return stroke, the piston is constructed with rings 
which prevent the gas passing between the piston and the 
cylinder, and which also act as valves by opening and closing 
passages through the piston for allowing the gas to pass from 
one side of the piston to the other. The bottom of the piston 2 





is provided with apertures 4 sufficient for the passage of gas 





or vapour. 5 1s a split ring seating against the body of piston 
at 6, and 7 a split ring seating against the main body at8. The 
ring 7 has a stop 9 provided with apertures 10, and there is a spring 
for pressing the rings against the wall of the cylinder. When 
the piston is moving in one direction, the rings are against 
their seats, but when in the other direction they are away 
from their seats and there is a free way for gas through 4, 
10, and past the seats 6 and 8. To prevent leakage and give 
a long stroke to the pistons actuating the gases without un- 
duly increasing the length of stroke of the power piston, a 
cylinder 12, Fig. 3, of large di ter is ined with cy- 
linders 13 of small diameter, whose pistons are connected by a 
hollow rod 18, provided with apertures 18! opening into the 
chamber 17, and apertures 19 opening into the interiors of the 
gene 20, which are fitted with sliding rings as above described. 

e valve boxes 21 are provided with discharge valves; 22 are 
outlets, and 23 inlet for the gas. The cylinder 12, ways 15, and 
the ends of cylinders 13 are filled with oil, and it is evident that 
as pg 14 is moved to and fro, the pistons 20 will also move to 
pon “ta but with a longer stroke than piston 14. (Sealed March 1, 


17,576. W. Varrall, Paris. An Improved Filter. 
(8d. 9 Figs.) December 21, 1887.—The body a of the filter is 
formed with inlet and outlet sockets b, c, for unfiltered water, and 
is closed water-tight by a cover d, the intervening space being 
divided so as to separate the inlet b from the outlet g by a double 
diaphragm composed of discs or plates e, 7, which, together with 
the body, may be made of circular, rectangular, square, or of 
other form, the one, e, being of ceramic or other porous material, 
and the other, f, of carbon. The plates e, f, are placed close 
together and luted in position. The back a and cover d are made 
concave internally, and one or both formed with a nearly circular 
ribi to support the filtering discs against the pressure of the 
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water. The filter represented in Fig. 2 is fitted with two pairs of 
filtering discs e, f, the water being supplied to the intervenmg 
space at band delivered in a filtered condition from the spaces 
between the outer faces of the filtering media and the adjacent 
sides d, a. These spaces may discharge into the same outlet or 
be provided with separate taps g, m, the upper cock g discharging 
into the funnel head of the lower cock m. The filter may also be 
composed of a series of double discs contained in open ring frames, 
each frame being provided with a double set of filtering media, and 
with a transverse ge so arranged that those of adjacent 
frames are situa at diametrically opposite points. (Sealed 
February 15, 1889). 

159. W. P. Thompson, London. (4. J. Ventzki, 
Graudenz, Prussia.) Improvements in or relating to 
Ploughs. (8d. 6 Figs.) January 4, 1888.—This invention con- 
sists in mounting the front wheels of ploughs on separate bent 
axles, which are moved by a lever, so that when the plough is not 
in use both wheels are on the same horizontal plane, but when it 
is at work they can be set at various heights, according to the 
depth of the furrows. Also the combination with one of these 
wheels, of its axle, which is capable of being adjusted in the direc- 
tion of its length for the purpose of using the plough as single or 
double-share plough, in such a manner that in both modes of,work- 
ing the furrow wheel can always be placed in the furrow last made, 
so as to be guided byit. Improved draw gear is also described, con- 
sisting of a draw-bar which can be fixed in any position, by means 
of a claw and bolt at the fore end, and by a pin introduced into 
one of the holes in a rack andarm at the rearend. (Accepted De- 
cember 8, 1888). 





UNITED STATES PATENTS AND PATENT PRACTIOE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of — law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. . 





PENNSYLVANIA RAILROAD.—The Pennsylvania Railroad 
Company is about to enlarge its Broad-street station at 
Philadelphia. The traffic passing through the station has 
outgrown the facilities afforded by it; hence its enlarge- 
ment. 





CATALOGUE.—We have received a ‘‘ pocket edition” of 
a catalogue of machine tools and tool-room — as 
made by George Richard and Co., Limited, Broadheath, 
Manchester. It needs, however, a capacious pocket to 
hold it, as it isa solidly bound volume, measuring 64 in. 
by 5in. by 18in. It is divided into nine sections, of 
which four are devoted to machine tools, one to pulleys 
and shafting, two to the Richards engine, and one to the 
Richard ee Richards) indicator. A ape variety of 
tools “— ustrated, the wood-working tools being specially 
noticeable. 





Dritiine Cast Inon.—Mr. L. B. gy in the in- 
structor in mechanical engineering in the Lehigh Univer- 
sity, has lately been making some experiments for the 
determination of the pressure exerted in drilling cast iron. 
He made a cylinder in which was a plunger, having an area 
of 10 square inches, Three small grooves were turned in 
the plunger near its lower end so as to prevent any leakage 
of the oil with which the cylinder was —— Two 
holes were drilled in the cylinder near the bottom, and a 
steam gauge and an indicator were attached. The indicator 
cord was attached to the hub on the shaft of the quick 
return motion lever in order to obtain diagrams of con: 
siderable length. When the piece to be drilled was rest- 
ing on the plunger a diagram could be taken which would 
show the pressure exerted in forcing the drill through the 
work. ith }in, twist drills the greatest downward 
pressure was 400 Ib.; with 4in., 900 lb. ; with jin., 
1100 lb. ; with 1 in., 1450 lb. ; and with 1} in., 18001b, 
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CALAIS HARBOUR WORKS. 


OnE of the peculiarities of the port of Calais is 
that its entrance is affected by every wind that 
blows. Though this may seem a strange statement, 
a little reflection, and observing the formation of 
the coast to the east and west, will clearly 
demonstrate the reason. Away to the north-east 
past Dunkirk and Ostend there lie innumerable 
shoals and sandbanks which extend to the south- 
ward, past Calais and Boulogne. The north - east 
wind blowing down on this coast sends a surging 
current to the westward directly across the entrance 
of the harbour. In heavy weather this current is 
so rough and swift that it carries with it large bodies 
of sand which are deposited wherever a favourable 
opening occurs ; the port of Calais is one of these. 
In this way, in a single night anything from 1 in. 
to nearly 2 ft. of sand will accumulate on the bar 
which lies across the present pier- heads. With 
such a state of things continually recurring it stands 
to reason that without some agency working in an 
opposite direction, the navigation of the port would 
soon cease. Long before any artificial aid was 
brought to clear the bar of its accumulations natural 
forces were at work undoing on one day what had 
been done a few days earlier. All the westerly 
winds are the conservators of the port, they undo 
the damage that the northerly and easterly tempests 
accomplish. To the west of the port the doast falls 
away to the southward, the southerly and westerly 
winds then blow in from the sea and wash away the 
accumulations on the bar. The manner in which the 
piers are built does not aid the natural clearance of 
the harbour mouth, and if these piers are altered as 
it is proposed, they will effectually prevent the bene- 
ficial action of the south wind. The piers as they 
are at present, act as a partial breakwater ; they are 
a network of trestles stretching out into this 
sweeping current heavily charged with sand. The 
sea breaks through them as through a gridiron, but 
the force of the current is broken, and when the 
speed is taken off much of the sand previously held 
in suspension is deposited in and across the channel. 
When the west wind blows, the force of the waves 
to carry this deposited stuff away is checked, and as 
the depositing agency in the one case is facilitated, 
so is its beneficial force in the other case retarded. 
In the scheme for this improvement of the harbour 
mouth, it is proposed to set the eastern jetty back 
and so increase the present width of the channel ; 
it is then proposed to build the western jetty further 
seaward than the eastern one, which is now slightly 
the longer. It will be interesting to note the 
effect of these alterations. We are inclined to the 
belief that it will facilitate the collection of sand 
across the entrance deposited by the north - east 
wind and effectually prevent the westerly winds 
from clearing it away again ; it certainly will insure 
constant dredging operations. 

In the past the clearing of the channel was 
effected both by dredging and sluicing. The old 
type of ladder dredges were used in the channel, 
and when the tides were about two-thirds ebb, the 
sluice gates of the old basin, shown on the plan on 
page 550, were opened so that the rush of water sea- 
ward might carry with it some of the accumulations 
in the channel. Whether this sluicing was very 
efficacious in the past we do not know ; during last 
month, on one occasion when we were present, the 
sluices were opened and the water passed seaward 
in a regular ‘‘ bore,” but the soundings before and 
afterwards showed practically no difference. A very 
large new sluicing basin has been partially con- 
structed, but work on it has been suspended for 
some considerable time, but we understand it will 
be finished and brought into use, together with the 
old sluicing basin, when the harbour works are 
completed. The present system of dredging is 
effected by steam hopper barges, having large 
suction pipes over the side. Inside these pipes 
there are smaller ones through which water is forced 
under pressure into the sand so as to stir it up, then 
the suction pump is set to work and draws up the 
large pipe both sand and water, the sand settles in 
the hoppers, and the clear water flows overboard 
again. 

The extreme rise and fall of the tide at Calais is 
23 ft.; this together with the magnitude of the 
inside harbour works will, when they are completed, 
certainly place the port in the first rank on the 
northern French seaboard, and should afford ample 
accommodation to the largest class of vessels likely 
to trade there ; but if further work is not done to 
the entrance it will fall far below and be entirely 





unworthy of the inside accommodation. When two 
and a half millions of money have been spent in 
constructing the highest class of modern dock and 
harbour works, it seems bad policy not to complete 
the good work and make the entrance worthy of the 
inside. As the weakest link measures the strength of 
the chain, so will this entrance to the harbour 
be the measure of the accommodation and usefulness 
of the costly works inside, unless improved far 
beyond what is contemplated. In our opinion the 
necessary work to bring about this desideratum is the 
building of a large breakwater seaward, commencing 
some little distance to the east of the present 
eastern jetty and running out to the north and 
gradually curving outwards to the north north-east 
into deep water. The sand - bearing currents from 
the north would then be effectually checked from 
filling the channel, and the southern and western 
winds would be free to exercise unchecked their 
beneficial action on the channeland bar. Doubtless 
a bar would form at the end of the breakwater, but 
it would lie pretty nearly east and west ; it would 
die away from the wall to the westward, but the 
shipping would have ample room to enter between 
the bar and the harbour mouth from all seaward 
points south of west, and once inside could head 
southward up the channel to the docks. Such a 
scheme is a large one we admit, but the Calais 
Harbour works as they at present stand are of the 
very highest importance, and we feel confident that 
a further expenditure will be necessary to allow 
them to be utilised to their fullest development. 

In 1875, before the Calais Harbour improve- 
ments were commenced, the condition of the port 
was briefly as follows. The depth of the outer 
channel maintained in the bar by means of the 
natural currents and by sluicing, varied from zero 
to 30 in. below datum. In the inner channel this 
depth was increased from 5 ft. to 8 ft. 4 in. be- 
tween the piers, while at the foot of a tidal wharf 
built against the eastern jetty for the special service 
of the Channel mail steamers, there were always 
at least 10 ft. of water. In the outer harbour the 
depth of water in the centre was quite insignifi- 
cant at low tide; it was partly surrounded with quays 
the foundations of which were made at low-water 
level. In the floating basin a uniform depth equal 
to low-water level was maintained over its whole 
surface of five acres ; the development of the quays 
around it was about 1800 ft. The entrance lock, 
which was nearly 56 ft. wide, was controlled by a 
single pair of gates, and could only be used by 
vessels during one or two hours of high tide. Inno 
part of the port were any of the quays wider than 
98 ft., and around the tidal basin their width was 
only about 65 ft.; as these widths were wholly 
insufficient for a proper system of branch lines and 
sidings, the facilities for transporting freight 
between the ships unloading alongside the quays, 
and the Calais station, were quite inadequate. In 
another direction great inconvenience prevailed ; 
there were no proper means of communication 
between the port and the network of water-ways 
connected with it. The Calais Canal running as far 
as St. Omer, connects Calais by means of the River 
Aa and the Neuffosse Canal, with the north of 
France, with Belgium and with Paris; it discharged 
into the port through the so-called Citadel Lock ; but 
the levels were such that even the boats used for 
internal navigation could only be handled during 
the periods of high tide. At other times this lock 
was employed as a discharging channel and all the 
boats which then happened to be at the head of the 
canal were exposed to the dangers of beaching, 
especially in winter when large quantities of flood 
water had to be got rid of. 

In 1875, the total shipping entering and leaving 
the port of Calais was 840,000 tons, the net weight 
of freight imported and exported not exceeding 
215,000 tons. Despite the natural advantages of 
location possessed by Calais with regard to England, 
it was impossible under the existing circumstances 
to anticipate any large increase in traffic until the 
harbour accommodation could be greatly improved ; 
the mail service between Dover and Calais was the 
only one which could be run at fixed hours, and to 
do this the boats were of necessity small and 
inconvenient, while even with the greatest pre- 
cautions difficulties often arose in crossing the bar, 
especially after a succession of easterly winds. 

Between the 14th of September, 1875, and the 3rd 
of August, 1881, several laws were passed, empower- 
ing the construction of the works which are now 
practically completed, and which have wholly 
changed the condition of the port as it existed 





fourteen years ago. By the combined action of 
dredging and sluicing, a minimum depth of 10 ft. 
at the lowest tides has been obtained, corresponding 
to a depth of 36 ft. at high water ; the same depths 
are maintained by similar means in the inner 
channel between the jetties. This channel is to be 
enlarged by shifting the eastern jetty, and the 
western one will be extended in the future. The 
sluicing reservoir has now an area of 35 acres at 
ordinary high tides; it has been excavated to a 
mean depth of 16 ft. above datum, excepting in the 
centre, where a deeper channel has been made as far 
as the sluicing lock. The volume of water that 
can be stored at high tide is about 56,000,000 cubic 
feet, and this quantity can be discharged through 
the sluicing gates with a fall varying from 13 ft. to 
20 ft., during about three-quarters of an hour at 
each tide. The sluicing lock is made with tive 
openings each 19 ft. 8 in. wide, closed by balance 
gates turning around a central axis; the sill of 
these openings is laid at low-water level. The 
sluicing water is directed chiefly upon the lower 
part of the inner channel where a great deal of sand 
is deposited, and where dredging is difficult ; the 
sand is thus carried down to the bar, where it can be 
easily dealt with by the dredgers. 

The new outer basin has an area of about 15 acres; 
it is inclosed by the north-eastern and south- 
western quays which are connected by return walls 
with the entrance locks of the floating basin, the 
axis of which runs from north - west to south - east. 
The average width of the outer basin is 524 ft., and 
its depth is 11 ft. below datum, excepting at the 
foot of thesouth-western quay, whereachannel 23 ft. 
deep has been cut to allow deep-draught vessels to 
lay alongside. This quay, whichis about 800 ft. in 
length, and on which warehouses are built and 
rails laid, is specially intended for the service of 
Transatlantic steamers which are able to load or 
unload at Calais during one tide without the 
necessity of entering the floating basin. On the 
north-eastern quay is built the terminal station of 
the Northern Railway ; this quay isintended specially 
for the steam boat service between England and 
France. Its length is 1870 ft. and there is 13 ft. 
depth of water alongside at low tide ; four groups 
of landing stages are provided, so that four Channel 
steamers can load or unload simultaneously. 

Entrance to the floating basin is obtained by 
means of two parallel locks, the sills of which are at 
such a level that the depth of water over them at 
spring tides varies from 22 ft. 6 in. to 28 ft. 6 in. 
The larger of the two locks is 68 ft. 10 in., and the 
smaller 45 ft. 11 in. wide, and their lengths measured 
from the gate sills are 438 ft. and 450 ft. respectively. 
They are each divided by a pair of intermediate 
gates into two chambers of unequal length in order 
to economise water when locking vessels of different 
dimensions ; ships from 400 ft. to 450 ft. in length can 
be handled, and for a short time at each high tide 
they can pass through the locks direct. The whole 
of the mechanical operations involved in working 
the locks are effected by means of hydraulic 
machinery driven from a central station, the position 
of which is shown on the general plan. The area 
of the floating basin is nearly 30 acres, including the 
small inner basin with which it is in direct com- 
munication. Its width is 557 ft. near the entrance 
and 393 ft. at the southern end; the width of the 
smaller basin is 229ft. Close to the locks, however, 
the width is increased for the purpose of facilitating 
the movements of vessels entering and leaving. 
The depth is about 20 in. below the lock sills ; the 
total length of quays around this basin is 4820 ft. 
The inner basin is excavated to ordinary low-water 
level, and the effective length of the surrounding 

uays is 1150 ft., not including the return walls of 
the lock made for the accommodation of smaller 
boats. The normal width of the western quay is 
328 ft., and that of the eastern 459 ft. ; sheds and 
warehouses have been constructed on these areas 
under the supervision of the Chamber of Commerce. 
and all the quays are provided with a system of 
lines laid down by the Northern Railway Company of 
France. Access to the graving dock is obtained by 
means of a lock 508 ft. in length and of the same 
width and depth as the larger of the two lock 
entrances to the floating basin. The dock can 
accommodate vessels up to a length of 495 ft. and 
of any tonnage likely to enter the port ; its width 
was determined upon with a view of receiving the 
largest paddle-wheel steamers that wil) probably be 
employed on the Channel service. The pumping 
machinery is placed over a sump arranged so as to 
serve for emptying two other dry docks if required ; 
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it is capable of clearing the dock in less than three 
hours under the most unfavourable conditions. 

The basin designed especially for the use of 
smaller boats has an area of about 10 acres, and is 
provided with a length of quay wall of about 5248 ft. 
It extends from the new floating basin with 
which it is connected by two locks, 19 ft. 8 in. wide 
and 125 ft. long, to the Citadal Canal, from which it 
communicates with the Citadel Lock and the old 
port. Communication between this basin and the 
Citadel Canal can be closed by means of a guard 
lock, the gates of which can be opened and closed 
with facility no matter what may be the force or 
direction of the current; this forms a barrage in 
case of accident to the Citadel Lock, either against 
the sea water or the water in the basin. The Pier- 














rettes Canal, which can be used in case of necessity 
to seperate the drainage canal from the old sluicing 
basin, runs into the Citadel Canal below the guard 
lock. The gates of this latter are closed against the 
water in the basin when it is desired to utilise the 
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avoid this a special outlet has been made for the| to 1; this front was heavily revetted with stone 
Marck Canal, the course of which has been diverted | pitching, and the foot was supported by sheet piling, 
in such a way that it can be discharged at will into’ which was reinforced by a continuous toe of béton 
the outer harbour. The Calais Canal has also been | carried down about 5 ft. in the sand. The stone 
considerably improved, its course having been pitching was laid on a bed of clay, 1 ft. thick, over- 
straightened and the depth and width increased, so lying the sand forming the dam, and well rammed ; 
that at present it can pass vessels as large as 300 the stone pitching was 20 in. thick, set in Portland 
tons, which is the heaviest tonnage than can be cement, which was also used in making the béton 
accommodated by the system of waterways in the toe. A curved form was given to the sea front of 
north of France and between Belgium and Paris. | the dam at the upper part, in order to reduce as far 

The Calais improvement works were commenced | as possible the destructive action of the waves. It 
in 1876, by the erection of workshops and the con- | may be mentioned here that the engineer in charge 
struction of temporary works. The sluicing basin | of this portion of the work sunk all the piles with 
and lock, the outer port, the locks of the floating | the help of water jets, a system which has of course 


basin, and the northern part of the floating basin | been in use since many years for sinking cylinders 
upon the foreshore ; | and iron piles, but which we believe had never been 





itself, had to be constructed 
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the southern portion of the same basin had to be) previously employed in this particular 





Pare de S* Pierre 


manner. 
excavated across the line of the dunes, and the | The first trials were made in 1877, and the results 


obtained were so remarkable that the method was 
followed throughout nearly the whole of the work. 
Before this means was tried the operation of driving 


military works constructed for the protection of 
‘the town of St. Pierre. All of the excavations | 
had to be made in the fine sand of the beach and | 








Pierrettes Canal to discharge the flood waters into dunes, and the foundations of the sea walls had to be 


the sea through the Citadel Lock ; the normal level | executed in the same material ; in addition to these | 


of this canal is about 40 in. lower than that of the | 


difficulties very special precautions were necessary 
Calais Canal. 


Five bridges, two of which cross the | to protect the work against the sea. For this reason, 


locks, are provided for the accommodation of public | as well as for the protection of St. Pierre itself, the | 


traflic between the two sides of the canal; two of dykes and cofferdams had to be of unusual dimen- 
these also serve for carrying the railway running sions; they were formed of very heavy sandbanks, 
from the central station on the south of the boat strongly revetted on the sea front. On the other 
basin near the park of St. Pierre, to the western hand, an advantage was found in the fact that the 
quay of the floating basin, on the one hand, and to contour of the port and the arrangement of the new 
the station upon the eastern quay on the other. | works lent themselves admirably to the formation 

The Marck Canal, which receives almost all the | of a series of independent protective works, corre- 
surface water from the low land on the right side of | sponding to the various improvements projected, and 
the Calais Canal, used to discharge through a lock | which could be undertaken separately. The most 
into the Calais Canal, near the town of St. Pierre. 
The water could only find its way into the sea 
through the Citadel Lock when the latter was being 
emptied, and the frequent necessities for keeping 
the water in the Marck Canal down to its proper 
level were accompanied by an inconvenient lower- 
ing of the level of the Calais Canal. In order to 


exposed portion of the protecting dyke of the sluicing 
basin corresponded to the large area projecting from 
the general face line of the dyke and require 
for experimental artillery practice; the natural 
level of the beach at this spot was about 11 ft. below 
the high spring tides. The dam, as already stated, 
was constructed of sand, with a front slope of 2 
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a panel of sheet piling 9 ft. high and 6 ft. wide 
required 900 blows from a 1300 lb. weight, and the 
average time occupied was eight hours and a half ; 
the sand offered so much resistance that the thick- 
ness of the piling had to be increased from 3 in. to 
5 in., and even then the wood was frequently 
broken. All these difficulties disappeared with the 
introduction of the water jet, which was forced into 
the sand by hand pumps through a 1 in. nozzle con- 
nected to rubber tubes ; much wider panels could 
be lowered in this manner, and the time of sinking 
was reduced to about one hour, while, in many 
cases, the operation was completed in fifteen 
minutes; the number of blows from the falling 
weight never exceeded 50, and were only necessary 
to overcome the friction between the adjoining 


d | panels, which were tongued and grooved so as to 


make a tight joint. As a rule the weight of the 
1300 1b. tup resting on the head of a 10-ft. pile suf- 
ficed to drive it almost instantly into its place. 

(Zo be continued.) 
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and interesting. There is that marvellous Edgar 
Thomson furnace from which flow weekly 2000 
tons of molten pig; there are the natural gas sup- 
plies where the fuel rushes to the surface with an 
impetuosity not to be restrained, but which, properly 
guided, is so conveniently subservient to the carry- 
ing out of the work of the iron and steel maker. 
There are the marvellously rich hematites of Lake 
Superior ; the iron mountains, ‘‘ capped with domes 
of ore,”’ of the Rocky Mountain district ; but above 
ali there is that wondrous new region in Alabama 
where one side of a valley is a mountain ridge, the 
surface of which is iron ore, while the coal to smelt 
it is on the other slope, and in the hollow between 
runs a bed of limestone upon which the furnaces are 
built, and all this within a distance of four miles. 
No wonder primeval forest gives way to towns and 
cities, or that an unpeopled desert is changed in a 
few weeks toascene of busy industry. It is indeed 
a region where nature has not scattered, but con- 
centrated her treasures with a lavish hand. 

But we must not anticipate 1890, but must con- 
fine ourselves for the present to the meeting with 
which we have now to deal. 


THE PRESIDENTIAL ADDRESS. 


After some opening sentences, in which Sir James 
Kitson referred to the circumstances of his election 
and to his connection with the wrought iron in- 
dustry, the President said that there wasundoubtedly 
a revival in the demand for that material, and he 
had now at his works as many puddling furnaces in 
operation as he had ten years ago—a fact to which 
we referred in our last issue. We may, however, 
venture to remark that there are a vast number of 
ironmakers in the country who are very far from 
being so fortunate as the President of the Iron and 
Steel Institute. The uses to which wrought iron 
can be put are so numerous, the address continued, 
that iron manufacturers can regard with satisfaction 
and hope the expansion of the use of steel. Iron 
made by some of the works of Yorkshire, such 
as Low Moor, owes its success to its uniform 
excellence. Its high qualities are largely due to the 
fuel used, which is so well adapted to the purpose; 
but in the President’s opinion the scrupulous atten- 
tion paid to the manufacture is no less a factor in 
its success. Rigid selection, thorough heating, and 
plenty of work put upon it, are the chief points to 
be observed in order to make sound blooms, whilst 
testing and inspection must be carried on with 
undeviating accuracy. The best iron produced in 
West Yorkshire is still made by cold blast. It will 
stand the fire well, and the smith can heat and 
reheat, draw, flange, and hammer again and again 
without the metal deteriorating. This compares 
favourably with steel, with which special and careful 
treatment is required. Yorkshire plates have a 
tensile strength of 22 tons per square inch of section 
lengthways, and 20 tons across the grain with an 
elongation of 16 per cent., whilst Yorkshire bars will 
support a tensile strain of 24 tons to the square 
inch, It is possible to make Yorkshire iron of a 
still higher strength, but this cannot be done with- 
out adding to its hardness, and so its characteristic 
virtues are impaired. 

The address next went on to quote some figures 
illustrating the uses to which Yorkshire iron was 
put in locomotive practice and its durability. 
Taking first the North-Eastern Railway, there were 
12 boilers past service having an average age of 
18 years 9 months, and an average mileage of 
495, 285, whilst with 12 boilers stillat work theaverage 
age was 18 years 7 months and the average mileage 
515,255. The greatest number of miles run by any 
one engine was 622,521, and the longest time in 
service 25 years 11 months. This refers to boilers 
of Low Moor iron only. With crank axles of 
Yorkshire iron we find, on the same line, amongst 
16 axles taken from service, that the average age 
was 14 years 9 months, the loagest time being 22 
years and 4 months. The average miles run was 
378,098, the highest figures being 471,929. Nine 
straight axles withdrawn from service averaged 19 
years 6 months, the highest figures in any one case 
being 274 years ; the average mileage 484,460 ; one 
axle running 684,328 miles. Amongst 9 axles still in 
work the average age was 23 years 8 months and the 
average mileage 501,981. On the London, Brighton, 
and South Coast Railway there are over 350 boilers 
made of Yorkshire iron to work at 150 1b. per 
square inch, some of which have been in use since 
1871. Out of all these not one plate has been 
replaced, in fact the shells are in practically the 
same condition as when first used, On the same 





line there are 12,000 best Yorkshire iron axles of 
different makes, and out of all these not one has 
yet failed. In face of these facts the President 
often wondered why the world had forsaken the 
old for the new. In connection with this part of 
the subject the address gave an interesting example 
of the growth of engineering practice. Sir James 
mentioned that his father, the well-known loco- 
motive builder, over 50 years ago wanted a firebox 
plate of the then unprecedented weight of 5 cwt. 
The manager of the Low Moor Works undertook the 
job ; but he said the plate was so big that he could 
give no guarantee and could only promise to do his 
best. ‘The plate was, however, made. At the 
present time Cammell and Co. have rolled a plate 
weighing 65 tons. The President omitted to state, 
however, whether this was of Yorkshire iron ! 

This little anecdote led Sir James up to what 
was the main part of his address, viz., a reference 
to some of the big things done in the present day 
by the manufacturers of iron and steel and to the 
tools by which the work is accomplished. The 
remarks were illustrated by outline drawings hung 
on the walls of the objects referred to. The 
blast furnace was the first subject treated of. This 
had been so extensively dealt with in various pro- 
ceedings of the Institution that Sir James only 
referred to Messrs. Carnegie Brothers’ now cele- 
brated furnace in the United States. At the Edgar 
Thomson Steel Works there was also a novel appa- 
ratus which was worthy of mention. This was 
known as a mixer, and consisted of a vessel into 
which the molten iron produced by the blast furnace 
was run by means of ladles into which the furnace 
discharged when tapped. The metal required for 
the Bessemer converters is taken as required from 
the mixer, and the result is said to be most bene- 
ficial on the rails produced. In speaking of blowing 
engines, the President took the new engines which 
the Dowlais Iron Works are having constructed 
for their Cardiff works as an example. They will 
supply blast at 7 lb. or 10 1b. pressure, and will 
be of the vertical direct-acting compound type, 
the steam cylinders being above the blowing 
cylinders. The former will be 36 in. and 64 in. in 
diameter, whilst the latter will be 88 in. in dia- 
meter. The stroke will be 5 ft. The working pres- 
sure will be 100 1b. to the square inch. The con- 
denser will have brass tubes lin. in diameter 
outside, with 3000 ft. of condensing surface. Speak- 
ing of the numberless mechanical appliances which 
have grown up in connection with the manufacture 
of steel the President signalled out the hydraulic 
apparatus for charging reheating furnaces, which 
consists of a fixed centre with a long arm, which is 
carried on wheels at one end, and is attached tothe 
fixed centre at the other. It is revolved by two 
hydraulic cylinders and rams attached to the arm 
with chains working round the fixed centre. The 
peel is raised and lowered by an hydraulic ram at 
the end of the arm. By means of this apparatus 
the same men with the same hammer can turn out 
four times the weight of hammered ingots that 
was formerly produced. 

The extended use of live rollers for transporting 
ingots, &c., next engaged the President’s attention. 
He quoted those of the Barrow Steel Company as 
the best example he was acquainted with. The 
ingots are transported by live rollers to the cogging 
mill, and from thence to the receiving bench. The 
rails travel only in one direction and are carried 
entirely by mechanical means a distance of 553 ft. 
The mill could roll 5000 tons of rails per week if 
continuously fed with ingots. Live rollers are also 
used in plate mills, not only for feeding but for tra- 
versing from roughing to finishing rolls. In this 
way there have been rolled at Consett in one turn 
105 tons of marketable plates. This equals 1000 
tons of plates per week, and this output is achieved 
steadily week by week. Twenty-five years ago it 
was considered good work to turn out 250 tons in 
a week with one mill, The plate mill by which this 
work is done at Consett, is of the lever-clutch re- 
versing type, having grain and chilled rolls each 
8 ft. long by 28 in. in diameter ; the top chill and 
grain being balanced by weights. After the plate 
has been reduced to the required thickness for 
finishing, it is traversed by steam power to the 
chilled rolls, where on the front side there is a 
fixed platform with live rollers. 

A large shearing machine by Messrs. J. Buckton 
and Co., of Leeds, to cut cold a steel plate 2 in. 
thick and with a blade 10 ft. 6 in. long was next 
instanced. It will cut in two a plate 7 ft. wide at 
a single stroke, A similar type of machine will cut 





blooms 30 in. wide and 11 in. thick. It cuts regu- 
larly 2000 tons of measured slabs per week. A 
testing machine, made for Malta dockyard by Messrs. 
Buckton, will break a cable made of iron in, 
in diameter, and will test up to proof load y i 
diameteriron. It will test the largest anchors, and 
will crush, twist, bend, or shear specimens of steel 
up to 3in. in diameter. It takes in between the 
shackles a length of 80 ft., and the hydraulic ram 
has a stroke of 7 ft. 

The steam hammer Sir James Kitson considers to 
be of special interest just now, asit appears to have 
reached its utmost development ; a prophecy upon 
which we think it probable the President would 
hardly have ventured, considering the apparently 
limitless growth of modern machinery, were it not 
that he saw its functions about to be usurped by the 
hydraulic press. At the present time, however, the 
steam hammer is doubtless the most striking (physi- 
cally or morally) of all the tools of the engineer. 
The 100-ton steam hammer at Creusdt has a cylinder 
of nearly 75 in. (1.900 metres) diameter, and a stroke 
of 5 metres (16 ft. 4.8in), whilst the anvil block 
weighs 750 tons. The 50-ton hammer at Essen was 
one of the earliest of the big hammers, having been 
erected in 1861. The tup weighs 50 tons, and the 
anvil block 1100 tons. This isa proportion of block 
to tup which is wisely largely in excess of that of the 
French hammers. The anvil block of the Creusdt 
hammer is 7$ to 1, and of the Krupp hammer 
22to1. The following is quoted as a list of the 
heaviest steam hammers in Europe : 


One  30-ton at Elswick. 
One 35 ,, Woolwich Arsenal. 
One 50 ,, Krupp’s. 
Two 50-ton in Russia. 
Four 20 ,, France. 
Three 25 ,, me 
One 35 ,, ss 
amo 640° (ly, “ 
One 50 ,, ” 
One 80 ,, ” 
Two 100 ,, % 

All double-acting. 


It will be seen that France has an overwhelming 
array of big hammers, and this fact is attributed to 
the fact that French manufacturers have been en- 
couraged by the Government of the country to under- 
take the great responsibility of the outlay in order to 
furnish a continuous supply of heavy artillery. The 
forging capacity of our own country is, however, not 
to be calculated by our list of hammers, for we have 
hydraulic forging presses which would place our 
capacity for this description of work in excess of 
that of France, and to make the comparison com- 
plete, these should naturally be included. ‘‘ The 
days of the giant hammers,” the address continued, 
‘‘are numbered, and the Titan you see illustrated 
on the walls, whose blow disturbs a whole district, 
will be supplanted by the silent, slow-working, but 
irresistible press.” The 4000-ton press of John 
Brown and Co., made by Tannett, Walker, and 
Co., the President had seen working upon an ingot, 
the original size of which was 52 in. in diameter at 
the bottom and 46 in, at the top. The weight was 
about 34 tons. This was in four heats reduced to 
29 in. in diameter for a gun tube 28 ft. long. Cam- 
mell and Co. have a 5000-ton press made by Davy 
Brothers, of Sheffield. The name of Haswell, of 
Vienna, the address mentioned as a pioneer in this 
field, whilst Sir Henry Bessemer obtained a patent 
for an invention in the same direction so long ago 
as 1856, a drawing being shown in that year at Sir 
Henry’s experimental works at St. Pancras, for 
the hydraulic pressure of steel in its fluid 
and solid state ; whilst in 1869 the same talented 
inventor was granted a further patent for cast- 
ing under pressure. ‘‘Sir Henry Bessemer’s inven- 
tions,” continued Sir James, ‘‘ cover a large field, 
and are the fruit of more than sixty years of mental 
activity. May he long live to enlighten and counsel 
us with his practical experience, his scientific know- 
ledge, and to encourage us by his presence.” Sir 
Henry was at the time sitting at the Council table, 
and it is needless to say that this tribute to the 
worth of one upon whose labours the material pro- 
sperity of nine-tenths of those present was founded, 
was received with a genuine outburst of feeling : as 
no man ever more fully deserved success than the 
venerable but happily still vigorous father of the 
modern steel trade, so no man ever bore his honours 
more modestly. He is one of those few truly great 
and noble spirits that success cannot spoil. Per- 
haps no sentiment was ever more cordially indorsed 
at a public meeting than that of the esident, 
when he hoped the kindly face of Sir Henry Bes- 
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semer might long be seen at the Council board of 
the Iron and Steel Institute. 

Sir James Kitson next proceeded in his address 
to compare the work done by the steam hammer 
and the forging press. The blow of the former is 
instantaneous, the effort is abrupt, and is expended 
in a very short space of time, consequently the 
metal is forced into shape suddenly. The force of 
the blow is absorbed to a great extent on the sur- 
face of the forging. Should the hammer be under 
its work this surface absorption is so great that the 
forging has a tendency to pipe. Moreover, the 
velocity of the descent of the tup is restricted by 
the work done in forcing the exhaust steam out of the 
cylinder, and there is also the friction of the machine 
to be taken intoaccount. As the work done cannot 
exceed that due to the energy expended in lifting, 
there is manifestly a loss. The penetration of the 
blow is also dependent on the area of the hammer 
face and the hardness or softness of the ingot. Two 
examples of the different effects of hammering and 
pressing in the working of steel were shown. In 
the former case a short piece of round steel, about 
5in. or 6 in. in diameter, had hollow ends, illus- 
trating the tendency to pipe, whilst the pressed 
example had convex end surfaces. 

Electrical welding was the next subject mentioned, 

the advantages of the heat being first developed in 
the interior of the part to be welded being pointed 
out, and the joint being thus made outwards as the 
pressure isapplied. The Thomson machine has been 
used in the United States for iron, steel, and other 
metals, and it is claimed that by special holders, 
locomotive frames, angles, pipes, and other parts 
can be united, whilst there is a possibility of its use 
in the fastening together of boiler plates. Rivets 
also might be heated in situ, thus affording a stronger 
joint. 
; Water gas, aluminium as an alloy, delta metal, 
the effect of nickel as an alloy in iron, armour plates, 
and the Forth Bridge, were all briefly referred to 
in the address ; and the President next went on to 
refer to the ship construction and its effect on the 
iron and steel trade of the country ; incidentally 
remarking that half a ton of iron or steel is required, 
roundly speaking, per gross ton of shipping, so that, 
taking the annual production at 1,000,000 tons, 
500,000 tons of manufactured iron or steel would 
be required for one purpose only. Mr. Sandberg’s 
‘Goliath’ rail of 100 1b. per yard was mentioned 
and an example shown, and finally some general 
statistics were given. In the United Kingdom in 
the year 1888 we produced 169,935,219 tons of coal. 
This exceeded by 6,198,219 tons the largest output 
of any previous year in the history of the trade. 
We produced 7,898,634 tons of pig iron, 2,012,794 
tons of Bessemer ingots, and 1,292,742 tons of open- 
hearth ingots. We began this year with a stock of 
2,516,212 tons of pig iron ; a quantity which is de- 
creasing slowly. The inflation of the period of 1873 
led to an unreasonably rapid development of the 
means of production throughout the world, and this 
was not followed by a corresponding increase of de- 
mand. The facility which is given by the limited 
liability laws for the acquisition of capital for new 
works, enables plant to be laid down at a rate 
which was impossible to private concerns. These 
had to expand by means of the surplus profits of 
the business, and although developments were thus 
slower, they were of a more natural and healthy 
growth. There was a motto which had sunk into 
the President’s mind, and which he thought ought 
to be remembered by all commercial men. It was 
‘* Festina lente,” hasten slowly. It is true, con- 
tinued Sir James, all iron and steel works in this 
country are actively employed, many with forward 
contracts, but the make is immense. We have 
alert and instructed competitors in every market, 
while fiscal restrictions interfere with our trade in 
most Continental countries, and any serious ad- 
vances in the price of materials would endanger 
the trade we are now securing. Let us develop 
our appliances and improve our processes with care, 
prudence, and wisdom, then will our progress be 
sound and secure. 

The members testified their appreciation of the 
address by hearty applause, and Sir J. Pease, M.P., 
moved a vote of thanks, which was seconded by Sir 
Lowthian Bell. 


THE Visir TO AMERICA. 

The proposed visit to the United States was then 
brought forward, the letter of invitation from the 
United States Institution of Mining Engineers, of 
which Mr, Andrew Carnegie is chairman, being 





read. Mr. Hewitt, of New York, next spoke 
in support of the invitation. He said it would 
be a source of immense gratification, not only to 
those who were engaged in the same business as 
themselves, but to the members of all scientific 
bodies in the United States, and especially those con- 
nected with industrial progress, to welcome the mem- 
bersin America. It was recognised what the British 
iron trade had done for the world, and what one 
great inventor in particular had accomplished. 
Mr. Hewitt had, on a previous visit to England, 
referred to his log cabin in the mountains of New 
Jersey, where a bust of Sir Henry Bessemer stood 
within the door, out of which hung a latch string 
so that all comers might enter and pay reverence. 
The log cabin was still there, the bust of Sir Henry 
Bessemer was still there, and the latch string 
was still there. The members of that great and 
beneficent Institution would find the same primi- 
tive device for giving admission to the hearts and 
homes of primitive races on every door in America 
whenever they chose to go there. The address of 
the President had that day taught him that it was 
to British soil they must go to school; but his 
countrymen might show some things that would 
interest their visitors, more particularly the promp- 
titude with which they applied the inventions 
which, through the agency of the Iron and Steel 
Institute, were made the property of the world. The 
Americans felt that the English displayed great 
confidence in entrusting themselves to the American 
shores. They had sent much of their property to 
America, and the Americans had done the best they 
could to keep it, and he was sure they would be 
glad to pes A it by possessing themselves of 
the personal presence of the Institute itself. There 
was only one thing that would disturb them. The 
report of the Council had said it was their intention 
to abolish the free lunch. If there was any freedom 
the American Constitution had secured to its people 
it was the free lunch. It formed a part and parcel 
of every saloon in the United States, and it would 
be surprising to the members to see the generosity 
with which free lunches were supplied to every one 
who did not expect free drinks. He earnestly 
begged the executive to postpone final action upon 
this important question until after the American 
visit, because his friends and colleagues did not 
wish to be handicapped in that particular. But 
perhaps, when they had become acquainted with 
their free lunches, their terrapins, and their canvas- 
back ducks—to say nothing of oysters, of which 
Englishmen had but very immature examples in 
their own country—he thought they would come 
back better reconciled to perpetuating what he had 
found for a whole lifetime to be a characteristic of 
the British nation, unbounded hospitality to the 
stranger within its gates. 
The President next presented 


Tue Bessemer MEDAL 


to Mr. John Ellis, a member of the firm of John 
Brown and Co., of Sheffield. Mr. Ellis, Sir James 
Kitson said, was one of the first to introduce the 
Bessemer steel rail, although prior to that Sir Henry 
Bessemer himself, with the assistance of Mr. Allen, 
had been carrying on his experimental works in 
Sheffield. The firm of Brown and Co. had some 
difficulty in taking orders, but they succeeded at 
last, the prices being at first 22/. a ton, and later 
18]. 10s. to 191. a ton, figures it might be pleasing 
to some of the steelmakers present just to hear 
mentioned. He was not quite sure when the firm 
of John Brown and Co. was started, because in the 
year 1635 the Lords of the Admiralty, in order to 
encourage the manufacture of iron ordnance, pro- 
posed to give John Brown and Co, the right to have 
the sole manufacture of iron pots, kettles, backs of 
chimneys, salt pans, pitch pans, &c. This firm, in 
their petition to the Admiralty, stated that Swedish 
ordnance had so beaten down the market beyond the 
seas, that no ordnance was made for exportation, and 
only asmall quantity for England, and, unless there 
were some other employment found, to keep the 

etitioners and their servants at work, they would 
= compelled to seek employment beyond the seas, 
and the trade of making iron ordnance, first in- 
vented in England, would be lost. It was interest- 
ing, the President said, to note these facts, because 
they illustrated the different conditions under which 
manufactures were formerly conducted. The firm 
of John Brown and Co., now directed by Mr. Ellis, 
was amongst the first to put down those giant 
presses which would make the material for the steel 





ordnance, not only of England, but of the world. 





It was in recognition of the development of the 
Bessemer process by Mr. Ellis, as a practical man, 
that the Council had decided to give him the 
Bessemer medal. Before presenting the medal, 
however, the meeting would be glad to hear a few 
words from Sir Henry Bessemer himself. 

Sir Henry Bessemer said that the firm of Sir 
John Brown and Co. was so well known that it was 
difficult for him to say anything new. The Presi- 
dent had mentioned how many years ago he had 
established a small works at Sheffield, and these 
were separated only by a wall from the premises of 
John Brown and Co. He was forced into that course 
because steelmakers had no belief in the possibility 
of making pig iron into steel in twenty minutes. 
As he could in no other way enforce this fact on 
them, he determined to compete with them in their 
own markets. That was why he started in Sheffield, 
although he was wishing all the time that steel- 
makers would see the matter in the same light that 
he did. For some time his works went on, but it 
was not until they lowered the price of everything 
they were producing 10/. to 20/. a ton below the 
Sheffield prices, that Sheffield manufacturers began 
seriously to think that after all there was some 
little merit in what Bessemer was doing. The most 
intelligently conducted works of all Sheffield were 
those of John Brown and Co., and Mr. John 
Ellis, their practical man, was the first to under- 
stand that the Bessemer process was worth looking 
at. He came to the works, saw what was being 
done, and in a few days his firm had arranged to 
take a license under the patent. It was thus that 
the first working Bessemer plant ever put up 
beyond the Bessemer works was erected, and to 
such good effect, that, as the President had stated, 
the price received for rails was 18/. or 191. a ton, 
whilst they could not have cost very much more 
than they did in the present day, when they were 
selling at about 4/. 10s. 

Mr. Ellis, in returning thanks for the honour 
conferred upon him, added some further particulars 
to this interesting chapter in the early history of 
Bessemer steel. In 1859, when railways were in- 
creasing so rapidly, both in length and also in the 
speed at which the trains were run, railway engi- 
neers suffered very much indeed from the inferiority 
of iron rails, and they had to be taken up very 
frequently. Some two or three years before that 
Mr. John Brown and the speaker had introduced 
into Sheffield what they had called ‘‘steel iron,” 
which was used in place of Swedish iron for making 
springs. It had occurred to them that very excel- 
lent rails could be manufactured from the same 
material, and they had actually put down ten con- 
verting furnaces for the purpose of making what 
might be called puddled steel, which he had no 
doubt would have been a very excellent material. 
At this juncture he had gone in next door to 
see Mr. Bessemer’s converters, and saw a heat 
blown and an ingot converted into a bloom. He 
was so much struck with the whole process that he 
went straight back to Mr. Brown, who was in 
his office, and said, ‘‘It is no use, Mr. Brown; 
these furnaces are no good, for that process of 
Bessemer’s is the right process for making steel 
rails, and our steel-iron rails will never compete 
with them. You must go and look.” Now he 
might say that, though Sir John Brown was one of 
the most go-ahead men of his time, he was rather 
bitten by the feeling which existed among the 
Sheftield steelmakers at that period ; a feeling, after 
all, at which they should not feel surprised. The 
Jessops, the Turtons, the Saundersons, the Butchers, 
and the other large steel makers, had carried on a 
successful trade for many years, by which they had 
amassed considerable fortunes. They had much 
capital locked up in converting furnaces and melting 
furnaces for making cast steel. ‘‘ It was a beautiful 
trade,” added Mr. Ellis, with a tone of sadness in 
his voice, ‘‘such as could hardly be found in all 
England ;” perhaps not the least of its charms being 
that all material used could be bought at twelve 
months. It was, therefore, hardly surprising that 
these comfortable steelmakers should feel a little 
annoyed when Mr. Bessemer came disturbing them 
by saying, ‘‘ Now I can give you a thing as good at 
201. as that for which you charge 40I.,” and so on. 
They pooh-poohed him, they turned their faces 
away from him, and they tried to forget him ; but 
he would not let them do that, and at last his firm 
took out a license, as Sir Henry had already told 
the meeting, but he had not stated that he had 
generously made the firm a present of a thousand 
pounds out of the first royalties paid. John 
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different purposes, which had been made from steel 
containing 23 per cent. to 50 per cent. of nickel. 
The speaker said he had made some thousands of ex- 
periments, but he certainly should have said nothing 
about them yet, had not his hand been forced, as he 
did not consider the matter had been thoroughly 
thrashed out. He had, however, made nickel-steel 
into gun barrels, and had, amongst others, pre- 
sented a 12-bore double-barrel fowling-piece to the 
chairman of his company. The weapon had been 
made by Messrs. Holland and Holland, who had 
previously tested to destruction a barrel of the same 
kind. The ordinary charge of a 12-bore was three 
drachms of powder and an ounce of shot, but in 
testing, 5 drachms of powder and 14 oz. of shot will 
be used. A number of tests were made with the 
nickel-steel barrel, which ultimately gave way 
when 15 drachms of powder and 34 oz. of shot were 
used with double wadding. The maker of the gun 
said that he never could have imagined the material 
would have stood such a test. Some months ago 
he had put one nickel-steel blade in a four-bladed 
propeller. The owners did not know of the fact, 
and he had done it to test for corrosion. He was 
not aware of the results. He had also drawn 
the material into wire, but had never gone so far 
in the matter of fineness as some of the examples 
shown on the table. A yearago the Government 
gave his firm an order for a 6-in. experi- 
mental gun. That gun was approaching com- 
pletion, and was made of nickel steel. When 
fired he should have not the slightest hesitation 
in pulling the lanyard when the loading was 
full proof charge. He had been trying experi- 
ments with nickel-steel for many years, but for- 
merly he had not gone beyond very small percen- 
tages until about two years ago, when he had 
increased the proportion to over 2 per cent. and 
upwards. A tensile strength of 90 tons with 8 per 
cent. elongation had been given by the author, but 
he had gone as high as 97 tons and over 7 per cent. 
elongation. That was the highest he had been able 
to get, but he thought it ought to content every one. 

Mr. Jenkins, of Consett, asked as to cost of pro- 
duction, but Mr. Riley said he could not answer 
such a question, as it would be trenching on the 
commercial question, and that was contrary to the 
rules of the Institution. 

Mr. G. Snelus, of Workington, said that 
meteorites consisted largely of nickel and iron, so 
metallurgists had hitherto neglected the teachings 
of nature and overlooked one of her “sermons in 
stones’ to which the poet referred. He, for one, 
was quite ashamed of having hitherto overlooked 
nature’s teaching. He did not agree with the ex- 
planation quoted in the paper to account for the 
greater tensile strength of the alloy of nickel and 
steel. He considered rather that the additional 
tensile strength and elongation were due to the 
greater homogeneity. Other alloys of iron were not 
homogeneous, and the reason a test piece broke at 
a given point was that that was the weakest point, 
and when it gave way extension was only local. 
The extension in Mr. Riley’s samples of nickel-steel 
was over the whole length, and that was pretty con- 
clusive evidence that the metal was homogeneous. 
It seemed to the speaker but reasonable to conclude 
that such would be the case, as nickel was more 
nearly allied to iron than any other of the metallic 
alloys hitherto generally used. 

Dr. Edward Riley pointed out that commercial 
nickel was a very impure metal, containing silicon, 
copper, &c. If used in the blast furnace it would 
doubtless alloy with iron, and he would therefore 
ask if it was to be incorporated in the pig; but it 
did not seem to be in a form that would be readily 
available in that way, as were some other alloys 
used for like purposes. Cost was another important 
question. He understood about 2s. per pound 
would be the market value, and the forms of 
nickel with which he was acquainted, such as 
Caledonian and cupola nickel, were very poor 
materials, being combined with substances undesir- 
able in steelmaking. From a practical point of 
view, it was necessary that the nickel should be 
used in the blast furnace. 

Sir Lowthian Bell said the last speaker had raised 
objections to the use of nickel, but it did not seem 
that there was any call, from the practical stand- 
point which Dr. Riley adopted, to discuss the 
matter, because the very practical results of Mr. 
James Riley, in the shape of familiar objects of 
daily use, were on the table before them ; and both 
the author and Mr. Hall had spoken of the excellent 





results obtained. It would not, therefore, matter 
very much whether there was or was not copper and 
other metals incorporated with the steel. As a 
matter of fact, he did not think the blast furnace 
was the best place to introduce the nickel. With 
regard to what Mr. Snelus had said, meteoric stones 
had been falling upon the earth for many thousands 
of years before the Iron and Steel Institute came 
into existence, but he did not think metallurgists 
need reproach themselves on this account, because 
it was not a fact that they were composed of a 
substance having great tensile strength. Mr. 
Snelus remarked there was a difference between the 
meteoric stone and metallic meteorites. The speaker 
thought that the high price of nickel might tell 
against its employment. 

Mr. W. H. White, the Director of Naval Con- 
struction, said that, as one who had to do with the 
designing and building of ships, he quite agreed 
with what had been said about the importance of 
the subject under discussion. He regretted that 
he had not had an opportunity of going carefully 
through the paper, but there were some facts, from 
the user’s point of view, which occurred to him 
upon the hasty reading which he had been able to 
give it. There were many alloys of steel which 
possessed certain virtues in a high degree, but 
which were perfectly unworkable by the ordinary 
appliances of the shipbuilder. It appeared to him 
that many of the examples quoted by the author 
would come under this head, but the 5 per cent. 
nickel-steel was not one of these, as it could be 
punched and machined. There was one question 
he wished to ask the author, and it opened up a point 
of great importance. Assuming it to be a fact that 
nickel-steel could be used for plates in shipbuilding 
and boilermaking, was it possible to make it into 
rivets which could be worked and would be trust- 
worthy ? That is, would the strength of the 
rivetted joint be proportional to the plate? It was 
a good many years since the Landore Steel Company 
made certain experiments on high tension steel, and, 
amongst others, they carried out some tests sug- 
gested by the speaker. The result was that they 
found the limit of strength was not determined by 
the tensile strength of a usable material they could 
work into a plate, but by the strength that could be 
reached at the junction of the plates. Another fact 
which occurred to him, from the user’s point of 
view, had reference to what had been said about the 
reduction of ship scantling. It was not always 
desirable to push these reductions to the utmost 
limit, even to save weight. When the Admiralty 
passed from iron to steel there were many portions 
of the structure where they could save no weight, 
even although they were dealing with a stronger 
material, and the same would be the case if these 
nickel steels were employed. So far as tensile 
strength was concerned the steel vessels could be 
made much thinner in many places, but there were 
practical reasons which stood in the way. It was 
not desirable that the commercial side of the ques- 
tion should be debated on that platform, but the 
question of cost could not be altogether ignored, 
and the user had to consider what he paid for his 
materials. With regard to non-corrosion, that 
already applied, for naval architects had long 
known of alloys which could be used for torpedo 
boats or yachts, and which would give non-corrosive 
properties together with all the strength required ; 
but these alloys had not been used, because they 
were too costly. Mr. White would like to take that 
opportunity of saying a word before the members of 
the Iron and Steel Institute on the armour ques- 
tion. He had spoken on the subject a short time 
previously before another society, but it would 
perhaps be not amiss, even if he repeated himself, 
as his words would now be reported in the press. 
It had been said that English steelmakers occupied 
an inferior position to those of Continental nations 
in the production of ship armour. This was not 
true. The best steel plates that had ever been 
tired at had been the production of English makers, 
and had been put to test in this country within the 
last year. One plate tried had been shown to 
possess the self-same qualities as that referred tu 
by the authorin his paper, and an example of which 
was shown inthe room. The maker of a plate sent 
to Portsmouth for trial held the theory that it was 
possible to produce in the process of manufacture 
and by chemical means the same qualities which 
were generally supposed to be only attainable by 
mechanical treatment. This view was embodied in 
the plate he submitted for test, and although it 
was not all that could have been desired, so far as 
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the principle was concerned, the manufacturer was 
successful. Nothing could be more satisfactory 
than to find the same views carried out in the 
manner described by the author, and if, with- 
out touching too much on the commercial side, 
he might venture to hope that there was a 
prospect of armour being produced as a mere 
casting, fitted to the ship’s shape, those who have 
the designing of war vessels would be delighted to 
experience such a welcome relief. Before, however, 
this could be looked on as an accomplished fact, the 
tests would have to be long and severe. If those 
who were interested in the introduction of this 
nickel alloy would give the Admiralty an oppor- 
tunity of firing at a plate corresponding to those 
recently tried and to which he had referred, he was 
sure that the Admiralty would be very much obliged 
to them. 

Sir Bernhard Samuelson wished to ask whether 
experiments had been made to test the effect of 
using nickel as an alloy in cast iron from crucibles, 
in the process which was known to many members 
present. 

Mr. Martell, of Lloyd’s, speaking also from a ship 
constructor’s point of view, said he could not com- 
mence his remarks on this important paper without 
saying that it was to Mr. Riley they owed the fact 
that they were able to use steel in the construction 
of mercantile ships. For that reason anything he 
might bring forward was deserving of the greatest 
respect. Itseemed to him that Mr. Riley was still 
treading the same path, and was introducing to 
them a material as much superior to the mild steel 
which he had first taught them to use, as that metal 
was superior to wrought iron. It was still desir- 
able to increase the elastic limit of the material 
used in shipbuilding, and in this respect iron plates 
had relatively an advantage over steel. What 
was wanted was to raise the elastic limit of steel 
above that of iron in the same proportion that 
the tensile strength of steel was superior to that of 
iron. That was what he hoped Mr. Riley would be 
able to do for shipbuilders. The second important 
point against steel wascorrosion. He was sorry to 
say it was a very important point, because there 
were always a number of very careless people 
in the world, and these had to be taken into 
account. Steel, on account of its greater purity 
than iron, was more readily corroded. That was 
found in actual experience. If a steel ship were 
neglected—if it were not kept painted—it would 
corrode. It was no good blinking that fact, and 
shipowners should have it impressed upon them. It 
was, therefore, very pleasing to find that Mr. Riley 
was introducing a material which would meet these 
two points, and it would do an enormous good to 
all those interested in shipping matters, for there 
were some shipowners who actually contemplated 
going back to iron ships because of the greater 
liability of steel to corrode. 

Mr. P. Gilchrist said it appeared from what Mr. 
Riley said that nickel would not replace manganese, 
or rather that he could not get the nickel to alloy 
without manganese. If this were so, could the 
carbon be reduced, keeping the nickel down to 
1 per cent. and the manganese to 0.58 per cent. ? 
If so, what would be the result with regard to work- 
ing? The author had said that ‘‘ The steel is steady 
in the mould, it is more fluid and thinner than 
ordinary steel, it sets more rapidly, and appears to 
be thoroughly homogeneous.” This Mr. Gilchrist 
could not understand. He would have thought 
that, being more fluid, it would have a lower melt- 
ing point, and would therefore set more slowly. 

Mr. W. Parker had not been able to read the 
paper, but he had glanced through it, and found his 
name mentioned. The introduction of mild steel 
for boilermaking had led to a saving of fuel of 
25 per cent. by rendering the use of higher pressures 
possible, and if Mr. Riley could introduce the 
material he now described, increasing the tensile 
strength, ductility, and elastic limit, shipowners 
mighthopeforanother25 percent. reduction. Lloyd’s 
would welcome the material, but it would have to be 
submitted to searching tests before being passed. 

Mr. Hadfield said that nickel was not a new sub- 
stance as an alloy with iron, Faraday having made 
experiments in that direction, going as far as 50 per 
cent. of nickel. Some of the results recorded con- 
firmed the statements in the paper. Oxidation, 
however, was induced rather than prevented. Dr. 
Percy had made an alloy of iron and nickel, and 
stated that it was very strongly attracted by the 
magnet. (Mr. Hall remarked that he had made ex- 
periments in this direction, and found the alloy more 
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subject to the influence of the magnet than any 
substance he was acquainted with.) Fairbairn had 
also worked in the same direction, and found the 
alloy to be susceptible of a very high polish. He 
would like to know whether the nickel and iron 
hardened when dipped into water. Mr. Riley said 
he made tools of it, and it seemed as if it were of a 
self-hardening nature, and that it could be hardened 
by hammering. He would also be glad to know 
something about its electrical conductivity. In two 
of the tests made by the author it showed somewhat 
peculiar results. In one of the tests, referred to in 
the table, the elastic limit of the material as rolled 
was 38.2 tons, whilst after annealing the elastic 
limit was 12.75 tons. This seemed to the speaker 
a very large drop indeed. Mr. A. Parkes, of 
Birmingham, made a number of experiments in 
this direction in 1870, for he took out a patent for 
drawing nickel wire up to 10 per cent. 

M. Geney, who represented M. Marbeau, the 
inventor, said that when nickel was put into cast- 
iron it increased the strength and soundness. It 
increased the resistance and the fluidity also. 
Armour plates 6 in. thick had been cast. 

The President, in summing up the discussion, 
said that he did not think the question of cost would 
seriously interfere with the introduction of a metal 
having so many valuable properties as that intro- 
duced to the meeting by Mr. Riley; more par- 
ticularly for special purposes, such as locomotive 
tyres. When steel tyres were first introduced into 
this country they were sold at 1201. a ton, which 
was about three times the price of the Low Moor 
tyres then in use ; whilst Bessemer rails had made 
their way at 18/. or 19/. aton. A material possessing 
such virtues as those attributed to this nickel steel 
was sure to make its way. He thought that if the 
rivetting question presented difficulties these would 
be overcome by the aid of electricity. He exhibited 
a rod which consisted of four short pieces of copper, 
brass, German silver, and iron all welded together 
by electricity. Nickel-steel plates would have 
nickel-steel rivets put in cold, and these would all 
be welded up into a solid mass and this would be 
done before a very long time had passed. 

Mr. James Riley, in replying to the discussion, 
said he sympathised deeply with Mr. Hall; and, 
indeed, during the last two days, since that gentle- 
man had told him of how protracted a nature his 
experiments had been, he had felt for him in his 
unfortunate position. Having said so much the 
speaker considered he was not called upon to make 
any further remark with regard toa claim which 
did not affect the subject from the point of view 
before the meeting. Mr. Hall’s remarks were, 
however, of great interest to him, inasmuch as they 
confirmed what he had advanced for this alloy, and 
indeed, went further, for he, the author, had rather 
understated than overstated his case if judged by 
Mr. Hall’s standard. He was hardly in a position 
to enter into the details raised by Mr. Edward 
Riley’s questions ; but M. Marbeau claimed in his 
patents the use of crude nickel, whilst on the table 
there was a bust cast simply from crude nickel aa it 
came unpuritied from the mines of New Caledonia. 
How far the claims of the inventor could be sub- 
stantiated further experience was required to fully 
prove, but he had found that, with the use of the 
so-called pure nickel, one sample brought to him 
contained an important quantity of oxide of nickel, 
which was a very undesirable substance. It could, 
however, be counteracted in the process, if it were 
known to be present, in the same way that correc- 
tions are made for iron oxide in the basic process. 
He trusted he had not answered the question put 
by Mr. Jenkins in an abrupt manner, but the fact 
was the operations had not advanced to a com- 
mercial stage which would entitle him to say 
anything as to cost of production. They had 
been rather engaged with the quality of the 
material than its price. He had, however, a hazy 
notion —a vague idea arrived at by some very casual 
calculations—that the cost of production would not 
be prohibitive; otherwise he did not think the 
little spare time he could command would have been 
taken up by examining so closely into this matter. 
In fact he believed it would be a commercial pro- 
duct. He would go even further than this and say 
that if the Admiralty would favour his company 
with a contract of the same magnitude as that which 
they made with them in 1875 for steel for building 
the Iris and Mercury, and at the same price, he 
should be very glad to accept the order, a statement 
which called for the applause of the meeting. 
Mr. White had spoken as the speaker would 








have expected he would speak on a subject like 
that befure the meeting. It was not to be ex- 
pected he would commit himself to unqualified 
approbation, but he had given them more encourage- 
ment than they had received in the early days of 
the introduction of mild steel from some high 
officials of public departments. The question 
Mr. White had raised as to rivets was one of great 
importance. He, the speaker, thought that inde- 
pendently of the extraneous help promised by those 
new developments mentioned by the President, and 
in the ordinary course of construction they would 
be able to give to the contractor rivets which would 
enable a joint to be made adequate to other parts of 
the structure. Mr. White had also said that reduc- 
tion of scantling was not always a point that need 
be much considered, but the author had pointed out 
in his paper that there was the choice between 
lighter scantling and additional strength with the 
same scantling. In many of the best lines of steam- 
ships, constructors already proceed on these lines in 
using steel in place of iron for steamships. Mr. 
White could, possibly with advantage to the public 
service, work in the same direction with this new 
material, if he elected to make that choice. The 
non-corrosive qualities of this metal—a point which 
those connected with the mercantile marine would 
consider as of the highest importance—might be 
thought from the remarks of Mr. White to have 
had too high a commercial value set upon it, but 
he could assure the Director of Naval Construction 
that he would not be asked to pay too dearly for 
those qualities which Mr. Martell and many others 
looked on as almost invaluable. He was thankful 
for the semi-kind remarks made by Mr. White with 
regard to armour plates, and he would cherish the 
small modicum of comfort as an incentive to pro- 
ceed further and produce on a large scale some- 
thing equal to that which was shown to the 
members then present by the small plate which had 
been tested. He regretted he could not answer a 
question put by Sir Bernhard Samuelson as to the 
effect of nickel on cast iron, as he had not experi- 
mented in that direction. Mr. Martell spoke in 
that kind manner with which he always wel- 
comed any advance, which would further the in- 
terests of those arts with which he was connected. 
The one great drawback to the use of mild steel 
was its want of rigidity which had been referred to 
by Mr. Martell under the synonymous term of low 
‘* elastic limit.” It was a most important quality, 
and he hoped in this new material it would be 
found present to a satisfactory degree. Mr. Mar- 
tell had also made some very candid statements as 
to corrosion, and had given shape to some very 
vague statements made on this subject. In some 
engineering papers dreadful accounts had been 
printed of the rapid corrosion of steel ships. When- 
ever an instance was thus exposed to the public 
gaze, then the public gaze was focussed upon this 
one ship and was withdrawn from the ninety and 
nine that were whole. It was well, therefore, that 
the matter should be met, and Mr. Martell had 
pointed out where to look for the cause of the evil ; 
to inquire how the people who had to look after the 
shiphad performed their ordinaryduties. At anyrate 
this new steel would prevent this additional chance 
of even careless people from spoiling a ship by their 
neglect. Mr. Gilchrist had asked whether the nickel 
could be introduced without the aid of manganese. 
It was a fact that a due proportion of this element 
—he would rather not say how much at present, his 
experience was so limited—was necessary. He 
knew nothing to prevent this steel from being 
alloyed with all the varied strengths of carbon 
which were yet known. Mr. Hall had answered 
the question asked by Mr. Hadfield as to the mag- 
netic properties of nickel steel, but he, the speaker, 
could say the conductivity was very low. Con- 
sequently resistance was high, so that although not 
available for electrical work from one point of view, 
it might be extremely useful in some other respects. 
Mr. Hadfield had dwelt on the change in elastic 
limit caused by annealing. That was a subject he 
had treated in the paper, and he considered it a 
quality of great importance which would enable the 
metal to be used for a vast number of purposes. 
Mr. Parker had given warning of what he trusted 
would not be acycle of tests, of troubles, of wor- 
ries ; all those that were called up to his mind by 
the shadows of the dreadful past, when mild steel 
was introduced in 1875. It would be terrible. He 
did not know that life would be worth living with 
such a prospect before him. 


(Zo be continued.) 


NOTES FROM THE SOUTH-WEST. 


South Wales Coal and Iron.—The exports of coal foreign 
from Cardiff in April were 728,966 tons; the exports 
coastwise were 96,758 tons, making an aggregate of 
825,724 tons. The exports of coal foreign from N ewport 
in April amounted to 175,608 tons; the exports coast- 
wise were 72,943 tons, making an aggregate of 248,551 tons. 
The exports of coal foreign ems Wace in April were 
60,266 tons; the exports coastwise were 65,819 tons, 
making an aggregate of 126,085 tons. The exports of 
coal foreign from Llanelly in April were 16,348 tons ; the 
exports coastwise were 8120 tons, making an aggregate of 
24,468 tons. The exports of coal foreign from the four ports 
in April amounted to 981,188 tons ; the shipments coast- 
wise were 243,640 tons, making an aggregate of 1,224,828 
tons. Iron and steel were exported from Cardiff in April 
to the extent of 6677 tons, from Newport to the extent of 
10,9004 tons ; and from Swansea to the extent of 1043 
tons, making an aggregate of 18,6204 tons. The exports 
of coke from Cardiff in April were 4971 tons ; from New- 
port, 40 tons; and from Swansea, 276 tons; making an 
egetogate of 5287 tons. The exports of patent fuel hows 

ardiff in April were 19,437 tons ; from Newport, 3441 
tons; and from Swansea, 24,753 tons, making an aggre- 
gate of 47,681 tons. The shipments of coal from Cardiff 
in the first four months of this year amounted to 3,402,820 
tons ; from Newport to 1,029,760 tons; from Swansea to 
523,003 ; and from Llanelly, to 82,989 tons, making an 
aggregate of 5,038,572 tons. The exports of iron and 
steel from Cardiff in the first four months of this year 
were 25,415 tons; from Newport, 46,938 tons; from 
Swansea, 1059 tons; and from Llanelly, 2500 tons, 
making an aggregate of 74,912 tons. The exports of coke 
from Cardiff in the first four months of this year were 
22,262 tons; from Newport, 1005 tons; and from 
Swansea, 1221 tons, making an aggregate of 24,488 tons, 
The exports of patent fuel from Cardiff in the first four 
months of this year amounted to 83,095 tons; from New- 
port, to 18,083 tons; and from Swansea, to 103,023 tons ; 
making an aggregate of 204,201 tons. 


Bristol Docks. —The dock and city dues collected in con- 
nection with Bristol Docks in the year ending —— 30, 
1889, amounted to 86,6987. The corresponding collection 
in the year ending April 30, 1888, was 82,267/, It 
follows that the revenue increased in 1888-89 to the 
extent of 44311. 


Cardif..—The steam coal trade has exhibited more 
buoyancy ; prices have ruled firm, and a hopeful feeling 
is entertained as to future prospects. The best qualities 
have made 13s. 6d. to 14s. ; good dry coal, 12s, to 12s, 3d. ; 
and best Monmouthshire, lls. per ton. The tone of the 
house-coal trade has become weak, but prices have not 
varied materially. Patent fuel has been in good demand. 
As regards the manufactured iron and steel trades, the 
works are stated to be well employed, and prices have 
been generally firm. Heavy section steel rails have made 
4l. 15s. to 41. 17s. 6d; and light section ditto, 5/. 15s. per 
ton. 


Barry Port.—A proposal has been made for an ex- 
tension of the Mynyddmawr Railway so as to put Barry 
Port in communication with Messrs. Waddle and Co.'s 
colliery at the Tumble. 


Abergavenny.—On Tuesday, Mr. S. Harding Terry, an 
inspector of the Local Government Board, held an inquiry 
at Abergavenny, with regard to an application by the 
Abergavenny Improvement Commissioners for leave to 
borrow 1006/. 3s. 9d. for the purpose of laying drains 
through various streets, some of which were on building 
estates. Mr. Iltyd Gardner opposed the application on 
behalf of some of the ratepayers, on the ground that the 
cost of the putting in of sewers, &c., ought to be borne by 
the owners of the estates affected. 


Fortifications at Weymouth.—A carefully arranged 
scheme has been prepared for improving the fortifications 
at Weymouth. ‘The chief alterations in the forts and 
batteries are to be made so as to admit of existing guns 
being replaced by much heavier armaments, it being in- 
tended to replace the present 12-ton and 18-ton guns by 
others of 32-ton calibre, this step being rendered necessary, 
it is considered, by the greatly increased range and power 
of modern artillery. 


The Monmouthshire Coalfield.—New pits are being sunk 
by the Ebbw Vale Steel, Coal, and Iron Company 
(Limited), and Messrs. Partridge, Jones, and Company 
(Limited) have acyuiredthe Llanithel Collieries, formerly 
owned by Mr. H. Powell. These pits are at the present 
time sunk down to the Tillery seam of red ash house coal, 
but it is the intention of the new proprietors to continue 
them down to the steam coal measures. The house coal 
seam will also be worked. 


The Bute Docks.—Ten petitioners have lodged petitions 
praying to be heard before a Select Committee of the 
House of Lords in opposition to the Bill for establishing a 
working ment conees the Bute Docks and Taff Vale 
Railway Companies. The Rhymney Railway Company, 
after puinting out in its petition that it has raised and 
expended 1,500,000. upon its railways, state that none of 
this capital would have been raised had it been contem- 

lated that the management of the docks would ever have 

en handed over to the Taff Vale Company. TheGreat 
Western Railway Company urges that if the dock com- 
pany desires to part with its undertaking it should be 
transferred either to a public trust or some other dock 
company. The Barry Deake Company, in its petition, 
submits that amalgamation must tend to defeat the 
object for which the Barry Docks undertaking was 





authorised, and to deprive the Barry Dock and Railways 
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WEBB’S LOCOMOTIVE FIREBOX. 

WE give on the present page and page 562 illustra- 
tions of a novel form of locomotive firebox designed by 
Mr. F. W. Webb, the chief mechanical engineer of the 
London and North-Western Railway. When, some 
eighteen months ago, the price of copper was suddenly 
nearly doubled by the operations of the late ‘‘ copper 
ring,” Mr. Webb commenced working at the intro- 
duction of a new form of locomotive firebox which 
should be better adapted for construction in steel 
than is the ordinary flat-sided box in general use, and 
the firebox we now illustrate was the result. It is, 
as will be seen, a very bold departure from ordinary 


pes. 

As will be seen on reference to our engravings, the 
new firebox consists (see Figs. 3 and 4, page 562) of 
two cylindrical chambers connected by a neck of rect- 
angular cross-section. The lower chamber consists of 
two lengths or rings, united by an Adamson flanged 
seam, the front length being cylindrical, while the 
rear length has the plate which forms it opened out to 





Fig. 5. 


join the corresponding plate of the upper chamber, 
thus forming the sides of the connecting neck already 
mentioned. The rear side of this neck is formed by 
the back plate of the firebox, while the front side con- 
sists of the plate which is cut out to form the rings of 
the adjacent Adamson joints. ; 

The upper chamber is built up of three lengths united 
by Adamson flanged joints, the rear length being of the 
form already described, while the middle length is 
cylindrical and the front length of © section as 
shown in Fig. 2. This last-named length constitutes 
a combustion chamber which extends into the barrel 
of the boiler, and its form of section has been adopted 
to give greater space for the tubes than would have 
been available had a cylindrical shape been retained. 
The flat top of this combustion chamber is stayed by 
cast-steel girder stays as shown. 

The flat sides of the connecting neck, the front of 
the lower chamber, and the rear of the upper and 
lower chambers, are stayed to the shell in the usual 
way, but. for the rest of the firebox stays are unne- 
cessary, its form and construction giving it ample 
strength. It will be seen from Figs. 3 and 4, that the 
ends of the chamber are made with annular corruga- 
tions which give considerable elasticity, while they 
also to some extent preserve the heads of the stays 
from the action of the fire. 

The fire-grate occupies the whole length of the bot- 
tom chamber, and the fumes return towards the fire- 





door to pass up the connecting neck, just as they 
would under an ordinary firebrick arch. The ashpit 
has a water-bottom formed by the water space below 
the lower chamber. 1t will be seen that, apart from 
the few screwed firebox stays and the sling stays which 
are coupled to the girder stays at the top of the com- 
bustion chamber, the firebox is connected to the outer 
shell only by the ashpit and firehole mouthpieces, and 
there are thus great facilities for free expansion and 
contraction without giving rise to straining. 

The form of the external shell of the firebox is clearly 
shown by Fig. 1, on page 562, and Fig. 5 annexed. 
Where the width of the shell is contracted it is stayed 
to the neck already mentioned, and in front of this by 
through stay bolts which pass across between the upper 
and lower chambers of the firebox. The back plate of 
the firebox shell is flanged so as to allow of its being 
fixed by an external joint which can be dealt with by 
a hydraulic rivetting machine. All the joints of the 
internal box are arranged with a similar object in view. 

Of course in the old days when all flanging was done 
by hand, such a firebox as we have been describing 
would have been an expensive form of construction. 
But with the hydraulic flanging presses in use at 
Crewe, and with steel of the quality now available, 
such flanging as is required for this box is mere child’s 
play, and the construction is an economical one in 
addition to its other advantages. 

The boiler shown by our engravings was fitted by 
Mr. Webb in place of one of the ordinary type on one 
of his six-coupled goods engines and the experience 
obtained with it is highly satisfactory. The heating 
surface of the firebox is 132 square feet against 94} 
square feet in the firebox of the ordinary type, but of 
course there is some reduction in the tube surface due 
to the introduction of a combustion chamber. The 
boiler is worked at 1401b. pressure and has been 
proved to 210 lb. per square inch, and it is found to 
steam freely. 


ON A REFRACTION GONIOMETER.* 
By Mr, A. P. TROTTER, 

Practica problems relating to the refraction of light 
are considered, as a rule, with reference to foci and axes. 
The resulting surfaces are generally spherical, for con- 
venience of manufacture, and considerable ingenuity has 
been spent in overcoming spherical aberration and other 
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a, by the combined effect of several spherical sur- 
‘aces. 

About seven years ago the author had occasion to in- 
vestigate the figure of a refracting surface which would 
effect a redistribution of the light passing through it, 
without reference to any focus or principal axis. 

The course adopted was to construct a polygonal figure 
as an approximation, and the curve required could then 
be inscribed within it without any serious inaccuracy or 
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cumulative error. Each side of the polygon being treated 
as the face of a prism, the problem became simple, but 
promised to be laborious. The determination of the 
path of a ray of light throught a prism in the principal 
plane is an operation of great simplicity, but in this case 
there were some 700 angles to be found, and in the com- 
plete investigation there were upwards of 3000. 

At first the angles were found by the geometrical con- 
struction given in Deschanel, page 924, first edition, but 
it soon became apparent that the labour of redrawing the 
diagram could be obviated by the use of a pate 
work arranged to represent the lines of the diagram. 

Two bars a b are pivotted on a centre c, the contained 
angle D being measured by a graduated arc carried by 
one of them. Ateandd are two knife edges. Against 
these the two bars f and g are brought to bear. These 
bars are pivotted at Aon a slide. The ratio of the dis- 
tance c h to c e being the refractive index to the prism. 

By construction, sine ¢ bears the same ratio to sine ¢', 
and sine y to sine ¥'. The angle i is the refracting 
angle of the prism, being the sum of ¢! and y!. Graduated 
arcs are provided to measure this angle; and ? the angle 
of incidence on the first surface. 

A series of values of ¢ and D being given, it is easy to 
find the values of i at the rate of six per minute. 

A considerable number of other problems can be worked 
out to about a quarter of a degree of arc, and verniers 
could be added without much difficulty, if required. The 
instrument appears likely to be useful in physical labora- 
tories for adjusting optical apparatus, and for the calcu- 
lation of lighthouse and other polyzonal lenses, Fresnel 
prisms, &c. 

The relations of the angles of incidence, deviation, and 
the angle of the prism, may be expressed by a family of 
curves. The ordinates represent the angles of incidence 
by the length of their arcs. They have positive and 
negative values according to the inclination of the ray to 
or from the refracting edge of the prism. The abscisse 
represent the angles of dotation, and the parameter of 
each curve is the refractery angle of the prism. 

It may be objected that it is unscientific to represent 
angles by the lengths of their arcs, especially when they 
are related by the simple trigonometrical function of 
Snell’s law of sines; but polar curves, or curves of the 
sines of the angles, do not show their relations so clearly, 
and for practically setting out an optical problem, it is 
easier to read the angles from a protractor than to set off 
their sines. 

The point of osculation of any curve with the ordinate, 
is the point of minimum deviation for that prism; and 
through these points a curve may be drawn, showing the 
minimum deviation for all prisms, 
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Each curve is terminated at one end by 0 deg. inci- 
dence, and at the other by total reflection. Through the 
latter points a curve may be drawn showing the limiting 
angles of incidence and of deviation at the critical angle 
of the prism. The limiting angle of maximum deviation 
for ». = 1.5 is 97 deg. with a prism of 83 deg., these angles 
being supplementary. 

By taking the length of the arc of the angle of the 
prism as a third dimension, a solid figure may be con- 
structed whose surface represents all possible relations 





* Paper read before the Physical Society. 


between the incidence, deviation, and refracting angle, 
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THE STRONG LOCOMOTIVE. 
(FroM ouR NEw YorK CoRRESPONDENT. ) 

In the issue of EncrneERtNG for April 29, 1887, there 
was given a two-page engraving and description of 
engine ‘‘ 444,” together with a history of its perfor- 
mance, this engine being one constructed from the 
designs of Mr. G. 8, Strong for the Strong Locomotive 
Company. In EnGIneerine of July 13, 1888 (vol. xlvi., 
page 26), in the account of the Mechanical Engineers’ 
meeting at Nashville, Tenn., the controversy between 
Messrs. Dean and Barrus, as regards the working of 
this engine, was briefly alluded to, in which discussion 
Mr. Dean undoubtedly had very much the best of 
it. It is now the pleasant duty of your correspondent 
to chronicle the latest performance of a new Strong 
locomotive, recently constructed by the Hinkley Loco- 
motive Works for the Strong Locomotive Company. 

Mr. Geo. 8. Strong, like most inventors and men of 
genius, continues to invent, and the engine in question, 
the ‘‘ A. G. Darwin,” shown in the two-page engraving 
this week, is an improvement on ‘‘ 444,” shown in the 
issue of April 29, 1887. Having made, as he con- 
ceived, an engine in many — superior to anything 
extant in this line, he desired to have a severe test 

applied to it, feeling but little doubt as to the result 
of such trial. Accordingly he arranged to have this 
engine attached to the regular Chicago fast line on 
the New York, Lake Erie, and Western Railway, 
which is the most rapidly running train on that rail- 
way, and invited a number of guests to witness the 
trial. This invitation involved an additional car for 
their accommodation, and one of the finest Pullman 
drawing - room cars was procured for this purpose ; it 
was, moreover, the easiest running car possible. 

As in the previous trip, there had been a light fall of 
snow, and it continued to rain and snow at intervals, 
making the track ‘‘ greasy.’ The plan was to run the 
engine from New York to Buffalo (423 miles) in a con- 
tinuous run, to show that she could maintain her 
ability to steam freely and to make rapid time through- 
out the entire distance, and that no. part of her ma- 
chinery would fail, become heated, or in any other way 
be incapacitated for service. By a study of the time 
table annexed it will be seen that the last run of the 
trip was made at as great, if not greater, speed than any 
other part of the journey. The very last stage of the 
trip cannot be considered, because the engine was 
ahead of time and had to waste it in the Buffalo yard, 
and, as it was, came in three minutes ahead. Some 
miles between Warsaw and Attica were made in fifty 
seconds, 

The gross weight hauled was about 300 tons, and in 
spite of the unfavourable condition of the rails from the 
snow, the engine seemed to start off with this train as 
though it amused her. On the return trip the train, 
which was for a portion of the journey much heavier, 
seemed to have no particular effect on the engine. On 
arriving at Buffalo the engine was run into the round- 
house and wiped off, and the next morning brought the 
party back to Jersey City at the same speed, thus 
practically demonstrating her ability to run 946 miles 
without being overhauled. This test will soon be made, 
and the engine will run from New York te Chicago 
without stopping, except for coal, water, &c. Her 
inventor, with praiseworthy pride, declares he can run 
her from New York to San Francisco on these terms. 

On examining the annexed time table, it will be 
noted that the engine on starting behind time at once 
proceeded to gain that lost. The time lost, too, was 
always the result of delays, and never in the running. 
For instance, at Callicoon, where twenty minutes were 
lost, a freight train had broken down, and it was 
necessary to detach the ‘‘ Darwin” and pull away the 
obstructions. In some instances the coaling involved a 
loss of time owing to the construction of this engine, 
and her failure to fit the shutes properly. One of the 
most remarkable features of the run was shown at the 
bank at Port Jervis, of 13 miles of 54 ft. grade. The 
engine started at the foot of this grade with 140 lb. of 
steam, hauling seven cars, about 340 tons in all; when 
she reached the top, having run 23 miles in thirty-one 

’ minutes, she had 152 1b. pressure, and blew off as soon 
as she stopped. Now, further it may be said that the 
coal was of a poor quality, and quite dirty, a soft 
bituminous coal, and not a particularly good steaming 
fuel ; yet the combustion is so perfect that not only no 
cinders escape from the smoke stack, which has no 
spark arrester, but no smoke. The city engineer of 
Buffalo, who was riding on the engine with your 
correspondent, remarked the absence of smoke, and 
said, ‘‘ That must be a good quality of anthracite coal 
used.” He was quite surprised when told it was 
bituminous coal, and desired at once to see the fire- 
box. 

We may now proceed to give a description of this 
engine and its valve gear, referring for that purpose 
to the two-page engraving published this week, 
and to the illustrations on pages 551, 554, 555, 
and 558. The engine has cylinders 19 in. in diameter 
by 24 in. stroke, four driving wheels 68 in, in 
diameter, a four-wheeled leading truck, and a two- 
wheeled trailing truck under the firebox. The total 


TABLE OF RUNNING TIME. 












































Eastbound, April 2. Westbound, April 1. 
Schedule Time. Actuil Time. Stations, Miles. Actual Time. Schedule Time. 
1 ] | 
Arrive | Leave Arrive | Leave | Arrive | Leave Arrive Leave 
| | p.m. ’ am. a.m. 
| 11.55 11.56 | se Jersey City ..|—.. 9.24 ae 9.20 
| 10.26 | 10.23 | 10.26 Paterson .. os 17 9.52 an 9.52 
| | Tuxedo .. . 39 10.31 10.32 oi 10.30 
9.35 9.38 9.48 Turner's .. Be 47 as 10.52 He 10.49 
| Greycourt ‘ 54 oe 11.06 oe 11,01 
9.08 9.12 9.13 Goshen .. me 60 s 11.16 a 11.12 
| 8.55 9.00 9.04 Middletown a 67 - 11.30 ae | 11.26 
7.55 | 8.15 7.55 8.20 Port Jervis me 88 12.03 12.29 12.05 12.25 
| 7.17 7.10 7.17 Lackawaxen ae 11 101 1.09 oe | 1.05 
| Narrowsburg ..| 122 1.26 1.28 | 1.24 
| 6.30 6.27 6 33 Callicoon .. 56 136 2 05 2.09 1.49 
| 5.43 5.50 5.51 Hancock .. on 164 2.43 2.46 a 2.35 
| 5.20 5.28 5.32 Deposit .. és 177 3.06 3.07 és | 2.58 
4.40 | 4.45 si *4.45 Susquehanna ..| 192 3.33 3.41 3.31 | 3.34 
4.22 4.22 4.23 Great Bend os 201 3.53 3.54 oe 3.58 
3.50 3.58 3.49 3.58 Binghamton oe 215 4.11 4.18 4.11 4.15 
| 8.85 3.31 3.33 Union... «-| 224 4.30 4.31 “ | 4.28 
3.09 3.12 3.06 | 3.12 Owego... os 237 4.48 4.49 4.45 | 4.47 
2.36 2.40 2 42 Waverly .. i 256 5.12 5.15 oe 5.15 
2.06 | 2.09 2.10 | 2,17 Elmira... mA 274 5 41 5.59 5.41 5.51 
| 1.39 1.43 1.46 Corning .. o 291 6.24 6.26 “ 6.18 
1.21 118 1.26 Addison .. om 302 6.43 6.45 6.38 
| 12.39 12.42 12.43 Canisteo .. is 328 
12.10 | 12.30 12.09 12.31 Hornellsville ..| 332 7.29 8.05 7.27 7.45 
Canaseraga oe 344 8.23 8.24 os 8.07 
11.22 11.22 11.224 Portage --| 862 8.27 8.27} 8.36 
i tw 11.12 11.13 Castile .. = 368 8.56 8.57 | 8.46 
11.05 11.06 11.064 Silver Springs ..| 365 | 
| 10.52 10.48 10.53 Warsaw .. < 376 912 9.18 9.05 
| 10.20 10.17 10.21 Attica ne ES 393 9.40 9.444 9.35 
| 9.26 9.31 East Buffalo ..| 421 
| 9.15 9.15 Buffalo .. «-| 423 10.27 oe 10.30 
| a.m. a.m. p.m. 











* 4.53 from the coal tip a short distance east of the station. Grade from Susquehanna East 60 ft. to 90 ft. to the mile; grade 
from Port Jervis West 13 miles of 54 ft. to the mile. 


weight is 136,000 lb., with 76,000 lb. on the drivers. |from the same eccentric strap; one being bolted 
The tender has a four-wheeled truck at the forward | rigidly to it, while the other has a pin forged on 
end, and a six-wheeled truck at the rear; it carries | the end of it. This pin has a bearing in a bushed hole 
about 7 or 8 tons of coal and 28 tons of water. The | in the strapitself, at a certain distance from their ends. 
boiler is of the same type as that of the former engine | Both these levers have a fulcrum pin, connected with 
illustrated in the two-page engraving published with | one end of a link, whose other end is hung by means 
ENGINEERING of April 29, 1887, but the total heating | of a pin from a block, capable of being moved along 
and grate surfaces are somewhat less, being in the case of | a sector or arc. The - of the pin when moved 
the “A. G. Darwin” 52 square feet and 1650 square feet | along this arc is radial to the fulcrum pin already 
respectively. The fireman’s station is on the foot-plate | mentioned, Thus the position of this block on its 
of the tender, which is roofed over, and the engineer’s | sector, which is regulated, through the medium of a 
cab is just behind the dome. These attendants ought to | reach rod, by the lever in the cab, determines the in- 
have a telephone for communication, and thus avoid | clination of the travel of the fulerum pin. When the 
the usual method of throwing a ball of ‘‘ waste” to| block stands in the centre of the sector, there is no 
attract attention. The furnaces have shaking grates | inclination to the travel of the pin, and the valve is 
with interlocking fingers and double fireboxes of the | moved only the amount of lap and lead. If, however, the 
corrugated type. By keeping one of these at a brilliant | block is moved forward on the sector, the fulcrum pin 
heat, it is easy to maintain the steam pressure and also | travels over an inclined path, which incline represents 
to insure almost perfect combustion. Great economy | the opening of the valve in addition to the lead, and 
of fuel is claimed for this plan, and also freedom from | the engine moves forward, and if the block is moved 
dangers of explosion due to the corrugation. | forward to the end of the sector, the full travel of the 
But Mr. Strong’s greatest claim is on his valve | valve is given, and steam follows the piston 20in. of 
arrangement and gear, of which engravings are given | its 24-in stroke; if, on the other hand, the block is 
in Figs. 1 to 17, on pages 551, 554, 555, and 558. The| moved back past the centre, the path of the fulcrum 
method of introducing the valves and seats is clearly | pin is reversed, and the engine will run backwards. 
shown by Figs. 1 and 2. The valve seats are plugs, | Thus it will be clearly seen, that by varying the 
fitting into holes bored in the passages from the saddle | position of the block on the sector, the travel of the 
to the cylinder, the ordinary steam chest being dis- | valve is varied, as well'as the point of cut-off, which 
pensed with. The valves are let into grooves milled | latter may be anywhere between 4 in. and 20in. In 
or planed in the seats, so arranged that the valves are | all cases the exhaust valve is allowed to travel its 
free to move up and down in the seats. | full stroke, and as it is worked by the lever having 
There are ten ports (see Figs. 4, 5, 6, and 7) in each | the pin forged on its end, and from a separate fulcrum 
seat on a 19-in. by 24-in., or a 20-in. by 24-in. cy- | pin, with an independent link, block, and sector, its 
linder, each port being 48 in., giving a total port length | travel may be varied at will, and so, of course, may 
of 46} in. in each valve. This length is also, of course, | the steam valve. In ordinary working, however, the 
that of the lead line, as against the 16-in. of an ordi- |exhaust block is never moved on its sector, except 
nary locomotive. This arrangement, even when the | for reversing, when both steam and exhaust blocks 
engine is making 250 revolutions per minute, gives an | are moved at the same time ; after the engine is started, 
initial pressure within 2 1b. of boiler pressure, and does | the steam valves are hooked up, but the exhaust is not 
not allow more than 5 lb. drop to the point of cut-off. | disturbed. The steam valves are given } in. lead and 
The gear can cut off at 4in., and does not release | the exhaust ,%, in. A diagram explaining the action 
the steam until the last inch of piston travel, thus | of the gear is given in Fig. 16, on page 558. 
getting six expansions. The exhaust does not close, The complication of balanced valves and the difficulty 
until 34 in. from the end of the return stroke, avoiding in keeping them in order and tight, has prevented their 
excessive compression. Mr. Strong holds the view | introduction, and a case where the steam consumption 
that an ordinary locomotive loses 33 per cent. of the | of the balanced valve was 10 per cent. above that of 
mean effective pressure from compression, which neces- | unbalanced valve engines has recently been reported. 
sitates a late cut-off and not more than three expan- | With the Strong quadruple valves, all the advantages 
sions, in order to maintain the same mean effective of balancing are secured without its complications, for, 
pressure that he gets with six expansions. For this | by the peculiarity of the motion given by the rocker 
reason he considers the link motion is not good for | gear, it is so secured that when the load on the valves 


very fast and heavy work. It can neither get the | 
steam in nor out properly. In losing at both ends, 
it exhausts at too high a pressure, and does not allow 
an initial pressure at all near that of the boiler. All 
these objections are, he considers, entirely overcome | 
by the valve gear shown, which is of the radial type. 

The motion for all the valves on. one side of the | 
engine is obtained from a single eccentric (see Figs. 13, 
14, and 15), one motion of the lever attached to the. 
eccentric moving the valves, the amount of their lap | 





and lead, and another motion ee the opening | 
in addition to the lead. There are two levers worked | 


is greatest, they are mostly at rest, and when they are 


| moving, the compression coming beneath the steam 


valves so relieves them of load that they are to a large 
extent balanced, whilst similarly when the turn comes 
for the exhaust valves to move, they are exposed only 


to the pressure from the expanded steam. The fact 


that in actual work the wear of the valves is found to 


| be almost nil, confirms these views, and shows that the 


gridiron form of valve, long successfully employed in 
stationary engine practice, has been wisely chosen, and 
that the use of four separate valves, each moving when 
needed, is better than one large valve, which is con- 
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stantly on the move and with which a proper steam 
distribution is impossible. The question of balancing 
has been very satisfactorily settled. 

To use the language of that most distinguished and 
well-known engineer, Mr. E. D. Leavitt, Jun. :—‘‘In my 
judgment Mr. Strong’s valve gear for the locomotive 
promises to do what Mr. Corliss has accomplished for 
stationary engines ; it gives a good inlet and a free 
exhaust, its mechanical details are simple, and with 
proper construction will be durable and free from 
derangement. The gridiron slide valve adopted by 
Mr. Strong is one which has been used in my own 
practice for nearly 30 years, and with eminent success. 
No valve that has ever come under my notice is so 
well adapted for high pressure. None will remain so 
long tight and require so little attention. This is of 
the highest importance in an engine claiming to possess 
a high economy in the use of steam. These valves 
also are easily moved, and hence do not require 
balancing devices. They open rapidly with a short 
travel, and thus permit the use of a light valve gear, 
the valve gear having comparatively little work to do 
will not be easily deranged nor require much repair. 
Mr. Strong’s gear appears to me eminently simple, in 
view of the functions which it is able to perform. It 
brings practically the best automatic cut-off for service 
on a locomotive. Cut-otf valves have been in disfavour 
with locomotive engineers, because they were difficult 
of application, brought heavy strains on the valve 
gear, and finally became more troublesome than useful. 
These evils do not obtain where the cut-off takes place 
on the main admission valve.” 

One thing more to be noted is the remarkably fine 
condition of the Erie track, which is a great im- 
provement over its condition last spring, when the 
American Society of Mechanical Engineers went 
over it. The wise administration of this railroad 
for the past year has been very universally noted 
among railroad men and among the travelling public. 
The track has been ballasted very largely with 
broken stone, the curves have been eased consider- 
ably, and the ditches cleaned out. The road at the 
present time will compare favourably with that 
universal standard, the Pennsylvania Railroad. The 
master-hand of the first vice-president of this line 
is seen throughout, not alone in his selection of his 
subordinates, but in his care in keeping them up to 
their work. It is easy to see that the various 
divisions show a friendly rivalry as to their con- 
dition, and yet it would be difficult to pronounce as 
to which division is in the best shape. Some have 
more natural disadvantages to contend with, and this 
should weigh in passing judgment. Suffice it to say, 
that any one going over the ‘‘Erie” will have every 
comfort possible to travellers, and will be trans- 
ported with great ease and safety over as fine a 
track, and with as fine scenery, as exists in the United 
States. 








WATER GAS. 
To THE EpIToR OF ENGINEERING. 


Sir,—In Mr. Thwaite’s letter which appeared last week 
the following statement is made: ‘‘ For the production of 
the low carbide of iron known as steel, some 7,392,000 
B.U.’s are absorbed when water gas is used; but with 
producer gas 14,400,000 B. U.’s are required.” This state- 
mentof course was made by mistake, for both water gas 
and producer gas are only vehicles by means of which coal 
is utilised in the gaseous form, and the same number of 
thermal units are required to produce a given effect, what- 
ever gas may be used. 

As regards the theoretical aspect of the question, I have 
shown, and Mr. Thwaite agrees with me, that with a 
chimney temperature of 370 deg. C. there is a saving of 
2 per cent. in favour of producer gas as compared to water 
gas. I have had no experience with water gas, but from 
the reports which have appeared in the public prints I 
have culled a few facts, and from these I have shown that 
for melting steel on the open hearth, producer gas is from 
74 per cent. to100 per cent. cheaper than water gas. Mr. 
Thwaite seems to consider the commercial aspect of the 
question not to be of any importance; but I submit that 
manufacturers and ironmasters will consider it just the 
most important point, and hence I cannot agree with him 
that a reference to Mr. F. Siemens’ letter, written in the 
autumn of last year, was either useless or misleading; 
that letter was never answered, and the facts and con- 
clusions it contains remain unchallenged to this day. 

I agree with Mr. Thwaite as to the advantage of quicker 
work causing a reduction in charges for supervision, admi- 
nistration, &c. The use of water gas, owing to its higher 
initial temperature of combustion, would reduce those 
charges; but, as Mr. Thwaite says, all the items of ex- 
pense must be taken into account. The effect of such 
higher temperature on the walls of furnaces would be to 
increase considerably their wear and tear; in what ratio 
I will not say, but judging from the well-known life of 
a regenerative gas steel melting furnace as compared to a 
regenerative gas heating furnace, that ratio would pro- 
bably not be less than the square of the temperature at 
which they are respectively worked; but can we get 
suitable materials to build these high temperature fur- 
naces? Silica bricks can only just stand the temperature 
of steel melting carried on with producer gas, and will not 
the cost of, and stoppages for repairs, increase considerably 
if higher temperatures are employed? Information which 





can only be gained by experience is required on these 
points ; but on another point, which also affects the com- 
mercial aspect of the question, we have full information. 
Water gas has been produced at 4d. per 1000 cubic feet, 
and 35,000 cubic feet of water gas are produced per ton 
of coke, therefore it is clear that the coke can be purchased 
under (35x 4d.) 11s. 8d. per ton, as there is some expense 
attending the manufacture of water gas ; but if the manu- 
facture of water gas is to become an industry in this 
country, will lighting gas companies be satisfied to receive 
for their coke 11s, 8d. per ton, less the cost of manufacture 
of water gas, for which nothing is allowed in this figure ? 
for it must be remembered that coke is not a natural pro- 
duct, but must be made, and its price may be expected to 
rise, owing to its increased sale, and its diminished pro- 
duction at gas works should water gas find favour as an 
illuminant. 

With reference to ‘‘ Bischof gas” I have been at some 
pains to find in the text-books a reference to Bischof as an 
inventor of gas producers. have not succeeded in 
tracing him in Percy; in the new edition of Phillips’s 
‘** Metallurgy ” it is stated at page 97 that ‘‘ experiments 
were made in the Harz (1839) by Bischof, with the view 
of generating gases in a furnace or producer, and sub- 
sequently burning them by means of atmospheric air ;” 
but I have failed to find that the Bischof prodncer has 
had any practical application. It was worked by the 
chimney draught of the furnace with which it was con- 
nected, that is to say by suction (a method not recom- 
mended, I believe, by Mr. Thwaite), and hence leakage 
of air into the producers and flues must have occurred 
and the gas must have deteriorated so as to have been 
rendered absolutely useless for metallurgical purposes 
before it reached the furnace. 

The Siemens producer on the other hand isa well-known 
apparatus of which thousands are in use in this country 
and abroad ; it is worked with internal pressure, which is 
essential for attaining practical results, and it was quite 
natural that it should have been referred to by name, as 
the waste product from the water gas converter was, in 
the correspondence, referred to as producer gas. 


ours, &c. 
London, May 7, 1889. Gas. 





THE SOCIETY OF ARTS ENGINE TRIALS. 
To THE EpITor OF ENGINEERING. 


Srz,—Messrs. Crossley Brothers’ statement in their 
letter to you, published in your paper of 10th inst., is not 
quite correct, and [ would be glad if you would kindly 
allow me to reply to them. 

The gas required for ignition, both in their engine and 
mine, is the same for all sizes of engines, and as theirs 
was a larger engine than mine it would not be fair to 
compare the consumption from the total gas used, but 
from that used in the engine, being lines 18 in the tables 
— in the Society of Arts Journal and by yourself. 

n my engine the consumption at full power was 22.14 
cubic feet per brake horse-power per hour; in theirs, 
23.87. This is 7.8 per cent. more. At half-power I con- 
sumed 26.8 cubic feet, against their 27.34, which is 2 per 
cent. more, so that their statement that my engine is 
more economical at full power only is not correct. They 
certainly beat me with the engine running doing no work 
at all, if we consider that theirs was a larger engine, as I 
burned 47.2 cubic feet, against their 49; but one of the 
old type steam engines working with steam for nearly the 
whole stroke would beat a modern expansive steam engine 
under similar circumstances, and engines are not often 
Lot en simply for the pleasure of seeing them turn 
round. 

This is so far as the actual figures of the tests go, but 
there is another most important point touching the ques- 
tion of econony. In my innocency I sent one of our 
ordinary commercial engines. Messrs. Crossley Brothers 
sent a ‘‘ racer” having the abnormal amount of compres- 
sion of 76.31b. (absolute), against 50.3lb. in my engine. 
It is well known amongst the initiated that such an engine 
would give a better result at a trial when everything is in 
first-rate order, but such engines are scarcely suitable for 
ordinary every-day work. In consequence of this the 
trial of their engine was the most favourable of any test 
that has been ever made and properly authenticated. 

It is a pity for Messrs. Crossley Brothers that they have 
no hopes of reducing the consumption in their larger 
engines, as I find in mine a mest material reduction. In 
a 12 horse-power I recently tested I got a brake horse- 
power for less than 20 cubic feet of gas per hour with a 
perfectly new engine which was bound to improve after a 
few weeks’ regular work. I have only had two years’ 
experience with this engine and have had to give my 
attention almost exclusively to getting out the various 
sizes almost irrespective of improving the consumption. 
Messrs. Crossley have had twelve years at the ‘* Otto,” 
and with their well-known abilities have doubtlessly got 
as much out of the system as it is possible toget. It may 
interest your readers to know that our licensees, Messrs. 
Manlove, Alliott, and Co., of Nottingham, are now mak- 
ing an engine to indicate 100 horse-power in one cylinder 
to work with ‘* Dowson” gas, and expected to give a horse- 
power for # lb. of coal per hour. 

Economy, however, was only one of the points of merit 
in the trials in question—regularity of turning during one 
cycle and with varying loads was placed even before it. 

e ran an incandescent lamp steadily, whilst they had 
to employ a countershaft with heavy flywheel on it ; and 
with varying loads the speed in my engine only varied 
1.75 per cent. against their 8.27 per cent. This is a fair 
amount of superiority anyhow. 

With regard to the arrangement of levers in my engine, 
I write without any hopes of getting Messrs. Crossley 
Brothers in love with it, but I trust at any rate that less 





interested judges will give it fair consideration. The fact 
that it enables a single-acting piston and cylinder to do 
double duty is alone worth the extra parts, but its advan- 

s do not end here; in all gas engines there is a heavy 
initial pressure, which, taking an ordinary diagram from the 
engine in question, amounted to a pressure of 11,907 Ib. on 
the piston ; now in all other gas engines this pressure has 
to be carried by the crankpin, shaft, and main bearings ; 
in my engine it is transmitted to a long white metal bear- 
ing, the pin of which is rigidly fixed in the framing of the 
ergine. The work is more gradually done on the crank- 
pin, giving a much more equable turning moment and 
entirely doing away with the jerkiness so commonly asso- 
ciated with gas engines. The accompanying diagram will 
fully explain this ; it is drawn in the position when there 
is the greatest turning moment on the crankpin and the 
greatest pressure that ever comes on the crankshaft; this 
latter is only 4098 lb. instead of 11,907 lb., as it would 
have been with other constructions of gas engines. Re- 
ferring to the six hours full-power trial the judges state ; 





“The bearings were lubricated with grease, and worked 
perfectly cool throughout the whole trial.” Also the 
mechanical efficiency of my engine was .850 against 
Messrs. Crossley’s .861. Considering the smaller size I 
think this is a better result, and clearly shows that there 
was no undue friction or wear and tear. Two years’ ex- 
perience of engines doing pag work enable me to 
state that there is no more trouble with the bearings 
than in ordinary engines. On such a point experience is 
of more value than assertion. 

I was sorry not to have replied to Mr. Hamilton’s letter 
in your issue of April 26, but was abroad at the time, and 
did not see it till my return. I must, however, thank 
him for its being of a more courteous tone than his pre- 
vious one. If I take the piston out of one of my engines 
that has been doing anything like full power, I find the 
end of it covered with a rough, dark brown deposit which 
is quite dry, and has the appearance of having been very 
hot on the surface; other portions of the dull surface are 
similar, and I have not the least doubt in my own mind 
that the surfaces of this deposit exposed to the initial 
temperature are raised to very nearly the same tempera- 
ture, and that some of this heat is given back, owing 
to the difficulty it has in getting through the metal. I 
feel also pretty sure that there is a tremendous disturb- 
ance in a gas engine cylinder at the time of ignition, and 
even subsequently ; some idea of this may be gure from 
studying the effect of the piston-rod in the ‘* Griffin” 
engine on the diagrams ; its surface is small, but it is right 
in the middle of the disturbances, and its effect is enor- 
mous, Yours faithfully, 

JAMES ATKINSON. 
Managing Director, the British Gas Engine and Engineer- 
ing Company, Limited, Albion Works, Gospel Oak, 

London, N.W., May 13, 1889, 





ENGINEERING PROFESSORSHIP AT UNiVERSITY COLLEGE, 
Lonpoy.—Our readers interested in technical education 
will hear with sincere regret that Professor Kennedy, 
M.I.C.E., F.R.S., is about to resign the professorship of 
engineering and mechanical technology, which he has 
held for fifteen years with such marked success. The 
prominent feature in Professor Kennedy’s tenure of 
office has been the establishment and development of 
an engineering laboratory at the College. described by 
him in a paper read at the Institution of Civil Engineers 
in December, 1886, which has been the precursor and 
model of several similar laboratories subsequently set up 
at other places. This laboratory has enabled students to 
undergo a thorough practical training in the rudiments of 
mechanical engineering, and has raised the instruction 
offered at the College to a high state of efficiency. The 
extension of technical education has largely increased the 
number of scientifically-trained engineers, amongst whom 
it may be anticipated that some worthy successor to Pro- 
fessor Kennedy will be found, gifted with similar energy 
and devotion to his work, and qualified to carry on and 
extend the system of combin ractical training and 
scientific investigation, which Professor Kennedy so ably 
inaugurated. e roll of former professors of civil or 
mechanical engineering at University College contains 
the honoured names of Hodgkinson, Vignoles, Fleeming 
Jenkin, and Pole; and it may be hoped that the dis- 
tinguished position attained by the engineering depart- 
ment of University College in the past, will be maintained 
and enhanced in the future, 
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PRIVATE BILL LEGISLATION, 

THE difficulties and cost of passing Private Bills 
through Parliament are so great that many meri- 
torious schemes are held in abeyance, because the 
expense of the preliminary inquiry would prevent 
their commercial success. Even when there is no 
serious opposition, the proving of the preamble to 
the satisfaction of both the Lords’ and the Commons’ 
Committee often involves an array of counsel and 
witnesses which makes deep inroads on the pockets 
of the promoters, and should the Bill be thrown out, 
represents so much money wasted. It is specially 
aggravating when a project is rejected by the 
second tribunal after it has successfully passed 
through the ordeal of the first. Under such cir- 
cumstances the most conservative promoter is filled 
with a truly radical desire to improve the existing 
method of procedure by eliminating one of the 
inquiries altogether. The wonder is that the dual 
arrangement has been able to survive so long. It 
is certain that it is drawing near to the end of its 
existence, for the Government have introduced 
a Bill this session to sweep it away, so far as 
measures emanating from Scotland are con- 
cerned. Had the executive been in the hands 
of the Liberals there would have been the pos- 
sibility that the Lords would have suspected an 
intention to attack one of their privileges, and have 
thrown out the Bill, but with the present adminis- 
tration no such ending is to be feared, and with 
reasonable opportunities we may count on the 
measure becoming law. After that occurs, all Private 
Bills relating to Scotland, which have been read a 
second time, will, if opposed, be referred to Com- 
missioners for inquiry and report, unless that course 
is vetoed either by the Chairman of Committees of 
the House of Lords or the Chairman of Ways and 
Means of the House of Commons. The grounds 
which may justify such interference are that the 
powers sought to be conferred by the Bill are of 
exceptional character or magnitude, or that they 
do not exclusively relate to Scotland. Under these 
circumstances the inquiry will follow the existing 
routine. 

The Scottish Private Bill Commission is to con- 
sist of three members, two being appointed and the 
third sitting ex officio. The former are to be selected 
annually by the Lord President out of a panel of 
five nominated by the judges of the Court of Session. 
The third member is to be a judge of the Court 
of Session, to be selected by the Lord Presi- 
dent, and is to hold office for five years. The 
Commission is to hold sittings in any part of 
Scotland which it finds desirable, and to pursue 
its business independently of the adjournments 
of Parliament. The Commissioners are to have 
all the powers, jurisdiction, and authority now 
possessed by a Select Committee of either House 
for the purpose of hearing the case for and against 
any Bill referred to them, and for dealing with the 
preamble and clauses of the Bill. Atthe conclusion 
of any inquiry they are to report to the House 
before which the Bill is depending whether, in their 
opinion, the preamble has been proved in whole or 
in part, and if it has been so proved, whether they 
have made any amendments upon the preamble or 
clauses. Such report will in all respects take the 
place of a report of a Select Committee upon a 
Private Bill, and after its receipt the Bill will be 
dealt with according to the practice of Parliament, 
subject to the provision that the House may, when 
the Bill stands as an order of the day, refer the 
Bill back to the Commissioners for further inquiry 
and report, either generally or with special instruc- 
tions, but shall not be entitled to refer the Bill to 
a Select Committee. Either House, however, will 








still remain free to deal with a Private Bill, either 
by amendment or otherwise. 

When the Bill passes into law it will afford 
another illustration of the happy way in which our 
friends across the Tweed continue to keep their 
affairs in their own hands, while taking their full 
share of Imperial advantages. It is not worth while 
to discuss whether they will be benefitted or other- 
wise by the change ; we may concede at once that 
they know their own business best, and are perfectly 
well able to take care of themselves. But there is 
another Bill before Parliament, dealing with the 
subject of Private Bills from a wider standpoint. 
This is backed by Mr. Craig-Sellar, Mr. John 
Mowbray, Mr. John Morley, Sir Lyon Playfair, 
Mr. Howorth, and Mr. Arthur Elliot, and is, in 
effect, designed to extend to the entire kingdom 
very similar provisions to those of the Scotch Bill. 
The Commission is to include Parliamentary, ex 
officio, and appointed Commissioners. The first 
are to be the two chairmen of committees of 
the two Houses, the second are judges, one 
for each division of the kingdom, while the 
third, of which the number is not yet determined, 
are to be paid officials. All Private Bills which 
would, under the present procedure, be referred to 
a Select Committee, are to go before the Commis- 
sion, and the Houses are to forego all power to 
institute special inquiries of their own. 

The inconveniences of the present system of 
Private Bill legislation are admitted on all hands, 
while the advantages it presents are little appre- 
ciated, because we have no practical acquaintance 
with any other method of conducting inquiries 
into public works. As we pointed out in a 
recent article, we have to look abroad before we 
understand what we gain by our costly procedure. 
We have a tribunal which is absolutely beyond 
suspicion of being tampered with, and which is 
composed of men well versed in the affairs of the 
world. The members are not overworked, and 
have not time to develop special prejudices ; each 
session sees them thrown into different combina- 
tions, so that a man of domineering spirit is con- 
tinually associated with fresh colleagues who will 
resist his efforts to coerce them. It is scarcely 
possible to conceive of better elements for forming 
a body to judge of public questions. Certainly 
the proposed Commission would be no improve- 
ment. There is very little hope that the members, 
except the two chairmen of committees, would 
bring any general knowledge to the subject. It is 
certain that if they did not bring prejudices they 
would rapidly develop them, and also a love for red 
tape methods. Universal experience tells us that 
officials sooner or later become narrow, and 
that their position fosters the formation of angles 
in their characters. Even in the case of judges, 
who, of course, have undergone a severe training 
at the bar, this is so, and astute solicitors will 
hold cases back or hurry them forward, so as to 
bring them before a certain judge, counting on his 
known prejudices as an important factor in his 
judgment. Before we could consent to abandon 
our present almost perfect tribunal for one so much 
inferior, we should need to be convinced that the 
disadvantages connected with the former are in- 
capable of amendment. But the Bill before us 
points out in a most lucid manner a remedy for the 
most pressing inconvenience, namely, the great 
expense. If a single tribunal, of inferior materials, 
as considered in relation to the work to be done, 
is capable of dealing with Private Bill legislation, 
how much more competent would be a joint Com- 
mittee of the two Houses. Such an arrangement 
would sweep away half the expense at a stroke—- 
surely a very notable saving. Again, if the present 
system of treating Bills as entirely dead, which do 
not pass in any given session, were modified, and 
dropped business could be taken up again at the 
point at which it stopped in the preceding year, 
another serious grievance would be removed. If 
that point were conceded little would remain except 
to remove the Irish and Scottish grievance of hav- 
ing to bring witnesses to London. Jt would be a 
matter of some difficulty to carry a sufficient 
number of members away from their legislative 
duties. But by careful selection it might be done ; 
the most valuable committeemen are not those 
who figure most in debate, and many members 
would be glad of obtaining the increased knowledge 
and of enjoying the hospitality which would be 
offered to them in outlying parts of the kingdom. 
This question of local convenience is, however, of 
small importance as compared with the large ques- 
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tion of maintaining the present system of inquiry, 
and of halving its cost by amalgamating the com- 
mittees of the two Houses. If the Lords and the 
Commons can agree upon joint action there will be 
no need of Commissions, and the promoter’s burden 
will be reduced to more reasonable dimensions. 





THE PARIS EXHIBITION. 

Tue factitious air of completeness which prevailed 
almost everywhere about the Exhibition buildings 
on the opening day had disappeared the next 
morning, and at present the state of advancement 
towards completion seems almost less marked than 
it did a week ago. This is not really the case, of 
course, for every day sees more exhibits. unpacked 
and set in place ; but after the critical moment was 
over a reaction set in, and neither the directors of 
sections nor exhibitors themselves appeared to care 
very much whether their goods were displayed to- 
morrow or ten days hence. For the first five days 
after the 6th the attendance at the Exhibition was, 
comparatively, rather small, as it averaged con- 
siderably less than half the number that crowded 
through the gates on the opening day, while at 
night only some three or four thousand persons 
remained to enjoy the illuminated grounds and 
fountains. In fact, so far as these latter are con- 
cerned, the attraction is not at present very great, 
for neither lights nor fountains are so perfect as 
they will be a fortnight hence, by which time it is 
to be hoped warm weather will have set in, and 
evening promenades in the Champ de Mars will be 
more agreeable. The depreciation in the value of 
the entrance tickets continues, and is likely, we 
should imagine, to have a serious effect upon the 
business done by the numerous restaurants, and, 
possibly, later on upon the patronage of the Eiffel 
Tower. On the other hand, the Décauville Railway 
is very largely patronised, and it is certain that 
this enterprising constructor and concessionaire will 
reap a rich harvest from his contract with the Ex- 
hibition authorities ; during the few days following 
the opening of the railway the average number of 
passengers carried was no less than 40,000 per day, 
and though this number has been considerably 
reduced for the present—excepting on Sunday last, 
when the crowd was enormous—there is no doubt 
that it will again largely increase with the greater 
influx of visitors. The commencement of the Ex- 
hibition has been marked with but few festivities ; 
there have been one or two dinners and receptions 
at the Elysée and the Ville de Paris, otherwise the 
entertainments have been entirely sectional, the 
Belgian Commissioners taking the initiative. The 
visit of the Lord Mayor to Paris was marked by a 
breakfast given at the Grand Hotel by Sir Polydore 
de Keyser on Friday last, and by a dinner offered 
by the Lord Mayor, on the 13th inst., to the 
leading members of the English and French 
Executive. 

A walk through the Esplanade des Invalides 
clearly shows the fact to which we alluded above, 
that the completeness of the Exhibition is more 
apparent than real ; all, or almost all, the buildings 
are finished, but a considerable proportion of their 
contents is not yet unpacked, nor, in many cases, has 
it yet arrived. The effect of the Colonial Exhibi- 
tion strikes one as being somewhat disappointing, 
and the colouring and decorations on the various 
pavilions as scarcely giving a true idea of the 
originals they are supposed to represent. On the 
opposite side of the Esplanade, the beautiful build- 
ing devoted to the War Department has the effect 
.of its fagade somewhat marred by the heavy and 
frowning portal that is out of all keeping with the 
architecture of the structure, and which is to a 
considerable extent hidden by the very useless 
entrance which is supposed to afford access to it. 
Within all is as yet in disorder, though enough of 
the objects are deposited in place to give an idea 
of what the whole will look like when completed. 
The Hotchkiss Gun Company shows a very fine 
collection of their rapid- firing arms, of various 
types and sizes, including mountain guns and the 
horse accoutrements required for their transport ; 
M. Henri Morel and the Forges St. Nicholas et 
Fonderies de Revinard show some good examples 
of steel anges of small and of moderately 
large calibre, including sections of shrapnel and 


other shells. There will be shown some fine 


specimens of heavy naval guns mounted on their 
carriages and furnished with compressors and all 
other appliances ; no doubt later on there will be a 
good display of armour plates and projectiles of the 





largest sizes (among others the Holzer firm will 
contribute), but at present the former are repre- 
sented only by comparatively thin plates that have 
been used for target practice. There will be a 
good display of instruments and apparatus of all 
kinds employed for directing and firing guns, both 
for the land and naval services ; but anything like 
a detailed description of the contents of this build- 
ing would be useless at present, as more than half 
the gallery space is still empty. The same remark 
applies to the Pavilion of Hygiene close by, the 
exhibits of which will be of considerable interest 
when they are arranged ; and so will be those in 
the Social Economy Pavilion, which at present is 
encumbered with unopened packing cases. On the 
other hand, the building of the Post and Telegraphic 
Department appears to be nearly complete; the 
building contains an admirable collection of appa- 
ratus and illustrations of methods and systems 
employed by the French Government. 

The open-air exhibits in the Esplanade are ina 
tolerably advanced condition, although much re- 
mains yet to be done. Undoubtedly the most 
interesting objects here will be the ambulance 
trains and equipments, the field telegraphs, and 
the objects shown by the military engineers. At 
present only one ambulance train is on the ground ; 
it consists of five carriages taken from the ordinary 
rolling stock of the Western Railway of France, 
and fitted up complete as in time of war. The 
internal arrangement of these wagons leaves little 
to be desired ; the first is arranged as a store for 
linen, provisions, wine, &c.; it also contains two 
beds for hospital attendants. The second wagon 
contains the kitchen, and appears to be admirably 
adapted for its purpose. A third wagon serves as 
the dispensary and doctor’s car, and has been 
arranged with careful regard to the almost number- 
less requirements of a military hospital, both as 
regards surgery and medicine. The fourth car is 
the hospital, and contains beds for eight patients 
completely fitted up; on each bed is placed a 
convalescent outfit. The fifth wagon shows the 
manner in which the sick or wounded men are 
disposed of temporarily until they can be placed 
in more comfortable quarters ; the wagon is fitted 
with attachments upon which the litters used for 
conveying the men can be placed. The other 
ambulance exhibits consist of a variety of so-called 
omnibuses filled with litters, and which are used 
for collecting the wounded and conveying them 
either to railway or fixed hospitals. 

The most convenient and direct way from the 
Esplanade des Invalides to the Machinery Hall is, 
of course, by the Décauville Railway ; the more 
interesting route, however, lies through the long 
lane of Agricultural Galleries which terminate only 
at the Champ de Mars. It appears more than 
probable that some sections of these galleries will 
be but little visited on account of the inconvenience 
there is in reaching them. Two public streets 
which could not be closed run past these galleries, 
and the line of communication is maintained by 
bridges which are reached by high flights of steps 
at either end; one of these bridges crosses the 
approach to the Pont de l’Alma and the clear head- 
way above the road is very considerable. It is 
fortunate, therefore, that the British Section is 
placed at the extreme end of these galleries adjoin- 
ing the Esplanade des Invalides, and is thus sure 
of commanding a full share of public attention. 
Close to the gallery are three interesting separate 
exhibits. One of them is a handsome timber 
building containing a complete flour milling plant, 
shown by Messrs. Robinson and Sons, Railway 
Works, Rochdale; another is an_ installation 
by Messrs, Baker and Sons, of 59, City-road, 
London, of biscuit making machinery ; this exhibit, 
which is already in full working order, is a great 
source of attraction to the French visitor, and 
as this exhibitor has the privilege of selling his 
goods, the long counter at his disposal is generally 
insufticient for the accommodation of his customers. 
The third separate exhibit in this part of the 
British space is that of the London and Provincial 
Dairy Company, the proprietors of which have 
spared no pains nor expense to produce an extremely 
interesting and attractive show. They also are 
allowed to sell milk, cream, butter, cheese, &c., 
but are, as may be supposed, sadly hampered by the 
restrictions of the octroi. We shall take an — 
opportunity of referring again to this dairy, whic 
contains a good deal of new and interesting ma- 
chinery ; mean time we may mention that the ex- 
hibitors have brought over no fewer than eight 





cows selected as specimens of different British 
breeds, a piece of enterprise that should carry its 
reward, as not only a heavy tax had to be paid 
on each animal, but they must be left behind at the 
close of the Exhibition on account of the prohibitory 
legislation which prevents the introduction of live 
cattle into England, The British Agricultural 
Galleries are crowded from end to end and are 
practically in perfect order ; a comparatively large 
space was given up to the Cape of Good Hope, and 
this is the only part of the section which remains 
unfinished. Much as the concerted absence of 
English agricultural engineers is to be regretted, it 
is difficult to imagine how they could have been 
accommodated if they had decided to participate. 
In the gallery devoted to implements, the display, 
though limited, is of high character ; such makers 
as Messrs. Samuelson and Co., Messrs. Harrison, 
McGregor, and Co., Messrs. Smyth and Sons, 
Messrs. Crowley and Co., Mr. J. Harrison Carter, 
and others, having fully maintained our reputation 
in their respective specialities. There is little or 
nothing novel amongst these exhibits, but as the 
object of incurring the trouble and expense of being 
present is to sell machinery and not to excite 
criticism, the exhibitors have done well to send 
only such implements as have already brought 
them a high and well-deserved reputation. The 
adjoining gallery devoted to British food products 
is very tastefully arranged, and though its contents 
do not fall within our notice a word of praise should 
be given to the British Executive and to the ex- 
hibitors for the way in which they have worked 
together to produce so good a result. 

From the British Section in the Agricultural 
Galleries it is a long and somewhat tedious walk to 
the space this country occupies in the Machinery 
Hall, and when there, it must be frankly confessed 
that disappointment awaits the visitor not only on 
account of the unfinished condition of the court, 
but because its contents compare unfavourably with 
the very beautiful display in the adjoining United 
States Section ; fortunately for our reputation, this 
comparison can be reversed in the other English 
courts. Nevertheless there are, or will be, nota 
few very important exhibits in the English Section 
of the Machinery Hall ; if the massive gun lathe of 
Messrs. Greenwood and Batley, of Leeds, can, at 
this late hour, be brought into the building, it will 
undoubtedly be one of the finest pieces of machi- 
nery in the hall ; if, on the other hand, the difficul- 
ties of transport render this impossible, the firm 
can fill their space with special machinery of an 
equally high standard. At present the only repre- 
sentative collection of machine tools is that of 
Mr. W. Hulse, Manchester. On the stand of Mr. 
Arthur Paget, of Loughborough, the hosiery looms, 
which have so high a reputation on the Continent, 
will nevertheless be thrown into insignificance by 
the new and marvellous warp-weaving machine by 
the same maker, which will certainly be one of the 
great attractions in the whole Exhibition. 

The engines of Messrs. Davey, Paxman, and Co., of 
Colchester, are of great importance, for they supply 
one-sixth of the total power required for lighting 
the Exhibition, and represent collectively over 
1000 horse-power. These engines are supplied 
with steam by a battery of nine locomotive boilers, 
having a total of over 7000 square feet of heating 
surface ; they are arranged in two groups, one of 
five boilers for the use of the Electric Lighting 
Syndicate, the other for driving the machinery in 
the British Section. This large installation is con- 
tained in a separate building of about 7000 square 
feet of floor space, immediately adjoining the 
Machinery Hall beside the Avenue de la Bourdon- 
nais. The largest of the four engines indicates 
500 horse-power, and is of the compound girder 
type ; the cylinders are respectively 23 in. and 35 in. 
in diameter with a 4 ft. stroke; the two flywheels 
are 14 ft. in diameter and 19 in. wide ; they drive 
direct two large Gramme dynamo machines, each 
working up to 175 electrical horse-power, A smaller 
engine of 250 horse-power is of the Colchester 
compound receiver type, and furnishes power for 
working two more Gramme machines of 100 horse- 
power each. Two other engines, one of them 
similar to that just referred to, but of 140 indicated 
horse-power, and the other a small single cylinder 
horizontal engine, are also included in this instal- 
lation. The special function of this extensive plant 
is to drive the Gramme machines that light the 
Machinery Hall and the Central Dome, and to 
illuminate both the French and Galloway foun- 
tains; the latter, which must also be considered 
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as a British exhibit, are placed in the centre of the 
gardens, and comprise over a hnndred jets varying 
from 2 in. to 2 in. in diameter. The illuminating 
plant includes eighteen independent electric light- 
ing apparatus, with reflectors, coloured glasses, and 
all the complicated appliances for working them. 
The power installation of Messrs. Davey, Paxman, 
and Co. had its first trial on the 15th of April last, 
and since that date the engines have been run- 
ning with perfect success whenever required. In 
addition to the foregoing machinery, Messrs. 
Davey, Paxman, and Co. furnish the whole of the 
power for driving the machinery in motion in 
the British Section, in which two engines are 
installed, each of 140 horse- power indicated ; 
one of these is an horizontal condensing engine, 
and the other is a coupled compound girder engine; 
the whole of the power they can develop will be em- 
ployed in driving the machinery. The engines are 
supplied with steam from the group of four boilers 
above referred to,and the feed-water supply of which 
is maintained by two double-action pumps, one ver- 
tical and the other horizontal ; these were furnished 
by Messrs. A. G. Mumford and Co., of Colchester. 
The whole of the boilers, receivers, and steam pipes 
are covered with a non-conducting composition of 
the United Asbestos Company. Considerable delay 
has been experienced in leading steam to the en- 
gines within the section, the Paris Exhibition 
authorities being much behindhand with this part 
of the work. 

Great Britain, as we have said, is peculiarly 
deficient in all classes of machine tools, which 
in fact are chiefly conspicuous by their absence. 
There are some good metal exhibits, of which 
perhaps the most interesting is that of the Leeds 
Forge Company, Limited, and which comprises 
a fine trophy of Fox’s corrugated steel flues, 
and a number of splendid specimens of pressed 
steel plates for a variety of purposes. The largest 
of these are side frames for locomotives, carriage 
frames, bogie trucks, end plates for marine boilers, 
and a number of smaller similar objects ; the loco- 
motive and carriage frames are especially remark- 
able for their size and perfection of finish, and illus- 
trate the progress which this eminent firm has made 
in a speciality they have recently taken up. The 
Farnley Iron Company, of Leeds, will show a fine 
collection of the products of their mines and works; 
unfortunately the greater part of the best specimens 
of their well-known brands are at present lost upon 
the French railway, and until they are recovered, 
their stand must remain incomplete. Of course this 
firm exhibits examples of their corrugated flues, 
which have already been fully described in En- 
GINEERING ; we shall return to a notice of this 
exhibit when it iscomplete ; meantime we will refer 
to a new speciality of the Farnley Company which is 
well illustrated at their stand by a number of fine 
specimens of enamelled glazed bricks, tiles, porce- 
lain baths, and a variety of other articles, made 
from the fireclay extracted from their own mines. 
We believe there is no fireclay found in the neigh- 
bourhood of Leeds, excepting that from Farnley, 
Wortley, and other localities of a similar geological 
formation, which has proved refractory enough to 
resist the intense heat necessary for fusing the 
enamel glaze. The bricks manufactured in the dis- 
trict are widely employed in England, and are 
largely exported to the United States, but hitherto 
they have been little used on the Continent. It is 
interesting to compare the bricks exhibited by the 
Farnley Company with other glazed bricks shown 
by some French manufacturers, immediately out- 
side the Machinery Hall. These appear to have 
been made by enamelling ordinary red pressed 
bricks and burning them a second time. Such 
bricks have been employed in facing the walls of 
some of the French buildings in the Exhibition, and 
certainly are far inferior to those shown by the 
Leeds firm. One of the exhibits of the Farnley 
Company is a wall 12 ft. high built of their special 
bricks and showing a number of interesting combi- 
nations of form and colour. The Consett Iron 
Company, of Blackhill, Durham, have a large stand 
devoted to the display of their productions, com- 
mencing with the minerals and fuel employed, and 
passing on to plates and other manufactured objects 
produced from Siemens-Martin steel. The exhibit 
of the Tharsis Sulphur and Copper Company, which 
has offices in Glasgow, appears to be somewhat out 
of place in the British Section, but is none the less 
interesting on that account. The exhibit consists of a 
finely executed model of the Tharsis mines, and an oil 
painting giving an idea of the district. Around it are 





disposed agreat number ofspecimensoforesextracted, 
and of sulphur and copper obtained, together witha 
very interesting collection of Roman antiquities 
discovered in and around the ancient workings of 
the mine. The Credenda Seamless Steel Tube 
Company, of Durham, have a very good collection 
of their cold-drawn tubes, and a number of firms 
have occupied space and exhibit numerous kinds of 
Birmingham goods. Messrs. Babcock and Wilcox, 
of Glasgow and New York, show, in addition to the 
sectional boilers which are employed outside the 
building for generating steam, a pair of partially 
erected boilers in the Machinery Hall, so devised, 
by the omission of a part of the inclosing brick 
casing, as to show the arrangement. One of these 
is a 57 horse-power boiler with 4-in. tubes, and 
occupies a space 16 ft. long and 6 ft. 2in. wide; the 
other is of 8Y horse-power, and is especially designed 
for use in a confined space. It has 3-in. tubes, and 
measures outside 12 ft. 6in. by 7ft. Messrs. Gallo- 
way and Sons, of Manchester, exhibit a trophy of 
their well-known boiler tubes, the largest sizes they 
make being placed below and those of smaller 
dimensions arranged in regular gradation above. 
They also show a 500 horse-power boiler with some 
of the shell plates omitted, so as to expose the 
arrangement of flues. They have also a small well- 
executed model of a similar boiler. Messrs. Conrad 
Knap, and Co., of Queen Victoria-street, London, 
supply one of their modified Root’s boilers for 
generating steam outside the Machinery Hall, and 
they exhibit a similar one in the British Section. 
Of motors the most important collection is that of 
Messrs. Crossley Brothers, of Manchester, who 
exhibit eight or nine different types and sizes of 
gas engines, the largest of which indicates 33 horse- 
power, and the smallest half a horse-power. Mr. 
W. C. Horne, of Dowgate-hill, London, shows a 
Martini gas engine, Mr. G. C, Bingham, of Ber- 
mondsey, has a Griffin double-acting gas engine, 
and Messrs. John Taylor and Son, of Nottingham, 
show two of their so-called Midland gas engines. 
Most of these have been already described in Enat- 
NEERING. The principal exhibitors of steam engines 
are Messrs. Denny and Co., of Dumbarton, who have 
a model of the quadruple-expansion engines of the 
s.s. Buenos Ayres; Mr. E. S. Hindley, who ex- 
hibits some small horizontal and vertical engines ; 
Messrs. Simpson, Strickland, and Co., of Dart- 
mouth, who make a nice exhibit of launch engines 
of their ordinary double and quadruple-expansion 
type with surface condensers (Kingdon’s system), 
of boilers suitable for supplying these engines, and 
several Simpson and Denison’sfeed pumps. The prin- 
cipal exhibitors of agricultural engines are Messrs. 
Aveling and Porter, of Rochester, whose steam 
rollers, traction engines, cranes, and steam plough- 
ing machinery have such a high reputation on the 
Continent ; it would have been most unfortunate if 
this firm had decided to adhere to the resolution 
not to exhibit that was arrived at by most of the 
leading agricultural engineers. It is hardly neces- 
sary ‘to say that the Aveling and Porter steam 
crane engines have been placed freely at the dis- 
posal of the British executive for handling the 
heavy exhibits, and that this aid has proved in- 
valuable to them. Messrs. Burrell and Sons, of 
Thetford, exhibit two portable steam engines, one 
of four horse-power and the other of six horse- 
power, both of their ordinary type ; these exhibits, 
however, are placed in the Agricultural Galleries. 
A very interesting and apparently collective exhibit 
is that of the Hydraulic Engineering Company, 
Chester ; Messrs. Fielding and Platt, Gloucester ; 
Mr. Peter Brotherhood ; and Messrs. Sterne and 
Co., of Glasgow. The first-named firm exhibits one 
of their standard high-pressure pumping engines 
and accumulators, together with various tools and 
appliances, which are worked by hydraulic trans- 
mission. Mr. Peter Brotherhood shows three types 
of his high-pressure air compressors especially 
adapted for torpedo service; a three - cylinder 
engine driving a ventilating fan and a new form of 
dynamometer. When this collection is completed, 
it will be interesting to compare it with a correspond- 
ing collection shown by M. Thirion in the French 
Section ; it is verycertain that no more highly finished 
work is to be found within the gallery. Messrs. 
Fielding and Platt show their direct simplex and 
duplex pumping engines, as well as some hydraulic 
rivetting machines of their own and on Mr. Twed- 
dell’s system. Messrs. Sterne and Co. have a good 
collection of emery grinding machinery and other 
tools. So far as it is arranged, the machinery in 
the British Section presents few objects that have 





not been already described and illustrated in Enar- 
NEERING ; as exceptions, are the Paget warp weaving 
loom, with a case full of specimens of the work it 
can turn out; Mr. Brotherhood’s compressors in 
their present form, a few of the Hydraulic Engi- 
neering Company’s exhibits, and the very interest- 
ing paper bag making machinery shown by Messrs. 
Bibby and Baron, of Burnley ; all of these we shall 
describe and illustrate in detail in an early issue. 
It is hardly probable that the machinery will be in 
motion in this section for three or four days to come, 
and a still longer time must elapse before the court is 
in complete order. In the foregoing paragraph we 
have only noticed such of the exhibits as are quite 
or nearly completed, and we shall of course return 
to the section when it is more advanced. 

That the United States Section in the Machinery 
Hall was assured of success, was evident from two 
facts; first, that Thomas Alva Edison had retained a 
very large proportion of the space, which his able 
representative, Mr. Hammer, had received carte 
blanchetoarrangeas he pleased ; and second, because, 
with the exception of the Edison space, the whole 
of the United States machinery court was put under 
the direction of Mr. T. R. Pickering, who, as super- 
intendent for the United States Commission, has 
worked hard and most successfully to obtain a col- 
lection of high-class and interesting American ex- 
hibits. This is the third great International Paris 
Exhibition at which Mr. Pickering has occupied 
the same post, not to speak of the Vienna Ex- 
hibition of 1873, the Philadelphia Centennial of 
1876, the Melbourne Exhibition of 1880, and 
that held at New Orleans in 1885. The system 
upon which Mr. Pickering has worked has been to 
divide the greater part of the very limited space at 
his disposal among a few of the most representative 
manufacturers of the United States, allotting to 
each of them sufficient room to enable them to 
make a good display ; of course some space had to be 
reserved for less important and miscellaneous ex- 
hibitors, but these have been placed in the gallery 
at the side of the Machinery Hall, and beneath it, 
so that allthe more striking collections occupy the 
best positions. Of Mr. Edison’s exhibit we do not 
propose to speak here, except to say that it repre- 
sents in a manner never before attempted, the 
work of this remarkable genius; examples of all, 
or almost all, of Mr. Edison’s inventions are col- 
lected here, and are displayed in such a way as to 
be accessible to every one interested—and who is 
not /—in Mr, Edison’s work. Speaking broadly 
they refer to the electric telegraph, the telephone, 
the microphone, the phonograph, metallurgical pro- 
cesses, and above all to electric lighting, and the elec- 
trical transmission of power. The principal trophy in 
this exhibit consists of a gigantic lamp, built up within 
an iron framework, of no less than 20,000 ordinary 
incandescence lamps of which some in the centre 
are of coloured glass and arranged in a loop in such 
a way as to give the effect of an incandescent fila- 
ment when they are lighted. The phonograph 
installation will be on a scale never before attempted 
in Europe, and as this installation is in telegraphic 
communication with another one in the United 
States Miscellaneous Industries Court, a great 
variety of interesting and very beautiful experi- 
ments will be conducted, carried out on the same 
lines as those which attracted so much attention a 
few months since in New York and Philadelphia, 
and which were devised by Mr. Hammer. What- 
ever may be the future commercial value of the 
phonograph, there is no doubt as to the service it 
will render in attracting crowds around this wonder- 
ful collection. 

Collectively about 320 horse-power will be re- 
quired to drive the machinery in motion in the 
United States Court; this is divided between 
several engines, of which one has not hitherto 
figured at any European exhibition. This is a 
horizontal engine with modified Corliss gear, built 
by Messrs. C. H. Brown and Co., of Fitchburg, 
Mass. It indicates 100 horse-power at a speed of 
75 revolutions and with 1001b. steam pressure ; the 
cylinder is 14 in. in diameter and 38 in. stroke ; we 
hope shortly to publish drawings and details of this 
engine. The transmission is taken from the fly- 
wheel to the main pulley on the overhead shafting 
provided by the French Executive ; the belt used is 
of a somewhat novel character ; it is a leather link 
belt similar to those well known in this country, 
except that the links are very small ; the belt is 
made in two half-widths which are — by the con- 
necting pins passing through the links of each half, 
and also passing through the outside of links of each 





566 


ENGINEERING. 


[May 17, 1880. 








width alternately ; by this arrangement a flexible line 
exends down the centre of the belt, which can thus 
adapt itself to the curve of the pulley. Further 
power is provided by one of Professor Sweet’s well- 
known straight-line engines, with a cylinder 14 in. 
in diameter and 16 in. stroke, and which at 200 
revolutions and with 100 lb. steam pressure can 
also develop 100 indicated horse-power. This 
engine transmits power to the overhead shafting ; 
in this case a woven steel wire belt is used, 20 in. 
in width, but little experience has been gained 
with this system, so that it is regarded as some- 
what experimental, and may have to be replaced. 
The belt is woven with a spiral mesh, and before 
being used is compressed between powerful rollers, 
so as to consolidate it ; one obvious advantage that 
it possesses is that it lies in close contact against 
the wheel or pulley. Ona table beside the Sweet 
engine are displayed a complete set of the smaller 
duplicate parts, in order to give an idea of the 
design and proportion of the valve gear, piston 
fittings, &c. The two other engines are used for 
driving independent exhibits ; one of them is an 
Armington and Sims 75 horse-power engine for 
working the dynamos of the Thompson Electric 
Welding Company; another is a second Sweet 
straight-line engine of 50 horse-power upon the 
stand of Messrs. J. A. Fay and Co., of Cincinnati, 
Ohio. This firm has brought over a very fine col- 
lection of wood-working machinery, which shows a 
considerable advance both in design and workman- 
ship since they exhibited in Paris in 1878. There 
are in all thirty-three different machines upon this 
stand, comprising roughing out and finishing 
machines, such as band and circular saws, planing 
machines, moulding machines, mitre and dovetail- 
ing machines, veneer-finishing and polishing ma- 
chines, mortising machines, &c. The whole of 
these will be run by underneath shafting from 
the Sweet engine, which is speeded to 350 revolu- 
tions, increased on the shaft to 550, and on some 
of the fast-running tools to 5000 or 6000 revolutions 
per minute. One of the interesting novelties in 
this collection is a hollow chisel mortising and boring 
machine, especially adapted for railway car work ; 
it cuts mortises from ? in. to 3 in. in width, 
to a depth of 5 in., and of any length that may be 
required. The cutting part of the toolis a hollow 
four-sided chisel, within which is an auger of such 
a diameter as to clear the sides of the chisel while 
it revolves freely. This combined tool is carried in 
a suitable holder so arranged that the auger can be 
driven by power and yet be caused to travel back- 
wards and forwards by foot levers for the purpose 
of cutting the mortise and withdrawing the shavings. 
When the chisel and auger are brought up to the 
face of the work, the auger point travelling some- 
what in advance of the chisel, drills a circular 
hole, leaving only the angles to be cut out by 
the chisel; thus at each forward stroke a 
square mortise corresponding to the size of the 
tool used is cut to the required depth; before 
another stroke is made the work is traversed to 
present a fresh surface to the chisel which the next 
stroke cuts out as before, and so on until the 
mortise is completed, the length being regulated by 
means of adjustable stops. The table carrying the 
timber can be set at any desired angle so as to cut 
skew or bevel mortises. Messrs. Browne and 
Sharpe, of Providence, Rhode Island, show a num- 
ber of milling machines, screw-cutting lathes, sur- 
face grinding machines, slotting machines, &c. 
Several of these are of new patterns, and illustrate 
the perfection to which milling appliances have 
been brought in the United States. The same firm 
also exhibits a very neatly designed lathe with the 
gearing boxed in out of sight, and the change wheels 
inclosed in a recess made inside the frame. Messrs, 
Sellers and Co., of Philadelphia, have sent only a 
small exhibit, including one of their standard plan- 
ing machines with a 36-in, bed, and speeded to 
travel at the rate of 18 ft. per minute on the cutting 
stroke, and 144 ft. per minute on the return stroke. 
They have also a smaller size planing machine and 
aslotting machine, but the most interesting object 
on their stand is a tool grinder of a special type. 
In the works of Messrs. Sellers and Co., and indeed 
of many other of the large engineering establish- 
ments of the United States, every different form of 
cutter used is recognised by a number, and in the 
tool sharpening department are kept a set of 
formers, stamped with the corresponding numbers. 
When a workman requires a fresh cutter he leaves 
the one he wishes to have sharpened in a box 
carrying the same number as the cutter in question, 





exchanging it for another taken out of the stock 
kept in readiness. The cutter to be ground is 
placed ina holder to which a variety of movements 
can be given, these movements being controlled by 
the combined influence of the particular former 
which is mounted on the holder, and of a set of cams 
adjusted with perfect accuracy by means of vertical 
and horizontal graduated quadrants. By thiscombina- 
tion, the movements of the holder, and, therefore, 
the edge of the cutter presented to the emery wheel, 
are absolutely prescribed, and every cutter bearing 
the same number has, when finished, precisely the 
same form. This machine is not by any means 
a new one, but it will, without doubt, be novel to 
most of the visitors to the Machinery Hall. Messrs. 
Warner and Swasey, of Cleveland, Ohio, make a 
speciality of machine tools for finishing brasswork ; it 
was this firm that executed the whole of the mount- 
ing for the big telescope at the Lick Observatory, and 
the fine collection of machines which they show are 
characterised by excellent finish and design ; they 
are nearly all small tools used in valve making and 
illustrate the complete manner in which the opera- 
tions involved are subdivided amongst a large 
number of machines ; each one has mounted in ita 
specimen of the finished work it has done, so as to 
show at a glance its special purpose. Two very 
interesting machines exhibited are those for rol- 
ling wood screws shown by the American Screw 
Company of Providence, and by the Simonds 
Rolling Machine Company of Boston. The special 
feature of this latter machine is that of having 
two hardened steel plates moving vertically in 
opposite directions; the faces of these plates 
are cut with grooves in the direction of their 
length, corresponding to the developed form 
of the bolt or other article to be produced. The 
heated bar which is to be subjected to the action of 
the machine, is fed in between these plates, which 
are then set in motion, and by the time they have 
reached the end of their travel, the object is shaped 
and cut off from the rest of the bar. In this way 
finished railway bolts are made at the rate of ten 
per minute; we may mention that some of the 
bearings of this machine run on anti-friction balls 
made in the manner just described. Among other 
exhibits which we can only find time to mention in 
this article, are those of the Stiles and Parker Press 
Company, Middletown, Conn., who show a number 
of special machines for stamping tinware ; a cir- 
cular loom for weaving cotton hose, anda machine 
for armouring it afterwards, by Mr. Van Dussen 
Reed, of New York ; a gas engine shown by the 
Otis Elevator Company ; a good collection of platen 
printing presses, by Messrs. Golding and Co., of 
Boston; and a number of split wooden pulleys 
shown by the Dodge Manufacturing Company, of 
Mishawaka, Ind., which are at least curious; 
one of them has been employed by Mr. Pickering 
for transmitting the power from the Browne engine 
to the overhead shafting ; it is 6 ft. in diameter and 
20 in. wide. A notice of the exhibit of the 
Houston-Thompson Electrical Welding Company, 
which will be one of the great attractions in the 
gallery, must be deferred for the present, as it is not 
yet completed. 


THE ROYAL SOCIETY SOIREE. 

In our last notice* we referred briefly to some of 
the more attractive objects of interest which were 
collected in the rooms of the Royal Society at 
Burlington House on the occasion of the Presi- 
dent’s conversazione last week, and we now supple- 
ment that notice by calling attention to some other 
very interesting exhibits which contributed no less 
to the intellectual enjoyment of the guests. 

In the Council Room a highly interesting and in- 
structive series of maps were shown by Professor A. 
W. Riicker, F.R.S., and Professor T. E. Thorpe, 
F.R.S., illustrative of the direction and magnitude 
of the regional magnetic disturbing forces in the 
British Isles. From these maps it may be seen that 
the British Isles may be divided into a comparatively 
small number of districts, in each of which the hori- 
zontal disturbing forces tends towards centres of at- 
traction, which, at the same time, are districts of 
large vertical force, which is shown on the map by 
shading. The five principal lines towards which the 
magnetic disturbing forces in Great Britain converge 
are in the immediate neighbourhood of (1) the 
Caledonian Canal; (2) the basalt of the Western 
Isles ; (3) the centre of the Scotch coalfield in 
which basaltic crystalline rocks occur; (4) the 








* See page 538 ante, 





line in south-east Yorkshire in which jurassic 
and liassic strata thin out, and passing thence 
to the lakes ; and (5) the palzeozoic range between 
London and the South Wales coalfield. There 
are, moreover, well marked centres of attraction 
(1) between Reading and Windsor ; (2) near the 
Wash, which have been specially studied. The dis- 
trict which culminates in the first extends from 
Kenilworth to the Channel and from Salisbury to 
the North Sea, and a special point of interest re- 
sulting from this investigation is that the well- 
known anomaly in the difference of the declinations 
at Greenwich and Kew is explained by these con- 
verging influences. The maps show also indications 
of other subsidiary centres of attraction. 

Mr. R. A. Hadfield showed a collection of speci- 
mens of manganese steel containing from 10 to 
36 per cent. of manganese. The fractures of these 
specimens exhibited the influence of different pro- 
portions of manganese in cast and wrought steel. 
It is an interesting fact that so small an amount of 
manganese as 12 per cent. renders the compound 
practically non-magnetic, although it must contain 
nearly 88 per cent. of iron, 

Mr. William Crookes, F.R.S., showed Professor 
Rowland’s magnificent photographic map of the 
normal solar spectrum, which has recently been 
issued, consisting of nine plates, each of which con- 
tains two strips of the spectrum measuring 3 ft. 
long, the whole forming a record of that portion of 
the solar spectrum extending from wave length 3270 
to wave length 6950. This masterpiece of spectro- 
scopic photography has been produced by projecting 
the spectrum from concave gratings 6 in. in dia- 
meter and 21.5 ft. radius, which have been ruled 
with 10,000 and 20,000 lines to the inch, and giving 
the most marvellously perfect definition. In this 
map the line B is shown widely triple, and E and 
even finer lines, such as those corresponding to 
wave lengths 5276.1 and 5914.3, are shown to be 
double. Besides the above nine plates, Mr. Crookes 
showed two plates, 2 ft. 10in. long, of the region 
about the lines B and D, in which the B group has 
an extent of about 2ft., and the pair of lines form- 
ing the D line are no less than 3 in. apart. 

Captain H, Capel Holden exhibited an interesting 
chronographic apparatus for measuring the velocity 
of projectiles and very small periods of time, the 
general principle of which consists of two electro- 
magnets attached to a firm and rigid support, the 
circuits of which arranged in series are so devised 
as to be broken by the motion of the body whose 
velocity it is required to measure. These magnets, 
by their attraction, support two iron rods, one of 
which in falling strikes a trigger, thereby releasing a 
knife which makes a mark upon the other rod as it 
falls. The position of this mark on the rod gives 
the means of ascertaining the time from the laws of 
falling bodies, and the time occupied by the mark- 
ing rod from its release until its knife strikes the 
other rod is obtained mechanically by an apparatus 
which its inventor calls a disjunctor, which inter- 
rupts both circuits simultaneously ; there are, more- 
over, special means for eliminating or correcting in- 
strumental error in the apparatus. 

An interesting and ingenious firedamp indicator 
was exhibited by Mr. Pitkin ; this measures the 
amount of firedamp or coal gas present in an atmo- 
spheric mixture much in the same say as a dry and 
wet bulb thermometer measures the amount of mois- 
ture, viz., by the difference in the readings of two 
thermometers, the bulbs of which are differently 
covered. In this instrument there are two equal 
thermometers placed side by side, the bulb of one 
being left bare, while that of the other is coated 
with finely divided platinum or palladium, which 
has the property of rapidly absorbing or occluding 
hydrogen and in so doing developing heat. The 
mercurial column of the coated thermometer rises 
as the proportion of coal gas increases, and by 
observing the differences of the two readings the 
percentage of inflammable gas or the mixture may 
be ascertained from a table. 

A very interesting contribution was made by Mr. 
Percy Newberry. This was a collection of ancient 
Egyptian floral and other wreaths deposited on 
coffins of the Ptolemaic period dating from about 
the first century B.c. and discovered by Mr. 
Flinders Petrie in the ancient cemetery of Hawara. 
These consisted of wreaths of roses, of acanthus, and 
of several other plants, and they appear to have 
been used in precisely the same manner as funeral 
wreaths and floral gifts are employed at the present 
time. 

Mr. Norman Lockyer, F.R.S., showed a number 
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of spectroscopic photographs illustrative of stellar 
spectroscopy more especially connected with nebulee 
and meteorites, one of the most interesting being 
a reproduction of a spectrum from the rings of 
Saturn, in which bright lines may be seen, and in 
which support is given to the meteoric hypo- 
thesis that the rings are composed of small bodies 
in intense mechanical disturbance. Dr. Hugo 
Miiller, F.R.S., showed specimens of the new 
metal gnomium, recently discovered by Kriiss and 
Schmidt, of Munich, who have shown that hitherto 
both cobalt and nickel have always been associated 
with gnomium, which latter they have extracted 
for the first time. 

Mr. H. J. Chaney showed a hollow sphere and 
cylinder of thin metal which have been used in the 
recent re-determination of the weight of a cubic 
inch of distilled water, and from which the result 
has been obtained that at a temperature of 62 deg. 
Fahr. a cubic inch of pure water weighs 252.286 
grains, the barometric pressure being 30 in. Mr. J. 
W. Lovibond exhibited an instrument to which he 
has given the name tintometer, for matching, 
measuring, and recording the tints of coloured sub- 
stances. The comparison of the colours under exa- 
mination is made by examining them in an instru- 
ment which places the substance to be tested side 
by side with acomparison standard which is made 
up by combining certain coloured glass slips of 
different hues and strengths of colour, of which an 
immense number are provided to choose from, and 
which are very accurately graded for each colour. 
The apparatus exhibited did not fail to reproduce 
and compare any tints which were to be matched, 
but its value as an instrument of research must be 
almost destroyed by the great difficulty, if not im- 
possibility, of producing sets of tinted glass slips in 
duplicate, and identical in colour and tone, by which 
the tests of one observer may be compared with 
those of another. 

We hope in an early issue to describe in detail 
some of Mr. C. V. Boys’ very beautiful contributions 
to the Soirée, as well as the arrangements adopted 
by Mr. Muybridge in his interesting photographic 
research upon animal locomotion. 








NOTES. 
THE SvuEz CANAL. 

Ir appears that the number of vessels which 
passed through the Suez Canal last year was 3440, 
of a gross burthen of 9,437,957 tons. The corre- 
sponding number of vessels which passed through 
the canal in 1887 was 3137, of an aggregate burthen 
of 8,430,043 tons ; and in 1886, 3100 vessels, of an 
aggregate burthen of 8,183,313 tons. The transit 
revenue collected last year was 2,593,2911., as com- 
pared with 2,314,494/. in 1887, and 2,261,0951. 
in 1886. Of the vessels which passed through the 
canal last year, 2625 were British, 187 French, 
146 Italian, 163 German, and 121 Dutch. No other 
country figured in the list for 100 ships. The pro- 
portion of British vessels passing through the canal 
is increasing, having been 2625 in 1888, as already 
indicated, 2330 in 1887, and 2331 in 1886. It will 
be seen that Great Britain figured for 76} per cent. 
in the whole movement of vessels through the canal 
last year; the French proportion being a per cent. ; 
the Italian, 4} per cent.; the German, 4} per cent. ; 
and the Dutch, 34 per cent. It is certainly not 
a little remarkable that, although the canal was 
made with French capital, Great Britain has secured 
the lion’s share of the benefits resulting from it. 
Of the 3440 vessels which passed through the canal 
last year, 1608 went through during the darkness of 
night, 


Retartine Evectric Licnt THROUGH METERS IN 
GLascow. 

While the citizens of London, and of some of the 
provincial towns in England, have been enabled for 
some time now to light premises, however small, by 
electricity from a common source, it is only now 
that the opportunity has been offered to the peuple 
of Glasgow by a small company formed for the pur- 
pose. New works have been fitted up in a central 
part of Glasgow, the ground floor having an area of 
1400 ft., and everything is so arranged that the gene- 
rating power may be supplemented should the de- 
mand necessitate it. The plant is worked by a com- 
pound engine, with cylinders 14 in. and 22 in. in dia- 
meter, with a stroke of 42in. Steam is provided by a 
locomotive boiler of steel, working to a pressure of 
100 1b. to the square inch. At this pressure the 
engines indicate 200 horse-power while making 
eighty-five revolutions per minute, and an auxiliary 





engine is provided capable of developing 50 indicated 
horse-power. The main dynamo is the largest in 
Scotland. The diameter of the armature is 4ft., 
and it runs at about 450 revolutions per minute. 
It is constructed to supply 3000 lamps of 8-candle 
power. The ‘‘ transformer” system of distri- 
bution is adopted, and it is so arranged that the 
current can be transmitted five miles, which would 
embrace the whole of the city. Six overhead circuits 
are provided. The present plant may supply 3500 
incandescent lamps; and by next winter the com- 
pany expect to have in operation another engine and 
dynamo for doubling the generating power. Messrs. 
Muir, Mavor, and Coulson, the contractors, have had 
for several years a station worked on the direct cur- 
rent system, and it is retained, and supplies several 
establishments with electric light, including the 
General Post Office and the offices of the Tele- 
phone Company. The installation in the muni- 
cipal buildings is the most important arranged. 
In the building there are over 1100 lights of 16 
candle-power. The high-pressure wires are carried 
into two of the corner turrets in the building, 
where they are connected with six transformers. 
The meter for measuring the electricity is also 
placed here. It consists of two clocks placed side 
by side, and when the current is turned on the 
movements of one pendulum are accelerated in 
proportion to the power of the current, and by 
this means a record is made on the dial, as in the 
gas meter. Thence the current passes to the switch- 
boards, from which the lights are separately con- 
trolled. A current indicator for checking the 
meter may be attached to the switchboard. The 
current costs the user 8d. per 1000 watt hours, a 
sliding scale being allowed, according to the 
quantity consumed ; but after all the price will be 
about double that of gas, which is 2s. 8d. per 1000 
cubic feet in Glasgow. 


THE FINANCES OF THE GLASGOW EXHIBITION. 


Five per cent. of the money drawn from the 
Glasgow International Exhibition held last year is 
net profit. This is the first deduction which the 
financier, accustomed to look at undertakings from 
the dividend point of view, will make by a calcula- 
tion from the concise and lucid abstract of accounts 
lately published by the auditor, Mr. John M. 
MacLeod, C.A. But, after all, it is quite im- 
possible to weigh all +he advantages of such an 
undertaking for the education, ‘‘ the sweetness and 
light ” disseminated in an incalculable quantity ; 
and there are other monetary gains which cannot 
be reckoned up. Itis, therefore, but the 5 per cent. 
which one can be certain of. The total receipts 
were 225,928]. 15s. 2d., and the payments 184,8581. 
16s. 2d. This latter figure does not include 3561. 
10s. paid for sculpture work bought for the city ; 
3491. for Indian screens, still on hand ; 754. for 
Indian goods made over to the Glasgow Museum ; 
and 500l. retained for a picture commemorative of 
the Exhibition. This work of art, it may be stated 
in passing, is to be painted by Mr. Lavery, whose pro- 
ductions, once or twice shown at the Paris Salon, 
have been favourably mentioned, while a number of 
his works, illustrative of different parts of the Ex- 
hibition, excited some attention, locally, a short 
time ago. The scene is to commemorate the visit 
of the Queen or of the Prince and Princess of 
Wales. Exclusive of these gifts, which will all 
benefit the city, including a cost of about 20001., 
it is expected that the net profit will be 45,000/., 
after one or two outstanding accounts of small 
amount have been paid and received. At present 
the surplus is 41,0791. 11s. 4d. It is interesting 
to note not only from whence the money came, 
but how it was spent; and, naturally, attention 
is directed to receipts. As is pretty well known, 
the enormous total of visitors was due, in a 
measure, to the number of season ticket holders, 
of whom there were 38,246 at a guinea, and 7273 
people held half-guinea tickets available for half 
the time the Exhibition was open. The total 
receipts from this source was, therefore, 43,9761. 
12s. 6d., aud the admissions in all brought 
practically 163,0001. The refreshment contrac- 
tors paid for their premises and as royalties 
26,6221., of which sum 16,484]. was paid by one 
firm, who had the Clanneries, Bungalow, and other 
saloons. Other concessions brought 3170I., and 
printing in Machinery Hall 35301. The switchback 
was a great source of profit, for the total drawings, 
which aggregated 14,973/., not only paid for the 
erection and gave 25 per cent. to the proprietors, 
but left the executive 10,6301. ; while the gondola 





gave a net gain of only 27. 17s. 6d. But the 
gondoliers made such a handsome wage that it is 
said they intend to turn up at some of the Clyde 
watering places this season. The space allotted in 
the Exhibition brought a rental of 15,9557. In the 
payments, as might have been anticipated, the build- 
ings figure most largely, having cost 97,2221. 3s. 8d., 
and the general administration absorbed 35,442/. The 
lighting cost 99721., of which the electric light carried 
off 8393/., gas 1054/., and candles, &c., for lighting 
the grounds 1200/. The expense incurred in keeping 
the splendid array of machines in operation was only 
32231. The half of this was for coals, and one of 
the other fourths for steam pipes, while 448]. went 
for shafting, pulleys, belts, and ropes. In contrast 
to this is the 5248/. spent in keeping the fairy 
fountain working for an hour or two each day. 
This is part of ‘‘the sweetness and light,” and un- 
doubtedly assisted materially towards the success of 
theExhibition. Inthis category mustalso be included 
the fine-art galleries, which cost 4137/., the music 
and entertainments 19,747/., of which 13401. was for 
fireworks ; Indian Section, 26401. ; women’s indus- 
trial section, 1372/. ; and the Queen’s Jubilee pre- 
sents, involving an outlay of 6511. Bonus to staff 
and others total 2484]. These, with sundry other 
charges, make up the aggregate payments of 
184,854/. 16s. 2d. As to the disposal of the surplus 
nothing definite has been done, and it is needless 
in this connection to refer to that debatable topic. 





INDUSTRIAL NOTES. 

Tue Ironfounders’ monthly report, just issued, 
says: ‘‘The vigorously increasing demand that the 
iron market is now experiencing are matters which 
safely index the state of trade. Industrial activity 
prevails; overtime—alinost everywhere—is now the 
order of the day ; prices of both pig iron and finished 
material continue to rise, and there are indications on 
every hand that labour will enjoy a season of pros- 
perity for some considerable time to come.” It is 
many years since the report of this Society was able 
to give to its members such an encouraging account of 
the state of trade in this branch of industry. 

The statement that ‘‘ overtime, almost everywhere, 
is the order of the day,” is a curious comment upon 
the demand for an ‘‘ eight-hour day” by Parliamentary 
enactment, the votes for which are given in the report. 
The result of the voting is as follows; For an eight- 
hours’ day, 3608; against, 1350; majority for, 2258. 
In favour of obtaining a statutory eight-hours’ day by 
Act of Parliament, 1843; against, 1410; majority for, 
433. But it appears that out of 12,641 members, under 
5000 voted in favour of an eight-hours’ day, so that 
the abstentions were 7641. In 27 towns, the branches 
refused to vote, and in several the votes were nearly 
equal, Altogether, the voting does not amount to much, 

The increase of members during the past month was 
56; the total increase over the numbers at the same 
date last yearis 817. The increase of fund in the 
month was 451l. lls. 8d. ; the total balance in hand 
at the end of the month being 22,926/. 3s. 8d. The 
total number on the trade funds in the month was 260, 
of whom 122 were on donation, costing 69/. 13s. ; on 
the sick list there were 332, costing 110/. 3s. ; on the 
superannuation fund, 530, costing 153/. 17s. ; and 2007. 
were paid away for accident benefit. The total on the 
funds, embracing all henefits, was 1174; previous 
month, 1264, decrease, 90 in all. 

Reference was made in a Note last week to the atti- 
tude of the Sheffield ironfounders, as regards overtime; 
an accident has precipitated matters, and led to the 
discharge of several workmen. It appears that the 
founders employed at Messrs. Buckley and Co.’s 
works, Millsands, had an interview with their em 
ployers and informed them that if they continued to 
work overtime on the old scale, they would be fined 
ll. each. Mr. Buckly, it is stated, said that if they 
were required to work overtime by the firm, and 
thereby incurred a fine, he would pay it. Shortly 
afterwards, on the Saturday, the cupola being charged, 
and the metal almost ready to be drawn, the engine 
broke down, and as it would take a couple of hours to 
repair, the men asked if they should draw the metal, 
or be paid overtime. Mr. Buckly refused to allow the 
metal to be drawn, or to pay overtime, but offered to 
pay the fine. This the men refused. Their wages were 
then paid, and the men were discharged. 

It is said that the works are now filled by non- 
union men, more having applied in consequence of a 
public advertisement for employment than would fill 
the vacant places four or five times over. 

There appears also to be a dispute at Barnsley, the 
particulars of which are not given in the report; as 
travellers are requested to keep away from that 
district at present. 

The progress of technical instruction is showing 
itself in many ways, in various parts of the country. 
At Sheffield the students in Mr. Watkinson’s classes 
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at the central higher school have been paying a 
series of visits to various engineering establishments 
in the district. The fourth of these visits was recently 
made to the works of Messrs. Craven Brothers, at 
Darnal, where the students were conducted through 
all the departments, a careful examination being made 
of the machines and processes of manufacture, &c. 

The trade unions of England are strongly divided 
in opinion as to the advisability of taking part in the 
forthcoming International Workers’ Congress. The 
Trade Union Parliamentary Committee, represent- 
ing the more staid and moderate of the unions, 
refuse to take part in the congress ; some younger and 
for the most part unknown men, urge that English 
workmen shall be represented. The latter have formed 
a Protest Committee, and issued a manifesto. 

The strikes of the furnacemen at Askam and Millom 
have not yet been settled, and the men assert that they 
‘*are determined not to cave in.” About 300 men are 
out, and it is stated that only four have returned to 
work. Contributions for those on strike are being sent 
from various districts, and by some societies not con- 
nected with the trade. The delegates of the workmen 
assert that an offer of arbitration has been refused by 
the employers. 

Among the ironworkers of Wolverhampton there is 
& movement against Monday work, and many of the 
men seem disposed to bring matters to an issue by a 
strike. But the officers of the union deprecate this, 
especially as those who complain the loudest are not 
members of the union. A meeting has been held 
between the District Wages Board and the District 
Committee of the Association, to endeavour to arrange 
matters. No decision was arrived at, but views were 
exchanged as to the matters discussed hy the work- 
men in their lodges and at the works. A conference 
is to be held on the subject. 

At the Monmoor Green Iron Works the men have 
held a meeting, when those present determined to 
support and help the Wages Board by becoming 
members of the Association. This mutual action will 
help to pave the way for a satisfactory settlement of 
any question affecting wages, hours of labour, or con- 
ditions of work. 

At Warrington steps are being taken by the joint 
action of the Lodge Committees to amend the working 
rules, and to mature the subjects to be brought before 
the sagrennens conference. The most important 
resolution passed at the recent meeting was one con- 
firming a previous resolution passed by the workmen, 
in favour of the abolition of Monday work. On this 
question it appears that there was a unanimous agree- 
ment. 

In the North Staffordshire district the iron trade, it 
is said, is not so brisk as it was. At some of the mills 
they are running only three or four turns a week, but 
at the works of Earl Granville and Messrs. Heath and 
Sons they are working full time, although their pre- 
sent orders are only sufficient for a few weeks ahead. 
Other reports state that both the iron and coal trades 
are ina ‘‘cheering condition,” in regard to orders and 
to prices. 

The statement of the accountants of the Stafford- 
shire Iron and Steel Wages Board, issued on Saturday, 
giving the results of their investigations for the past 
three months, has not only caused much surprise, but 
it is feared that it will lead to a precipitate movement 
on the part of the operatives to terminate their agree- 
ments, which might eventuate in a strike at no distant 
date. According to the statement the workmen are 
now, and have been, paid a higher rate than the net 
prices realised have warranted. The workmen, on the 
supposition that selling prices were higher, have been 
agitating for a rise ; whereas, it appears, the average 
price of all classes of iron has only been 5/. 18s. 7d. 
per ton. 

Reports from the Sheffield and Rotherham districts 
say that the orders on hand are sufficient to last until 
Christmas. The workmen have been making over- 
time until they declare themselves to be sick of it. 
The scissor forgers are agitating for an advance of 
10 per cent., and some employers say that they are not 
averse to the proposal. The spring-knife cutlers are 
also inaugurating a movement, in which it is alleged 
that the employers are disposed to agree, Both parties 
seem to have suffered by the rec2nt depression in 
trade. 

The agitation among the miners will necessarily 
influence the iron trade, which is dependent upon 
them for fuel. It is difficult to forecast what the 
ultimate result of the movement will be, but one thing 
is certain, namely, that it is universal. There is not 
a district in which the tendency is not in the same 
direction. The demands are for Pts wages, shorter 
hours of labour, and the abolition of the sliding scale. 
As regards the first two, all seem to be agreed, the 
only difference is as respects the operation of the slid- 
ing scale, or rather its abolition. Notices for an 
advance of 10 per cent. have been issued by the 
Miners’ Union of Notts, Derbyshire, many parts of 
Yorkshire, and in some parts of Somersetshire and 
Gloucestershire. 

Looked at from the standpoint of the present condi- 





tion of trade, and the movements in favour of higher 
wages and shorter hours of labour, the following 
figures are somewhat curious. Bolckow, Vaughan, 
and Co., with a capital of 3,650,000/., paid as dividend 
in 1881, 8? per cent.; in 1882, 74 per cent.; and in 1883, 
5 per cent. In the next three years they paid 24 per 
cent., and in the last two years3 percent. ‘The Wigan 
Coal and Iron Company, with a capital of 2,193,000/., 
paid 2} per cent. in 1881, since which date the divi- 
dend fell to 13 per cent. in 1885; and during the last 
three years they have paid a quarter in one year, and 
1 per cent. in the last two years, out of the reserve 
fund. The Barrow Hematite Steel Company, with a 
capital of 2,000,000/., paid 8 per cent. in 1881, and in 
the last six years nil. The Ebbw Vale Iron and Steel 
Company, with a capital of 1,712,000/., paid 5s. per 
share in 1881, since which date they have paid nothing. 
The Rhymney Iron Company, with a capital of 
1,099,000/., paid 1 per cent. in 1882, since which date 
they have paid nothing. It thus appears that ona 
capital of 10,555,000/. nearly one-half has realised 
nothing during the last six years; on 3,650,000/. the 
highest dividend paid was only 3 per cent. for two 
years out of five; and on 2,193,000/., during the last 
six years, the dividends ranged from 2 per cent. to 

% per cent. in three of the years, and from } per cent. 
to 1 per cent. out of the reserve for the last three 

ears. The shareholders in these five large companies 

ave not therefore been making much out of profits on 
their shares, 

The work of the Mansion House Committee, for 
sending to the Paris Exhibition a number of artisans, 
to report on the industries there exhibited, and, as 
far as practicable, upon the competitive trade of 
France, will, as a matter of course, be sharply criti- 
cised, and especially by those who desire to be selected, 
but are not. But selection there must be, and some 
will have to be passed over. The one point which is 
most open to criticism, so far, is the arrangement to pay 
so large a proportion of the entire amount of travelling 
and hotel expenses, for a full fortnight, whether the 
workman can or cannot stay the whole of the fourteen 
days allotted for his visit. The arrangement appears 
to be to give the individual 2/. on starting and 1J. 15s. 
on the presentation of the report ; the balance of 61. 5s, 
being paid for his travelling and hotel expenses over 
his head. 

An effort has been made to induce the Board of 
Trade to allow the labour correspondent to pass a 
fortnight at the Exhibition as part of his official duties, 
but it is stated that the President of the Board will 
not sanction such a thing. One would have thought 
that the experience might have been extremely useful 
to the labour correspondent, but the Government 
think otlferwise. His visit would not commit the 
Government officially in any way. 





NOTES FROM THE UNITED STATES. 

PHILADELPHIA, May 3, 1889. 
In a few days the question of a two months’ suspen- 
sion in the iron trade will be determined. The Amal- 
gamated Association desire it, and the employers do 
not. The former are well organised and determined, 
and the latter are disorganised and have no definite 
policy. The only objectionable feature of the pro- 
posed suspension is that there are no stocks of iron at 
hand, and consumers generally are without supplies 
for more than thirty days. The ironmakers have 
always worked all summer, and the restriction will 
find a good many of the retailers without supplies. It 
is probable that the mills east of the mountains will 
continue all the summer, as the workmen have never 
been very strong supporters of the Amalgamated Asso- 
ciation. The natural effect of this suspension in the 
west will be to harden prices for all mill products. 
The demand for material for all kinds of iron and steel 
has been light for two or three months past, and 
certainly no better time could be selected for the ex- 
periment of a suspension. Very few steel rails are 
selling. Bottom quotations are 27 dols. in the east, 
and 29 dols. in the west. It is rumoured to-day that 
one or two large sales were made late last week in 
Pittsburg at 26.50 dols. Three or four mills are said 
to be placing business at this price. Last week’s sales 
foot up about 23,000 tons. Railway authorities differ 
as to the amount of work likely to be begun this year. 
It is too soon to make any guesses, but the proba- 
bilities are that 9000 or 10,000 miles of road, at least, 

will be laid this year. The Secretary of the Nav 

willaward this week about 1,000,000 dols. worth of wor 
for defensive work. The ironmakers in eastern Penn- 
sylvania have been encouraged with a reduction in the 
pee of coals and on tolls of about 25 cents per ton. 
‘his will probably keep out some Alabama foundry 
irons. The mills throughout Pennsylvania are work- 
ing to about 60 per cent. of their capacity. Four or 
five large plate iron contracts were placed last week, 
footing up 3000 tons. Plenty of bridgework is pro- 
mised during the summer. Several systems of roads 
are gradually replacing their wooden bridges with iron. 
The Pennsylvania Company will be a large buyer during 
the summer, for material for terminal work at New 





York. At Chicago, Lake Superior charcoal iron is in 


very light demand. Barbed wire is in more active 
demand than it has been for twelve months, Large 
lots of copper are being sold to consumers at lower 
prices than heretofore have been quoted, with a 
guarantee against a further decline. Old rails have 
been declining steadily in price. Large lots have 
been sold at interior points at 20dols. Chattanooga 
prices for iron have slightly declined owing to the 
piling up of stocks. Speculative inquiries are coming 
in for summer iron, and a good many new furnaces 
have been projected since Marh 1. At Cincinnati 
pig iron is selling in a retail way. Manufacturers 
decline to make figures upon summer deliveries, as an 
advance in prices is relied upon. At Louisville it is 
reported that some furnaces will blow out, and a strike 
is in progress at the new Alleghany Bessemer Steel 
Works, 12 miles from Pittsburg. 





TREATMENT OF STEEL BY HYDRAULIC 
PRESSURE. 

Art the twenty-fourth ordinary meeting of the session 
of the Institution of Civil Engineers, held on Tuesday, 
May 7, Sir George B. Bruce, the President, being in the 
chair, the paper read was on ‘‘ The Treatment of Steel by 
Hydraulic Pressure, and the Plant employed for the Pur- 
pose,” by Mr. William Henry Greenwood, M. Inst. C.E. 
Attention was directed in the paper to the presence of 
blow-holes in steel ingots, also to their origin, and to tho 
various methods proposed for the production of sound 
ingots; but the author treated, more especially, of the 
method, the effect, the advantages, and the development 
of fluid compression, as typified in the plant and 10,000- 
ton press erected by him at the Abouchoff Works, St. 
Petersburg. It was assumed that molten Bessemer, open- 
hearth, or crucible steel, possessed the quality of occluding 
a considerable volume of gases, especially of hydrogen and 
nitrogen, derived all or in part from the products of com- 
bustion in the furnace, or from other sources; and that, 
under ordinary conditions as to pressure, such occluded 
gases were, more or less, completely evolved at the 
moment when the particles of metal changed from the 
liquid to the solid state, and were thus imprisoned within 
the ingot in the form of bubbles of various forms and 
dimensions. A second source of unsoundness arose from 
the contraction of the metal within the ingot after its 
outer skin had solidified, producing contraction cavities ; 
and lastly, the metal from ingots as usually cast was 
weak along the surface, owing to the development of a 
radial acicular structure in the cast metal. The combined 
effect of these three causes was that ingots of mild steel, 
such as were used in the construction of ordnance, large 
engine shafts, or other heavy forgings, for cylinder liners, 
torpedoes, and war material, contained cavities necessita- 
ting the rejection of about 30 per cent. from the head or 
top end of each ingot; while to get rid of the surface 
honeycombs and weak acicular structure, which caused 
unclean, seamy, and roaky forgings, an additional 10 per 
cent. to 20 per cent. of metal had to be left for turning 
and machining to waste. Even after these losses cf 
material, the remaining metal was inferior to the same 
metal after fluid compression. The method of fluid com- 
pression claimed, then, to save the whole of the rejected 
head or top of the ingot, to reduce to a minimum the 
amount of metal to be left for turning or machining from 
the surface of forgings, and to produce for any temper of 
metal a greater amount of ductility, homogeneity, and 
reliability than was obtainable under the best conditions 
of casting in open moulds without pressure. The addi- 
tions of increased proportions of manganese and of silicon 
did not commend themselves to the author for the classes 
of steel under consideration; for, although promoting 
solidity of the ingot, they hardened, raised the elastic 
limit and ultimate tensile strength, but lowered the duc- 
tility and general reliability of the metal. Of the mecha- 
nical devices for increasing the solidity of steel ingots, the 
author noted the proposals for the cooling of the outside of 
the moulds, for agitating the metal during solidification, 
casting the metal in a vacuum, and the direct application 
of pressure, by the use of high-pressure steam, injection of 
water, of explosives, of solid carbon dioxide, &c., upon 
the surface of the fluid steel in closed moulds. These 
methods of fluid compression had all failed from me- 
chanical, physical, and practical difficulties in their con- 
duct ; and the plan suggested by Sir Henry Bessemer in 
1856, but quite lodeoeeatey developed and carried toa 
successful issue at the works of Sir Joseph Whitworth 
and Co., and now known as the method for the fluid com- 
pression of steel, remained the only one before the public 
which yielded ingots of mild steel of practically uniform 
molecular structure, strength, and ductility throughout 
their whole length. The ordinary cast-iron moulds, or 
wrought-iron casings, lined with brick or moulding 
cement, could not be used when aggregate pressures of 
thousands of tons were to be exerted upon the surface of 
the fluid metal; but such moulds were replaced, in the 
fluid compression process, by built-up steel moulds, lined 
with suitably grooved cast-iron lags, protected by a coat- 
ing of refractory silicious material. A loose plate of the 
diameter of the ingot fitted in the bottom of the mould, 
and was protected by an upper covering of burnt fireclay 
segments, and a similar plate was carried upon the top 
plunger of the press for closing the top of the mould, The 
paper traced the development of the hydraulic press for 
the fluid compression of steel, commencing with the erec- 
tion, in 1866, in the works of Sir Joseph Whitworth and 
Co., of a 250-ton press, with a 12-in. cylinder, designed 
more especially for the compression of the metal for steel 
shells. In this the mould, which was partially filled 
with metal, was carried in a middle head of the press, 
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whereupon a core, carried upon the top head of the press, 
was forced into the fluid metal, at the same time closing 
the mouth of the mould. After this the pressure was 
applied from below, as in all the subsequent presses. Fol- 
lowing this came a much more useful 2000 ton press, with 
two columns, and 30-in. hydraulic cylinder. Its columns 
were secured by nuts to the base or foundation, and upon 
the upper ends of the columns was carried a fixed head, 
upon which rested a vertical hydraulic cylinder, whose 
piston-rod was connected to the intermediate or movable 
head. The intermediate head could thus be raised to any 
point, and then locked, so as to resist the application of 
pressure from below. The locking arrangement consisted 
of a pair of nuts, each made in halves, and so disposed 
that, by the movement of a lever and a system of links, 
the halves of the nuts could be either brought together or 
separated. When separated, the head was free to move, 
but when closed, the nuts embraced the columns and 
fitted into a series of parallel, slightly undercut, V grooves, 
which were cut as a thread along the upper halves of the 
length of the columns. In this manner the head was 
locked or secured against vertical movement under the 
action of the bottom or pressing cylinder. The metal was 
cast in the steel mould already described, and the further 
movements and action of this press were similar to those 
of the larger Abouchoff press already referred to. The 
next press, also erected at Manchester, had four steel 
columns 12 in, in diameter, and was fitted with five press- 
ing cylinders, namely, four 28 in. in diameter, and one 
13 in. in diameter, capable of producing, together, a 
pressure of 8000 tons. Except for the locking arrange- 
ment, which was complicated, but more nearly automatic 
than that last described, the principle was the same as in 
the last. Its columns were, however, screwed with a 
square screw-thread, and the locking nuts were not split, 
but could be made to revolve automatically as the head 
was raised or lowered. The five pressing cylinders were 
placed on the base of the press, with the small one in the 
centre. The cylinder for lifting and lowering the mov- 
able head was carried upon the upper fixed head or table 
of the press, while the locking of the movable head at any 
desired height, according to the length of ingot under 
operation, was effected by four locking nuts, which could 
be revolved either just clear of the head, or into firm con- 
tact with the same. In the latter case the head was 
locked fast to the columns, and was immovable under the 
full pressure of the press acting from below; and in 
the former condition, the head could be freely lifted 
to any desired point. This 8000-ton press was placed 
second by the author’s erection, in Russia, of the press 
upon the lines of the Whitworth patent of 1874. This 
press had four screwed columns 16 in. in diameter, and 
one hydraulic pressing cylinder 50 in. in diameter, 
capable of exerting a gross pressure of 10,000 tons. For 
working the press an accumulator, giving a pressure of 
2 tons to the square inch, was employed, to effect the 
rapid movements of the head of the press, of the lifts, 
cranes, &c., during the manipulation and transference of 
the fluid metal from the furnaces to the mould, and of the 
mould under the press. The mould having been prepared, 
dried, and warmed, was placed in position on the lift in 
front of the press, the ladle with the metal was run over 
it, and the metal tapped into the mould. The ladle was 
then quickly run back from the face of the press, and the 
mould with its charge was raised until the platform rested 
on its top stops. A horizontal hydraulic ram then trans- 
ferred the mould on its carriage to beneath the press, after 
which the ram was withdrawn and all workmen re- 
tired. The moving head then descended until the top 
plunger came fairly into contact with the fluid metal. 
The head, weighing 50 tons, would continue to descend 
for a few seconds, after which it was locked in position 
and the compression completed by admitting the water 
direct from the pumps to the large pressing cylinder. 
During the first few minutes the ingot shortened rapidly, 
and a considerable volume of gases escaped and burned 
from the vents around the top and bottom of the mould. 
The pressing was continued as long as there was any 
perceptible shortening. The maximum pressures attained 
ranged from 4 to 12 tons per square inch on the metal, 
and were maintained for from forty-five minutes to three 
or four hours, according to the size of ingot and the con- 
dition of the metal. he contraction in length during 
the application of the pressure usually amounted to about 
14 in. to the foot of length. The author then referred to 
the former practice of casting hollow forms under the 
press, which, owing to various enumerated difficulties, 
had been abandoned in favour of the solid ingot both in 
England and in Russia. In the manufacture of trunnions 
for 6-in. breechloading guns from unpressed ingots, the 
practice was to take an ingot of 65cwt., reject one-third 
from the top end, and then to make three trunnions from 
the remainder of the ingot, after which not unfrequently 
one of the forgings was rejected for unsoundness. When 
pressed ingots were taken, however, five trunnions were 
made from the same ingot, and a rejected forging for 
faulty metal was unknown. The density of a fluid com- 
pressed ingot as a whole was from 8 per cent. to 12 per 
cent. higher than an unpressed ingot. The author’s ex- 
periments upon sound samples of crucible steel containing 
0.54 per cent. of carbon gave a specific gravity of 7.8542 
for the unpressed metal, as against a mean of 7.8795 for 
specimens of the same metal after fluid compression. In 
order to compare the behaviour of the pressed with the 
unpressed metal, made from similar materials, and in the 
same manner, the two ingots of 8 tons each were cast 
of open-hearth steel. The unpressed ingot contained 
carbon, 0.5 per cent., and manganese, 0 35 per cent. ; 
it was 30.75 in. in diameter, and 82 in. long. The 
second was a similar ingot, but containing carbon, 
039 per cent.; and manganese, 04 per cent. ; it 
measured 70.5in. in length after fluid compression, or 
79in. as cast; it was 34.25in. in diameter. A slab of 


4.75in. in thickness, and of the full length and width of 
the ingot, was obtained from the centre of each by part- 
ing each ingot longitudinally into three pieces on the 
planing machine. The surfaces so obtained presented 
much unsoundness in the unpressed ingot, while the 
pressed ingot was quite sound on both faces. The central 
slab from the pressed ingot was cut up into seven series of 
test-pieces, in such manner that ninety-eight test-pieces 
were prepared from it, but only five series, or seventy 
test pieces, were obtainable from the unpressed ingot. 
The centre test of each series was taken directly along the 
axis of the ingot, and test-pieces in each series were cut 
directly across the axis of the ingot; these were inten- 
tionally taken from the very worst part of the compressed 
ingot. Notwithstanding this, and that the mean results 
were taken over the whole length of the pressed ingot, as 
against the best or lower two-thirds of the unpressed 
ingot, and also that the test-pieces from the pressed ingot 
were taken over the full diameter of the ingot, while 
the samples from the unpressed ingot were taken only 
over 24 in. of the diameter, the outer and unsound 3} in. 
at each end of the diameter being rejected, after these and 
other advantageous conditions were allowed, yet the mean 
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results from the pressed ingot over its whole volume were 
superior in each detail to those from the five series of 
tests from the unpressed ingot, and especially in the con- 
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traction of area auu elongation befure fracture. ‘lhe re- 
sults, as derived from the test-pieces cut transversely, com- 
pared equally favourably. The test-pieces were cylindrical, 
with collars, and the metal was not subjected to any ham- 
mering, annealing, hardening, or other treatment, except 
machining, after it came from the ingots. The pressed ingot 
gave its highest breaking strength in the upper sections, 
while the unpressed ingot, on the contrary, was at its 
best towards the bottom, and showed a rapid fall- 
ing away at points exceeding one half of the length 
of the ingot from the lower end; and, while the elon- 
gation amounted to 12.4 per cent. in the lowermost of 
the tests from the unpressed ingot, it fell rapid] 
away towards the upper part, so that in the fift 
series the mean elongation was only 2.02 per cent. 
The pressed ingot, on the other hand, gave a mean elon- 
gation at its lowest roint of 13.7 per cent., decreasing 
somewhat in the succeeding series ; but still, at the very 
top of the ingot, the elongation was represented by 
11.63 per cent. The figures further indicated that, in 
the unpressed (where sound) and also in the fluid-com- 
pressed ingots, the mean value of the elastic limit, as 
also of the ultimate breaking strength of the material, 
was slightly greater in the metal towards the outer 
boundary of the ingot, and tended to decrease towards 
the centre. In the sound portion of the unpressed ingot 
the mean figure for ductility was much the same, 8 per 
cent. at all radial distances; but with the compressed 
ingot, there was a decided superiority in this respect as 
the outer boundary was approached, the figures being 
8 per cent. at the centre and 17.61 per cent. at the circum- 
ference; but the centre approached the high figure of the 
outer circumference exactly as the pressure applied had 
been of higher intensity and more effectively applied. 
The author inferred, from the figures adduced, that under 
mechanical tests the metal from the top, or any other 
vertical section, of a pressed ingot was, at least, equal to 
the unpressed ingot after one-third or upwards of such 
ingot had been cut off or rejected; that the weakest part 
of the pressed ingot was along the axis, where the pressure 
had been leasteffective ; but that this weakness, as com- 
pared with the outer layers, arose from insufficient pres- 
sure, and could be localised ; so that, for hollow shafts, 
tubes, hoops, cylinders, and the like, where the centre was 
finally removed, either by boring or punching out, it was 
unnecessary to proceed to the higher pressures, required to 
insure absolute solidity and uniformity over all parts 
of any section. With unpressed ingots, on the other 
hand, the unsoundness was irregularly distributed, and 
not capable cf such localisation, even in the lower end of 
the ingot. The paper concluded by referring to the 
effects of annealing and forging upon pressed steel, with 
tests from various gun forgings, and of shell metal in its 
soft and hardened states, as also after firing at armour 
plates. 








Unitep States Revenuk Cutrers.—Three revenue 
cutters are about to be built for the United States Govern- 
ment. Messrs. Pusey, Jones, and Co, of Wilmington, 
have secured a contract for one at 15,0C0l., and a con- 
tract for another will be shortly let. 











NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—The telegrams received from 
the German colliery districta had a firming effect on the 
pig-iron market last Thursday, the belief being that in the 
event of the strike continuing for any length of time, 
Germany, instead of being a keen competitor, would have 
to become a buyer of Scotch iron. There was a good 
demand for Scotch iron, the price of which improved 24d. 

r ton. A similar advance took place in the price of 
Conetiie iron, and Cleveland iron improved 3d. per ton, 
The closing settlement prices were—Scotch iron, 44s. per 
ton ; Cleveland, 39s. ; hematite iron, 49s. per ton. There 
was a firm tone on the following day, and prices at one 
time were ld. per ton above Thursday’s best. The close, 
however, was 4d. per ton over that of the previous day 
for Scotch iron, in which a good business was done in the 
forenoon. The settlement prices at the close were in all 
cases the same as those of Thursday. Buyers of warrant 
ircn were few on Monday, and sellers had to ease down 
their quotations in order to tempt purchasers. By the 
close of the day Scotch iron was offered at 44d. per ton 
under last week’s closing quotations, and hematite fell 
5d. per ton, while the price of Cleveland iron de- 
clined only 2d. per ton. ‘The closing settlement prices 
were—Scotch iron, 43s. 74d.; Cleveland, 33s. 104d. ; 
hematite iron, 48s. 74d. per ton. There was a much 
firmer tone in the market yesterday, with mere dispcsi- 
tion to purchase. Scotch iron recovered 2d. per ton cf 
the previous day’s decline, Cleveland 1d., and hematite 
iron 14d. per ton. At the close the settlement prices 
were—Scotch iron, 43s. 104d. per ton; Cleveland, 39s. ; 
hematite iron, 48s. 9d. per ton. A moderate amount of 
business was transacted. The market was quiet this 
forenoon, the demand being poor, and the prices were 
weaker in connection with the few transactions that did 
take place. Business in Scotch iron began at 43s. 11d. 
per ton cash, but in the afternoon down to 43s. 9d. per 
ton was accepted. Sellers at the close in the afternoon 
were asking 38s. 7d. per ton cash for Cleveland iron and 
48s. 74d. cash per ton for hematite iron. The Scotch 
special brands had, if anything, been a shade quieter 
within the past few days, but without any material change 
in prices. The following are a few of the current quota- 
tions: No. 1 Coltness, 55s. 6d. per ton ; Summerlee and 
Langloan, 54s. 6d.; Gartsherrie and Calder, 52s. 6d. ; 
Shotts (at Leith) and Carron (at Grangemouth), 53s. 6d. 
per ton. The number of blast furnaces in actual operation 
is at present set down at 77, as compared witb &7 at this 
time last year. One has been blown out at Shotts Iron 
Works, one has been relighted at Eglinton Works, and 
one at Dalmellington that was making ordinary iron is 
now working on hematite. The six furnaces at Govan 
Iron Works that were put out of blast last week, in order 
to effect connection with the ammonia recovery works, 
although lighted, are not, it is said, makingiron. Last 
week’s shipments of pig iron from all Scotch ports 
amounted to 7593 tons, against 8176 tons in the correspond- 
ing week of last year, and not only were they not up to 
expectation but they were about 2500 under the shipments 
for the preceding week. They included 800 tons for the 
United States, 390 tons for Canada, 190 tons for South 
America, 720 tons for Australia, 700 tons for Germany, 
345 tons for Holland, smaller quantities for other coun- 
tries, and 3283 tons coastwise. Demand on home and 
Continental account is fairly good, and within the past 
few days a fair quantity of Scotch iron has been purchased 
for New York. No active inquiry on behalf of America, 
however, is expected before the autumn, if even then. 
The stock of pig ircn in Messrs. Connal and Co.’s public 
warrant stores yesterday afternoon stood at 1,029,578 
tons, as compared with 1,029,833 tons yesterday week, 
thus showing for the week a decrease of 255 tons. 


The Scotch Coal Trade.—Tte ccal trade in this district 
is favourably affected by the German miners’ strike, but 
not nearly to the same extent as appears to be the case 
on theTyne. There are few actual oiders in the market 
for shipment from Glasgow, the business being rather 
speculative in its nature, and the speculators exposed to 
the probable unfavourable consequences of the sudden 
collapse of the strike. Most of the extra business in the 
export of coals to Germany is from the Firth of Forth 
ports, but so far they do not appear to have participated 
to any great extent in the orders that they have come to 
the east coast generally. Freights are up for steamers 
for this service, and the rates quoted, both here and on 
the Forth, to-day were about 6d. per ton above the Jast 
fixtures. Apart from the German orders, the trade in the 
shipment of coals is fairly active. Business is quieter in 
Ayrshire, with prices looking weak, though practicall 
unchanged. The quantity despatched from the Scotch 
ports in the past week was nearly 20,000 tons above that 
of the corresponding week of 1888. The prices to-day at 
the ship’s side in Glasgow are as follows: 


F.o.b. per Ton. 
Splint ... mre aa oe 7s. 3d. to 7s. 6d, 
Main coal 78. » 
Steam ... 8s. 9d. ,, 9a. 6d. 
Ell » 73, 6d. 


5a; cas a ‘ad 7s. 3d. , 
Ayrshire coal 6s. 9d. to 7s. 3d. f.0.b. 

Shipments of Machinery, dc, from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde reported last week, included the fc llowing: 
Sugar-crushing, tea-preparing, and other mactinery, of 
the value of 10,5007. ; sewing machine parts, chiefly for 
Antwerp, Lisbon and Oporto, and Gothenburg, valued at 
67501. ; blooms, billets, plates, angle bars, and other steel 
manufactures, of the value of 11,80€/., much of the goods 
going to Italy, Canada, and New York ; pipes and other 
castings, bridge plates, malleable iron tubes, plates, bars, 
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sheets, a pontoon, and miscellaneous iron manufactures, 
valued at 25,5007. 


Lanarkshire Coalminers’ Wages.—The accountant’s 
report of sales in the month of April by the members of 
the Lanarkshire Coalmasters’ Association, shows that the 
average price of coal was only one-fifth part of a penny 
better than the March average price, and not sufficient 
to give an advance of wages to the miners under the 
sliding scale for the next four weeks. 


Royal Scottish Society of Arts.—A meeting of the Royal 
Scottish Society of Arts was held on Monday night, Mr. 
F. Brodie Imlach, F.R.C.S.E., President, in the chair. 
There was a good attendance of the members. Mr. 
A. D. Mackenzie, read an epitome of a paper pre- 

ared by him on the ‘Risk of Fire from Steam and 
Hot. Water Pipes.” The result of experiments made by 
him was that under ordinary circumstances, wood, wool, 
cotton, paper, and such like substances would not fire 
under or even at the boiling point of mercury (680 deg.) ; 
and very probably the temperature at which they would 
ignite readily was nearer 800 deg. than 700 deg. The 
highest temperature he was able to get on a high-pressure 
hot-water pipe was 500 deg., and he got that only by very 
hard firing, and by loading the safety valve. The usual 
high-pressure apparatus seldom reached 400 deg., and, 
therefore, he concluded, that under ordinary circum- 
stances those pipes could not originate a fire. A discus- 
sion on the point ensued. Mr. Wilkins, firemaster, said 
he knew of one instauce of steam pipes igniting paper, and 
of various cases in which. fires originated through the 

roximity of the pipes to combustible substances, Mr. 

roctor, plumber, said that mice, attracted by the warmth, 
often made their nests in close proximity to those pipes, 
and thus collected quantities of highly combustible 
material from which fires might originate. Mr. W. A. 
Carter, noted that the position of pipes, with rela- 
tion to draughts, was a very material point. Mr. 
Westland said that there must be practical safety from 
fires being started by those pipes, when it was considered 
that wood would not ignite at a less temperature than 
680 deg., while the ordinary pressure left a margin of 
from 200 deg. to 300 deg. Mr. Mackenzie was warmly 
thanked for his contribution. 


Important Colonial Railway Appointment.—A_ telegram 
from Brisbane announces that Mr. John Mathieson, 
superintendent of the Glasgow and South-Western Rail- 
way Company, has been appointed president of the 
Queensland Railway Commission. 


Carron Iron Works.—A very important extension is 
being made to the foundry department of Carron Iron 
Works, something like 3250 square yards being added to 
the moulding floors of what was already an enormous 
foundry. Each square yard is equal to a production of 
1} tons of small castings per annum, so that the total pro- 
duction of the works is now, or soon will be, 15,000 or 
17,000 tons of stoves and other light castings, the value of 
which is about 12/, per ton delivered. By the end of this 
year there will be a breadth of 250 ft., covered by over- 
head travelling cranes, each having a lifting capacity of 
20 to 30 tons. 

Another Big Blast at Crurae Quarries.—Last Friday a 
monster blast took place at Crarae Granite Quarries, 
Lockfyneside, of which Messrs. William Sim and Co., 
Glasgow, are the lessees. The length of the mine, bored 
through the solid rock to the end of the powder chamber, 
was 84ft. The mine ran in a south-westerly direction, 
and the powder chambers at right angles measured 4 ft. 
by 3ft., and it contained 11,000 1b., or about 5 tons of 
gunpowder. The height of the mine above the quarry 
tloor was 183 ft., and the height of the rock resting onthe 
mine was 163 ft. The electric battery was dispensed with, 
the powder having been ignited by means of two gutta- 
percha covered fuzes, each 68 ft. in length, and the time 
occupied between the ignition of the fuzes and the blast 
was twenty-five minutes. The fuze wasignited at 1 p.m., 
and between 70,000 and 80,000 tons of fairly good granite 
were displaced. This is the first monster blast at this 
quarry since the fatal occurrence which resulted in the 
loss of several lives through suffocation some two years 
ago. 


New Harbours for Sutherlandshire.—His Grace the 
Duke of Sutherland, with a view to benefit his crofter 
tenants on the west coast of Sutherlandshire, has recently 
erected a pier in deep water at Loch Inchard at a site 
recommended by the Crofter Commission. This pier has 
already been of considerable benefit to the fishermen and 
crofters of the district, and steamers from Glasgow and 
the west coast are now able to call and take fish, &c., 
direct to the southern markets; hitherto the fishermen 
had to cart their fish and other produce to Lairg Railway 
station, a distance of about sixty miles. The Fishery 
Board for Scotland, aided by the Duke of Sutherland, 
have now resolved to construct a pier at Portnacon, 
Loch Eriboll; this pier, when completed, will also be of 

reat use to the fishing and crofting population extending 

rom Cape Wrath to Lock Eriboll. Plans for both piers 
have been prepared by Mr. James Barron, Wick. Mr. 
John Malcolta, contractor, Dunnet, has obtained the con- 
tract for the pier at Portnacon, and the work is to be com- 
menced immediately. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 

Meeting of Coalowners.—A joint meeting of the mem- 
bers of the Coalowners’ Associations of South and West 
Yorkshire was held at the Great Northern Hotel, Leeds, 
on Saturday afternoon, to further consider the applica- 
tion of the miners for an advance of 10 per cent. in their 
rate of wages. Some of the West Yorkshire owners 
declared their inability to give the amount demanded, 








but it was decided to appoint a committee to meet a 
deputation of the men at the Victoria Station, Sheffield, 
on Friday. Previous to this conference a meeting of 
owners interested in the sale of gas coal was held, and 
much depends upon their ultimate decision. It may be 
stated that many London buyers are now here endeavour- 
ing to make contracts for a year’s supply, but present 
rates are refused. 


Yorkshire Collieries and the Hull Coal Trade.—During 
last month 136,832 tons of coal were sent from this dis- 
trict to Hull, an increase of 14,200 tons on the correspond- 
ing month of last year. During the first four months of 
the present year the total tonnage carried to Hull was 
571,000, against 502,216 in the corresponding period of 
1888, There is thus an increase in the imports of 68,784 
tons during the four months, which is very gratifying, 
and in the exports there was an increase of 63,586 tons. 


Hull and Barnsley Railway Crisis.—The adjourned 
meeting of the proprietors of the Hull and Barnsley Rail- 
way was held on Saturday, at Hull. It had been 
adjourned in order that some satisfactory arrangement 
might be come to between the local and London share- 
holders. The point of difference between the parties has 
turned upon the representation on the Board of Directors, 
the London contingent claiming a larger share of voting 
power on the Board. At a Wharncliffe meeting held 
recently, it was proposed to remove five Hull directors 
from the Board of fourteen. An amendment to reduce 
the Board to thirteen was lost, whereupon the town 
clerk of Hull moved to reduce it to twelve, and on this 
the meeting was adjourned to see if some arrangement 
could not be come to between the contending parties. At 
the meeting on Saturday it was announced that there had 
been no reconciliation, and considerable acrimony was 
displayed. On a vote, the amendment to reduce the 
Board to twelve was lost, and a poll was demanded, and 
— The meeting was then adjourned for a fort- 
night. 


Further Revival in the Steel Trade.—After somewhat of 
a depression in the steel trade, lasting over the last fort- 
night, there has been a smart recovery in the market, and 
the quotations then given are again firmly upheld, with 
every prospect of another advance. Hematite irons and 
Bessemer steel are in short supply. Holders of Bessemer 
billets are now asking 5/. 7s, 6d. per ton. 


Strike in the Engineering Trade.—There are now 15,000 
men employed in the Hull engineering trade on strike, 
their demand for an advance of 2s. per week having been 
refused. One shilling advance was offered, but this the 
men refuse to accept. Arbitration has been suggested, but 
it is not likely to be entertained at present. The men 
allege that the wages paid at Hull are below those of other 
northern ports. 





MISCELLANEA. 

THE Junior Engineering Society will to-morrow (Satur- 
day) afternoon, 18th inst., visit the Tower Bridge works, 
ee at the works entrance, Little Tower Hill, at 
3 p.m. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom, for the week ending May 
5, amounted, on 16,023 miles, to 1,288,823/., and for 
the corresponding period of 1888, on 15,950} miles, to 
1,231,197/., an increase of 72? miles, or 0.4 per cent., and 
an increase of 57,626/., or 4.7 per cent. 


In a paper read before the annual convention of the 
American Water Works Association, Mr. L. H. Gardner 
stated that though the area around Pittsburg producing 
natural gas is one-third greater now than it was two years 
ago, and the number of wells nearly twice as great, the 
actual production of gas is only 60 per cent. of what it 
was. 


Messrs. Piggott and Co., of Birmingham, are about to 
erect at Belfast a steel covered tank to hold 3000 tons of 
petroleum. It is 70ft. in diameter and 33 ft. deep, and 
is constructed according to the best modern practice. We 
—* this firm have recently built many tanks of 
this kind. 


The chief inspectors of machinery at the three great 
naval dockyards, Mr, J. H. Heffernan, Portsmouth, Mr. 
Robb, Devonport, and Mr. James H. Ferguson, Chat- 
ham, have been summoned to London for consultation 
with the staff of the Admiralty Steam Department on the 
subject of the recent failures in the engines of some of 
Her Majesty’s ships, and also with reference to the engin- 
ing of the new ships to be laid down. 


The quantity of coal brought to London by rail and 
canal during the month of April was 653,842 tons and by 
sea 355,562 tons. For the same month last year the quan- 
tities were respectively 641,364 tons and 399,614 tons. 
For four months to date the quantity brought by rail was 
2,774,982 tons, as against 2,715,744 tons in the correspond- 
ing period last year, while the quantity brought by sea 
was 1,738,856 tons, as against 1,725,234 tons. 


The substitution of steel for iron eyebars for bridges, 
&c., is, itis said, leading in America to a reduction in the 
size of the heads, as by the process of manufacture 
adopted for the steel, walties is entirely avoided, the bars 
being rege upset and pressed into ahene by hydraulic 
pressure. The steel used is specified to contain not more 
than 0.04 per cent. of phosphorus, whilst the carbon 
varies from 0.2 to 1 per cent. 


The report of the Commissioner for Railroads of New 
South Wales for the year ending June 30, 1888, shows that 
on that date there were in operation in the colony 2112 
miles of line, an increase of 197 miles — the year, 
whilst 66 miles were under construction at the moment 
when the report was issued, The total cost of the lines 





has been about 27,600,000/., and the average earnings on 
this capital is slightly under 3 per cent. All the lines are 
owned by the colony. 


In his paper on secondary batteries, recently read 
before the Society of Arts, Mr. W. H. Preece recom- 
mends the following mixture for the electrolyte of these 
cells: To a quart of saturated carbonate of soda solution, 
add slowly, during continuous agitation, 12 fluid ounces 
of strong sulphuric acid ; till the cell slowly with water 
19 parts, strong sulphuric acid 5 parts, soda solution 
1 part; total 25 parts. The specific gravity of the 
electrolyte should be 1.210. The soda solution prevents 
sulphating. 

An accident occurred to one of the pneumatic dynamite 
guns of the United States warship Vesuvius during some 
experiments made with the intention of proving that a 
200 lb. shell could be thrown to all ranges inside of a mile 
at the rate of one in two minutes. Three dummy shells 
were fired successfully, but the fourth, a hollow cast-iron 
shell, went to pieces in the gun, completely wrecking the 
breech section. It is fortunate for those on board that 
the shell did not happen to be charged at the time of the 
accident, for if this had been the case the Vesuvius would 
have certainly sunk. As it was no one was injured. 


Messrs, Standfield and Clark, whose off-shore dock at 
Hamburg we illustrated last week, are now constructing 
at their works at Grays one of their large depositing docks 
for Zdérate, in the neighbourhood of Buenos Ayres. It 
will be remembered that we described and illustrated the 
well-known depositing dock at Barrow-in-Furness in June, 
1883. There are similar but larger docks of their construc- 
tion at Sebastopol and Vladivostok. This new dock will 
be able to take in ironclads of 5000 tons displacement, 
and is being so constructed that it can be readily extended 
80 as to accommodate vessels of 10,000 or 12,000 tons. 


Serious trouble is being experienced with the Magi- 
cienne, which has again failed under forced draught to 
realise the horse-power expected. Since the previous trials, 
made some time back, several changes have been made in 
the engines and in the combustion chambers of her boilers. 
Amongst other things an attempt was made to reduce the 
back pressure in the low-pressure cylinder by fitting an 
additional exhaust pipe, but this has proved ineffective, 
and at their best the engines only indicated 8100 horse- 
power in place of the 9000 contracted for. In other 
respects the engines worked well, and a speed of 18 knots 
was attained. 


It will be remembered that some months back the 
Arcole bridge at Paris showed signs of giving way, and in 
fact partially filed. Since then it has been under repair, 
and the work is now practically finished, and has under- 
gone a series of tests. The first of these was intended to 
represent the effect of a dense crowd, and to this end the 
bridge has been covered with a complete layer of sand 
giving a weight of about 63.5 lb. per square foot, As the 
bridge is 262 ft. long by 65 ft. 6 in. broad, about 480 tons 
of material were required. Another test was then made 
with a live load composed of a number of loaded drays 
weighing about 16 tons each, which were led across the 
— The results are said to have been perfectly satis- 

actory. 


Manufacturers of dynamos in the United States have, 
as a body, received a severe blow in the recent decision of 
the American Patent Office on a patent of Mr. Weston 
applied for some six years back in which the method of 
making dynamo armatures of thin metal plates, insulated 
from each other, is broadly covered. At that time Edison 
filed an interference claim, and the subject has been under 
consideration ever since. The authorities have now, 
however, come to a decision, Edison’s objection being 
disallowed, but this will not affect the Edison companies 
who have taken out a license to manufacture from the 
Westinghouse Company, who now hold the patents. 
These two companies therefore promise to have a mono- 
poly of dynamo manufacture in the States. 


Some important improvements are now being carried 
out at Brighton along the Maderia-road, consisting of a 
raised terrace 1304 ft. in length and 25 ft. in width, ex- 
tending from the steps opposite the Royal Crescent to 
the steps opposite Paston- place, forming a raised 
promenade between the esplanade on the Marine Parade 
and the Madeira-road and protected on the outer edge by 
a strong fenceand hand-rail. This terrace will be acces- 
sible, either from the Marine Parade or the Madeira-road 
by the Royal Crescent or the Paston-place steps, or by the 
hydraulic lift which will be placed opposite the centre of 
Marine-square, and for which a nominal charge will be 
made. In thecentre and underneath the raised terrace 
near the lift, will be a spacious shelter hall with well- 
appointed lavatories, and adjoining this hall, and opening 
therefrom, will be two reading-rooms each 56 ft. by 24 ft., 
beyond which again will be covered walks 18 ft. in width 
extending the remainder of the length. The raised pro- 
menade is supported on cast-iron columns and wrought- 
iron girders with ornamental spandrels, the roof or ceiling 
being of concrete with an asphalt walk on the top. The 
following is the bill of materials: About 5000 cubic yards 
of excavation ; about 2000 cubic yards of concrete ; about 
300,000 bricks; and 600 tons of iron. The scheme was 
designed by Mr. Philip C. Lockwood, and is now being 
carried out by Mr. G. R. Andrews, who has succeeded 
Mr. Lockwood as borough surveyor ; the contractors are 
Messrs. J. Longley and Co., of Crawley. The contract 
sum is 13,975/., and the time for completion September 
30 next. 





LOCOMOTIVES FOR QUEENSLAND. — The Queensland 
Government has accepted a tender of Messrs. Nasmyth 
and Wilson (England) for fifteen locomotives, to cost 
1600/. each, 
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THE STABILITY OF OIL-CARRYING 
STEAMERS.* 


By Pui.ip JENKINS, Professor of Naval Architecture 
in Glasgow University. 


WHEN asked by the secretary a short time ago to pre- 

are a paper for the present meeting of the Institution, 
r selected as my subject the stability of oil-carrying 
steamers, partly because I had previously been requested 
to investigate the TT of two such vessels built for the 
trade between the United States and Europe, and to draw 
up regulations for their loading and discharge, on which 
account I had to give a great deal of consideration to the 
subject, and partly because the construction of such 
vessels has already become an important branch of the 
shipbuilding industry, and promises to be in the future of 
still greater importance. 

Although the oil trade between the United States and 
Europe, and other parts of the world, has m for some 
time one of the most important in which that country is 
engaged, not until a few years ago were the difficulties, 
and perhaps I may add the prejudices, attending the 





oversea carriage of petroleum in bulk wholly overcome. 
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This is the more remarkable seeing that the bulk trade 
has been carried on with great success on the Caspian Sea, 
between Baku and the south-east of Russia, for ten years 
past, and might be said to have ina measure demonstrated 
the feasibility of the same methods of carriage across the 
North Atlantic. ; , 

Naturally, the methods of transporting American oil 
which first suggested themselves, were by means of barrels 
to Europe, and tin cases covered with wood to the eastern 
countries, and these methods of carriage, while still em- 
ployed in the bulk of the trade, practically monopolised it 
down to two or three years ago. 

As with most other reforms, the change from barrel to 
bulk has been brought about slowly and in a tentative 
way, for although as long ago as 1863—a date anterior to 
the general adoption of carriage in bulk even on the 
Caspian Sea—some iron sailing vessels were speciaily built 
for the purpose of carrying oil in this manner, they do not 
appear to have ever entered upon the trade, probably on 
account of the difficulty of discharging a in the absence 
of those storage tanks which are rapidly being set up at 
the present time in Northern Europe, while the dubious 
success of the few small wooden vessels, specially fitted 
for the same purpose later on, was not of such a nature as 
to encourage the general adoption of the plan. eh <a 


The construction of vessels to carry oil in bulk intro- 
duced some new problems to the notice of British ship- 
builders, The first and most important of theseinvolved the 
question of the possibility of securing oil tightness in the 
material of the hull itself. If this could not have been 

Paper read before the Institution of Engineers and 
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accomplished the experiment must have been abandoned, 
To fully appreeiate the difficulty of securing oil tightness, 
it is necessary to distinguish between the behaviour of 
oil and water in contact with iron or steel. As the 
members are aware, the occurrence of slight leakage during 
the testing of an ordinary ballast tank is not regarded 
seriously, because the rusting of the iron soon makes the 
joint water-tight ; but with oil such is not the case, The 
oil destroys the rust which the water fosters. Hence the 
necessity for most careful workmanship and close rivet- 
ting. The difficulty as to leakage had been successfully 
overcome by the builders of the comparatively small 
vessels engaged in the Caspian Sea; but it by no means 
followed that similar results would attend the construc- 
tion of larger vessels built of much thicker material, and 
subject to all the rigours of the North Atlantic 
winter. Very scant information was to be obtained 
on this head from the builders of the Caspian boats, 
who, perhaps naturally, viewed with anything but 
favour attempts by others to enter a field which 
they had made their own. But the difficulty has been 
overcome, and that which was at first a matter of 
doubt has now become a matter of certainty. Experience 
on the Clyde and on the east coast has abundantly 





| bulkheads which bound the oil hold have the oil only on 


one side of them, and are subject to considerable stress, 
and more especially the aftermost on account of its greater 
breadth, during the whole of the voyage from America to 
Europe. Also the bulkheads which bound the water 
ballast on the return journey are similarly circumstanced. 

But the pressure due to the head of oil or water, as the 
case may be, does not represent the whole pressure which 
a bulkhead has to bear, and as I have nowhere seen 
attention drawn to the other causes of stress, it may be 
of interest if I refer briefly to them here. Let us suppose 
a vessel laden and about to start on her voyage. As she 
acquires onward motion each element of cargo has to 
acquire an equal velocity in the direction of motion. 
Ordinarily the force causing the onward motion is com- 
municated to the vessel herself from the shaft through 
the thrust block to the hull. and from the ceiling and decks 
to the cargo by virtue of frictional resistance. But with 
liquid cargoes such cannot be the case. This will be well 
understood if we imagine a vessel containing free water to 
be set in motion. The water will not at first partake of 
the motion of the ship, but will move aft, heaping itself 
up against the aftermost bulkhead of the compartment, 
presenting to the eye of an observer an inclined surface. 
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demonstrated that with careful workmanship, and suffi- | 
— close rivetting, no danger of leakage need be | 
e 


apprehended. Satisfactory results are obtained in practice 
by spacing the rivets in the landings of the outside plating 
three and a half diameters apart from centre to centre, 
and in the butts from three to three and a quarter dia- 
meters apart. Similar spacing is adopted in some 
instances in the laps and butts of the transverse bulk- 
heads, while in others the rivets are reeled and spaced 
four diameters apart in each row. In addition, the bulk- 
heads require, however, to be made more numerous and 
much stronger than is customary in an ordinary merchant 
steamer. In the latter the strength of a bulkhead is, of 
course, liable to be severely tested only by grounding or 
in the event of injury to the hull by which a compartment 
is flooded, whereas in the former the bulkheads which 
beund the cargo hold, as also those which limit the water 
ballast carried in the return journey to America, are con- 
stantly required to resist the fluid pressure, and as in 
practice it is proper to make a structure which is only 
occasionally to bear a given maximum stress less strong 
than one that has to sustain the constant repetition of 
such stress, so the bulkheads of oil steamers are properly 
made stronger than is usual in an ordinary merchant 
steamer. Nevertheless, I think that in their desire to 
secure safety from accident or danger, owners, in requir- 
ing all the bulkheads in the vessels of the size now 
commonly built to sustain without leakage a head of water 
of some 20ft. above the top of the tank, exclusive of the 
reserve tubes, have been insisting on tests which are more 
severe—at least, so far as some of the bulkheads are con- 
cerned—than the circumstances require. 

Let us glance at the circumstances under which the 
bulkheads are subject to stress. During the process of 
filling or discharging, a bulkhead can never have to with- 
stand the pressure of a greater head of oil or water than 
that corresponding with the level of the oil or water in the 
reserve tubes. At sea, 30 long as adjacent compartments 
are full, the dividing bulkhead can have very little stress 





to bear, as it is pressed about equally on both sides. The | 
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In such a case the bulkhead has to supply the necessary 
aueeeiine force to the water, and in doing so it is itself 
strained. Similarly in an oil vessel, owing to the fluidity 
of the cargo, nearly the whole of the force necessary to 
cause the oil to acquire onward velocity at the same rate 
as the ship herself has to be communicated through the 
medium of the bulkheads. As the vessel begins to acquire 
motion, the oil in each compartment lags behind, it 
presses against the bulkhead, the bulkhead is to some 
extent deflected, and when the increase of stress in the 
bulkhead is just that caused by a pressure great enough to 
communicate the necessary increment of velocity to the 
contained oil, it yields no more. It might at first sight 
be thought that the pressure on the bulkheads from this 
cause as we moveaft will beintensified—that the pressure on 
the bulkhead on theafter side of the foremost compartment, 
forinstance, incausing it to deflect, would be communicated 
to the next compartment, and so on, and that there would 
thus be an accumulation of pressure on the aftermost 
bulkhead. No doubt if the tanks were filled and sealed 
some such action as I have sketched would take place; 
but since the oil surface in each tank is free, the bulk- 
head is free to deflect, and any such deflection is measured 
by a slight rise in the level of the oil in the reserve tube. 
Practically, therefore, the increase of pressure on the 
aftermost bulkhead of each compartment from this cause 
is due almost entirely to the oil of that compartment. 
The effect of moving ahead is thus to increase the stress 
in the divisional bulkheads, although the increment is 
usually not great in amount. The aftermost bulkhead is 
in this way subject toa pressure greater than that due to 
the head of oil in the reserve tube, and the foremost bulk- 
head to a pressure somewhat less. A similar kind of 
action goes on when the vessel is being brought to rest, 
except that then the bulkheads separating the oil com- 
partments are strained in the contrary way, and the actual 
stress on the foremost bulkhead is increased, that on the 
aftermost being diminished. 

Again, if we suppose an oil vessel to be rolling in the 
trough of the sea, and to partake of the orbital motion 
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which the sea water has, the effect of this motion is to in- 
crease the apparent weight of the contained oil, when the 
vessel is in the o~ of the wave, by as much in some cases 
as 20 per cent., and to diminish itto a corresponding extent 
when the vessel is on the crest. Practically the effect of 
the alternate increase and decrease in the a ne weight 
affects only the bulkheads bounding the oil hold, increas- 
ing the pressure in the wave trough nearly into equality 
with that due to an equal head of water, and similarly 
decreasing it on the wave crest. In the same way on the 
return journey, the bulkheads bounding the water ballast 
may be subject to stress due to the pressure of a liquid of 
proportionately greater density than water. But although 
the stresses induced by the causes to which I have referred 
are important in themselves and deserve consideration, it 
is not, I take it, for the purpose of withstanding these 
alone that bulkheads of oil-carrying steamers need the 
strengthening usually applied to them. A more serious 
condition of affairs would be reached if, by any accident, 
a compartment became only pavaty filled at sea, owin 
to the longitudinal motion of the contained fluid caus 
by the pitching and ’scending of the vessel in crossing 
waves, and it is mainly to provide against this contin- 
gency that the elaborate arrangements to be seen in every 
oil steamer are supplied. In any case, however, as I re- 
marked before, the bulkheads which should receive most 
attention and be most strengthened are the two which 
bound the cargo hold, as well as those which bound that 

art of the hold appropriated for ballast on the return 
journey. Whatever may be the condition of affairs the 
intermediate bulkheads can never possibly be subject to 
straining action to the same extent as the ones in ques- 
tion. 

So far as those vessels which carry water ballast in tanks 
below the oil compartments are concerned, I may remark 
that the tops of the tanks have to bear continuously the 
stress due to the head of oil resting upon them, and ex- 
oma | in these instances to some distance above the 
upper deck. Inthe trough of the wave, too, the tank top 
has to sustain the augmented pressure due to that increase 
in the apparent weight to which I have already referred, 
while, in addition, in those cases where the tank top 
slopes upwards from the sides towards the middle line, the 
rolling motion has effect in augmenting the stress ina 
way described by me in a paper on the shifting of cargoes 
read before the Institution of Naval Architects in 1887. 
It will be obvious from the above that the tops of these 
tanks require most careful consideration, as well as the 
bulkheads, and in some of the earlier vessels I nnderstand 
that the oil has been found to leak from the compartments 
into the ballast tanks. 

Important though this branch of the general question 
involved in the consideration of oil carrying steamers un- 
doubtedly is, I do not propose to enter upon it more fully 
at the present time, but rather to confine my remarks to 
the subject of their stability. 

The fact that the presence of free water in the hold of 
a vessel makes her more tender in the upright position 
has long been known to naval architects. Some years ago 
Mr. Barnes, late Surveyor of Dockyards in Her Majesty’s 
service, to whose patient investigation at a time when the 
science of naval architecture may be said to have been 
yet in its infancy, we are greatly indebted, accurately 
measured its effect for small inclinations of a vessel from 
the upright position. His method was more appropriate, 
however, for the case in which a small quantity of water 
finds its way on board than for that in which a free liquid 
is present in large quantities, in the form of cargo, and 
rises to a great height, 

Let us see how the presence of free oil or water in a 
vessel tends to incline her away from the upright posi- 
tion. Ordinarily if a vessel be upright and at rest in still 
water, the common centre of gravity of the hull and cargo 
must be situated in the middleline plane, and must be below 
the metacentre corresponding with the draught at which 
she is floating. Ifa portion of the cargo be moved from one 
side of the vessel to the other, the common centre of 
gravity will in consequence move from its position in the 
middle line in a direction parallel to that in which the 
centre of gravity of the shifted cargo has been moved and 
the vessel will incline away from the upright until a posi- 
tion of equilibrium is at length attained in which the 
centre of gravity and centre of buoyancy are again in the 
same vertical line, In the case, however, in which a 
vessel contains water or oil havinga free surface, she may 
not remain upright even though the common centre of 

ravity be below the metacentre, and this is due to the 

act that the contained liquid is constantly ready to 
change its surface in order that it may remain horizontal, 
or parallel to that of the water in which the vessel floats, 
Take for example the vessel of Fig. 1, M being the meta- 
centre and G the common centre of gravity of hull and 
cargo when the vessel is upright. et W L be the water 
line, and wi the level of the — cargo in one of the 
compartments. If the vessel be fore bly inclined from the 
og — through a small angle, so that W, L, 
(Fig. 2) becomes the water line, the free liquid surface 
will follow it and assume the parallel position w,/,. This 
cannot be accomplished without some movement in the 
liquid, the quantity of oil on the emerged side being 
diminished by the wedge wo w,, whose centre of gravity 
is at gj, and that on the immersed side being immersed by 
an equal wedge / o /,, whose centre of! gravity is at go. 
Hence the common centre of gravity of hull and cargo 
must move from G to G,, the line G G, being parallel to 
9) 9a, and its length being to g; g2 as the weight of the 
wedge of oil shifted is to the weight of the laden vessel, 
The vertical through G, will cut the middle line at some 
point m, and through this point the weight of the ship 
and cargo acts at the given inclination. The point m is 


related to G in the same way as the metacentre to the 
centre of buoyancy, that is to say, whatever be the inclina- 
tion of the vessel so long as it be small, the vertical 





through the new centre of gravity will always cut the 
middle line at the same point m. The resultant upward 

ressure of the water will, of course, act through M, and 
oes we see that if m be below M the vessel will return 
if released to the upright position, the wedge / 0 1; of con- 
tained liquid passing to its former position wo w,; 
if m coincides with M the vessel will not so return, 
but will remain in neutral equilibrium; and if m be 
above M the vessel will incline still further from 
the upright position, coming to rest only when the 
centre of buoyancy is drawn sufficiently far on the im- 
mersed side to be in the vertical line through the centre 
of gravity of hull and cargo, We see then that the point 
m has the same property in determining the character of 
the equilibrium of a vessel containing liquid having a free 
surface, as the centre of gravity has in the case of a vessel 
containing cargo which does not shift. To the interval 
m M, I have been accustomed to give the name “‘etfective 
metacentric height,” i h as this dist affords a 
measure of the vessel’s initial stiffness in the same way as 
the metacentric height does under ordinary circumstances. 
The righting moment at a small inclination @ from the 
upright is in fact W.m M sin 4. It is not difficult to 
measure accurately the distance G m, which, as I said 
before, is constant for all small inclinations of the vessel, 
with a given extent of free surface, 

Let us assume that the compartment containing the free 
liquid is rectangular in form at the height of the oil sur- 
face, its iength being / and half breadth y. Let W be the 
displacement of the vessel in tons. Suppose the vessel 
inclined from the upright through a very small angle 6 
(Fig. 2, page 571). The volume of the wedge of oil, 
wow, transferred to 101, is 4 y*214, and the distance 
through which its centre of gravity is ultimately trans- 
ferred is 4 y. If the contained liquid were salt water, the 


weight of the wedge would be Ay 10 and its moment 


byl yy _ ayo 
a? 35° 
and from what has gone before this product must be equal 
toW.GG,. But since the density of petroleum is only 
about .8 that of salt water, the weight of the transferred 
wedge will be but 
47°10 8 


35° 10’ 








and the moment 
4y°l0 8 4y_#y10 8 








35" “20 -S3 35° «10 
Equating W.GG, = gy* 10 | &, and G G, = Gm. 0 
35 =«:10 
ultimately. Hence 
‘ oo, B y U 8 
G m= oe Ww 10 


Now 4 y* lis the moment of inertia of the plane of the 
free vil about the middle line; call it I1, and we may 
then write : 

G m= 8 ui 


0’ sw . . a) 

As an example, take a vessel 40 ft. broad, having a com- 

artment 24 ft. long amidship, in which oil is free to move 
rom side to side, the displacement being 3000tons. Here 
I, = (20) 24, and by substituting in equation (1), we find 
m=.976ft. Hence, in such a case, if the height of the 
metacentre above the centre of gravity be less than 
.976 ft., the vessel will not remain upright under the 
above conditions. If there be two such compartments of 
equal length, partially filled, the height of m above G will 
be doubled, and the actual metacentre height must exceed 
1.952 ft. if the vessel is to remain upright. Similarly as 
regards a greater number of compartments. It may be 
added that, although equation (1) has been established 
only for the case in which the free surface of the oil is in 
form a ag 4 the equation is rigorously true whatever 
be the form, I, being then the moment of inertia of the 
plane of the free oil surface above the middle line. 

The above investigation is for the case in which the 
vessel has no middle line bulkhead, or a bulkhead per- 
forated so as to admit of the passage of oil readily from 
one side to the other. Let us now examine the case in 
which the compartments are ny eats § an oil-tight or 
practically oil-tight middle line bulkhead. In that case, 
if the vessel of Fig. 1 be inclined through a small angle, 
the oil on the one side of the middle line bulkhead will 
change its surface from wo to w, /; parallel to W, L;,andthat 
on the other side from 0 / to wa /o, also parallel to W, L, 
(Fig. 3). Here we have one wedge w a w, shifted tooah, 
and another wedge w2 o b moved tolb/:, and their com- 
bined effect is as before to make the centre of gravity G 
move away from its position in the middle line to some 

int G,. The distance G Ge is not, however, so great as 

G, in the preceding instance. The wedge of oil shifted 
has only one-fourth the volume of the wedge of the pre- 
vious example, and the distance through which its centre 
of gravity is moved is only one-half as great. On the other 
hand, two wedges are shifted here instead of one. Hence 
we shall obtain by the same reasoning as before 


3(7Vo.ay.2.3 
ete ae “10 
35 W 
and . 
ein. = 
Gm = 3 Ww id’ 


or the loss of effective metacentric height is only one- 
fourth as t as when the oil is free to shift from side to 
side of the vessel. It follows that in the numerical 
example already quoted such loss would amount to only 





.244 ft. instead of .976 ft. Putin another form the loss of 
effective metacentric height due to the readineass of the 
oil to shift in a vessel with four compartments only par- 
tially filled with oil, but having an oil-tight middle line 
bulkhead, is the same as in a vessel of the same displace- 
ment having only one such compartment filled, but having 
no middle line bulkhead, or one through which the oil 
may readily pass from side to side. 

I will only briefly advert to the case in which the oil 
does not extend to the bottom plating, but is separated 
from it by a cellular bottom, as in some vessels built in 
Sweden, and on the east coast, or by a tank having a sec- 
tion like an inverted V, as in a number of vessels built 
specially for this trade. Here if the oil leaks through the 
tlat on which it rests, into the space below in any quantity, 
it will be free to move from side to side as well as the oil 
in the compartment above. The effect will be to further 
reduce the effective metacentric height. On the other 
hand, the transference of some oil from the free surface 
in the compartment to the cellular bottom, has the effect 
of lowering the centre of gravity, and thus adding to the 
vessel’s stiffness. If there be no oil-tight middle line 
bulkhead, the loss of effective metacentric height is 

Ii¢ Ig 8 wz 

35W*10 W’ 
where I, has the value as before, I, is the moment of 
inertia of the plane of the oil surface in the cellular bottom 
above the middle line, with the weight of the oil collected 
in the cellular bottom, and x the distance between its 
centre of gravity and that of the same quantity of oil lost 
in the compartment above. ce 

If the middle line bulkhead be oil-tight under the above 
condition, the oil in the cellular bottom being free to 
move from side to side, the loss of effective metacentric 


height is 

1 I, + 8 Ip we 

4 10°35W 10 35W W 
In this case, the vessel is permanently inclined too, owing 
to the movement transversely of the centre of gravity of 
the oil which has passed into the cellular bottom. 

We have seen that if Gm be greater than GM, the 
vessel will not remain upright but will incline away from 
that position, reaching a position of equilibrium at a 
greater or less inclination, according to the circum- 
stances of the case, and it will perhaps appear obvious 
to those who have followed me thus far, that it is of 
very great import in loading or unloading, if the 
greatest number of tanks are to be filled or discharged 
simultaneously, that care be taken to maintain the 
common centre of gravity of hull, of coal, and fit- 
tings in the middle line plane. If this be not done the 
vessel will incline sometimes through a large angle even 
though m be below M. To show that such is the case let 
us suppose the vessel to be upright and at rest, and to have 
a definite effective metacentric height M m, one or more 
of the tanks being only partially filled. Let now a small 
weight, as for instance some bunker coal, be moved from 
the middle line to one side, or from one side tothe other. We 
should find in the case of a vessel having cargo that could 
not shift that she would assume a position of equilibrium 
at a definite inclination as in the inclining experiment. 
But in an oil steamer having tanks only partially filled, the 
inclination of the vessel due to the moving of the weight 
causes a wedge of oil to pass from one side to the other. 
This has the effect of further inclining her, more oil conse- 
quently passes from one side to the other, she becomes 
still more inclined, this leads to the transference of still 
more oil, and so on until finally a position of rest is 
attained. It is not difficult in cases where the ultimate 
inclination is not great to determine the precise inclina- 
tion at which the vessel is brought to rest under such 
circumstances. 

Suppose the vessel to. be at first upright and at rest, 
and let a small weight w be moved transversely through 
a distance a. This will cause the common centre of 
gravity of hull and cargo to move transversely through a 


distance“. Let ¢ be the inclination at which the 


vessel is finally brought to rest. The weight of the wedge 
of oil transferred from the one side to the other is 
beet. :, and the shift of the common centre of 


gravity due to this cause is 3 ° she , a3 before. 


Hence the total shift of the centre of gravity is 


wa,8 1.8 
W ‘10 35W 
But since the vessel is brought to rest at the inclination 
6, which is assumed not to be great, the centre of gravity 
must be finally in the vertical through the metacentre, 
and hence the shift of G may be written as G M. 4. 
Equating these two values, we get 





_wa, 8 I,.8 
oS" Saw 
from which 
0 35 wa 


“Sw.GM—gh’ 


As an example, suppose the displacement of the vessel to 
be 3000 tons, G M = 1.25 ft., and the compartment 24 ft. 
long as before in a vessel 40 ft. broad. t the small 
weight w be 5 tons, and the distance through which it is 
moved transversely 30ft. Ordinarily the transference of 
this weight of 5 tons would incline the vessel through 
about 2} deg., whereas from the above equation it 18 
found that with free oil in one compartment the inclina- 
tion is raised to as much as 10} deg. . 
For the similar case in which the same compartment is 
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divided by an oil-tight middle line bulkhead the corre- 
sponding equation giving the inclination will be 


GM.g=%41.8 he 
6= "Ww ta 10 35 W’ 
= 140 wa 
140W.GM—3I, 
If this equation be applied to the above example, it is 
found that the ultimate inclination of the vessel having 
an cil-tight middle line bulkhead in about 3 deg. 

The above formule give the inclinations at which the 
vessel comes to rest under the several conditions with great 
closeness in all cases in which the inclination is not large, 
and especially when the free surface of the oil is not very 
near the crown of the tank. In those cases in which the 
free surface of the oil is very near the top of the tank, 
or where the inclination becomes great, its actual value 
can only be determined by the calculation of the vessel’s 
stability as affected by the movement of the oil, the inclina- 
tion at which the curve of stability cuts the base line being 
that at which the vessel comes to rest. 

The above examples show the great importance of pro- 
viding in the design of an oil vessel that the common 
centre of gravity of the hull, coal supply, stores, &c., shall 
be in the middle line plane. Further before loading or 
unloading cargo, if the ability of the vessel to load or 
discharge simultaneously from the greatest number of 
tanks without danger or inconvenient inclination is to be 
regarded, care should be taken by properly trimming the 
coal to bring ths vessel upright before loading or unload- 
ing is begun. 

have dealt up to the present with the initial stabilit 
of vessels containing oil having a free surface, or wit 
moderate inclinations only from the upright position : it 
will be proper now to consider its inclining effect at larger 
inclinations. Although so long as G m is less than G M 
the vessel will continue to remain upright, she is not so 
capable of resisting inclination due to external forces— 
such as wind pressure or the heave of the sea—as if the cargo 
were not free to shift. In the latter case for moderate 
inclinations the righting moment may be expressed by the 
product of W.G M sin 4, whereas in the former it is but 
W.m M sin 0, as I have already shown. For large incli- 
nations the above expressions cease to be correct, and the 
loss of righting arm caused by the shifting of the cargo 
can then be best represented by means of adiagram. Figs. 
4 to 11, in the calculations for which I have been 
assisted by some of my students, represent the stability 
of a vessel under a variety of circumstances. She is 
supposed to have arrived at New York with enough 


from which 


coal in the lower bunkers for the return journey to| yy, 


Europe. Her curve of righting arm in that condition is 
A (Fig. 4). The —s of one compartment 24 ft. long is 
then begun. When the oil has risen to a height equal 
to one-fourth of the depth of the tank the curve of right- 
ing arm, assuming the cargo not to shift, is shown by A 
(Fig. 5). With the cargo free to shift and with an oil- 
tight middle line bulkhead the curve falls to B (Fig. 5), 
and with the middle line bulkhead perforated it is further 
reduced in height to C (Fig. 5). hen the oil has risen 
half way up the tank the curves of righting arms under 
the above three conditions are A, B, and C (Fig. 6). 
With the oil filling three-fourths of the tanks the curves 
are A, B, and C (Fig. 7); and with the tank full, so that 
shifting cannot take place, the three curves come together 
forming B (Fig. 4). 

Figs, 8, 9,10, and 11 give the curves of righting arm 
when two tanks are filled simultaneously, instead of one, 
as in the preceding example. A (Fig. 8) is the curve of 
righting arm when the two compartments are one-fourth 
full, the cargo being supposed not to shift ; B is thecurve 
of righting arm on the assumption that the cargo shifts 
and that the middle line bulkhead is oil-tight ; and C is 
the corresponding curve on the assumption that the 
middle line bulkhead is perforated. In the latter case it 
will be seen that the vessel does not stand upright, but 
inclines away through 19} deg. before attaining a position 
of equilibrium. With the compartments half full the 
corresponding curves are A, B, and C (Fig. 9). Here, in 
the most critical condition, the inclination at which the 
vessel comes to rest is 18 deg. With the compartments 
three-fourths full the curves are A, B, and C (Fig. 10); 
and with the compartments quite full they unite, forming 
A (Fig. 11). It will be noticed in the above examples 
that when the two tanks are partially filled, the middle 
line bulkhead being perforated, while the vessel inclines 
away from the upright through a considerable angle 
before coming to rest, the reserve of stability remaining 
is but small, and if it were attempted to fill three tanks 
simultaneously under the above circumstances the vessel 
would in all probability capsize. 

_ The curve on Fig. 12 shows the manner in which the 
inclination varies as the depth of the oil in the two com- 
partments changes under the above circnmstances ; and 
it will be of interest to trace the vessel’s behaviour during 
the filling of the tanks. Assuming her to be upright 
when the oil begins to pour into the tanks, she will con- 
tinue upright until the oil attains a definite height. 
Owing to the low position which the incoming oil occupies 
the common cantre of gravity of hull and cargo falls, but 
m rises rapidly as the oil in the tanks rises because of the 
rapidity with which the free surface grows, and M usually 
falls. When m and M coincide the vessel is in neutral 
equilibrium. This occurs when the oil has risen to a 
height of 15 in. in the case under consideration. Im- 
mediately afterwards, as the oil continues to pour 
into the tanks, m rises above M, and the vessel 
inclines rapidly, reaching a maximum inclination of 
19} deg. From that point onward the vessel begins 
to right herself, but very slowly, until the oil surface 
rises to near the level of the deck edge. Thereafter 
the inclining effect of the transfer of the wedge of oil 








from one side to the other diminishes rapidly, and the 
vessel moves fast towards the upright until at last m 
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DIAGRAM SHOWING INCLINATION 
OF VESSEL DURING FILLING OF TWO 
COMPARTMENTS 


S rua 





MNVs 40 Hig30 








5 10 is ro 
DEGREES OF INCLINATION 
again, when the oil is only a few inches 
of the tank, and she becomes upright. 
(To be continued.) 
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ALLOYS OF NICKEL AND STEEL.* 
By Mr. James Ritey, Glasgow. 


Some months agoI was asked to examinesome specimens 
of manufactures of various alloys of nickel and iron. The 
British patents obtained for these manufactures had 
a been submitted to me, but their consideration 

ad not caused me to feel much interest in them. When, 
however, at the request of my friends, I examined the 
products themselves, my interest was much excited, and 
with the consent of my directors, I entered on a course of 
investigations regarding these alloys which is still in 
progress. I fear that the paper I have been able to 
prepare must be considered premature, and perhaps 
incomplete and disappointing; but since I was honoured 
with the request of the Council to prepare this paper, I 
have done my utmost to push our investigations to a 
conclusion. ith the able assistance of my colleagues, 
essrs. Dick and Packer, this has been so far accomplished 
that I am now in a position to submit for your con- 
sideration some interesting facts, which I think will 
probably have a great and lasting effect on the manu- 
facture of steel and its various applications. 

In commencing our investigations, it was arranged that 
before attempting the manufacture of nickel steel ourselves 
a few ingots should be sent us for treatment and 
examination, These ingots were of comparatively small 
size, having been cast from crucibles. They were 44 in. 
square, and contained 3 per cent., 5 per cent., and 25 per 
cent. of nickel respectively. 

Samples of plates and bars from these ingots are before 
you, but it is not necessary to give you details of the tests 
applied to them, as the results of them will be embodied in 
my later remarks, 

eat time after the conclusion of these tests, a visit to 
the works in France was arranged to admit of our seeing 
the process of manufacture, and the degree of certainty 
with which the desired products could be obtained from 
the crucible. This was demonstrated to our entire satis- 
faction, a number of casts being made, the composition 
being varied at will, and the qualities and properties of 
the metal being indicated beforehand. Samples of these 
casts were brought to our works and tested. 

Subsequently, the patentee visited our works, and 
charges were made which showed that the composition of 
the metal can be as effectually controlled in the open- 
hearth furnace as in the crucible. 

I have thus briefly sketched the history of our connection 
with this new alloy, and will now proceed to state the 
results we have obtained, and the conclusions at which we 
have arrived. 

The alloy can be made in any good open-hearth furnace 
working at a fairly good heat. The charge can be made in 
as short atime asan ordinary ‘‘scrap” charge of steel—say 
about seven hours. Its working demands no extraordinary 
care ; in fact, not so muchas is required in working many 
other kinds of charges, the composition of the resulting 
steel being easily and definitely controlled. No special 
arrangements are required for casting, the ordinary ladles 
and moulds being sufficient. If the charge is properly 
worked, nearly all the nickel will be found in the steel— 
almost none is lost in the slag, in this respect being widely 
different from charges of chrome steel. 

The steel is steady in the mould, it is more fluid and 
thinner than ordinary steel, it sets more rapidly, and 
appears to be thoroughly homogeneous. The ingots are 
clean and smooth in appearance on the outside, but those 
richest in nickel are a little more “‘ piped” than are ingots 
of ordinary mild steel. There is less liquation of the 
metalloids in these ingots, therefore liability to serious 
troubles from this cause is much reduced. Any scrap 
produced in the subsequent operations of hammering, 
rolling, shearing, &c., can be remelted in making another 
charge without loss of nickel. The importance of this fact 
will be at once appreciated, especially by usersof articles 
made of this metal, seeing that scrap and old articles 
will have a value for remelting in proportion to their 
contents of nickel. 


* Paper read before the Iron and Steel Institute. 











_ No extraordinary care is required when reheating the 
ingots for hammering or rolling. They will stand quite as 
much heat as ingots having equal contents of carbon but 
no nickel, except perhaps in the case of steel containing 
over 25 per cent. of nickel, when the heat should be kept 
a little lower and more care taken in forging. 

If the steel has been properly made, and is of correct 
composition, it will hammer and roll well, whether it con- 
tains little or much nickel ; but it is possible to make it of 
such poor quality in other respects that it will crack badly 
in working, as is the case with ordinary steel. 

In endeavouring to obtain a correct idea of the value or 
usefulness of alloys of nickel and iron or steel, we shail 
find it of use to consider their behaviour under tensile and 
other mechanical tests, and if these were sufficiently 
numerous our task would not be a very difficult one, 

If it be remembered, however, that in the composition 
of nickel steel we have present nickel and manganese and 
iron, with carbon, silicon, sulphur, and phosphorus, and 
that even a very small difference in contents of some of 
these has a considerable influence on the character of the 
alloy, it will be evident that several series of tests (in- 
volving a very large number of separate experiments) are 
necessary to a full investigation. For instance, we all 
know the effect of very small increments of carbon in 
steel; hence to estimate correctly the influence of the 
addition of nickel, the carbon (as well as manganese and 
other contents) should remain constant. Then that con- 
tents of nickel should be constant and the carbon, &c., 
varied. Further, that the subsequent treatment of all the 
products should be identical in every particular. I have 
not been able to carry out such an elaborate series of 
tests, but I beg to submit a few test results which will no 
doubt be of service at this time. 

In Table I, there are several points of interest which it 
is desirable to notice. 

1. In No. 6 test the carbon present (0.22) is low enough 
to enable us to make comparison with ordinary mild steel, 
which would give (when annealed) results about as 
follows: E. L. 16 tons, B. S. 30 tons, extension 23 per 
cent. on 8 in., and contraction of area 48 per cent. There- 
fore in this case the addition of 4.7 per cent. of nickel has 
raised E. L. from 16 up to 28 tons, and the B, S. from 
30 up to 40.6 tons, without impairing the elongation or 
contraction of area to any noticeable extent. f No. 3 
test somewhat similar results are found, with an addition 
of only 3 per cent. of nickel, combined with an increase 
of the carbon to 0.35 per cent. 

2. In Nos. 2 and 5 tests there is extreme hardness, due 
in part to the large quantity of carbon present, but also 
to the presence of nickel in addition. In No. 9 test, 
with the carbon very much reduced, this characteristic 
of hardness is intensified by the increase of nickel to 10 
per cent. 

This quality of hardness obtains as the nickel is in- 
creased, until about 20 per cent, is reached, when a change 
takes place, and successive additions of nickel tend to 
make the steel softer and more ductile, and even to 
neutralise the influence of carbon, as is shown in No, 11 
test, in which there is 25 per cent. of nickel and 0.82 of 
carbon. In this matter of hardness, due to increased in- 
crements of nickel, there is some resemblance to man- 
ganese steel, as described in Mr. Hadfield’s admirable 
paper; but I am glad to be able to state that before 
the region of extreme difficulty of machining is reached, 
we have qualities of nickel steel available which will 
be of the utmost value for a very large number of 
purposes. 

3. In the 25 per cent, nickel steel there are some pecu- 
liar and remarkable properties. In the unannealed 
specimen the B. S. is high and the E. L. moderately so, 
but in the annealed piece, while the B.S. remains good, 
the E, L. is very greatly reduced, down to one-third of 
the B.S. Again, in both cases, the ductility as shown by 
the extension before fracture is marvellous, reaching 40 
per cent. in 8in. Another feature (clearly brought out 
in tests Nos. 10 and 11, most in No. 10, by the small con- 
traction of area) is that this elongation is nearly uniform 
throughout the piece. 

Before leaving this class of tests, I may state that a 
very large series of peng and tempering tests, which 
I have had made, but which I am not prepared to submit 
at present, show the possibility of very largely raising the 
B.S. and E. L., and the hardness of these alloys. We 
have tested pieces up to 87 tons B. S. with 52 tons E. L. ; 
but there is a piece before you—furnished by the patentee 
—which was tested by us, and gave B.S, 95.6 tons, E. L. 
54 tons, extension in 4 in. 9.37 per cent., contraction of 
area 49.2 per cent. Two similar pieces, tested by Mr. 
Kirkaldy, gave B.S. 94.18 and 93.86 tons, E. L. 52.01 and 
53 92 tons, extension 7.8 and 8.2 per cent., and contraction 
of area 52.4 and 50 per cent. respectively. 

Permit me now to invite your attention to Table II., 
which gives results of torsion tests. In the right-hand 
column, headed ‘‘ Remarks,” is given the number of 
sample or test in Table I., for reference as to tensile 
strength, &c. The torsion tests have been made on 
the steel in the condition in which it left the hammer, 
and also after having been annealed. 

I have arranged both classes in what we consider order 
of merit, having regard to all the three qualities of B. S., 
E. L., and ductility, as shown by number of twists borne 
by each. It is satisfactory to find that to obtain the 
best results it is not necessary to use the steels rich in 
nickel, as only 1 per cent. is present in that which stands 
first in both classes. ; 

There are several interesting points in this Table to 
which I would ask your consideration. 1. At the foot of 
it I give results of torsional tests on Siemens steel. Nos. 7 
and 8 are tests of the same steel annealed and unannealed, 
having a tensile strength of 47.2 and 50.4 tons respec- 
tively. A comparison of these two shows a very slight 
improvement in ductility due to the annealing. Now com- 
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TABLE I.—TESTS OF STEEL WITH VARYING CONTENTS OF NICKEL. 
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j i 
= ies Tensile Tests as Cast. Tensile Tests as Cast and Annealed. Tensile Tests as Rolled. | Tensile by nm ye and 
Mark | Extension per | | Extension | Extension per | Extension per REMARKS. 
| | { Cent, in } | per Cent. in Cent. in | | Cent, in 
M4 Of Me REARS | ic. re iat so C.A.) E.L, B.S.) —__ C. A.) E.L.| B.S. |__| GA. 
| | | 
8 in. 4 in. | Sin. | 4 in. | | Sin | 4in | 8in. | 4in 
p.c. | p.c. | p.c, | tons | tons | p.c. | tons | tons | | p.c. | tons | tons | p.c. | tons | tons | p. ct. 
1 10) .42 | .68 Test-piece defective. 273 '546; .. ' 1.5 9.5 | 32.1 | 57.6 oo. wae 24.0 | 30.1 | 55.1 oo) ae 45.0 
2 2.0 | .90 | .50 Too hard to machine with Mushet steel. Makes a fine tool tempered at dull red in boiling water. 
3 30 | .35 .57 19.8 | 84.9 | .. | 25 | 6.6 | 24.0 | 34.9 os | 25 | 9<0 | 314 | 51.0 | * | 20.3 37.0 | 28.0 | 48.5 I Gee | 20.3 42.0 
a 3.0 | 60 | 26 oo 4 es | wed wee ae — ae eee ee Veer 29.4 | 51.5 9.0 10.1 90 130.3 | 42.91 7.5 9.0 12.0 
5 4.0 | .85 | .50 Too hard to machine with Mushet steel. Makesa fine tool tempered at dull red in boiling water. 
S| 47] 22 | 2 RA a3 ; : ei oo 5 .. | 25.1 | 40.5 | 17.75 | 23.4 , 42.0 128.0 | 406/ 200 | 25.0 | 44.8 |) Average reduced 
7 | 6.0] .80 | .80 | | | | | | 30.0 | 46.4 | 10.0 12.5 | 225 | 28.0 | 42.6 | 15.0 | 17.5 | 18.5 } by one piece, 
8 | 5.0 | .50 | .34 te eek ee s . oo XD | sia | 620! 14¢ 15.6 | 14.0 1325 | 468] 135 | 14.0 | 17.0 |J giving lowresult. 
9 | 10.0 | .50 | .50 Too hard to machine, Makes a good cutting tool when tempered in cold air blast. 
10 | 26.0 | .27 | .85 | [oe oe ae os oe o I ws 38.2 | 51.4 10.5 117 >, .. | 12.75! 45.8 | 29.0 30.0 28.6 
11 | 25.0 | .82 | .62 ee ler ie .- | 22.0 | 47.6 | 43.5 47.6 60.0 15.1 | 421 | 40.0 45.3 | 43.6 
12 | 49.4 | .35 | 57 | | ee | = ae 20.5 | 37.4 12.0 | 24.0 lee 37.0 oe 20.0 29.0 
| | | | | 1 r i 
E, L. = Elastic limit, B. 8,= Breaking strain. C. A.=Contraction of area. 
|the marine engineer will obtain by the use of these 
or TABLE I1.—Tonsion Trsts. _| qualities for the shafts and other forgings used in his 
_— fet | structures. I would now point to the suitability of these 
s _| Diameter of Bar 1 in. | lower alloys to the other portions of his work. It is well 
Si | Lever 1 ft. long. Composition per Cent. known—it has been frequently stated by my friend Mr. 
S| Weight in Pounds. p | Parker and others—that the recent advances in marine 
Mark, | $83 — —| Condition. REMARKS. engineering, rendered possible by the use of high-pressure 
BES | utastic | Breakin | | steam, could not have been effected if it had not been 
Fad | Limit Strain id | Ni c Mn. that a metal superior to wrought iron was put at the engi- 
A . . ae : tral 
—-—- | neer’s disposal. Conceive then of the possibilities now 
1 14 857 1849 Ashammered | 1.0 0.42 | 0.58 |No. 1 sample in No. 1 Table (unannealed). presented when a metal like No. 6 in the Table No, I. is 
2 2 | 677 1507 ” | 5.0 0.30 0.30 [No.7 4, ” ” at his disposal, having, when annealed, an ultimate yee om 
8 1 | 6s hed Le | 3.0 0,35 0.67 |No.3_,, eh ” of 30 per cent. and elastic limit of 60 or 70 per cent. higher 
: 2 4 on x | o |  peP ” ” than those of mild steel, with a nearly equal ductility, 
6 3 510 1950 < | 95.0 | 0.27 | 0.85 |No.10 ,, mn " and the valuable quality added of less liability to corro- 
sion. He may at once greatly reduce his scantlings for 
1A 1} 697 1809 Annealed 10 0.42 0.58 |No1 ,, ee (annealed). present pressures, and get rid of many difficulties of con- 
4 Hy = — ” ; : : 4 | = “ : ” ” ” — 7 he a — himself of the increased strength 
> . | ” ; as . ” ” ” to provide for still higher pressures. 
6a 6 | 360 2100 ” 25.0 0.27 0.85 |No.10 ,, ” ” t will also be seen that these metals are equally im- 
7 148 | 601 1689 ee 0.51 | ..  |47.2tons per square inch, Siemens steel. portant to the shipbuilder and to the civil engineer. This 
8 1, | 601 1697 As hammered | 0.51 .. 150.4 a a - is strongly brought out in considering the immense advan- 
9 38 | 445 1229 ” a 30.1 me = Se tage to be derived from their use in large structures. 
2 ! Think for a moment of this in connection with the erec- 








pare them with No. 9, which is a test of ordinary mild 
steel of 30 tons tensile strength, and it will, I think, be 
concluded that it would be better to sacrifice some of the | 
ductility shown by the greater number of twists, in order | 
to obtain some of the greater strength shown in the 
higher E. L. and B.S. of Nos. 7 and 8. It has become | 
common to order propeller and other shafts of mild steel, | 
but I am inclined to the opinion that their resistance to | 
both streess and wear weakd be increased by the use of | 
stronger steel, while still leaving an ample margin of | 
ductility. But this is incidental. 

2. I would ask you next to compare the results obtained | 
with the ordinary steel with those of the nickel steel, and | 
I think there will be no hesitation in deciding that there | 








richer ones have a lustrous appearance when the scale is 
removed, 

I do not think I have anything more to add as to the 
properties and qualities of these alloys, but it may be 
we to state the theory held by the inventors re- 
garding their formation. They state that they adopt M. 
Chernoff’s view of steel—that itis composed of crystals of 
metallic iron, cemented together by carbide of iron—an 
they account for the extra strength given to steel by 
nickel, by its alloying with this carbide of iron to form a 
stronger ‘‘cement ;” that the space between the crystals 
of iron is thus more completely filled, and the cohesion 
between them rendered much more powerful ; that the 
points of solidification of the cement and crystals are 


will be a very great advantage gained by the use of the | nearer, producing or maintaining a more intimate inter- 
latter—advantage either in reduction of scantling or in | weaving of the elements; that their process of manufac- 
increased strength and ductility. ture is necessary to cause the nickel to enter into combi- 

3. It is interesting to notice how very closely this series /nation and produce a homogeneous alloy, as without it 
of tests confirms those in Table I., the E. L. and B.S. in| there would only be formed a mechanical mixture, not 


both annealed and unannealed samples corresponding, and | 
having the same relation to each other in both systems of | 
tests, while the number of twists corresponds closely to 
the ductility as measured by extension in the tensile tests. 

here are a few other properties of these alloys to which 
I will briefly refer. The specific gravity of nickel is given 
as 8.66 (we make it 8.86); that of ferro-nickel, if 25 per | 
cent. nickel, 8.08 ; that of 10 per cent. nickel, 7.866 ; that 
of 5 percent. nickel, 7 846 ; while the mean of our results 
of hammered steel is 7.84. 

The whole of the series of nickel steels up to 50 per 
cent. nickel take a good polish and finish, with a good sur- 
fave, the colour being lighter with the increased additions 
of nickel. 

In the very important matter of corrodibility, itis with 
the greatest satisfaction I can state that the steels rich 
in nickel are practically non-corrodible, and that those 
poor in nickel are much better than other steels in this 
respect. Thus some experiments we have made show 
that, as compared with mild steel of 018 carbon, 5 per 
cent. nickel steel corrodes in the ratio of 10 to 12, and, as 
compared with steel having 0.40 carbon, with 1.6 chromium, | 
in thatof 10 to 15. In the case of 25 per cent. nickel steel, 
these ratios are as 10 is to 870, and 10 t» 1160 respectively. 
These results were obtained by immersion of samples of 
the different steels in Abel’s corrosive liquid, and the 
results confirmed by su uent immersion in water 
acidified by hydrochloric acid. Some samples of the | 
richer nickel steels which have been lying exposed to the 
atmosphere for several weeks still show an untarnished 
fracture, 

The alloys up to 5 percent of nickel can be machined 
with moderate ease ; beyond that strength they are more 
difficult to machine. The poorer ones stand punching | 
exceedingly well, both as rolled and after annealing. | 
The punch-holes can be put as close together as } in. | 
= the metal showing any signs of cracking. 

el 
quality deteriorates with each addition of nickel. 

The poorer alloys do not show any lustre, but the 


possessing homogeneity, malleability, or ductility. 

In concluding, I may permitted to indicate some of 
the possible uses to which these alloys may be applied. It 
requires no powerful ne to conjure up a most 
bewildering number of applications for which they are avail- 
able. I find some difficulty in not becoming enthusiastic 
on the point, for in the wide range of properties or qualities 
possessed by these alloys, it really seems as if any conceiv- 
able demand could be met and satisfied. 

Of the richer alloys I do not intend to speak at any 
length, but would just remark that in the immense field 
covered by what are termed the ‘‘ metal trades,” innumer- 
able applications will be found for which they are suitable. 
Some specimens of these applications are before you, 

Of the 25 per cent. nickel steel I would remark, that 
with its peculiar properties of high B.S., great ductility, 
and comparatively low E.L., it is extremely well adapted 
for all operations involving considerable deformation—for 
instance, for — stamping and flanging—whilst its non- 
corrodibility will render it invaluable for a great number 
of purposes. 

This quality of non-corrodibility, considered with its 
strength, both elastic and ultimate, when unannealed, will 
render it specially useful in all cases where the cost of 
metal is of minor importance, when contrasted with the 
cost of labour to be expended upon it, or its use for special 


| purposes ; illustrations of these may be found in all small 


and special type boilers, in locomotive and other fire- 


| boxes, and in the hulls of torpedo and other similar 


vessels, where lightness and strength with non-corrodi- 
bility are of vital importance. 
In the region between 25 per cent. and say 5 per cent. 


| nickel we have an abundance of possibilities as yet com- 


paratively unknown, in which I expect will be found 
materials for tool steel equal, if not superior, to anything 
at present known. 

But it is when we get to the alloys of 5 per cent. and 


will sympathise with that ape 
I have already incidentally referred to the advantages 


tion of the Forth Bridge or of the Eiffel Tower. If the 
engineers of those stupendous structures had had at their 
disposal a metal of 40 tons strength and 28 tons elastic 
limit, instead of 30 tons strength and 17 tons elastic limit 
in the one case, and say 22 tons strength and 14 to 16 tons 
elastic limit in the other, how many difficulties would 
have been reduced in magnitude as the weight of materials 
was reduced ; the Forth Bridge would have become even 
more light and airy, and the Tower more net-like and 


d | graceful than they are at present. 


Then, as regards the requirements of the military engi- 
neer, I am inclined to state firmly that there have not yet 
been placed at his disposal materials so well adapted to 
his purposes—whether of armour or of armament—as 
those I have now brought under your notice. 

In what may be called their natural condition these 
alloys have many properties which will commend them 
for these purposes, and when the best method of treat- 
ment, by hardening or tempering, has been arrived at, I 
er that their qualities for armour will be unsur- 

assed. 
, In conclusion, I have to repeat what I stated in com- 
mencing, that I regret Ihave not been in a position to 
give you as much information about these alloys as I could 
have wished, but I have done my best in the time at my 
disposal, and in the circumstances in which I found 
myself. 





Tue INSTITUTION OF MECHANICAL ENGINEERS.—The 
following outline programme has been drawn up for the 
summer meeting of the above Society at Paris. Monday, 
July 1: Arrival in Paris, Tuesday, July 2.—Morning: 
Reception of the President, Mr. Charles Cochrane, and 
the Council and members of the Institution, in the Con- 
servatoire des Arts et Métiers, by the director, Colonel 
Laussedat, and_by the chairman, M. Eiffel, and other 
members of the Local Committee. Reading and discussion 
of papers. Afternoon: Visit the Exhibition, in groups 
conducted by members of the Société des Ingéaieurs 
Civils. Evening: Reception at the house of the Société 
des Ingénieurs Civils, by M. Eiffel, President, and the 
members of the Reception Committee. Wednesday, 
July 3.—Morning: Reading and discussion of papers in 
the Conservatoire des Arts et Métiers. Afternoon: Visit 
works in Paris. Evening: Institution dinner. Thurs- 
day, July 4.—Morning: Reading and discussion of papers 
in the Conservatoire des Arts et Métiers. Afternoon: 
Visit works in Paris. Evening: Visit Messrs. Sautter, 
Lemonnier, and Co.’s Electric Light Works and the Exhi- 
bition. Friday, July 5.—Morning: Visit the Exhibi- 





tion. Luncheon on the Eiffel Tower (by purchased 


| ticket). Afternoon: Visit works in Paris. Saturday, 


| July 6.—Excursion to Monsieur Décauville’s Portable 
| Railway and Rolling Stock Works at Petit-Bourg. Pro- 
| posal forms for membership, in order to be in time for 
| this summer meeting, should be sent to the secretary at 
| 19, Victoria-street, S.W., before Monday, the 27th of the 


r cent. nickel steel welds fairly well, but this under that I feel most interested, and I think most of you | present month (May), complete with the requisite signa- 


tures and information. Candidates elected at the meet- 
ing wi!l be able to attend as members. 
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** ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
CompPiteD By W, LLOYD WISE. 
GELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888, 
ie ete San es SO ein Deena 
in each case after price; none are mentioned, 
Specification is not illustrated. 
Where Inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 
ies of Specifications may be obtained at 88, Cursitor-street, 
hancery-Lane, E.C., either personally, or by letter, enclosing 
wie done of the cbanes as deen to H. a a Esq. 
cification ts, in each case, given after the abstract, caine the 
Patent has been sealed, when the date of sealing is given. 
— a at any time within two months from the date of 
advertisement of the acceptance of a complete speci, ion, 
ive notice at the Patent Ofice of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Act. 


STEAM ENGINES. 


844. H. Lindley, Salford, Lanc, Dupeevemente in 
Compound Steam Engines. [8d. 4 Figs.) January 19, 
1888.—This invention relates to compound tandem engines. A is 
the low-pressure cylinder placed above the high-pressure B. A 
tube E' serves as a distance-piece between the pistons G, H, and 
the valve chest D is common to both cylinders. Lis a port pas- 
sage connected to a governor or stop valve for aera the 
entrance of steam from a boiler. This passage leads to a planed 
face, to which the piston valve casing J is secured, and is so 
arranged as to admit steam tothe recess surrounding the central 
portion of valve K. The steam passages of cylinder B communi- 
cate with ports formed in the planed facing to which casing J is 
bolted, the upper M' communicating with the lower end of 
cylinder B, and the lower port L' with the upper end of B. To 








the piston valve rod is attached a slide valve O, distributing steam 
to the cylinder A. A downward movement of the valve spindle 
will cause valve K to admit steam through port L' and passage L 
to the upper side of piston G, and the valve O will also admit 
steam to the upper side of piston H. The exhaust from cylinder 
B takes place past the outer edges of valve K directly into chest 
D, the exhaust from A passing through the central cavity in valve 
O and port intoa condenser. The return strokes of the pistons 
are made in a similar manner, the course of the steam through the 
rts being reversed by the valves. A plate Q is interposed 
etween the cylinders, and is formed with a recess in which is 
arranged metallic packing Q', held in place by a cover. This 
packing is arranged to fit the piston rod, so as to prevent the 
passage of steam from one cylinder to the other, except through 
the steam ports and passages. (Sealed rebruary 1, 1889). 


947. S. Buckley and J. Taylor, Oldham, Lanc. Im- 
provements in Mechanism or Arrangements for 
Governing the Speed of Steam and other Motive 
Engines, (8d. 2 Figs.) January 21, 1888.—a is part of a 
pillar carrying the governor shaft, andc are adjustable connecting 
rods, jointed at one end to a lever connected to the sliding sleeve 
of governor, and at the other to one end of a beam lever trough d 
having trunnions d! on each side forming its fulcrum, Within 
the trough d aball d? is placed, free to roll from end to end 
therein. A slot is formed in d, within which a T lever d? is 
placed ona fulcrum d‘*. The upper surface of d3 is on a level with 
the bottom of d, and its vertical arm is forked to act upon a boss 
forming a double cone clutch, on a shaft e, upon which are 
also two bevel wheels d6, d7, in gear with another wheel on a shaft 

















driven by bevel wheels from a cross-shaft g, which drives the 
Vertical shaft of the governor. Each end of the clutch is formed 
with a cone cavity to correspond with cones on the s of 
6, d?, and when the clutch is brought into gear with one wheel, 
the shaft e¢ will be rotated one wa: , and when with the other 
wheel the rotation of shaft e will be reversed. A pinion g? re- 
celves motion from the engine, and by means of gearing operates 
a bevel wheel j'. A bevel wheel AS is driven by the bevel j' and 
drives the bevel i! fast on the shaft i, j! being fixed to a tubular 
shaft j. h? isa nut with pivots which enter slots in a forked arm 
h from a boss, which can oscillate on shaft i, and which carries 
the bevel h8, If the wheel AS is oscillated one way or the other, 


this by causing shaft i to rotate more or less, changes the posi- 
tion of a cam, 
engine, which 
to the cut-off 


fixed to the shaft, in relation to the crank of the 
cam through the medium of a rod i6 gives motion 
valve, so that steam is cut off at an earlier or later 


part of the stroke. Ifthe speed of engine increases, lever d will be 
oscillated, and ball d? will roll to one end, whereby one arm of d* 
will be depressed, holding clutch in gear, causing shafts e and A 
te be rotated and arm h* to be moved by screw A accordingly. 
(Sealed February 7, 1889). 


1391. W. H. Wyke, Paris. Improvements in 
Rotary Engines. (8d. 4 Figs.) January 30, 1888.—The 
hollow ring A is put together in halves, and made with an open 
chase along its inner side to admit the flat part of a disc C which 
carries the piston D. The disc C is fixed on a shaft P, and its 
central part is of spherical or conoidal form, and has two internal 
annular passages K and L, and fits in a casing also having two 
internal annular passages N and O, which = is secured 
centrally to A by arms B. The p es K and L branch from 
the middle of the disc to the piston D, and have open mouths on 
the opposite sides of the piston. The passages N and O branch 
to supply and discharge pipes. At two diametrically opposite 

















SSS SSS) 
ed WALT LTPP TA ALDAPOADALTERLLLYULILLLYLLLTDLLLLULNLIULUL IAAI AAAUILAA AL LOLAYTOTET Ty 
“3 


vs 


parts of A are fitted sluices F, which are alternately advanced and 
retracted by a cam fixed on the shaft P, this cam being so set 
relatively to piston D that, as the piston approaches one of the 
sluices F, this sluice is withdrawn, allowing the piston to pass, 
and then again advanced across the annular cavity of A to form 
an abutment for the working fluid issuing from the mouth in the 
piston. The passages N and K supply the working fluid, and L 
and O serve for exhaust, but pipes connected to N and O may 
communieate with a four-way cock or valve which can be shifted 
by hand so as to reverse the engine by causing the working fluid 
to enter O and the discharge to exhaust from N. (Sealed February 
1, 1889 


2301. H. Muncaster, Wellington, Salop. Improve- 
ments in Expansion Gear for Steam and other En- 
gines. (8d. 3 Figs.) February 15, 1888.—This invention relates 
to apparatus for automatically varying the cut-off of steam 
engines. The cut-off or expansion valve is operated by an eccen- 
tric upon the crankshaft or an auxiliary shaft driven from the 
crankshaft through the medium of rods and levers, the eccentric 
working in astrap in one end of a lever and causing its oscillation, 
which oscillations and the extent to which the valves open are 
varied according to the position of the lever’s pivot. The motion 
of the eccentric lever is transmitted to a rock shaft having cams 
thereon, which work within astirrup upon the valve rod and alter- 
nately move the valve. The pivotof the eccentric lever is carried 
upon one end of a bar, and is automatically adjusted by means of 
the a governor of the engine. (Sealed February 22, 
1889). 


2467. T. W. Cole, Leyton, Essex. Improvements 
Steam and other Engines. (8d. 4 Figs.) February 18, 
1888.—The object of this invention is to obtain the full power of 
the steam upon the crank before the piston reaches the middle of 
its stroke. The cylinder a is arranged to slide in guides g on the 
bedplate e to enable it to move with the piston until the crank ¢ 
has performed a certain part of its revolution, the steam pressure 
being then applied to complete the stroke. The friction between 
the piston and cylinder will cause this movement, but in order to 
control it the crankshaft is provided with a disc h, having two cam 
projections A), against the underside of which disc bears a fric- 
tion roller z at the short end ofa lever j, pivotted to bedplate e, the 
other end of the lever being connected by a link k to a frame / slid- 
ing in guidesm. The frame / hasa slot n, in which slides the crank- 











pin o of a crank p, which pin also slides in aslot q in a frame, 
attached at one end to the cylinder a, its other end having a rod 8, 
which slides in a bracket ¢t. For admitting steam to the cylinder 
the slide valve fis operated by a lever wv pivotted to a bracket, 
so that as the cylinder moves the lever comes against stops, and 
thereby operates the valve f. For — off steam a valve x 
attached Oo the inlet y is operated by a lever and cam on the 
crankshaft. The cylinder being in the position shown, and the 
valves f and z open, full steam is admitted, when upon the crank 
making, say, a sixth of a revolution the valve is closed, the ex- 
pansive force of the steam completing the stroke, andthe momen- 
tum of the flywheel operating through disc h, lever j, frame /, 
crank p, and frame with slot g, moves back the cylinder into 
position for the return stroke uf the piston. (Sealed March 12, 
1889). 


2696. A. B. Brown, Edinburgh. Improvements in 














Apparatus for Large Steam Engines. (8d. 
3 s.) February 23, 1888.—In this invention, a shaft of the large 
engines has, as usual, a wormwheel to be acted on by a worm 7, 
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which can be moved along a shaft 8, and also turns with it. On 
the shaft 8 are fixed two ratchet wheels 9 inclosed in drums 10, 
carrying pawls 11 for acting on the wheels 9. The drums are loose 





on the shaft and are formed with pinions 12, 13. The pinion 12 











gears with one side of adouble rack 14, the pinion 13 being geared 
through a pinion 15 with a pinion 17 on a countershaft 18, which 
carries a pinion 19 gearing with the other side of rack 14. The 
rack 14 is attached to the piston-rod of a steam or water-power 
cylinder. The pawls 11 can be adjusted to act in either direction, 
and when adjusted for the direction in which it is wished to turn 
the shaft of the large engines, the reciprocation of rack 14 effects 
the desired movement, each pinion 12, 13, operating threugh the 
drums 10 and pawls 11 on the shaft 8 alternately, and each only 
when the rack is moving in the right direction. The pawls 11 are 
double and two of them are fitted opposite each other to each drum, 
and fixed on spindles provided with small levers 22, connected by a 
link, a spring being applied to a second arm on one of the levers 

This spring is contained ina box 24 jointed to the drum 10 
and acts on an adjustable collar on a rod jointed to the pawl 
lever 22. To make the parts act, the arm of the pawl lever 22 is 
turned outwards or inwards, and the collar on rod is screwed 
to compress the spring. (Sealed March 26, 1889). 


6096. J. Des Brisay, Vancouver,Canada. Improve- 
ments in the Valve Gear of Steam os. (8d. 
12 Figs.) April 24, 1888.—The object of this invention is to provide 
valve as whereby one, two, or more cylinders are controlled by 
a single rotating valve. A, B are the cylinders of a locomotive 
engine, and G is a saddle carrying the steam chest H. a, b, c,d 
are the ports of the cylinders, formed in the saddle G. They open 
out at the valves at G', against which the inner face of rotary 
valve I is held, whose axis is supported in bearings on the cover 
H'. The openings of the ports are arranged radially in relation to 
the axis of valve I, that of port @ being at right angles to that of 
port b, and that of port ¢ to that of port d. The valve I has four 
— é, J, g, h at equal distances apart and opposite each other. 

opposite steam ports f, h open through circumference of 




















valve to steam chest, and the exhaust ports ¢, g lead intoa central 
exhaust -_ inciding with p ge G? leading to the blast 
pipe. The valve I is fast on the end of a shaft L driven by axle E, 
with which it is connected through reversing gear. Steam passes 
through the ports /,h and a, b,c,din the usual order; it also 
exhausts through the latter and through the ports g, e of the 
valve, communicating withG?. The rotary motion of the valve, 
therefore, controls both cylinders, and as it makes but one revolu- 
tion to two of axle E, steam is admitted alternately to the respec- 
tive ends of the cylinders with the corresponding exhaust. To 
reverse the engine a sleeve N is slid along the shaft L, so that its 
spiral groove N' acting on a pin causes the shaft to make one- 
quarter of a revolution independently of the engine, altering the 
ee ee of the ports in the valve I independently of the 
crank . (Sealed February 1, 1889). 


11,280. H. H. Lake, London. (F. D. Child, Newton, 
Mass., U.S.A.) Improvements in Steam Engines and 
other Motors. (8d. 7 Figs.) August 3, 1888.—Figs. 1 and 
2 are longitudinal and transverse sections of a steam cylinder hav- 
ing an inlet pipe A! and an exhaust pipe A? opposite. These pipes 
commnnicate with chambers B, B', copennted by partitions a, a’, 
the chamber B communicating with passages b, l', extending 
from opposite sides thereof towards the opposite ends of cylinder. 

ese passages extend entirely around the inner wall of cylinder 
from c tod; but from d, the inner and outer walls of said pas- 
sages are connected together by tie-ribs ¢, dividing them each 
into a series of ports ¢! opening into the cylinder upon all sides 
thereof. In like manner the chamber B! communicates with the 
annular exhaust passages f, f', the inner and outer walls of which 











are connected together by tie-ribs i, and each is divided into a 
series of exhaust ports, opening into the cylinder on all sides. 
The heads E, E' are provided with inwardly projecting hollow 
hubs formed as frustums of cones. F are two ring-slide valves 
fitted to the bore of ype one at each end, and provided with 
packing. Thehead E is provided with two packing boxes E? for 
the passage of valve rods, by which the valves F are connected 
together and made to move as one, eaid rods passing through 
—- in the piston C provided with packing boxes j. When 
the valve F is moved into position to open the steam ports it will 
fill the space between the valve seat and the frusto-conical surface 
of the head, and when it is moved into position to close the steam 
ports the said space will be opened and permit the free passage of 
the exhaust steam to the exhaust porte of the cylinder. (Sealed 
November 30, 1888). 


14,823. H. H. Westinghouse and F. M. Rites, 
Pittsburgh, Penn., U.S.A. Improvements in Steam 
Engines. (8d. 6 Figs.) October 16, 1888.—The feature of this 
invention is the coincident effection of low-pressure expansion, 
and high-pressure compression within a space of determined 
volume, and the maintenance of high-pressure terminal compres- 
sion uniformly at initial pressure, independently of variations of 
load or pressure, by corresponding variations in the grade of ex- 
pansion. 1 is the high-pressure and 2 the low-pressure cylinder 
of a compound engine secured to the top of a closed crank case 5, 
The motive fluid after passing through the cylinders is exhausted by 
means of a distribution valve which reciprocatesin a chest 3 provided 
with nozzles 15 and 11 to which supply and exhaust pipes are con- 
nected. The chest is lined with a bushing 40. The valve is com- 
posed of a high-pressure section 38, and a low-pressure section 39 
reciprocating with a stem 16 actuated by an eccentric 20 adjusted 
to effect variation of the degree of expansion by an automatic 

overnor mounted on a wheel fixed on the crankshaft 4. The dis- 
a between the sections 38 and 39, and their relation in position 
to the port 12 of cylinder 1, are so fixed that the space between 
them and that within = 12, constitutes a clearance space 42, 
the capacity of which rs the same ratio to the volume of cy 
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linder 1, as that of the latter to the volume of cylinder 2. Section 
38 performs the functions of admission and cut-off for cylinder 1, 
the high-pressure port 12 being continuously open, the section 39 
effecting the opening and closure of the low-pressure port 14, and 









performing the functions of admission, cut-off, 
pression for cylinder 2, and also those of exhaust, an p 
sion for the high-pressure cylinder. (Sealed April 16, 1889). 


11,729. A. Robert, Gilly, Belgium. Improvements 
in Valve Gearing for Steam es, (6d, 8 Figs.) 
August 14, 1888.—This invention relates to valve gearing com- 
prising a simple arrangement of levers for controlling the inlet 
valve, the extent of motion of the levers being varied by the 
governor. The lower arms of the bent levers A, to which a to- 
and-fro movement is imparted by any suitable means, come 
against the double levers B jointed at C. The lower arm of each 
of these levers controls the valve by means of a rod or other suit- 


exhaust, and com- 
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able mechanism. The bent levers A which actuate the double 
levers B will be caused to leave these levers as soon as they come 
against the adjustable knobs D which rise and fall through the 
action of the governor. By these means the rising of the admission 
valve is automatically regulated. The advantages of this appa- 
ratus consist in the simplicity and regularity of working of the 
parts which control the rising of the valve. (Sealed December 14, 
). 


STEAM BOILERS. 


128. D. Adamson, Dukinfield, Chester. Improve- 
ments in Steam Boilers, [lld. 4 Figs.) January 4, 1888. 
—Fig. lis a longitudinal and Fig. 2 a transverse section of the 
back portion of the boiler and flues. a is the shell of the boiler 
and b' are the tapered back parts of the two furnace flues, placed 
ae high as practicable above the centre line of the shell, the space 
below these flues being eccupied by two return flues c extending 
from ene end of the boiler to the other, space being left on the 
sides to permit easy access to interior of boiler for cleaning, &c. 
The flues b' and ¢ communicate with a mixing chamber d lined 
with firebrick. The gases and products rough the flues b! 
into chamber d and back by the flues c intoa chamber at the front 
of boiler, from which they pass into a flue extending along one 
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side of boiler back through a flue /' under the middle of boiler, 
and thence ee os a flue f2 into the chimney g, by which a large 
——— of the heat developed is transferred to the water. To 
nsure more perfect combustion of the gases generated, a pipe h is 
inserted into the brickwork, the mout.: of the pipe being controlled 
by a valve placed at the front of the boiler. This pipe is connected 
to a horizontal pipe ¢ placed at the back of, and near the bottom 
of chamber d, and to which it is ted by p j fay rm 
upward through a brickwork lining, and guiding the hot air from 
the pipes A and ¢ into said chamber and opposite the furnace flues, 
where the hot air meeting the gases from the furnaces mixes with 
them and promotes a healthy combustion. (Sealed January 18, 
1889). 


842. T. Dale, Kirkcaldy, N.B. Improvements in 
Feed Valves for Steam Boilers. (lid. 6 Figs.) January 
19, 1888.—-This invention relates to valves for admitting feed 
water to boilers under pressure automatically. A is a check valve 
and B an automatic valve, provided with diagonal slots corre- 
sponding with slots formed in a casing C, The eye of the outer 
centre of valve B is screwed with a ¢ ick thread, and the inner 
centre has a square eye, A spindle ing — a stuffing- 
box, screws into the outer centre of the valve, and is provided 
with a handwheel E, fixed by a thumbscrew F. A perforated 
pipe G distributes the feed water in the boiler, and a rod H, re- 
volving in a socket I, is actuated by a float J attached to a 
counterbalance lever L. Upon the water rising too high in the 








boiler, the rod H and valve B are turned, the aan therein 
passing from those in the casing C to a part of the casing having 
no openings, whereby further ey of water is prevented. 
The celerity of this action is increased by the slots being diagonal, 
and by the endway motion of the valve caused by the screw on 
the end of stationary spindle D. Upon the water falling, the 
float reopens the valve and admits the feed. An index is formed 





on the face of wheel E, indicating the level of the water in 
the boiler, and a stop is made thereon to prevent its being 
moved far enough in either direction to affect the free working 
of the valve. By turning the handwheel E and fixing it, the 
normal level of the water in the boiler may be altered. (Sealed 
March 26, 1889). 


973. C. J. Galloway and J. H. Beckwith, Man- 
chester. Improvements in Internal Flued Steam 
Boilers. (8d. 4 Figs.) January 21, 1888.—The object of this 
invention is the construction of the flue of a Galloway steam 
boiler whereby it is made of greater internal area in transverse 
section than heretofore. A isthe shell of the boiler and B the 
flues of usual construction. These flues open into the improved 
tube flue having its upper and lower faces made as usual to con- 
centric curvature, but its two sides made with inward and out- 
ward corrugations E and F, the spacing of which corresponds with 








that of the transverse rows of the Galloway tubes G. These tubes 
are made in the usual manner and fixed to the upper and lower 
faces of the flue. Owing to the form adopted for the sides 
of the flue, which are straight instead of being curved 
vertically, and also to the increased breadth given by the out- 
ward corrugations F, the flue can accommodate an increased 
number of the tubes G, and this, in addition to the increase of 
surface furnished by the corrugations, adds materially to power 
of a boiler of given dimensions, whilst at the same time the cor- 
rugations give increased strength to the flue. (Sealed February 
1, 1889). 


1867. S. E. Howell, Sheffield. Improvements in 
the Manufacture of Tubes for Boilers and other 
like > . 2 Figs.) February 8, 1888.—The object 
of this invention is to preserve the ends of boiler tubes next the 
flrebox, from the severe scouring action of particles of fuel carried 
forward by the strong draught, and the action of the flame upon 
the interior surface of said tubes, as well as to lend support to 
them at that part. For this pur , at the end of the tube that 
is fixed in the firebox the internal diameter is enlarged for a short 
distance. This is accomplished by making the mandrel on which 
the copper tube is drawn of a correspondingly enlarged diameter, 
and placing a piece of steel tube inside the end of the tube so 
enlarged, and complete the drawing of the —— upon the steel 
tube, thus causing it to adhere very closely and firmly to the in- 


serted length of tube. (Sealed March 1, 1889). 
2024. J. H. Tordoff, Farnley, Leeds. Improve- 
ments in Furnace and Flue Tubes and Fireboxes 


for Steam Boilers, and in the Manufacture of the 
same, (8d. 38 Figs.) February 10, 1888.—This invention con- 
sists in constructing furnace flues or tubes with two sets of spiral 
or helical corrugations, the one set running round one half of the 
tube in a direction contrary or opposite to the direction of the 
other set running round the other half of the tube as viewed from 
one end—that is, r tively right and left handed. The flues or 
tubes have also a plain or flat part, or a single circular corruga- 
tion between the two sets of spiral or helical corrugations. 
(Sealed March 1, 1889). 


4500. E.W. Jones, Caister, Great Yarmouth. An 
Improved Boiler Feeding Apparatus. (8d. 3 Figs.) 
March 24, 1888.—This invention relates to self-acting apparatus 
for supplying a continuous feed of water to steam boilers. D, D' 
are two reservoirs, and B, X, B!, X are pipes opening therein near 
the top which conduct steam from the steam space of the boiler 
A into said vessels, the lower ends of such pipes being in such a 

tion that when the water reaches its reat level it will close 

eir ends and arrest the supply of water. Y, C'Y are supply 
pipes communicating with the main reservoir, and which aise 
—_ near the tops of the vessels D D!. E, Z, E', Z, are the feed 
pipes through which the water passes from D D! into the lower 











part of boiler. F is the plug of a cock having passages therein for 
placing the different parts of the Piss in communication with 

other. In the position shown, the passage E? connects the 
two parts of the pipe E Z, and another connects the two 
parts of the pipe BX, so that steam from the boiler passes 
through it and the said passage into the upper part of vessel D, 
from which the water gwen through the pipe E Z, and way E* 
into the lower part of boiler. The pas of water into the 
vessel D from the main reservoir is cut off by the disconnection 


into the vessel D' by the suction caused by the condensation 
of the steam which had entered ‘from the boiler before the lever 
had been moved over into the position shown, When the water 
from D has been discharged, the lever is again moved over, and 
the steam in said vessel becoming condensed, a further charge of 
water is drawn up, whilst at the same time the water in the 
Mem D! is discharged into the boiler. (Sealed December 14, 


GAS ENGINES, 


2913. W: von Oechelhacuser, Dessau, Germany. 
Improvements relating to Gas Engines. [8d. 7 Figs.] 
February 27, 1888.—This invention consists in the process 
burning gaseous, vaporous, or cloudy combus- 
air within the combustion chamber of a motor, and 
directly driving its F gen by the pressure rapidly produced in 
this combustion, The combustible gas is ignited during the 
mechanically effected mixing of the same with air by means of an 
igniting device which is in action from the commencement of the 
entrance of the combustible gas, or which comes into action while 
the mixing is taking place between the commencement and the 
aca, of the entrance of the gas. (Sealed February 22, 
1 3 


4624. F. W. Crossley, Manchester. An Improve- 
ment in Valve and verning Gear for Gas or 
Oil Motor Engines. (8d. 2 Figs.) March 26, 1888.—This 
invention relates to a governor consisting of a lever carrying a 
— pivotted on the slide valve of the engine and reciprocating 
with it, one arm of this lever being arranged so as either to hit 
or to miss the stem of the gas supply valve. A! is the air port. A 
charging valve to cylinder C, and B the gas admission valve. The 
lever D, actuated by cam E on countershaft F, works both valves. 
The valve A is held down by a spring H, and opened at the re- 
quired moment by the pin I on lever D. The valve B is held 
down by spring J, and prevented from turning by a screw K. The 
lower end of the spindle has a flat face and a shoulder at L, with 
which the end of a blade M of the inertia governor comes in 
contact for opening the valve. The governor consists of a weighted 





arm N pivotted at O to the end of lever D, The lever has a lug 
D? to which is fixed a pin P having a nut P! serving as abutment 
to one end of aspring Q, the other end of which bears against a 
lug N' on the arm N, which is thereby held in ition, so that 
the blade M, fixed to a second lug N? on arm N, is in position for 
acting on the spindle of the gas valve, and raising the valve when 
it is itself raised by lever D. By wg amg ony | the nut P!, the pres- 
sure of spring Q can be regulated soas to hold the arm end and 
blade M in the position shown, as long as the normal speed of the 
engine is not exceeded ; when, however, the speed is exceeded, 
the quicker rise of lever D will cause the weighted arm to turn 
downwards on its pivot in opposition to the spring Q, and so move 
the blade M out of line of the spindle, so that lever D will fail to 
open the gas valve, and only air will enter the cylinder through 
valve A. (Sealed April 9, 1889). 


5204. H. H. Lake, London. (4. Beugger, Siem, 
Denmark.) Improvements in and relating to Ignition 
Ap’ atus for Gas, Petroleum, and other gines 
or Motors, [8d. 4 Figs.) April 7, 1888.—This invention relates 
to apparatus designed to obviate the inconvenience experienced 
in gas engines through the liability of the operative = or parts 
of the ignition device having the motion thereof arrested or 
obstructed by the deposition of products of combustion, so that 
the — of the combustible mixture is prevented. In the 
cylinder cover E is arranged a suction valve F whereby the admis- 
sion of combustible mixture to the cylinder is controlled. The 
valve F opens into a chamber D formed in the cover E, and com- 
municates with the cylinder and with a chamber C, which also 





communicates directly or through a chamber A with the ignition 
pipe B. During the suction period the chamber C and pipe B 
will be filled with the products of bustion resulting from the 
revious losion, so that the combustible mixture will pass 
rom valve F through the chamber D into the cylinder without 
coming in contact with the pipe B. During the period of com- 
pression the said products will be compressed to such a degree 
that they are forced back into chamber C and pipe B far yy 24 
for the combustible mixture to enter said pipe in order to b 
ignited at the end of the period of compression. To effect this 
object, the point where heat is applied to the ignition pipe or 
chamber must be at a suitable distance from the end of the said 
pipe or chamber. (Sealed April 9, 1889). 
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of the parts of the supply pipe C Y. The supply pipe C' Y is 
open ond through it pa the way C? acharge of water is drawn 
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CALAIS HARBOUR WORKS. 
(Continued from page 550.) 


| The sluicing lock that serves as a means of dis- | 
charging water from the large sluicing basin, which | Fig. 2, varying from a thickness of 22 ft. 11 in. at 
jhas an area of 220 acres, is built with five open- | 


wall between each recess has a uniform section, see 


the base, to 8 ft. 10 in. at the top ; the foundations 


Tue work of deepening the outer channel, which | ings, each 19 ft. 8 in. in width, and separated from | are sunk to a depth of 9 ft. below the bottom of the 
was carried to a distance of about 1300 ft. beyond | each other by piers 11 ft. 6 in. thick; the various outer port, and the total height of the wall is 


the jetties, and was executed by means of the suc- | sections and levels are so arranged that a volume of 51 ft. 7 in. ; 


near the base, the face of the wall is 


tion dredges already referred to, was commenced in 1,600,000 cubic metres can be discharged from the vertical, but for the greater part of its height it has 


| 


June, 1881, by Messrs. Volker and Bos, a firm of | 
Dutch contractors, and was continued by them for | 


basin through the locks in about an hour, and with 
a fall varying from 13 ft. to19 ft. The contract for 


a slope of 1 in 10; the thickness of the vertical 
portion is uniform—22 ft. 11 in., but above this 


ashort time ; ultimately the Fives-Lille Company, this lock was let in March, 1878, but the works were it is reduced by steps, as shown in Fig. 2, of 


who had obtained the whole contract for the dredg- | only commenced at the beginning of 1880; the | 


ing operations, completed special plant for the 
purpose, and this was got to work definitely at 
the beginning of January, 1883 ; from that date to 
the end of December, 1888, there were removed 
1,151,900 cubic metres of sand upon the contract | 
basis of .92 franc for each cubic metre excavated 
and transported one mile. The two largest dredges 


18 in. To the right of the landing stages the 


foundations were completed two years later, and | total thickness of the wall is increased to 45 ft. 


then a number of serious interruptions occurred 


a new contract with MM. Varinos, Caville, and 


Bernard was entered into, and the lock was finished | 
by them in 1886 ; the approximate cost of this part 


for a length of 200 ft.; in this distance there 


| through the sea breaking down the bank inFebruary, | are made two recesses each 73 ft. 9in. long and 
/1882. Later on another stoppage took place, and | separated by a space of 32 ft. 9 in. 


These recesses 
ive further accommodation for loading and un- 
oading. The quay at this place is formed of two 
parallel and separate walls ; the outer one, 13 ft. 


employed were of 190 horse-power and 100 horse- of the work, including entrances, stone-faced slopes 1 in. thick, is an extension of the rest of the 


power respectively, each driving centrifugal pumps. | 
At the time when the works were commenced the | 


and bridges, has been 68,0001. 


The south-eastern quays around the outer port, 


| 


quay, and is stopped short, as shown in Fig. 3; 
the inner one, which is somewhat thicker, is built 


depth of water over the bar was 13 in. below datum, | have been constructed upon the same type as those up to the quay level; the two walls are connected 
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and the navigable channel was very narrow and 
irregular. By the middle of 1886 this state of 
things was greatly improved, a depth of about 
11 ft. 6 in. having been reached for the greater part 
of its length. When matters had reached this stage 
it was considered advisable to check the extent of 
the dredging operations, because it was feared that 
if a greater depth were obtained between the jetties 
their stability would be imperilled ; the contractors 
were, therefore, notified that they must reduce their 
output to a maximum of 15,000 cube metres per 
month ; this quantity was again restricted, and 
during 1887 the channel was cleared of only 80,000 
cube metres. But events showed this to have been 
false policy ; a succession of north-easterly winds 
between January and March, 1888, produced a great 
accumulation of sand in the channel, one result of 
which will be not easily forgotten by the luckless 
passengers who were on board the Invicta when she 
was stranded. After this the contractors were 
authorised to excavate the exterior channel as fully 
as they chose, and at the end of last year the position 
of things was better than in June, 1886; the depth 
of 13 ft. below datum in the outer channel is now 
maintained, as well as 11 ft. in the inner channel, 
beyond Which it will not be safe to go until the 
eastern jetty has been completed. To maintain this 


heer about 170,000 cubic metres of sand will 


price 


to be excavated annually, which at the contract 
will involve a cost of about 63001. a year. 




















present several special and interesting features on | 
account of the system adopted in establishing their 
foundations, and the special purposes for which they 
will be used. The total length of the north-eastern 
quay, the section of which is shown in Fig. 2, is 
1869 ft. ; it will be employed almost entirely for the 
mail boat service of the London, Chatham, and | 
Dover Railway, and upon this quay will be placed 
the station and lines of the Salm of France 
Railway Company. A length of 1443 ft. is reserved 
exclusively for the principal boats’ berths ; the front 
wall for this distance is almost vertical and flush, 
except that, at equal distances along it, there have 
been made four recesses about 28 ft. in depth; 
within these are constructed groups of iron landin 
stages, arranged in three stories, for the landing om 
embarking of passengers; on the upper story, 
which is level with the surface of the quay, will be 
placed the cranes employed for handling the freight, 
baggage, and mails, The two central recesses, which 
are opposite the railway station, are especially for 
the accommodation of the largest boats of the 
London, Chatham, and Dover Company ; the other 
two are of somewhat smaller dimensions. The 
remaining length of quay may be used, if necessary, 
for berthing a fifth steamer, but it will be generally 
reserved for the service of the dredges and tugs 





of the floating basin, which will be described later | 
on, but the north-eastern and south-western quays | 





|belonging to the port. The plain portion of the 
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by arched masonry and access is gained to the lower 
part by means of stairways ; the recesses thus pro- 
vided are occupied by landing stages of the form 
indicated, where it will be seen that the front of the 
stage follows the general line of the wall. Fig. 4 is 
a view showing the general appearance of the land- 
“< stages. 

he south-eastern quay, of which a section is 
shown in Fig. 5, is reserved for the service of 
large ocean steamers that may call at Calais ; it is 
provided with a sufficiently deep waterway along- 
side, 23ft. being the depth decided upon. For 
this reason it was necessary to sink the foundation 
to a considerably lower level, and the system em- 
ployed, which was devised by M. Vetillart, pos- 
sesses many features of interest. The ground 
consists wholly of fine sand, and it was necessary 
to excavate to a depth of over 16 ft. lower than the 
bottom of the basin ; the average width of the wall 
is about 23ft. The ordinary method of excavatin 
and removing the sand, involved great trouble an 
expense, the timber necessary for such a work 
being very heavy; the use of caissons and com- 
pressed air was also open to great objections ; it 
was therefore decided to adopt a modification of the 
so employed with so much success in sinking 
the piles, and to lower a series of curbs made of 
masonry, and placed side by side. Figs. 6 to 8 show 
the form of curbs actually adopted. They are rect- 
angular in form and measure 23ft. by 21 ft. 6in. with 
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two vertical grooves on each of the longer sides ; 
the openings in the curb are eight-sided and 
parallel for about half their depth, the remainder 
being tapered, as shown in Fig. 5. These blocks 
were all made on the ground at the place they were 
ultimately to occupy; they are constructed of 
masonry, set in cement, resting upon a foundation 
block of béton about 20 in. in thickness. Before 
being sunk into place, the blocks were allowed to 
remain exposed to the air for ten days or a fort- 
night. The operation of sinking was performed by 
exposing the sand beneath the block to the action 
of powerful water jets, and pumping the mixture 
of water and sand thus produced, through the open- 
ing in the middle of the block. For the latter 
purpose a centrifugal pump, driven by a ten-horse 
portable engine, was sen heey the suction pipe 
was held suspended by light staging, so that the 
mouth was set a little below the level of the bottom 
of the block, Four Tangye pumps were used to 
force the water into the sand; each pump supplied 
three nozzles, connected to the main delivery by a 
rubber hose which passed over a set of pulleys 
mounted on a light portable scaffolding. For con- 
venience of transport the whole of this plant was 
mounted on four platform wagons running upon 
rails laid parallel to the face of the quay. Fig. 9 
shows the manner in which the twelve jets used 
were distributed ; eight of them were arranged 
round the sides of the opening in the curb, the 
four others were placed in the middle around the 
suction pipe of the centrifugal clearing pump. One 
of the four nozzles just alluded to was connected 
to the suction of the centrifugal pump in sucha 
way that the jet of water discharged kept the pump 
constantly clear. Care was taken during the opera- 
tion that the quantity of water pumped out should 
be equal to that forced in, so that the level of the 
water and sand within the curb was alwaysmaintained 
somewhat below the ordinary level at which water 
stood in the surrounding sand. As the blocks were 
being lowered two spirit levels were laid upon the 
upper surface, and from these it was easy to see if 
the blocks were going down perpendicularly ; if not 
their descent was regulated by shutting off the 
water from one or more of the nozzles on the side 
which was going down too quickly. When a curb 
had reached its ultimate level, the sand in it was 
allowed to settle, and then the opening was filled 
with hydraulic béton, the coned form adopted 
serving to key the whole together and to prevent 
any leakage between the filling and the curb; in 
this way the spaces were filled nearly to the top 
of the curb, when the masonry of the wall was com- 
menced. (See Fig. 10.) : 
The plan of operations that was adopted, after a 
good deal of experiment, was as follows: The 
positions of all the biocks were carefully set out 
upon a plan, and laid down on the ground ; 
their dimensions were marked, and they were 
spaced so far from one another as to leave 
a distance of 15 in. between the adjacent sides of 
the curbs. Experiments had shown that if, in sink- 
ing a row of such foundations, every alternate curb 
was lowered, the condition of the intermediate 
ground remained unaffected ; the work was there- 
fore carried on in this manner until all the curbs 
were in place, and spaced at such intervals apart 
that there was a distance of 15.75 in. between them. 
None of the curbs were filled with béton until the 
adjoining ones were in place, in order to avoid any 
trouble that might arise from the displacement of 
the sand beneath the foundations. When a series 
had been completed and filled, the consecutive 
blocks were cemented together. This was effected as 
follows: On the front and back faces of the blocks, 
iron plates were sunk by means of a water jet down 
to the bottom of the foundations ; Fig. 11 shows 
their position. These plates thus inclosed the 
— between two consecutive blocks, and when 
the sand had been cleared out by means of sand 
pumps, the space was filled with cement set in hy- 
draulic mortar. Upon the foundations thus prepared 
the wall was built of solid masonry set in Portland 
cement. Figs. 12 and 13, on pages 581 and 592, 
show extremely well the whole process of getting 
in these foundations; the originality of, and the 
success attending the result of the method employed, 
reflect the highest credit on the engineers. The 
experience gained on the north-eastern quay 
justified the engineers, when they proceeded to the 
construction of the foundations for the south-west 
quay, to increase the size of the curbs, and to sink 
them to a greater depth. Accordingly they were 
made 26 ft. 3 in. square and 28 ft. 8 in. high, the 


weight of each being 800 tous. These enormous 
blocks were sunk with as much accuracy as those 
of smaller dimensions ; but some difficulty was ex- 
perienced in cementing the curbs together, from the 
sand forcing its way through the joints made by the 
iron plates and the face of the blocks. The time 
occupied in sinking the smaller blocks employed in 
the north-eastern quay, to a mean depth of about 
15 ft., varied from 10 to 35 hours, the average 
for the whole foundations being 22 hours for each 
curb; the volume of sand displaced per hour was 
about 225 cubic feet. Of course the larger blocks 
used in the foundations of the south-western quay 
occupied a longer time in sinking ; the average for 
each block being about 44 hours, and the amount of 
sand displaced per hour over 380 cubic feet. The 
sinking of still smaller blocks was carried out very 
rapidly, no less than 440 cubic feet of sand being dis- 
placed per hour. The total length of quay walls 
constructed for the outer port, under the shelter of 
the dykes, between 1884 and 1888, was 2525 ft., 
and the expense incurred for this work was about 
110,000/. The cost of sinking the foundations in 
the manner we have described was 3960I., including 
the purchase of pumps and other materials. This 
corresponds to a cost of about 3.17 francs per cube 
metre of sand removed, and per cube metre of 
foundations put in place. The total cost of the 
finished foundations, including all materials and 
labour, was 3.84 francs per cube metre. 


(To be continued. ) 


THE IRON AND STEEL INSTITUTE. 
(Concluded from page 557.) 
Tue MaANvuFACTURE OF Basic OpEN-HEARTH 
STEEL. 


Mr, J. H. Darsy, of Brymbo, North Wales, next 
read a paper with the abovetitle. Wehaveso recently 
described the Brymbo works, in an article* in which 
we dealt with the process of manufacture there car- 
ried on, that we may omit many parts of Mr. Darby’s 
paper which cover the same ground. It may perhaps 
be well to explain that our visit to Brymbo was 
paid nearly two months ago, and as Mr. Darby 
very courteously showed us over the works himself 
and explained his process of steelmaking, our article 
and his paper are necessarily in some respects 
similar. We will, however, select those metallur- 
gical points in the paper with which we have not 
dealt. 

Mr. Darby commenced by pointing out that the 
manufacture of steel by open-hearth furnaces has 
been the subject of many papers read before the 
Institute, and he would, therefore, simply record 
his own experience at Brymbo. 

Coke made from North Wales fuel is not suitable 
for acid steelmaking, as the phosphorus in the pig, 
due to coke alone, is over 0.1 per cent. In other 
respects it is a fair quality. Under these circum: 
stances the late Mr. Robertson and the author de- 
termined to try if a pig and ore process could be 
worked to obtain the same results as the scrap and 
pig process on the basic open hearth. At first it 
was not intended to use pig containing more than 
.5 per cent. of phosphorus, but it was found that 
much more than this could be eliminated. The 





following is given as an analysis of the pig produced 
at Brymbo : 
Per cent, 
Carbon (combined) .. 3.20 
Phosphorus... A 3.00 
Sulphur 04 
Silicon ... : aK .40 
Manganese... : 1.75 


Good results are obtained by working hematite 
ores in the blast furnace burdened to produce a 
similar class of pig iron of the following analysis : 


Per cent. 
Carbon (combined) ... 3.80 
Phosphorus ... te 12 
Sulphur pa 028 
Silicon ... 52 
Manganese = 2.05 


The metal is fluid without the usual percentage 
of silicon. Would not this, the author asks, be 
suitable for acid open hearth? and it is certainly 
cheaper than rich grey pig. It is assumed that the 
phosphorus is reduced by using a pure coke. 

We have already referred to the open-hearth 
furnaces, but we may add these additional parti- 
culars. The furnace proper is com 0 
two wrought-iron sides, supported by H iron buck 
staves. The ends are left open, and holes are cut 








* See page 536 ante. 


in the plates for the three doors on the front side of 
the furnace, and another hole is made at the back 
for the tap-hole plates. The plates are also cut 
away to allow air to circulate for cooling purposes 
under the furnace bottom and bridge plates. The 
bottom of the furnace is built up of cast-iron plates, 
supported on H iron girders, resting on angle-iron 
attached to the side plates. Any movement in the 
chambers must, therefore, affect the hearth as a 
whole. This prevents crackirg of the material of which 
the hearth is composed. The silica blocks at each 
end of the furnace are built in the usual manner, 
but the roof and side walls are built after the hearth 
has been rammed in. The former is placed some 
way above the metal so as to avoid splashings of 
the basic slag. The roof is level from block to 
block; the ends, however, are well inclined to 
bring the flame down on the metal. On the iron 
plates for holding the dolomite hearth, firebricks are 
placed, so that no part of the basic hearth when 
finished is more than 15 in. thick. At soon as all 
the brickwork is dry, hard burnt dolomite well 
ground and mixed with as little anhydrous tar as 
will! make it stick together when compressed, is 
rammed with hot irons until the desired shape of 
the hearth is built up. We have already referred 
to the zone of insulating material placed between 
the acid and basic linings, and this, as many of our 
readers will have doubtless concluded, is composed 
of chrome ore. The shrunk dolomite or basic 
material is brought up to the bottom of the doors 
and to an equal height all round. On it a layer of 
about 2 in. of chrome ore, also ground fine and 
mixed with tar, is rammed to act as a neutral 
separator between the acid and basic portions; 
chrome ore is also rammed in between the silica 
blocks and the basic hearth. The side walls and 
jambs are built on the chrome ore. The roof is then 
put on and the furnace heated up at first with a coal 
fire. There should be no stoppage in putting ina 
hearth and finishing the roof. 

For the charge the author uses 80 per cent. of the 
pig described, and 20 per cent. scrap, either steel 
or wrought iron. Limestone is usually charged in 
sufticient quantity to make a basic slag from the 
first. Scrap and pig follow, and when sufficiently 
hot, additions of iron ore and limestone are made at 
intervals during five hours. When it is judged by 
the fracture that sufficient ore has been added, as 
much as possible of the unspent oxide is reduced in 
the slag by reacting on the remaining impurities, 
lime additions being made from time to time. 
When the charge is ready the sample will bend over 
four thicknesses without any indication of cracking. 
Ferro-manganese is then added, part in the furnace 
and part in the ladle, and the charge is teemed, 
Any kind of iron ore may be used in the steel 
furnaces, provided it contains a low percentage of 
silica. Phosphoric acid in the ore does not matter ; 
the phosphorus is already oxidised, and is taken 
up by the lime. Phosphorus can be as easily 
eliminated from pig iron with pottery mine as with 
hematite ore. 

The author gives the diagram of the working of 
the open-hearth charge which we have already 
published (see page 536 ante). He had tried molten 
pig poured direct on the heated scrap, but though 
the hearth was well protected with limestone it was 
rapidly destroyed. All the slag is retained until the 
end of the charge. It is 25 to 30 per cent. of the 
weight of metal produced, so that a basic furnace 
must be larger than one used for the acid process. 
The author next gives details of the composition of 
the material produced, but we have already dealt 
with this branch of the subject. 

Mr. Martell was the first speaker in the discus- 
sion on this paper. He said it dealt with a most 
important subject, for there had been very many 
difficulties attendant upon the introduction of basic 
steel in this country. The production of that 
material by the Bessemer process, using Cleveland 
ore, had resulted in a most unreliable steel being 
produced, and this had a very bad effect on ship- 
owners and others. He was sorry to say that 
only within the last week he had had reports from 
the representatives of Lloyd’s abroad, who had 
been surveying two steamers damaged by collision, 
that the steel used in their construction was of the 
most brittle and unreliable character. He found on 
reference that this was undoubtedly basic steel, 
although he did not know it at the time. Such 
facts as these in the past created a panic in their 
minds, and they (Lloyd’s) very naturally he thought, 
refused to accept aay material known as ‘‘ basic.” 





This went on until a Scotch firm proved to them that 
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by the process they had adopted, and the careful 
selection of materials, they could produce reliable 
steel plates up to }in. in thickness, equal to the 
ordinary acid process. Under these circumstances 
Lloyd’s Committee admitted the basic steel of that 
firm for plates up to 4 in. thick. Some time after 
the Registry was asked to sanction the use of basic 
steel manufactured by large firms in Belgium and 
Germany. Theysent surveyors over who remained 
for months, and made most exhaustive tests. They 
sent in reports, relating to eight or ten firms who 
had been making basic steel by the open-hearth 
process. The reports were of the most satisfactory 
character, as the steel was reliable and uniform, 
and the material made by these firms was admitted, 
subject of course to the usual tests before use. The 
pig used by these firms contained no more than 
about 1 per cent. of phosphorus. It was by the 
careful selection of pig and other material that both 
the Glasgow Steel Company and the foreign firms 
achieved their success. This was the point to be 
insisted upon, and his friend Mr. Hall had put the 
matter to him very tersely one day—though doubt- 
less he did not intend the expression to be repeated 
in public—‘‘If you put the devil into the pot, the 
devil will come out of the pot!” It would seem, 
therefore, if we are to accept Mr. Hall’s dictum, 
that it is useless to try to eliminate phosphorus, 
which element, we believe all authorities are agreed, 
is one of the chief attributes of his Satanic Majesty. 

Mr. Jeremiah Head asked Mr. Martell whether 
the plates of the foreign steel works were passed if 
above $ in. thick, which was the limit for the Scotch 
firm. In reply Mr. Martell said that the Glasgow 
Iron and Steel Company had not plant powerful 
enough to go beyond that thickness, but the foreign 
houses had machines that would produce plates of 
any size, Mr. Whitwell asked whether the foreign 
plates were of 27 tons or 32 tons strength, and 
whether the ordinary tests required for acid plates 
were complied with. Mr. Martell replied to the 
latter part of the question in the affirmative. The 
tensile strength was required to range between 28 
and 32 tons for plates, and the elongation should be 
18 percent. in a test piece of 8 in. 

At this point the discussion was adjourned until 
the next day, Thursday, the 9th inst., when the first 
speaker was Mr. Wailes, of the Patent Shaft and 
Axle Company, Wednesbury. He said that for 
some time he had been following the same line as 
Mr. Darby. About seven years ago he began 
making basic steel in a small Bessemer converter, 
working under the direction of Mr. Gilchrist. They 
of course met with the usual difficulties, augmented 
in their case by the inferior nature of the Stafford- 
shire iron which they used. He then came to the 
conclusion that the open hearth furnace process 
was the proper method of treating this phosphoric 
iron. He communicated this view to Mr. Gilchrist, 
who simply smiled, but from that smile he gathered 
that there were difficulties even with open hearth. 
He believed Mr. Gilchrist had then recently come 
from the Steel Company of Scotland, where he had 
been trying to introduce his process, using a furnace 
very much like that described by Mr. Darby, 
but which had given very much trouble indeed, 
especially in the matter of keeping the lining good. 
Mr. Wailes had, however, altered his furnaces, 
making improvements, step by step, until he arrived 
at the Batho furnace, of which Mr. Darby did not 
seem to approve. But that referred to the furnace as 
it was five years ago—a very different thing to what 
it was at the present time ; and if Mr. Darby. was 
acquainted with it now, probably he would modify 
his opinion. There were some points in connection 
with the lining of a basic furnace in which he and 
the author held divergent opinions. They had 
both started with a complete basic lining, as if it 
were a Bessemer converter, but this would stand 
only for a very short time, as others had also found. 
In fact, although a very beautiful material could be 
produced, it seemed as if the practical difficulties in 
the be | would prevent the system becoming a com- 
mercial success. He, however, determined to pro- 
ceed in spite of these troubles, and in order to save 
expense, began in a small way, gradually increasing 
the size of the furnace from 2 or 3 tons up to 8 tons. 
He found what Mr. Darby said to be true, that a 
small furnace gave more trouble than a large one. 
In a 20-ton furnace they got less variation in the heat, 
and Mr. Darby was right in adopting that size ; but 
he could not afford to risk his capital five years ago 
on what was then an experiment, and might have 
involved a gigantic failure. Mr. Darby had givena 
clear description of his method of lining by ramming 





in shrunk lime, and as little tar as possible for the 
hearth. The speaker had found this a very expen- 
sive operation, and of questionable utility. The 
heating of irons and ramming in of a 20-ton furnace 
must be a slow and costly proceeding, and he con- 
sidered he had improved upon it by the introduction 
of basic bricks. But he preferred to put in the 
bottom as in an acid furnace, and burn it in with 
sand, beginning with an acid lining, and increasing 
the basic material as required over the bottom and 
up the sides. To do this there must be a fluxing 
material to run when fused, so he was forced to 
use a little silica sand, sufficient to make the bottom 
fuse in one solid mass. In this way the bottom was 
practically as good as an acid bottom, and gave no 
more trouble in its use, though with common iron 
it was necessary to be careful in the working, or 
the slag would attack the lining. This process 
would give a cheaper method than that described 
by the author. 

Mr. Darby had condemned the Batho furnace, 
the principle of which was that the body was sepa- 
rated from the other parts of the furnace. Messrs. 
Riley and Dick had gone further and separated the 
regenerators, so that expansion and contraction to 
these parts did not injure the rest. It was very 
necessary that a basic furnace should be as little 
disturbed as possible, and Mr. Darby recognised 
this, for he said, ‘‘ Any movement or subsidence in 
the furnace must affect the hearth asa whole ;” and 
he had introduced arrangements to prevent cracking 
of the hearth. That, the speaker thought, was a 
plea in favour of the Batho furnace. It seemed, 
indeed, common sense not to build a delicate 
structure on the top of an ever-moving mass of 
brickwork. Mr. Martell had spoken of the quality 
of the basic steel, and he was glad to hear so 
favourable a result. It was necessary to remember 
that bad steel could be produced, whether the acid 
or basic process were in use, and the basic process 
should not alone be blamed for faults common to 
both. When the metal was in an oxidised condition it 
was decidedly unsafe. He had not, however, seen 
anything of the kind with basic open hearth, but 
this was a matter of opinion. He only gave his 
own experience, which was that if a metal of the 
highest quality were required for ductility, that 
would flange and shape into all the multifarious 
forms required by engineers, it was necessary to go 
to basic open-hearth steel. The uniformity of the 
metal was beyond question, for on the open hearth 
the operator had it in his own hands, as the furnace 
never need be tapped until the bath was found to 
be in the proper condition. 

Mr. Stoddart, of the Parkgate Iron Works, said 
that his company had recently spent a large sum 
of money, some 80,000/., in the erection of works 
to make open-hearth steel, both by acid and basic 
processes. They had gone very much on the same 
lines as those Mr. Darby appeared to have followed. 
About eighteen months before they had to supply 
certain kinds of steel, and they had gone to Brymbo 
for slabs for the purpose. These had given such 
good results that the directors of his company 
decided to make for themselves. They did not 
adopt any special kind of furnace, other than 
it was an ordinary Siemens furnace with very large 
ports and chambers, and they had found that 
quite satisfactory. The little difficulty they had 
had at first was soon overcome, and this was 
chiefly due to the workmen being quite unac- 
quainted with the process. With all their troubles 
he did not think they had lost more than 1500/. to 
20001. They were making open-hearth steel with 
any percentage of carbon from .07 up to .13 per 
cent. He quite agreed with what Mr. Darby and 
Mr. Wailes had both said about the quality of the 
material, and basic steel he thought would answer 
every purpose for which the best Yorkshire iron 
was used, and would be about a third the price. 
The 25-ton tensile strength steel would bend easily, 
can be welded with facility, and rolls kindly. There 
was not the same difficulty as with treble best iron 
from blistering, and there were, therefore, no 
waster plates. If the Admiralty would reduce the 
standard of tensile strength from 27 to 30 tons 
down to 24 or 25 tons, he was sure a satisfactory 
material would be produced which, in consequence 
of the other advantages gained, would more than 
compensate for loss in tenacity. Mr. Martell had 
spoken of the tests made at Glasgow with basic 
steel, and the speaker invited him to come to Park- 
gate Works and make a series of tests. At Park- 
gate they were erecting a 36-in. plate mill with 
rolls 12 ft. long. 





Mr. E. P. Martin said that at Dowlais they had 
had some experience with basic steel in the open- 
hearth, and had no trouble with the bottom in 6-ton 
furnaces. He thought that silicon was made a bug- 
bear by some makers, and that the trouble from it 
was exaggerated. When they worked with very 
low silicon the bath frequently rose and they had to 
use an acid mixture to bring it down again. Their 
real difficulty was with sulphur, which they had tried 
to reduce with manganese and other ores, but he 
was sorry to say they could not quite get rid of it. 
As far as the quality of the metal was concerned 
it was excellent, and it would stand any amount 
of punishment, but they had found that it would 
not weld readily enough to be easily piled and 
rolled into bars, although it could be welded by a 
smith in the ordinary smithy fire quite easily. They 
had produced some steel from ordinary hematite 
pig on a basic hearth and a softer or more ductile 
material he had never seen. He would be glad to 
know what class of ores Mr. Darby used for his 


ig. 
. ‘Mr. Strick pointed out that the phosphorus in 
the pig ran up to 3 per cent. and the sulphur .04, 
Probably that was due to the use of puddle cinder. 
If so the slag in the furnace must be very basic 
with the sulphur so low, and was there any diffi- 
culty in the working of the furnace? Was the 
22} cwt. of coke an average consumption? As a 
maker of tin plates he would like to know if the 
material was as uniform as that produced by the 
acid process. Even from the Bessemer converter 
a very regular and uniform quality of steel was now 
obtained in ordinary working with hematite pig as 
conducted in South Wales. 

Mr. Percy Gilchrist said that Mr. Darby’s paper 
was extremely gratifying to him, as it showed that 
difficulfies at one time existing had been overcome. 
On the Continent steelmakers had gone into the 
basic process earlier than in this country, but the 
advances made in England had been due very 
largely indeed to the energy of both Mr. Darby 
and Mr. Wailes, who had developed the pig and ore 
process, which was alone applicable to England. It 
was interesting to see that scientific theory was 
borne out by practice, and what one would expect 
to occur did really happen ; namely, that as the 
conditions are oxidising it is possible to use phos- 
phoric ores, provided they are low in silicon. One 
of the most satisfactory features in the process was 
that it was possible to work the charge and 
not produce burnt iron which had to be restored, 
provided that a suitable pig was used. In both 
the acid processes, and generally in the basic 
Bessemer, the iron had to be burnt and then 
restored by ferro-manganese. Mr. Darby had 
shown that if the pig iron contained 14 per 
cent. of manganese, and the phosphorus and sul- 
phur were low, the charge would work well without 
the addition of ferro. When as much experience 
had been obtained with this as with the acid pro- 
cess, he thought phosphoric pig would be able to be 
used. A difficulty with the basic process was getting 
a material of that high tenacity upon which engi- 
neers set so much value. It was easier to get lower 
strengths, and so they naturally tried to persuade 
consumers that low tenacity was best; but the 
other side could make a hard steel better than they 
could make a soft one, and they, also very naturally, 
said that hard steel was best. Unfortunately the 
other side had been more listened to, so far. But 
through an invention of Mr. Darby’s he thought 
that this difficulty would be overcome, and he 
could get carbon into his material up to one per 
cent. There was one other point to which he 
would like to make reference. In Britain he 
thought that no one had successfully taken metal 
direct from the blast furnace and poured it into 
an open-hearth furnace in a molten state, as in 
the Bessemer process. This point was touched 
upon in the paper, and was said to have been tried 
unsuccessf ally. But in Germany it had been accom- 
plished, and no difficulty was found with the fur- 
nace bottom. A great increase in the speed of 
working, he thought probably 50 per cent., was 
obtained. He thought this was the next feature to 
which steelmakers should turn their attention. At 
the same time there had been considerable improve- 
ment in the speed of working basic open-hearth, 
and he thought these furnaces were ahead of the 
acid working furnaces. Mr. Darby would correct 
him if he was wrong. 

Mr. J. Head thought that the consumption of 
fuel per ton of steel made, mentioned by the author, 
was too high, as 8 cwt. of coal would make a ton 
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of steel in his open-hearth furnace heated by radia- | 
tion, but he was not inclined to be satisfied even 
with this figure, as he had been encouraged to hope | 
for higher results by his experience with an im- 
proved type of regenerative gas furnace he had con- 
structed for heating large iron piles for welding 
and rolling. In this 3 cwt. of small coal only was 
used per ton of iron ; and this was a saving of 50 per | 
cent, on the original regenerative gas furnace used | 
for a similar purpose, and 75 per cent. as compared 
to the coal-fired grate furnace. In Paris, at the 
autumn meeting, he would deal with this new | 
furnace more fully. | 
Mr. Paul, of the Steel Company of Scotland, said 
that the paper was valuable, inasmuch as hitherto 
the theoretical aspect of the basic process had been 
chiefly dealt with in papers read before the Insti- 
tution. He was inclined to attribute many of the 
difficulties that had been met with in working the 
basic process, to the fact that it was first used with 
the Bessemer converter, and in following on to the 
open-hearth, makers had founded their practice on | 
basic Bessemer methods. If the acid open-hearth 
process were to be worked in the same manner after 
the example of the acid Bessemer, he would expect 
quite as much trouble would arise ; especially when 
it came to putting in the bottom. The method 
suggested by Mr. Wailes he considered most valu- 
able. The basic bottom ana lining of a furnace he 
looked on simply as a vessel in which the opera- 
tion was to be conducted. In no paper with which 
he was acquainted had the question of oxidation 
been so thoroughly dealt with, as it had in the 
discussion then before the meeting; and an im- 
portant point had been touched upon in the 
mention of the effect of manganese. People 
were too fond of dealing in generalities, and speak- 
ing of ‘*a suitable kind of pig ;’ but what was a 
suitable kind of pig? Mr. Gilchrist had defined one 
Sam! in the matter of manganese ; and so far as 
essemer working was concerned Mr. Gilchrist was 
right, but the speaker failed to see how it applied 
to open-hearth working. In basic work it was neces- 
sary to have manganese present, and in his opinion 
the troubles had arisen through there not being 


enough of that material to prevent oxidation dur- 
ing the after blow in Bessemer working. The evils 
of oxidation were so great that it would be quite as 
well to have manganese present to prevent oxida- 
tion. The differences in. the two processes were so 
great that he would forget all about Bessemer when 
working with the open-hearth. In the Bessemer 
the carbon must necessarily be eliminated first, 
whilst in the open-hearth it need not be eliminated 
until later. If the basic process was conducted 
properly and the furnace bottom was good, he 
thought the phosphorus could be eliminated before 
allthe carbon. In continuation, the speaker illus- 
trated by some tests he had made how oxida- 
tion had affected some examples of basic Besse- 
mer steel. 
perfect analysis, yet if merely nicked they would 
snap. That he thought was because there was not 
suflicient manganese in the pig, at first, to prevent 
oxidation at the end. If ferro-manganese were put 
in at the end, the phosphorus was sure to get back 
into the steel. He did not think the white pig 


mentioned by Mr. Darby would be suitable for | 
acid working, because of the manganese present | 
Such an iron would also be | 


and the low silicon. 
unduly wasted while melting, and the yield of 
ingots would be lower than with grey pig and more 
than counterbalance the saving in the blast fur- 
nace. Nearly every one who started basic open- 
hearth got an oxidising slag, and Mr. Darby had at 
first advised it, but now he said that when the 
oxidation was carried far enough lime was to be 
added, and that meant a neutral slag. Lime was 
not put in to take up the phosphorus eliminated, 
but to keep the slag at a proper degree of fluidity, 


and there was more in watching the slag than in| 


seeing that the iron was right. With a very fluid 
slag it was impossible to get the necessary heat into 
the metal. 

Mr. Thielen said that 70 to 80 per cent. of 
the open - hearth steel made in Germany was 
produced by the basic process, and there were 
very few Siemens acid furnaces in work. By far 
the larger percentage of welding steel for ma- 
chinery purposes was made of basic steel ; but, 


The samples gave reliable tests and | 


‘although they had had a great deal of experience, 
he did not think they considered the matter settled. 
In Germany they used the Siemens open-hearth 
chiefly with scrap, and he believed there was only 
one furnace which was using all pig. There had 
been some interesting experiments—now beyond 
mere experiment, as they had been put in practice 
—in decarbonising a charge in a basic converter 
and then by a ladle pouring it into a Siemens basic 
open-hearth furnace, and large quantities of metal 
could be turned out in this way ; but at the present 
time there was such a large demand for basic Bes- 
semer that it was hardly worth while following the 
process. In Germany they were almost bound to 
work on the basic process on account of the descrip- 
tion of ore at command in proximity to the coal- 
fields ; a subject upon which the speaker gave some 
interesting details. In Germany there were in pro- 
gress large additions to the basic Bessemer plants. 

Mr. James Riley said, that when lining a large 
new furnace at the Steel Company of Scotland's 
works, he had hesitated whether to put in a dolo- 
mite or magnesite bottom. Evidence put before 
him had been largely in favour of the latter, and 
an American gentleman had told him that magne- 
| site worked remarkably well ; but another American 
‘friend had some time afterwards said that he had 
better be careful what he did with magnesite, for 
the furnaces of which he had been told did work 
well for a time, but the magnesia bottoms ulti- 
mately appeared to get saturated with silica, and it 
was next to impossible to dephosphorise. This 
seemed to the speaker to be acurious condition, and 
he should be grateful if Sir Lowthian Bell or Mr. 
Thielen could throw any light on the subject. 

Mr. E. Windsor Richards said that when he first 
started making basic steel on the open hearth it 
was said that the circular furnace was the best 
form, and so they made round furnaces, and they 
‘worked very badly indeed. They could not keep 
them hot, and after many troubles the roof lifted 
‘badly. Then the bottom followed it, and lifted 
‘too. He would not like to tell them of all the 
troubles he had with the round furnace. Then 
Mr. Wailes read a paper and gave glowing accounts 
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of an elliptical furnace, so he made his round 
furnace elliptical and afterwards wished he had 
never heard that paper read by Mr. Wailes, as it 
would have saved a great deal of money and con- 
siderable vexation of spirit. Then they went back 
to the original rectangular form, and their troubles 
were at an end. In looking back now he could 
never make out why they ever left the square fur- 
nace of Sir William Siemens. He agreed that the 
furnace should be large, should hold at least 20 tons 
of steel. He thought the separation of the furnace 
from the regenerator most excellent, for it took 
three weeks to clean out a regenerator of an ordinary 
acid furnace, but the Batho furnace, as improved by 
Riley and Dick, could be cleaned in three days. 
As to the quality of steel, he made large quantities, 
and ina very short time had no difficulty in meeting 
Lloyd’s tests ; and he did not see why Mr. Stoddart 
should bother about going down to 24 tons, as it 
was easy to get 30 tons strength. Mr. Riley had 
asked a question about lining. A short time ago he 
was in Russia, and was able to go inside a furnace 
which had just been lined with chrome ore. He 
asked how much it had cost, and was told 41. 10s. a 
ton, and he need hardly say it required a great 
many tons to line a 15-ton furnace. The ore was 
very clear, and was not dressed in any way, but 
just built as a rubble wall, with pieces made to 
tit in, and a mortar of small chrome ore mixed with 
tar used. He was assured that the furnace worked 
admirably. 

Mr. Jeremiah Head would add a few words from 
@ consumer’s point of view. Some time ago he 
bought some ingotsfrom Brymbo. These he rolled 
into plates and made them into Galloway tubes, 
when he found the material to be one of remarkable 
softness and to possess high welding qualities—no 
trouble whatever, no cracking behind the weld, or 
anything of that sort. When they tried to make 
Galloway tubes out of basic Bessemer their expe- 
rience was quite the reverse of this, and they met 
with no success and had to give the matter up. He 
made tests, and the results showed the steel was 
soft and below Lloyd's requirements ; he was glad 
to hear from Mr. Gilchrist that there was a chance 
of basic Siemens meeting Lloyd’s requirements. 
In Germany, he understood Mr. Martell to say, they 
fulfilled Lloyd’s conditions. Some one had said that 
the pig should not contain more than one per cent. 
of phosphorus. That was rather discouraging to 
those who were interested in the districts producing 
pig above that percentage ; but it was satisfactory 
to hear from Mr. Windsor Richards that Cleveland 
pig had been successfully used. Had it, he would 
ask, the ordinary amount of phosphorus? To this 
Mr. Windsor Richards answered in the affirmative. 

Sir Lowthian Bell said he was in the experi- 
mental stage with the chrome furnace, and had 
nothing to contribute to the discussion. In refer- 
ence to what Mr. Paul had said, he wished to 
remark that in ordinary refining for malleable 
iron, the puddling furnace and the Bessemer con- 
verter, the order of the disappearance of the metal- 
loids was the same. Silicon disappeared almost 
at once, next the phosphorus, and then the carbon, 
He agreed with Mr. Paul in what he said about the 
slag in the open-hearth and basic process generally, 
that the lime must he looked on as playing a secon- 
dary part in the removal of the phosphorus, as the 
oxide of iron in the bath removed it in the first 
instance. 

Sir James Kitson said that his experience with a 
round furnace was very similar to that of Mr. 
Windsor Richards. They were working round fur- 
naces at the present momemt, and he could only 
add he wished ~~ were not. As to what Mr. 
Stoddart had said, he thought it would be wise to 
confine competition to established makes of steel, 
and it was a mistake to make steel for forgings and 
axles, and to go in the direction of excessive soft- 
ness. A hard steel with fair ductility was what was 
wanted and less likely to develop hidden flaws. 

Mr. Darby, in reply, said that he had tried burn- 
ing in a bottom, as suggested by Mr. Wailes, and 
had not succeeded. As to welding, his steel welded 
freely, and there were very seldom failures in any 
samples. The ores used for making pig were forge 
cinder and Northamptonshire cinder, and the 
average consumption of coke mentioned (224 cwt.) 
was for three months. In reference to Mr. Gil- 
- christ’s question, they had made fourteen or fifteen 
12-ton charges a week from 70 per cent. of pig and 
30 per cent. of scrap. Mr. Paul had said that it 
was highly injurious to have a very oxidising slag, 
but he, the author, had stated in his paper that at 





the beginning of the purifying operation in the 
open-hearth it was essential to have an oxidising 
slag, but before the process was finally completed it 
was desirable to exhaust the oxide in the slag as far 
as possible. Mr. Paul had also said he looked on 
the lime addition as partly mechanical in action. 
The author was inclined to agree that it was me- 
chanical, so far as it operated by keeping the metal 
hot, but at the same time it offered a strong base 
to phosphoric or other acid. 


Tue GerMAN Iron InpustrRY. 


The next paper was a contribution from Herr 
Schroedter, the secretary of the Iron and Steel 
Association, Diisseldorf, entitled ‘‘The Progress 
made in the German Iron Industry since the Year 
1880.” This paper we hope to print in full at a 
later date, and we will therefore at present give in 
brief some of the chief statistical results with which 
the author deals. In the first place the coal pro- 
duction of Germany is given for the years 1880 to 
1888 inclusive; the increase having been fairly 
regular from 46,973,566 metrical tons in the former 
year up to 65,321,834 tons during the latter year. 
Taking the same period the production of iron ore 
in Luxemburg and Germany combined was for 1880, 
7,236,840 metrical tons, value 1,722,674l., and for 
1888, 10,664,789 tons, value 1,998,2001. The pro- 
duction of pig iron in Germany, inclusive of Luxem- 
burg, was in 1880, 2,729,038 tons, and in 1888, 
4,258,471 tons. During the latter year the pro- 
portional production of different kinds of pig was 
as follows: Forge pig and spiegeleisen, 48.8 per 
cent. ; Bessemer pig, 9.3 per cent. ; basic pig, 
29.5 per cent. ; foundry pig, 12.4 per cent. In 
1880 there were 246 furnaces in blast, and in 
1887, 212. The mean daily capacity per fur- 
nace has increased between the two periods named 
from 30.8 tons to 55.8 tons, All the larger 
blast furnaces have firebrick hot-blast stoves, the 
Cowper system of applying the Siemens regenera- 
tive principle being the favourite method ; Herr 
Liirmann’s arrangement for igniting and burning 
the gases being found to answer well. The Ilsede 
blast furnaces are unequalled for efficiency. The 
consumption of coke for making basic pig iron with 
2.9 per cent. of phosphorus, 2.38 per cent. of man- 
ganese, and 0.1 per cent. of silicon, being 0.851 
ton per ton of pig. The daily production of one 
furnace was 158 tons; the workman’s wages 
amounted to 2s. 6d. per ton, and the total cost of 
production not more than 23s. per ton. 

The production of finished iron was as follows : 
1880, 1,358,470 tons of weld iron and 660,591 tons 
of ingot iron; in 1888, 1,547,357 tons of weld iron 
and 1,785,354 tons of ingot iron. The production 
of basic pig iron is stated to have amounted, in 
1888, to 1,253,308 tons ; and as Mr. Gilchrist gives 
the world’s production of basic steel as 1,984,184 
metric tons, the share of Germany may be taken 
as 60 per cent. In many cases the pig iron is 
treated direct from the blast furnace. Soaking 
pits are largely used and the consumption of coal 
is slight. 

The imports for 1881 are given as follows: Iron 
ore, 626,175 tons ; pig irons, 250,576 tons ; manu- 
factures, 41,041 tons, and machines, 25,548 tons. 
For 1888 the imports were: Iron ore, 1,163,372 
tons; pig iron, 224,900 tons; manufactures, 47,821 
tons; and machines, 39,912 tons. The exports 
were as follows : In 1881, iron ore, 1,443,278 tons ; 
pig iron, 353,247 tons; manufactures, 782,445 
tons; and machines, 66,601 tons. In 1888 the 
exports were: Iron ore, 2,211,810 tons ; pig iron, 
195,012 tons; manufactures, 858,421 tons; and 
machines, 76,819 tons. 

In quoting from Mr. Schroedter’s tables we have 
only given the first and last years dealt with, but 
as arule the increases have been pretty constant. 
The exports as a whole show an increase up to 
1887, and then experience a slight decrease. This 
is due on the one hand to the fact that the demand 
for the world’s markets, especially for rails and 
wire in the United States, has become less ; while 
several countries, especially Russia, have almost 
entirely closed their market. On the other hand, 
the home consumption has increased very largely. 
The German ironmasters have expended large sums 
of money from a common fund to open up new 
fields of application, more especially for building 
construction as a substitute for iron and wood. On 
the whole the retrospect is gratifying for German 
ironworkers. 

There was practically no discussion on this sub- 
ject, Mr. Thielen saying a few words, and the Presi- 





dent adding some brief remarks in proposing a vote 
of thanks to the author. 

The next paper was a contribution from Messrs. 
Edwin J. Bull and Arthur Wingham on 


THe INFLUENCE OF COPPER ON THE TENSILE 
STRENGTH OF STEEL. 


The question whether true ‘alloys of copper and 
iron can be produced has long been discussed, and 
the authors, therefore, determined to institute a 
series of experiments to ascertain the effect pro- 
duced by varying quantities of copper on the tensile 
strength of steel. An iron rich in copper and 
carbon was selected, and then alloyed with a metal 
containing but little carbon. Basic Bessemer steel 
was chosen for the latter purpose. The following 
is the analysis : 

Per cent. 
none 
0.133 
0.284 
0.002 
trace 


Copper 
Carbon 
Manganese ... 
Silicon as 
Phosphorus ... 
Sulphur he Ree a9 ie 

The iron rich in copper was produced by adding 
molten metal oxide of copper to melted pig. The 
carbon and silicon acted as the reducing agents for 
the cupric oxide, and the copper was then intro- 
duced by a reaction and not by a simple solution. 
A part of the other impurities was also burnt out, 
the metal (A) being as follows : 

Per cent. 
Copper ts ane ass ee .. 7.550 
Carbon ss = ae bes a 2.720 
Manganese ... 290 
Silicon ae 036 
Phosphorus ... 130 
Sulphur ss mo? ss 190 

The metal was bright, white, crystalline, and 
very hard, but did not offer any great resistance to 
impact. 

Varying quantities were melted down with basic 
Bessemer steel, and the products were allowed to 
cool very slowly. Carbon and copper necessarily 
increased simultaneously. Test-pieces 1 in. by } in. 
by 3; in. were cut and annealed, and then tested 
with the following results : 

Test-Piece Copper. Carbon. 
per cent, per cent, 
1 0.847 0.102 
2 2.124 0.217 
3 3.630 0.380 47.6 
+ 7.171 0.712 56.0 

In the accompanying diagram these tensile 
strengths are given by the curve, whilst those 
which are considered by Mr. Gatewood* to repre- 
sent the strengths of ordinary steel of varying 

Tersilo 
ae Carbon per Cent. 
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Tensile Strength. 
tons per sq. in. 
18.3 


36.6 


degrees of carburisation are shown by the dotted 
line. The authors also quote figures to show that 
copper increases the tensile strength of iron. 

‘orge tests were also made. Nos. 1, 2, and 3 
forged fairly well both cold and hot; No. 4 forged 
wellcold, but was redshort. The results, however, 
were nut very reliable, as the samples were small. 
The principal effect of the me appears to be to 
render iron and steel extremely hard. One sample 
of iron, free from carbon and containing 4.44 per 
cent. of copper, was so hard that it could scarcely 
be cut with a good hack saw. 

The order in which the carbon, sulphur, and 
silicon in the pig were eliminated by the oxygen of 
the cupric oxide, is treated of by the authors, who 
summarise their general conclusions as follows. It 
would seem that within certain limits copper does 
not prejudicially affect the mechanical properties of 
men This would support the theory of Roberts- 
Austen that small quantities of a metallic impurity 
only exert a deleterious effect on a large mass of 





* Journal Iron and Steel Institute, 1887, vol. ii., p. 444. 
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another metal if the atomic volume of the impurity 
is greater than that of the metal in which it is 
hidden ; and that if the atomic volume is either 
about the same or smaller, it will either exert no 
appreciable deleterious effect, or else act as an 
improver. The atomic volume of copper is nearly 
the same as that of iron. 

The authors submitted the experiments in diffi- 
dence, as they were of so small a nature, and hoped 
some one with greater industrial facilities would 
carry the matter further. 

The discussion on Messrs. Bull and Wingham’s 
paper was opened by Mr. Stubbs, who said he had 
experimented on a piece of steel which, after burn- 
ing, was in quite as good a condition as before. He 
got it to a burning heat and struck the piece against 
an anvil. He took up some of the pieces scattered, 
reheated them, and welded them together, making a 
chisel which was as good as the original steel. On 
analysis he found about $ per cent. of copper pre- 
sent. He afterwards added copper to a charge of 
steel in a crucible with similar results. He thought 
the subject well worth following up, as it would 
appear the copper prevented oxidation. 

Mr. Bauerman said that some experiments made 
in Sweden confirmed what the authors of the paper 
had stated. The fact was that copper was nearly 
always introduced into iron as a sulphide, and it was 
to the sulphur that the evils so often attributed to 
copper should be laid. He would suggest that it 
would be of value if some of the authors’ samples 
were ground and etched to find whether the metals 
were really alloyed together. He gave an instance 
in which a rich hematite ore of Lake Superior got 
mixed with a small quantity of sulphide of copper, 
and that pig was spotted all over with copper which 
could be plainly seen. 

Dr. Bull, in replying, said that since the paper 
was written he had found some interesting details, 
in a book published in 1677 in Paris, of the diffi- 
culties smiths were then said to experience of 
working iron with copper in it. 


A UnNIversat Routine Mitt. 


The next paper on the programme was a contri- 
bution by Mr. Hugo Sack, in which he described a 
universal rolling mill for rolling girders and cruci- 
form sections. This apparatus was fully illustrated 
in our issue of January 29, 1886 (vol. xli., page 104), 
and we need not, therefore, give any detailed 
description of it now. It will be remembered that 
the mill consists of four rolls, the horizontal rolls 
only being driven, the vertical rolls being loose and 
driven by the friction of the bar operated upon. 
The chief point in the arrangement appears to be 
that the working section of the rolls covers the sec- 
tion on all sides, so that an irregular accumulation 
of material or the formation of fins is avoided. 
Angles, T, H, and X sections can be rolled, each 
part receiving its due amount of pressure, so that 
the metal can be properly distributed and thoroughly 
worked throughout on all flanges. 

The discussion was opened by Mr. Jeremiah Head, 
who pointed out the importance of paying more 
attention to the way in which complicated sections 
should be rolled. The sections required by the 
trade in the present day were so various, and the 
methods commonly in use for rolling were so 
barbarous, that it was time some improvement was 
made. For instance, in rolling, say, a channel 
section, the pressure was on the central web only, 
and the side flanges were formed by the metal being 
squeezed out from the central web. In this way 
the central web was always being compressed whilst 
the flanges were always in extension, and thus in- 
ternal strains were set up which would require an- 
nealing to eradicate them. The author had evidently 
perceived this and had set himself to work to eradi- 
cate the defect, and had designed his mill in order 
to squeeze every part equally. With regard to the 
means which the inventor had adopted to attain his 
end, Mr. Head pointed out that it was impossible to 
grasp all the details of such a piece of mechanism in 
the course of the rapid reading of a paper, and it 
would therefore be impossible for him to criticise 
them closely. He understood the author antici- 
pated using steel rather than iron, and in speaking 
of wrought iron he had said that an impure iron 
was required in rolling sections with deep flanges. 
The speaker had often noticed joists which had 
come over from Belgium, which had splits in them 
before they were used at all. If they were offered 
for bridgebuilding they would necessarily be refused, 
but as they were for builders’ use it did not matter. 
The effect of the direction in which wrought iron 





was rolled also had to be considered. With a plate 
going through the rolls the extension was all in one 
direction, lengthwise, and not across the grain. 
The only way to get that was by spreading and 
turning, but this could only be done within certain 
limits as to size. An iron plate was therefore 
weaker across the grain, but this was so to a still 
greater extent with bars and strips. Mr. Adamson 
had told them that the cross-grain strength of bar 
iron was not more than 8 tons to the square inch. 
In steel the case was different, because the strength 
was nearly equal both ways. Those engaged in the 
production of manufactured iron should be grateful 
to the author for his endeavours to assist them, as 
the quantity of rolls required in a merchant mill was 
really something too dreadful (The President : Ap- 
palling!) Yes, really appalling, and it bid fair to 
increase year by year, so that in laying down a 
plant it was not so much the cost of mill and ma- 
chinery which had to be considered, as the stupendous 
quantity of rolls that had to be kept to roll all sorts 
of sections. This, however, was not all, as the 
labour involved in changing rolls was very great. 
If a few bars of any given section on a manufac- 
turer’s list were required, the user had often to wait 
a very long time because it did not pay to shift rolls 
excepting for a large order. Taking all these points 
into consideration, the author’s endeavours to enable 
manufacturers to do what they wanted with fewer 
and lighter rolls should be looked on in the most 
favourable light. 

Mr. Cowper was the next speaker. The author 
had said in the paper that ‘‘ the bending of vertical 
columns of cruciform sections does not take place 
for a length less than twenty-five times the breadth 
of the flange, it will be seen that with a 10 in. 
section the column would have to be about 21 ft. in 
height, in order that the danger of simple crushing 
may be equal to the failure by bending. For larger 
sections, or for a reduced length, the column would 
fail an account of crushing without bending. For 
ordinary building purposes the length is as a rule 
considerably less than 20 ft., and the strength 
of the column would have to be estimated simply 
by compressive strain which the area can bear 
without reference to its length or to its moment 
of inertia.” To this latter statement Mr. Cowper 
took exception, for it depended really whether the 
column was flat or round. As a rule no doubt 
short columns gave way as much by crushing as by 
bending, but a long column, whether flat or round, 
invariably failed by bending. The speaker stated 
that he had been the first to roll large channel iron, 
but he had not carried out the operation in the way 
Mr. Head suggested. He had also rolled tubes,and by 
asketch on the board illustrated the way in which he 
had carried out the operation. Four disc rolls were 
placed two vertically and two horizontally, with 
their axes in one vertical plane, and so arranged 
that they met at their outer circumferences. The 
cross-section of the group, therefore, showed as a 
cross. As the rolls were grooved on their edges a 
circular space was formed, by means of which the 
cylindrical form was given tothe piece rolled. The 
rolls were bevelled at their edges so as to guide 
each other. The arrangement appeared to be 
similar in the element of design to that adopted by 
the author. Mr. Cowper next went on to point 
out that a given weight of metal of a tubular 
section would be stronger than if arranged in a 
cruciform section, as in the latter case the metal in 
the middle contributes little towards the rigidity 
of the mass. He also spoke upon the manner in 
which cruciform columns might be protected from 
fire by means of brickwork, illustrating his mean- 
ing by sketches on the blackboard. 

Sir Henry Bessemer said that it was thirty-two 
years since he had turned his attention to the 
subject before the meeting. He had then taken 
out some patents, but it was so long ago that he had 
difficulty in remembering what he had claimed and 
how far his inventions went. He could remember, 
however, that he had then some views which were 
very much in accordance with those now put for- 
ward by the author in a manner beyond anything 
he, Sir Henry, had been able to achieve. He 
remembered some time ago being required to make 
some very large angle-iron to support armour plates 
ona ship. These were to be 12 in. on each side. 
He had taken an ingot 2 ft. wide and rolled it down 
to a shape so that it could be bent round after and 
formed into the angle. A piece of one of those 
angle bars was sent to the School of Mines in order 
to show the way in which the metal could be 





worked. Sir Henry also illustrated a girder he had 


proposed. Seeing that the rolled girder of I sec- 
tion was an imperfect one, and the built girder was 

expensive, he had devised a compromise between the 

two. He had rolled the two flanges separately with 

a couple of ribs running parallel to each other 

down the middle. The space between these tworibs 

was wide enough to take in the plate which formed 

the central web, the latter being rivetted to the 

flanges by rivets going through the ribs. In this 

way a built-up girder was obtained with top and 

bottom flanges and web, but in place of angles 

having to be rivetted on, the projecting ribs took 
their place and only two lines of rivetting were 
required in the whole structure. It was perhaps 
worth noting, Sir Henry thought, and it illustrates 
the tricks memory will play us, that if any one had 
asked him the day before whether he had ever 
turned his attention to rolled beams, he would have 
said ‘* No, they never came into my mind at all ;” 

but as he heard the matter discussed, the circum- 
stances had come back to him, although he had 
never carried his plan of a partly rolled and partly 
built girder into actual practice. 

Mr. James Riley pointed out that what the 
author had said about his device being tried at 
Newton, had led some people to suppose they were 
working the author’s system there. What had 
really occurred was that Mr. Sack had brought 
down the small experimental apparatus exhibited 
in the lobby and had there shown it to them in 
operation. Mr. Sack had himself rolled some 
small pieces of steel with great skill, and the mill did 
him great credit as an inventor. All parts had been 
well thought out and ingeniously put together ; and 
the tilting gear was one of the most ingenious 
things the speaker had ever seen. It might be 
asked why, if such were the case, a mill had not 
been put down at Newton? The reason was that 
Mr. Riley was not sure that the market was so 
ready as Mr. Sack seemed to anticipate, and the 
speaker was not at all sure the commercial side of 
the question was so promising as the author be- 
lieved. Mr. Riley also did not agree with a state- 
ment made by the author, that the mill could be 
worked in connection other mills. He would 
advise Mr. Sack, if he wished to prove his case, to 
establish works especially to work his mill and 
produce the sections dealt with, which, however, 
were few in number. 

The President, in proposing a vote of thanks to 
Mr. Sack, said that there was an omission in the 
paper, inasmuch as it was not stated at what speed 
the work could be done. There was no doubt that 
the sections could be rolled, but the practical ques- 
tion was, how quickly ? 

The meeting was then adjourned until the next 
day. 


THERMAL CHEMISTRY AND METALLURGICAL 
REACTIONS, 


Friday, the 10th inst., was the last day of the 
meeting, when the reading of a paper by M. A. 
Pourcel, entitled ‘‘The Application of Thermal 
Chemistry to Metallurgical Reactions,” was the first 
businesstaken. This is an important subject, and 
M. Pourcel’s name is sufficient guarantee that it 
would be well dealt with. We shall, therefore, 
print the paper in full at an early date. It would 
be useless for us to attempt to give, within reason- 
able limits of space, anything approaching an in- 
telligible abstract of this paper, and we will there- 
fore simply give an idea of its scope and proceed to 
the discussion which followed, in order that our 
readers may be able to refer to it when space 
permits us to print the paper. 

The fundamental principles on which M. Pourcel’s 
arguments are founded, and on which the prin- 
ciples of thermal chemistry depend, are as follow : 

1. The heat absorbed in the decomposition of a 
substance is exactly equal to the heat disengaged at 
the time of the formation of the same compound. 

2. Every chemical change effected without the 
intervention of an extraneous force tends to produce 
the body or system of bodies that disengages the 
most heat. 

With the aid of these two theorems, it is possible, 
the author states, to satisfactorily explain the re- 
actions occurring in chemical industry. Before, 
however, proceeding to give examples of the appli- 
cation of thermal-chemical data, the author refers 
to the calorimetrical investigations of Thomsen, 
Troost, and Hautefeuille, and then enumerates the 
third theorem that is required in the calculation of 
combustions, which is as follows: In order to 





calculate the heat «f combustion of a ccmpcund, it 
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is merely necessary to subtract its heat of forma- 
tion from the heat of combustion of its elements. 
The following subjects are then dealt with in the 
paper: Intermolecular combustion, combustion of 
iron silicide, combustion of iron phosphide, com- 
bustion of iron sulphide. 

As we have said, it would be impossible to con- 
dense the facts set forward under these heads into 
less space than that occupied by the author in his 
paper, but we may here quote two of the main 
facts the author presents as conclusions from his 
investigation. The first is that silica does not de- 
compose phosphate of iron ; the second, that tem- 
perature plays only a subordinate part in the 
elimination of phosphorus. 

These two statements will doubtless be sufticient 
to incite the steelmaker to a closer study of M. 
Pourcel’s paper. 

Mr. Snelus opened the discussion on this paper, 
reading from a manuscript he held in his hand. He 
spoke of the importance of the work done by the 
author and the interest that all metallurgists must 
take in the paper then before the meeting. The 
speaker had for many years past been considering 
the metallurgy of steel-from the same thermome- 
trical point of view, with the practical result that 
he had evolved a process of steelmaking which he 
was glad of an opportunity of explaining, although 
it had not been brought to a practical issue. Mr. 
Snelus thereupon proceeded to unfold the principles 
upon which his theory was founded, but he had not 
gone very far, perhaps a quarter of an hour or so, 
when the President interposed, suggesting that 
Mr. Snelus might possibly be travelling a little out- 
side the legitimate scope of a discussion on M. 
Pourcel’s paper. Sir Lowthian Bell also made a 
speech, in the course of which he deprecated the 
occupying of the time at the disposal of the meeting 
by an explanation of this new process, and sug- 
gested that Mr. Snelus should read a paper. 

Mr. Snelus in reply said that what he was saying 
was quite germane to the subject under discussion, 
referring, in fact, entirely to the thermal chemistry 
of iron and steel ; and he made a decided point by 
saying that he had been told before, when he had 
worked out a process of steelmaking, that he had 
kept it all to himself. He was anxious to escape 
this reproach on a future occasion, and it was for 
this reason that he took the first opportunity of 
making the matter public. He would, however, if 
the meeting wished, reserve the subject for a 
separate paper. Under these circumstances we 
will not follow Mr. Snelus in his exposition of the 
thermometrics of his process, to explain which he 
had literally covered the blackboard with symbols 
before he began. Briefly stated, however, it would 
appear that Mr. Snelus, seeing how close the open- 
hearth was running the Bessemer converter in the 
price at which ingots could be produced, had deter- 
mined to study the matter closely in order to 
determine the reason. The main point appeared to 
be that in the Bessemer converter there was a loss of 
10 or 12 per cent. by oxidation, whilst in the open- 
hearth furnace a certain amount of metal was gained 
by the addition of iron ore, and this covered the loss 
from other sources. This being the case Mr. Snelus 
proposes, in place of using about 3cwt. of ore to the 
ton of metal, to add a much larger quantity, and he 
had found by calculation that this was possible. 
Leaving out any reference to his process, in defer- 
ence to the President’s and Sir Lowthian Bell’s pro- 
test, Mr. Snelus explained at some considerable 
length the thermometrical calculations he had made, 
and in the course of his remarks utilised all the 
formuls he had put on the blackboard. . We do not 
follow him in his excursus, as we hope to meet the 
figures again in the promised paper. The work 
done by Mr. Snelus in the past is a pretty sure 
guarantee that whatever he brings forward will, at 
any rate, be of great interest. 

Mr. Gilchrist said, doubtless the meeting would 
be relieved to hear that he felt himself totally in- 
competent then to discuss the figures put forward. 
There were, however, one or two points which 
seemed to require explanation. The author had 
said, ‘‘The definite carbide Mn,C, containing 6.7 
per cent. of carbon, does not disengage more than 
386 calories per gramme. It may therefore be con- 
sidered as one of the most stable compounds met with 
in mineral chemistry. As such it isvery probable that 
this compound is formed at the high temperatures 
of the blast furnace, and that manganese is present 
in the pig iron, asin steel, in the state Mn,C. On 
account of its stability it is one of the last substances 
to be consumed by the intermolecular combustion 
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in the Bessemer converter.” Commenting on this 
passage, the speaker thought there must be some | 
misconception. Manganese, it was generally ad- | 
mitted, went early in the process. If it did not go | 
first it certainly went pari pussu with carbon ; and 
it probably went also with silicon. Under any cir- 
cumstances, if there was a good deal remaining at 
the end it could not be above two-tenths. The| 
speaker also took exception to the statement that 
‘*in the intermolecular combustion of the Bessemer 

rocess the oxidation of the silicide of manganese 
ollows that of the silicide of iron.” He thought 
also there was some error in that part of the paper 
which treated of the sulphur, but probably this was 
due to errors in printing or translation. 

Professor Bauerman said that Mr. Gilchrist had 
forestalled him in some remarks he was about to | 
make. Jt was important to remember that in| 
applying the principles set forth to larger operations | 
there was a time function to be considered, other- | 
wise one would be apt to be misled ; for after all 
the reactions were only ultimate results. What 
was really wanted to be known was what happened 
during the course of the process at different times, 
and how the variations in the elements acted on 
each other. 

Sir Lowthian Bell said that it had been at his 
suggestion that M. Pourcel had written the paper, 
as he, Sir Lowthian, had been struck with the im- 
portance of the subject. When Bunsen and Play- 
fair had read their paper on blast furnace gases | 
before the British Association, the iron trade had | 
turned a deaf ear to it, as something not affecting 
them in their practical work ; but by following up 





the principles there laid down, millions of tons of 
coal were now saved to the country every year. He 
mentioned this as an instance, and trusted those 
practically engaged in the production of iron and 
steel would give this new subject due considera- 
tion. The speaker went on to give some interesting 
examples of the way in which he had in his own 
works profited in this way, and how by the tempe- 
rature of the furnace gases he was able to determine 
the proper mode of working. He also criticised the 
principles enunciated by Mr. Snelus. The speaker 
concluded by moving a vote of thanks to the author, 
which was carried with acclamation. 

At this point Sir James Kitson read a letter of 
invitation from Major Burke, as representing the 
iron and steelmakers of the Southern States, in 
which those members who would visit America 
next year were asked to travel south and see what 
was being done there. Major Burke was present, 
and, at the invitation of the President, seconded his 


‘written invitation by a speech breathing of hospi- 


tality, in which he begged the members to hasten to 
Alabama and Tennessee as soon as they could be 
rescued from the hands of his northern friends. 


Major Burke also gave an outline of what his 


visitors would see, and as the meeting listened to 


his eloquent address there could have been few who 


did not register a determination to accept the warm 
hospitality pressed upon them, or who regretted 


| that untoward circumstances would keep them at 


home. 
Tue THomasseT TEsTING MACHINE. ’ 
The last paper read at the meeting was a contri- 
bution from M. Ferd. Gautier, of Paris, in which 
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position, the communication between the com- 
pressor and the hydraulic press is opened. 

The effect of the pressure is to act through the 
lever on the drum plate, covered with an india- 
rubber leaf, and there is an equilibrium between 
the stress on the bar and the weight of a cylinder 
of mercury, having the diameter of the round plate 
and the height to which the liquid is raised in 
open air. 

The indication of the pressure is self-acting, and 
provided that these indications are true, it is 
only necessary to read the weights supported, and 
get the heights of the column of mercury. The 
eye follows the rising of the column of mercury, 
whilst the hand measures with callipers, or some 
registering apparatus, the extension of the sample. 
At first the column of mercury rises regularly ; 
it is the period of elasticity. The elongation is 
proportionate to the effort. Suddenly there inter- 
venes a very short period, during which the mer- 
cury stops and goes a little down, indicating the 
limit of elasticity, as could be easily proved by 
relieving the sample from the pressure, and measur- 
ing the distance between the marks. Then the 
elongation increasing more quickly than the pres- 
sure, the mercury rises slowly again, but regularly, 
to a maximum, which must be noted, and which 
is the breaking strength of the ordinary testing 
machines. When this maximum is reached, the 
stricture of the bar begins, the elongation is accu- 
mulated in one part of the sample, and the mer- 
cury falls. 

As the stress supported decreases, there is no 
longer equilibrium, and at last the point of rupture 
is reached. Looking at this moment at the column 
of mercury, one sees that there is a decrease of 
10, 20, and perhaps as much as 50 per cent., as 
compared with the maximum observed. This is, 
in reality, the measure of the weight supported by 
the area of the sample at the time of rupture. It 
is necessary to divide by the original section of the 
bar the weight corresponding to the maximum of 
the height of the mercury, to get the breaking 
strength. If one divides by the area of the broken 
bar, the weight corresponding to the column of 
mercury, at the point of rupture, a new number is 
obtained, not employed in practice, but which is 
the breaking strength per unit of section of the 
broken bar. 

In the concluding part of his paper the author 
referred to the question as to how the elastic limit 
of a test-piece should be estimated. He pointed 
out that Mr. Kirkaldy was the first to attract atten- 
tion to the contraction of area when the point of 
rupture is attained. He had shown the relation 
between this stricture, or local deformation at 
rupture, and the percentage of elongation, which 
was always considered as a proof of the mild- 
ness and the relative value of the metal. He 
suggested the employment of the breaking strength 
per square inch of the broken area, as a sub- 
stitute for both elongation and pulling stress 
at rupture. This the author considered a mis- 
take, for the following reasons. What is called 
the breaking weight is only the maximum weight 
carried by the sample. But as soon as the stricture 
begins, and this kind of flowing of the metal, which 
wil ead by the rupture, takes place, the breaking 
weight is no longer carried by the bar. In the 
ordinary lever testing macnines, the lever is no 
longer horizontal ; it falls, but one cannot measure 
to what extent this weight is no longer carried. In 
the Thomasset machine, the author continued, the 
column of mercury falls, and its height is the 
measure of what is carried by the bar. That is a 
great advantage, as compared with the old systems 
of testing machines. If the breaking weight is not 
carried by the bar at the moment of rupture, one 
cannot divide this weight by the contracted area at 
rupture. 

It is a known fact that the percentage of elonga- 
tion is variable, according to the length of the bar. 
Thus, when you speak of a metal with so many 
tons per square inch of breaking weight, and so 
much per cent. of elongation, one must determine 
exactly on what length the test was made. Gene- 
rally it is 8 in., but some people employ 4 in., and 
there is no reason why 10 in. or more should not be 
taken. Much trouble is caused in this way, and it 
would be necessary to get rid of the consideration 
of length in the record of experiments, in order to 
obtain a true measure of the structural value of 
metals. But there was no possibility of doing so 
with the ordinary testing machines. 

M. Gautier would suggest that it would be better 





to take the weight supported at the time of rupture, 
divided by the area of the broken section, as a 
substitute for the ordinary figures of both elonga- 
tion per square inch and ordinary breaking weight. 
It is, he said, the idea of Mr. Kirkaldy, breaking 
weight on the broken area, but improved and 
adapted to the true facts shown by experiments. 
The Thomasset machine, which shows the weight 
really carried by the sample at rupture, and any 
callipers which could give the diameter of the 
fractured area, would be the chief elements in such 
a determination. It would be interesting to prove, 
by a series of reliable experiments, that the length 
of the sample does not interfere at all with the 
contracted area at rupture and the ultimate weight 
carried by this section. Now, as our minds are 
accustomed to consider the breaking weight per 
original area, this could remain, but in that case it 
would be well to add the ultimate strength, or 
weight carried effectually by the broken section, 
and get rid of the percentage of elongation. This 
is exactly what the Thomasset testing machine can 
give accurately, and it is the only machine that 
can give such a record at the present time. 

The discussion on the paper was commenced by 
Mr. Wicksteed, who said that the paper was addi- 
tionally valuable, as the records of testing machines 
and methods of testing were meagre in Proceedings 
of the Institution, and members had to search for 
information in the Transactions of other societies 
not so directly interested in the subject. He spoke 
of the difference of elongation in long and short 
specimens, and pointed out that M. Gautier endea- 
voured to arrive at a conclusion which would get 
over the difficulty of varying shape and length of 
the specimen. r. Kirkaldy took conventional 
figures, but M. Gautier was aiming at scientitic 
accuracy. The author had claimed that there was 
an advantage in the method of recording in the 
Thomasset machine, but the speaker did not think 
that the eye was sufficiently quick to secure the 
position of the rapidly descending mercury at a 
given moment. M. Gautier’s diagrams gave them- 
selves an indication that it was a dangerous thing 
to depend on the eye in this way, for the data were 
exceedingly rough and ought to be taken as illus- 
trations only, rather than as giving accurate results, 
and in order to prove this the speaker exhibited a 
diagram which had been obtained by a self-record- 
ing apparatus. Some brass bars referred to in the 
paper—4 in. long—were stated to have elongated 
about # in. below the elastic limit. This, however, 
must be an error, as a 10-in. bar never extended 
more than ;45 in. without taking a permanent set, 
hence the greatest possible elastic stretch on a 4-in. 
bar could not exceed, say, s}) in. Again, the 
author’s diagrams showed the ultimate stress falling 
below the stress at the elastic limit, but a gentleman 
present, who had in his possession some hundreds 
of autographic stress strain diagrams, informed the 
speaker that he had never experienced anything 
approaching such a remarkable reduction of area, 
and that he thought M. Gautier’s diagrams were 
defective. 

Mr. Cowper said that he had used a testing 
machine having a diaphragm and column of mer- 
cury, which was an old plan. He agreed with Mr. 
Wicksteed in some respects, and thought that the 
diagrams shown in the paper were wrong, due pro- 
bably to errors of observation. 

Mr. Walker, of Leeds, said that the machine 
before the meeting was a good sensible apparatus, 
but it was no better than the lever machine, as 
was proved by the fact that the inventor used a 
lever to test it. In trying to perfect a steam 
engine governor some years ago, the author had 
made many efforts to get force without friction, 
and to this end had applied a diaphragm to raise a 
column of water. He had made several governors 
on this principle, and many of them were in use in 
the works of the father of the President. Expe- 
rience had, however, taught him that the lever was 
the best arrangement. There was a popular idea 
that knife edges would go wrong, but this was a 
fallacy, supposing they were good. There were 
knife edge machines which had been in use thirty or 
forty years, and were still good. The lever machine 
also had the advantage of simplicity. 

Mr. J. Goodman said that M. Gautier had referred 
to the evils attending the oscillation in testing ma- 
chines with great leverage ; but he evidently over- 
looked the fact that a column of mercury was subject 
to exactly the same oscillation. The author also 
referred to the jar of the pumps, but in the machine 
the speaker used at the Broadway Testing Works, 





this was got over by using the power supplied from 
the Hydraulic Supply Company’s mains. He 
thought the testing machine at Owens College was 
the first to be actuated in this way. In the ma- 
chine under his charge an intensifier was used, as 
the pressure from the company’s mains was not 
sufficient, only 700 lb. Reference had been made 
to shackles, and the speaker was of opinion that 
it was important to be able to put in bars of any 
length, which could not be done with the Thomasset 
machine. Also a column of mercury 5 ft. high was 
not long enough. The scale of the lever machine 
had a much longer range and hence gave more 
accuracy. With regard to what had been said about 
getting the ultimate stress on the ultimate area, 
this could be obtained easily enough if the machine 
was worked slowly, and in this respect he con- 
sidered the lever machine even superior to the 
Thomasset machine. He thought that the latter 
apparatus would be improved by a self-recording 
device like that of maximum and minimum thermo- 
meters. Professor Barr had an autographic appa- 
ratus in which the ultimate point on the diagram 
was found by measuring the pressure on the lower 
stop of the lever by means of the compression of a 
spiral spring. The influence of the length of the 
specimen had been referred to. The author had 
said that, ‘‘It would be interesting to prove, by a 
series of reliable experiments, that the length of the 
sample does not interfere at all with the contracted 
area at rupture and ultimate weight carried by this 
section.” These interesting experiments have 
already been made and recorded in a paper by Mr, 
Hackney, read before the Institution of Civil Engi- 
neers, which shows that the length enormously 
alters the contraction of area and extension. The 
speaker had partially overcome this difficulty by 
always giving the extension on the 2 in. imme- 
diately at fracture, a figure which is comparable for 
all lengths of specimens. He had no hesitation 
whatever in confirming Mr. Wicksteed’s opinion 
that the stress-strain diagrams given in the paper 
were decidedly erroneous and absolutely unreliable. 

Mr. Daniel Adamson had made experiments 
which supported the views put forward by the 
author in his paper. What the practical man wished 
to know was, how much asubstance will bear before 
breaking down when worked into a finished struc- 
ture, and for this reason he thought it desirable 
to have vibration in the machine, as then a nearer 
approximation was obtained to practical work, in 
which a structure might give way by vibration. 

The proceedings then terminated with the usual 
vote of thanks. 

PEARSALL’S HYDRAULIC ENGINES. 

On page 585 we illustrate two forms of the hydraulic 
engine invented by Mr. H. D. Pearsall, of Orpington, 
Kent. We have already given a detailed description 
of this machine on pages 345 and 346 of our forty- 
first volume, and need not repeat it at length. At 
the same time it will be convenient to recall its lead- 
ing features in case they have escaped the memories 
of our readers. 

The chief point of difference between Mr. Pearsall’s 
engine and the well-known hydraulic ram, is that in 
the former there is a small compressed air motor 
which alternately opens and closes the main valve 
communicating between the supply and the tail water. 
Above the valve there is a chamber containing two 
delivery valves opening into the air vessel, and an 
air valve, operated by a float, “—s to the atmo- 
sphere. The action is as follows: The flow pipe being 
full of water the main valve is opened by the motor, 
and water flows into the tail race, thus putting into 
motion all the water in the flow pipe; the chamber 
above the valve also empties itself into the tail race, 
and is filled with air through the air valve. After the 
flow has continued a certain time (say, two seconds) 
the main valve is closed by the motor. During the 
closing of the valve the flow of the water is not 
checked, as it can rise without resistance in the 
ehamber, the air escaping by the air valve. When 
the main valve has been closed and the water has 
reached a certain height in the chamber, it raises the 
float and closes the air valve. The remaining air 
in the chamber is then compressed by the energy cf 
the column of water, until the delivery valves open, 
when the air, and some of the water flow, into the air 
vessel. Water then continues to flow into the air 
vessel until the energy of the column of water in 
motion is exhausted by the resistance of the air vessel, 
when the column of water comes gently to rest and the 
delivery valves close. The action of the motor is 
timed, so that after this takes place the main valve is 
again opened, and the cycle of operations is repeated. 

At the time of the former notice only one machine 
had been constructed. Since then others have been 
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built, among them being the two which are shown in 
the accompanying engravings. Various modifications 
of design have been made as suggested by the results 
of very extensive experiments carried out with it. 
Fig. 1 is engraved from a photograph of an engine 
which has been constructed for a large iron works in 
Pennsylvania, known as the Isabella Furnace. Fig. 2 
refers to an engine which is erected at the paper works 
of Messrs. W. Joynson and Son, of St. Mary Cray, 
Kent, Mr. Joynson having liberally placed the water 
power of the River Cray at Mr. Pearsall’s disposal for 
the purpose of making thorough tests of the efficiency 
of these engines, and for carrying out other experiments 
































in hydraulics. The ordinary work of the latter engine 
is forcing water at a pressure of 31 lb. per square inch. 
The quantity so delivered is 3460 gallons per hour. 
For the purpose of measuring the quantity, the water 
is discharged either through a fire hose and nozzle, or 
through a loaded valve, into a trough, and then over a 
weir. 

In the former case it makes a full jet through a 
nozzle 24in, in diameter. The height of the jet is 
62 ft. above tail water of the machine. It is worthy 
of note that the measurement by means of the weir, 
compared with discharge through this nozzle, gives a 
coefficient of discharge agreeing very closely with the 
latest coefficient for such orifices, as deduced by Mr. 
Hamilton Smith in his work on ‘‘ Hydraulics,” from a 
comparison of numerous experiments, and the two 
measurements may be therefore taken as checks on 
each other. The water supply is taken from the River 
Cray. The fall is about 8 ft., varying a little with the 
etate of the river and of the tail race, which carries the 
drainage of part of the neighbouring fields, and is 
therefore liable to rise after rains. 

For the purpose of measuring exactly the efficiency 
attained, the supply water is gauged by a weir in the 
tail race (the drainage water being of course kept sepa- 
rate from it), the height of water over the weir being 
measured by hook gauges in the usual manner. The 
exact height of fall is also measured at the same time 
from permanent bench marks. 

The measurements made are as follows: Q = total 
quantity of supply in gallons per minute, 783. F = 
head of supply in feet, 7.75. q = quantity delivered 
in gallons per minute, 57.7. R = head of delivery in 
feet, 69,21. 

The efficiency is determined by the expression 

; _qR 
Efficiency QF 

Calculated by this formula the above figures show an 
efficiency of 65.8 per cent. 

The engine has also been worked at both higher and 
lower pressures with results very nearly the same. 
Thus a nozzle 43 in, discharged a full jet with pres- 
sure of 35 lb. per square inch, delivering 2340 gallons 
per hour. The quantity of supply at this time 
was 38,100 gallons per hour, and the head 7.75 ft. 
Hence the efficiency calculated as above was 64 per 
cent, 

In first starting the engine, if there is no pressure in 
the air vessel, the power of the water is used to fill the 
air vessel with air up to the pressure desired to be 
used. To do this up to a pressure of 30 Ib. takes only 
a few minutes, the engine for the first two or three 
minutes being turned by hand until there is sufficient 
pressure to operate the motor. When the engine is 
delivering into an elevated reservoir this, of course, is 
not needed. 

Calculations of efficiency when the machine is 
being used to compress air are said to show the 
very high result of 75.5 per cent. This, however, 
1s not surprising, as the compression takes place 
under very advantageous circumstances, the air 
being compressed slowly in the ante-chamber, which 
is kept cold by being filled at every stroke with 
cold water alternately with the air. It may be re- 
garded as quite certain that the efficiency realised in 








forcing water will be considerably increased in future 
engines, as experiment has revealed the causes of those 
losses which ocour, and though they are very moderate 
even in this engine, they are capable of being still 
further reduced. 

In the former notice a diagram was given of the 
pressures in the engine during its working. Similar 
diagrams have been taken very frequently of the new 
engine, and have been found very useful in determining 
the effect of various modifications which have been 
tried from time totime. In one of the diagrams taken 
lately the point showing the pressure in the air vessel 
is 31 lb., while the point of maximum pressure is 
only 35 lb., or a maximum pressure of only 4 lb. above 
the steady pressure against which the engine was 
pumping. All diagrams taken for many months past 
have been precisely similar to this. They show with 
very great clearness how entirely all shock or blow is 
absent from the working of this engine. If further 
proof were needed it is given by the fact that the 
engine is almost noiseless. Quite as noiseless in fact 
and smooth in its action as the best reciprocating 
pumps. 

In the former notice of this engine particular refer- 
ence was made to the construction of the main valve. 
This construction has been adopted in the new engines, 
but it has been found best to use a rubber curtain in 
preference to the metallic seating there shown. The 
action is, however, the same as before described. The 
valve is moved up close to the rubber curtain, but not 
pressed hard against it. The junction is made tight 
the instant there is any pressure in the inside, by the 
pressure closing the rubber curtain against the edge of 
the valve. This valve has worked admirably from the 
first. There is of course absolutely no concussion 
with the seat, and there is the minimum of wear, as 
the seat is never crushed. The details are shown in 
the annexed engraving. 








AIR COMPRESSOR FOR TORPEDO 
SERVICE. 

THE air compressor shown on page 584 is one of 
several exhibited by Mr. Peter Brotherhood, of Belve- 
dere-road, Lambeth, at the Paris Exhibition. It 
weighs only 17.75 cwt., but is intended to supply 30 
cubic feet of air at a pressure of 1500 lb. per square inch 
per hour, and is capable of compressing up to 2500 lb. 
per square inch. The design presents several peculi- 
arities ; first, any one of the three pumps can be driven 
by any one of the three cylinders, so that if, say, two 
steam cylinders and two of the pumps break down the 
remaining pump can still be driven by the remaining 
cylinder, the others being alldisconnected. Secondly, 
as the air has to be raised to a very high pressure, it is 
found convenient to carry this out in three stages, 
which is done as follows: The air is drawn into the 
pump on the downstroke of the engine, and on the 
next stroke the air is compressed into an annular space 
between the trunk which carries the pump piston and 
the walls of the pump cylinder. On the next stroke 
this is further compressed into another annular space 
of still smaller capacity, and from this it passes into 
the reservoir. The pump cylinders are completely sur- 
rounded by a jacket, through which water is con- 
stantly kept flowing by the circulating pump shown 
to the right, and the air discharge itself is also passed 
through a copper worm placed in this water, being thus 
cooled in a thoroughly effective manner before passing 
into the reservoir. The workmanship and finish of 
these pumps is perfect, like all Mr. Brotherhood’s pro- 
ductions, and his exhibit will do much towards sustain- 
ing the reputation of British engineering on the Con- 
tinent, 








LAUNCHES AND TRIAL TRIPS. 

On Thursday, 9th instant, there was taken down the 
Channel (off Plymouth) on her trial trip H.M.S. Magpie, 
the first of three ships which have been constructed at 
Pembroke and engined by Earle’s Shipbuilding and Engi- 
neering Company, Limited, Hull. These are single-screw 
compoaite vessels of 805 tons, and belong to what is known 
as the ‘‘ Bird class,” and the machinery consists of a set 
of triple-expansion three-crank high-speed marine engines, 
with cylinders 20 in., 30 in., and 45 in. in diameter by 24 in. 
stroke, these being supplied with steam at 145]b. pressure 
from two double-ended steel boilers of the ‘‘ Navy” type. 
The run was continued for twelve successive hours without 
intermission or the slightest hitch, the machinery working 
perfectly, and indicating a mean of 882 indicated horse- 
power, nearly 25 r cent. in excess of what was 
guaranteed. On Saturday, the 11th inst., the Magpie was 
again taken out for the four hours’ trial under forced 
draught, and developed an average of 1298 horse- power, 
which was 92 indicated horse-power in excess of the con- 
tract and was considered highly satisfactory by the Govern- 
ment officials on board. 





Thesteam yacht Euphrosyiae, launched from the yard of 
Messrs. Camper and Nicolson, of Gosport, and engined 
by Messrs. W. B. Thompson and Co, Limited, Dundee, 
ran the measured mile in the River Tay on the 11th inst., 
when a speed of 11 knots was attained, the engines de- 





veloping 300 horse-power. The Euphrosyne has been 
built for Mr. W. G. Pawson, of Northumberland, and her 
dimensions are: Length, 130 ft. ; beam, 19ft. 3in.; 
depth, 9ft. Her engines are triple-expansion (Thompson’s 
patent), the cylinders being 12in., 17 in., and 30 in. re- 
spectively with a piston stroke of 20 in. Steam is sup- 
plied at a pressure of 150 lb. 





From the Vulcan Shipbuilding Company at Stettin 
there was launched about a fortnight sgo the large steamer 
Kaiser Wilhelm II., the largest vessel but one of the 
German merchant navy. She is 450 ft. long, 51 ft. broad, 
and has a depth of 37 ft. ; the tonnage is 6000 register 
tons. With 25 ft. draught she is calculated to carry 3700 
tons cargo, and will have accommodation for 120 first-class 
passengers, 80 second-class passengers, and 650 third-class 
passengers. The steamer will be lighted by 650 incan- 
descent lamps, and is also fitted with arc lamps for work 
in harbour after dark. The engines are triple-expansion 
of 6500 horse power. There are six double-ended boilers, 
each with four furnaces ; each boiler weighs about 50 tons 
and is intended for a working pressure of 162 lb. per 
square inch. They will be fitted with appliances for 
forced draught. The propeller has a diameter of ft. 
and is calculated to make 70 revolutions per niinute. The 
oy has been put at 17 knots. With 16 knots the Kaiser 

ilhelm ITI. will be able to do the distance between Suez 
and Adelaide in 21 days; the mail takes five days from 
from Berlin to Suez, making a total of 26 days between 
Berlin and Adelaide, while the fastest English or French 
service has hitherto been 30 days, and the German con- 
tract is for 35 days. The steamer is built exclusively of 
German steel, which material has also been used for the 
engines; she has two funnels, and is rigged as a four 
masted schooner, 





On Wednesday, May 15, Messrs. Schlesinger, Davis, 
and Co. launched from their shipbuilding yard, Wallsend- 
on-Tyne, a larga steel screw steamer named the Bentala, 
built to the order of Mr. Jos. Hoult, of Liverpool, the 
managing owner of the Ben Line of steamers of that port. 
The vessel is of the following dimensions: Length be- 
tween perpendiculars, 302ft.; breadth moulded, 40 ft. ; 
depth moulded, 23ft. 24in.; she is designed to carry a 
deadweight cargo of 4000 tons. The engines, of the 
triple-expansion description, are of 180 nominal horse- 
power, having cylinders 22in., 34in., and 56in. by 42in. 
ength of stroke. The boilers are of steel, two in number, 
working at a pressure of 160lb. per square inch. The 
machinery has been constructed by Messrs. Black, Haw- 
thorn, and Co., Gateshead, and, together with the hull, 
has been erected under the personal superintendence of 
Mr. A. C. Hay, of Liverpool, the owners’ superintendent 
engineer. 





On May 16 there was launched from Messrs. Craggs 
and Sons’ Middlesbrough shipyard a steel steamer, the 
Attila, of the following dimensions: Length, 290 ft. over 
all; breadth, 37 ft. Gin. ; and depth, 26 ft. 9in.; she is in- 
tended for carrying petroleum in bulk, having fourteen 
compartments with a capacity for 2750 tons of oil. The 
vessel has been built to the order of Messrs. J. M. 
Lennard and Sons, of Middlesbrough. Her engines, 
built by Messrs. Westgarth, English, and Co., of Middles- 
brough, are of the triple-expansion type, 180 nominal 
horse-power, having cylinders 2lin., 34in., and 57 in., 
by 39in. stroke. 





On Thursday May 16, Messrs. Craig, Taylor, and Co. 
launched from their Thornaby Shipbuilding Yard, 
Stockton-on-Tees, the largest vessel that they have as yet 
built, named the Tancarville, her dimensions being: 
Length over all, 301 ft. ; breadth, 37 ft. ; depth moulded 
to spar deck, 26 ft. 8in. The vessel, which will carry 
about 3200 tons all told, is specially constructed for trans- 
porting oil in bulk, being divided into thirteen compart- 
ments for this purpose. The engines have been con- 
structed by Black, Hawthorn, and Co., on the triple- 
expansion surface-condensing princ!ple, of 1100 indicated 
horse-power, with cylinders 22 in., 36 in., and 58 in. in 
diameter by 42 in. stroke, and two boilers 14 ft. 9 in. by 
10 ft. 6 in. long, with six Brown’s ribbed furnaces de 
Page for a working pressure of 160 lb. per square inch. 
She has been built for Mr. Alfred Suart, of London. 





On Friday, the 17th inst., Messrs. Murdoch and Murray 
launched from their yard in Port-Glasgow a steel screw 
steamer named Baron Elibank, built to the order of Mr. 
Hugh Hogarth, Glasgow, for the general cargo trade. 
The vessel is 260 ft. long, 37 ft. broad, and 23 ft. 8 in. 
deep, and her gross tonnage is about 2000. Triple-expan- 
sion engines are being fitted on board by Messrs. Duncan, 
Stewart, and Co., of the London Road Engine Works, 
Glasgow. The diameters of the cylinders are as follows : 
19} in., 304 in., and 50 in., with a piston stroke of 3 ft. 
3in. Steam is generated in two boilers 12 ft. 8 in. in 
diameter by 9 ft. 104 in. long, having four of Purves’ 
furnaces 3 ft. 74 in. in diameter and a grate area of 86 
— feet. The working pressure is 160 lb. tothe square 
inch, 





On May 18, from Messrs. R. Craggs and Sons’ Stockton 
shipyard there was launched an iron screw steamer, 
named the Saint Anns, of the following dimensions: 
Length over all, 183 ft. ; breadth, 28 ft. ; depth, 14 ft. 3in., 
with a deadweight capacity of 900 tons. This vessel has 
been built for Messrs. John Pile and Co., of London. 
Her engines, built by Messrs. Westgarth, English, and 
Co., marine engineers, &c., of Middlesbrough, are of the 
triple-expansion type, 65 nominal horse-power, having 
cylinders 13 in., 21 in., and 35in., and 24 in. stroke, 
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BRIQUETTE-MAKING MACHINERY. 
CONSTRUCTED BY M. N. FOUQUEMBERG, ENGINEER, WASMES, NEAR MONS, BELGIUM. 


Fig 1 Fig..2. 
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THE illustrations on the present and opposite pages | 
represent a briquette- making plant, in which the | 
chief feature is a machine invented by M. Nestor | 
Fouquemberg, of Wasmes, near Mons, Belgium. | 
This machine is designed for the manufacture of ovoid 
briquettes for domestic use, The dust coal, mixed 
with resin, is placed in the hopper, in which it is pre- 
vented from consolidating by a rotary stirrer, and is | 
fed between a pair of rollers. The surfaces of the 
rollers are covered with semi-ovoid cavities which act 
as dies. These cavities become filled with coal, and 
as the rollers revolve a cavity in the one comes opposite 
a cavity in the other, the material contained in them 
being pressed into a compact briquette, which falls out 
upon the further revolution of the rolls. 

The rolls are driven by worms and wormwheels, 
and it isin this gearing that the chief novelty is to be 
found, If spur gearing be used the wear of the teeth 
quickly brings the corresponding dies in the two rolls 
out of register, making the briquettes of irregular form. 
But with a pair of worms, right and left-handed, the 
wear of the one exactly compensates for the wear of 
the other, and consequently the two rolls remain con- 
stantly in register. Even if they should not do so, a 
slight adjustment of the wormsheft endwise is all that 
is needed to put them right again. 

Provision is made for this adjustment by holding 
the wormshaft endwise between centres. By setting 
back one centre and screwing the other forward the 
shaft can be moved endwise the required distance with | 
great exactness. The oil boxes in which the worms | 
run, are long enough to allow of the adjustment, | 

In Figs. 1 to 3 is shown a complete plant for the | 
fabrication of briquettes. The raw material is tipped | 
at A into a disintegrator B, from whence it falls into | 
the hopper of an elevator C, This raises it and de- 
livers it into the mixer L, from whence it goes to the | 
briquette machine E. The finished product is de- | 
livered by the travelling band F into the wagon G. | 

Briquettes of ovoid form are used in large quantities | 
in domestic fireplaces in Belgium. It is found that the | 
air passes up easily between them, and that coal which 
does not burn readily can be utilised in this manner. 

A machine of this kind is being shown in the Ma.- | 
chinery Hall of the Paris Exhibition. | 








ROYAL METEOROLOGICAL SOCIETY. | 

THE usual monthly meeting of this Society was held on | 
Wednesday evening, the 15th instant, at the Institution | 
of Civil Engineers, 25, Great George-street, Westminster, | 
Dr. W. Marcet, F.R.S., President, in the chair. 

Mr, T. H. Hall was elected a Fellow of the Society. 

The following papers were read : 

1. ** Account of some Experiments made to Investigate the 
Connection between the Pressure and Velocity of the Wind,” 
by Mr. W. H. Dines, B.A., F.R.Met. Soc. These expe- 
riments were made for the purpose of determining the rela- 
tion between the velocity of the wind and the pressure it 
exerts upon obstacles of various kinds exposed toit. The 
pressure plates were placed at the end of the long arm of a 
whirling machine, which was rotated bysteam power. The 
author gives the results of experiments with about twenty- 
five different kinds of pressure plates. The pressure upon 
a plane area, of fairly compact form, isabout 14 lb. per 





| and for delicacy and precision in regulating the quantity | and the total vessel tonn 





square foot at a velocity of 21 miles per hour; or in other 
words, a pressure of 1 lb, per square foot is caused by a ! 


wind of a little more than 17 miles per hour. The pres- | Hungarian network last year exceeded those of 1887 by 
sure upon the same area is increased by increasing the | 1,814,410, 
perimeter. The pressure upon a } ft. plate is propor- s 
tionally less than that upona plate either half or double; NortHerNn Paciric RaILRoaD.—A recent marked im- 
itssize. The pressure upon any surface is but slightly provement in earnings shows that the section of country 
altered by a cone or rim projecting at the back, acone accommodated by the Northern Pacific Railroad is 
seeming to cause a slight increase, but a rim having appa- | developing rapidly, that the land is fertile, and that the 
rently no effect. | branches have been well planned so as to bring traffic 
2. **On an Improved Method of Preparing Ozone Paper | to the main stem. The working expenses have increased 
and other Forms of the Test, with Starch and Potassium | of late, because the management took advantage of heavy 
Iodide,” by Dr. C. H. Blackley, F.R. Met. Soc. Some | earnings to restore the physical condition of the ge opel 
years ago the author made some experiments with the | Large sums were expended on rolling stock, on the re- 
ordinary ozone test papers, but found that the papers | placing of old rails with new, on the construction of snow 
did not always give the same result when two or more sheds, and on permanent improvements to the road bed. 
were exposed under precisely the same conditions. He | As a consequence of this expenditure the service of the 
subsequently tried what reaction would take place between |line has been better and cheaper during the winter 
unboiled starch and potassium iodide when exposed to the | months. 
influence of ozone ; but the difficulty of getting this spread | ——— 
evenly upon paper by hand, so as to insure a per ectly | CANADIAN CANALS.—Statistics of traffic on Cana 
even tint after being acted upon by ozone, fed J him to dian canals during 1888, as prepared by the Minister of 
devise a new method of accomplishing this. Briefly de- | Inland Revenue, show a slight decline in the volume of 
scribed, it may be said to be a method by which the starch | business as compared with 1887. The total freight trans- 
is deposited on the surface of the paper by precipitation, | ported was 2,452,063 tons against 2,470,744 tons in 1887, 
was 3,433,242 tons against 
on any given surface, leaves very little to be desired. | 3,461,330 tona. Of the total tonnage passing through the 
3. ** Notes on the Climate of Akassa, Niger Territory,” | Dominion canals last year 2,823,202 tons were of Canadian, 
by Mr. F, Russell, F.R.G.S. This paper gives the results | and 610,040 tons, or 17.7 per cent., were of American 
of observations made from February, 1887, to October, | register. Of the total tonnage passing through the Wel- 
1888, at Akassa, which is the seaport and principal depot land Canal, American registered vessels represented 
of the Royal Niger Company, and is situated at the mouth | 39.3 percent. The total freight tonnage moved on the 
of the River Nun in the Niger Delta. Welland Canal last year was 809,291 tons, of which 
4. ‘* Wind Storm at Sydney, New South Wales, on|16 tons were farm stock, 119,394 tons forest products, 
January 27, 1889,” by Mr. H.C, Russell, F.R.S. | 24,423 tons manufactured goods, 245,686 tons merchan- 
dise, and 419,812 tons vegetable food and other agricul- 
tural products. Freight tonnages over the St. Lawrence 
Avstro-HuNGARIAN RAILWAYs.—In the course of last | canals amounted to 570,323 tons, of which 1091 tons were 
year the Austro-Hungarian railway network was increased farm stock, 151,194 tons forest products, 64,825 tons manu- 
by 5984 miles, of which 4163 miles are situated in Austria | factures, 219,760 tons merchandise, and 133,453 tons vege- 
and the balance in Hungary. The gross receipts of the | table food and agricultural products. 





SEE Oi eee — 
livhanpeaee ne 








ee 












May 24, 1889. ] 


ENGINEERING. 











BRIQUETTE-MAKING MACHINE; PARIS EXHIBITION. 
NEAR MONS, BELGIUM. 


CONSTRUCTED BY M. 














































N. FOUQUEMBERG, ENGINEER, WASMES, 
(For Description, see opposite Page.) 


Uy oo 
































fF SU al SES = yp 






Ji 
=n | 


aos BP eee 


WE (" -~ 
2 are bo 



































== 7; 
= 









=e 





mi 
~_ yim 


2 
Mage 


asii== gp +f 
v i“ 























ins.12 6 Q ‘ 2 





= i 
CLL ee dddddkdee HEME WUMM MMMM MMMM 


3 4 § § ? . 












NOTES FROM THE SOUTH-WEST. 
Cardif.—The demand for steam coal has continued 
risk, and last week’s shipments were upon a heavy scale, 
Prices have shown firmness, the best qualities ranging 
from 13s, to 148.; second-class coal from 12s. 3d. to 
12s, 6d. ; and best Monmouthshire from 11s. to 11s, 3d. 
= ton, The house coal trade is, of course, less active ; 

ut the bituminous collieries are still well employed. 
Patent fuel has exhibited little change. The demand for 
Spanish iron ore has been moderate, The manufactured 
iron and steel trades have shown activit » and prices 
have presented an upward tendency. eavy section 
steel rails have made 4i. 15s. to 41. 17s. 6d,, and light 
Section ditto, 51. 5s. to 5/. 15, per ton. 


Railway Rates.—On Saturday a meeting of coalowners 
was held at Cardiff to consider the new ete rates 
and classification of goods proposed by the local railway 
companies, Mr. Hood presided. Draft forms of objec- 
tion to the revised maximum rates and classification of 
merchandise were considered, and suggestions made by 
ag Mining Association of Great Britain were submitted 

y the chairman. The draft objections will be further 
considered in a few days, and counsel will then be en- 
gaged to support them before the Board of Trade on 
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behalf of the colliery owners of Glamorganshire and | the preamble of the Bill on condition that the existing 


Carmarthenshire, 


rights of the railway companies using the docks and Lord 


The Swansea Valley.—Messrs. L. and H. Gueret sail Windsor were protected. The Bill will be opposed in the 


Co., colliery proprietors, of Cardiff and Swansea, have | 


commenced to sink a new coal pit on the estate of Mr. 


House of Commons. 
| The Rhymney Valley.—The coal trade continues good, 


H. N. Miers, near Ynyspenllwch, Swansea Valley. The} both at the house and steam coal collieries. At the new 
coal in the immediate neighbourhood of the shaft will be | pits of the Rhymney Iron eames ar 6 between Pengam 
e 


used for steam purposes, but an effort will be made to tap 
a vein of bituminous coal under the Garth Mountain. 


Ilfracombe Railway.—The work of doubling this line 
between Braunton and Morthoe is almost completed. 
Great improvements are being made at the stations, the 
platform accommodation being doubled. 


Maesteg.—Arrangements are being made for sinking 
two new pits on Mynydd-y-Caeran by North’s Navigation 
Collieries Company. The same company has accepted a 
tender of Messrs. Howells and Hyde for opening and 
developing Cwrtgmwnws Slip. A mineral railway is to 
be constructed from the old works to Coegnant and the 
Caeran Mountain. 


The Bute Docks.—The Bute Docks Bill passed on Friday 
through a select committee of the House of Lords, over 
which Earl Bathurst presided. The committee passed 


| and Bangoed, sinking operations to the Brithdir vein are 
| being carried on. At the new Elliot Pit, which is bein 

| sunk at Cwmsyfiog as a second shaft to the steam coal, 
sinking operations are being pushed or vigorously. 


The Dowlais Works.—The erection of the new Dowlais 
Works, near Cardiff, is being vigorously proceeded with. 
Eight out of nine ovens are in a forward state. Railway 
sidings, drying stoves, furnace hoists, &c., are also in 
hand. Messrs. Head, Wrightson, and Co., of Stockton, 
will supply the ironwork. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Strike in the Hull Engineering Trade.—The strike 








in the a me trade at Hull is likely to be protracted, 
as the efforts made to come to terms have failed. The 
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men’s original demand was for an advance of 2s. per week 
ali round, and the employers responded with the offer of 
1s. advance. At a meeting at the Albert Hall, Hull, the 
men have resolved not to accept the masters’ proposition, 
but to adhere to the original demand. The strike, there- 
fore, will be continued. 


Government Orders in Sheffield.—Messrs. W. Jessop and 
Son, Limited, of Brightside Steel Works, have just com- 
pleted an order for marine castings for the Government. 
‘Yhe order comprised the ram, sternpost, and stern 
brackets for H.M.S. Blenheim, now building at the 
Thames Iron Works, London. The two former were 
forwarded some time ago, and the latter are to be sent in 
a week. Thetwo stern brackets are only small compared 
with some of the castings made by the firm, whose work 
in this line is in great demand. The brackets, which 
weigh from 14 to 15 tons each, and are about 16 ft. 
across, are to carry the propeller shafts. Owing to this 
large breadth they cannot be conveyed to their desti- 
nation by train without the line being cleared, as they 
project right over the other metals. Next Sunday 
is fixed for their carriage, and the whole of the Midland 
line from Sheffield to London will be blocked as they pass. 
Orders for about 24,000/. worth of gun forgings have re- 
cently been placed in Sheffield, and further work in steel 
shells, armour, and marine castings is expected very soon. 
A considerable amount of marine and other work for 
foreign Governments is now being executed in the town. 


South Yorkshire Steam Coal Owners and Contracts.—A 
private meeting of the members of the South Yorkshire 
Steam Coal Owners’ Association was recently held in 
Barnsley, at which the question of contracts was discussed. 
It was stated that prices had gone up for coal for steam 
purposes to the extent of from ls. 6d, to 2s. per tun, as 
compared with the prices of a year ago. Some contracts 
had been taken at as much as 8s. per ton, and the ques- 
tion having been considered, it was agreed that new con- 
tracts should not ba taken bslow that sum. About 63. 
per ton are the ruling contract prices. 


Iron Trade.—Orders for manufactured iron are coming 
to hand much better. Bars are in good demand, ordinary 
51. 10s. to 6/., bast 62. 10s., ordinary horseshoe 6/., and 
best up to 6/. 12s. 6d. Rods run from 61. 7s. 6d., and 
best 1/. extra. Bridge and girder plates run about 
7l. 10s., boiler up to 8/., and best best from 8/. 153. up to 
9l. The hoop mills are actively employed, common 
qualities realising up to 6/., best 6/. 53., and best best from 
7/. to 7/, 12s, In the pig iron trade prices are very firm, 
and the output from local furnaces finds a ready sale. 
Business in this department is in a satisfactory and im- 
proving condition, 


NOTES FROM CLEVELAND AND THE 





NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Y esterday there was a very 
poor attendance on ’Change, and the market was dull. 
‘The amount of business transacted was exceedingly small, 
and quotations were easier. In spite of these facts, how- 
ever, it is generally believed that the lull will be of only 
short duration. No. 3 g.n b. Cleveland pig iron for 
prompt f.o.b. delivery is now obtainable at 38s. 6d. 
per ton, and buyers are few even at this low figure. 
Many merchants, however, still ask 38s, 9d., and 
makers hold out for 403. The latter have very little 
iron to dispose of and being fairly well booked ahead, 
are not anxious to enter into new contracts. The stocks 
of Messrs. Connal and Co,’s, the warrant storekeepers, 
Middlesbrough, continue to decrease rapidly. Middles- 
brough No. 3 warrants are 38s, 4d. to 383. 5d. In the 
manufactured iron trade there is very little doing just 
now. Inquiries are few and prices are not so firm asa 
wesk ago. Ship-plates are now 6/. 2s. 6d. per ton, and 
angles and bars 5/. 10s., all less 24 percent. There is only 
a poor demand for steel rails. Heavy sections are nomi- 
nally 47. 12s, 6d. per ton at works. Steel sleepers are 
5l. 10s. The quotation for steel ship-plates has dropped 
2s. 6d. since last week, the price now being 7/. Angles, 
however, are realising 6/. 103. Although quotations have 
declined somewhat considerably during the past few days 
it is expected that trade generally will continue brisk. 
Prospects for the future are bright and encouraging. 

Engineering and Shiphuilding.—Engineers and ship- 
builders have a great deal of work on hand. Many firms 
engaged in the latter industry are very indifferent about 
booking fresh contracts, as the majority of them have 
orders on hand which will keep them fully occupied into 
the beginning of next year. During the past few days 
a large number of very fine iron and steel steamers have 
been launched in the North, and numerous others in 
course of progress will soon be ready for the water. One 
or two recently completed vessels have run very satisfac- 
tory trial trips and proceeded to sea. 


The Coal and Coke T'rades.—The coal and coke trades 
are in a healthy condition, and there is a large demand 
for all classes of fuel. The great scarcity of coke still 
prevails, and for blast furnace purposes 16s, per ton is the 
price for delivery in Middlesbrough over the next half- 
year. Shipping coke is considerably above this figure. 


NOTES FROM THE NORTH. 
: Guascow, Wednesday. 
Glasgow Pig-Tron Market.—A large amount of business 
in warrant iron was done last Thursday, but the price 
gave way soon after the opening. Scotchiron was 4d. per 
ton lower in price at the close than on the preceding day ; 
the price of Cleveland iron fell 1d. per ton, but hematite 
iron closed 4d. al ton up. Friday’s market was dull in 
tone, but a fairly large number of transactions were re- 








ported at lower quotations. Scotch iron touched 433, 34d. 
per ton cash, the lowest quotation since the end of Feb- 
ruary, and 1s. 10d. per ton under the best price paid 
last month. There was a recovery to 433. 6d. cash, at 
which sellers closed, being 1d. under the previous day’s 
close. Cleveland iron closed 3d., and hematite iron 
24d. per ton under Thursday’s closing prices. The settle- 
ment prices at the close were—Scotch iron, 433. 6d. per 
ton; Cleveland, 38s. 3d.; hematite iron, 48s. 4}d. per 
ton. The tone of the market was decidedly firmer on 
Monday, partly owing to more satisfactory trade reports. 
The shipments of Scotch pig iron for last week were not 
up to expectation, still the home consumption is large and 
improving, and that fact is producing its natural effect. 
The price of Scotch iron rose 2d. per ton in the forenoon, 
but some heavy transactions took place in the afternoon, 
and the quotations lost the early gain, and the close was 
the same as at the end of last week. Cleveland iron rose 
in price 4d. per ton in the forenoon, but only lost 1d. in 
the afternoon, thus closing 3d. up on the day. Hematite 
iron lost an early gain of 2d. per ton, and closed as on 
Friday. The closing settlement prices were—Scotch, 
43s. 6d. per ton; Cleveland, 383, 6d.; hematite iron, 
433. 44d. per ton. Yesterday’s market was irrregular and 
weaker in the forenoon—weak “ bulls,” aided by ‘‘ bear ” 
selling, bringing down the price of Scotch iron to 43s, 44d. 
per ton cash, No cash business was done in Cleveland 
iron in the forenoon, and hematite iron was offered at 
483. 34d. per ton cash. The market was quiet in the 
afternoon, and the prices remained unaltered. The settle- 
ment prices at the close were—Scotch, 43s. 44d. ; Cleve- 
land, 383. 3d.; hematite iron, 483. 3d. per ton. The 
market was a trifle firmer this forenoon, and a moderate 
business was done in Scotch iron at slightly higher prices. 
No cash business in Cleveland iron was reported, but 
hematite iron was sold at 48s. 4d. per ton cash. In the 
afternoon up to 43s. 54d. cash was paid for Scotch iron, 
but the close was rather weaker. For Cleveland and 
hematite 38s. 54. and 48s, 4d. cash, respectively, 
were obtained. The six blast furnaces that were damped 
down for alterations at Govan Iron Works are again in 
full blast. One furnace working on ordinary iron has 
been blown in at Eglinton Iron Works, one has been 
damped down at Shotts Works, and one has been turned 
from ordinary iron to hematite at Dalmellington Works. 
There are now 82 furnaces in actual operation, as com- 
pared with 88 at this time last year. ast week’s ship- 
ments of pig iron from all Scotch ports amounted to 8642 
tons, against 8686 tons in the corresponding week of last 
year. ‘hey included 750 tons for the United States, 1417 
tons for Canada, 200 tons for South America, 285 tons for 
Australia, 160 tons for Italy, 475 tons for Russia, 310 tons 
for Holland, smaller quantities for other countries, and 
3317 tons coastwise. The stock of pig iron in Messrs, 
Connal and Co.’s public warrant stores yesterday after- 
noon stood at 1,029,078 tons, as compared with 1,029,578 
tons, thus showing for the week a decrease of 500 tons. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following: 
Locomotive engine parts for New York and Barcelona, 
valued at 1240/. ; rice, wood-working, pumping, and other 
machinery, of the value of 11,806/. ; sewing machines for 
Nantes, the Cape, Buenos Ayres, &c., valued at 25001. ; 
rails, slabs, blooms, plates, bars, and other steel goods, of 
the value of 7800/. ; pipes and other castings, plates, 
sheets, bars, tubes, bridgework, stoves, and miscellaneous 
iron manufactures, valued at 35,8501. 


Heavy Casting.—Messrs, James Donald and Son, iron- 
founders, Johnstone, have, within the past few days, 
turned out another heavy casting for a lathe bed, its weight 
being 23 tons, while its length is 43 ft. The casting is for 
Messrs. Thomas Shanks and Co., the well-known makers 
of machine tools, Johnstone, who are at present exceed- 
ingly busy with pressing orders. 


Shipbuilding Contracts. — Messrs. Russell and Co., 
Greenock and Port-Glasgow, have recently contracted to 
build for a Liverpool firm of shipowners two steamers of 
3200 tons each. An order for a newscrew steamer forthe 
Kirkcaldy, Leith, and Glasgow Steam Packet Company 
has been placed within the past few days with Messrs, 
John Scott and Co., Kirkcaldy. For Messrs. Duthie 
Brothers, Aberdeen, a large steel screw steamer is to be 
built by Messrs. J. Duthie, Sons, and Co., of the same 
town. She is to be a vessel of 2250 tons, her length being 
250 ft., and breadth 35 ft. Four new steam trawlers are 
at present in course of construction at Aberdeen. 


Sale of Lilybank Foundry, Dundee.—The directors of 
Messrs. W. B. Thompson and Co., Limited, shipbuilders 
and engineers, Dundee, have just purchased Lilybank 
Foundry from the trustee on the estate of Messrs. Pearce 
Brothers. The premises now acquired embrace every- 
thing necessary for the construction of marine engines, 
and the price paid for the same is said to have been 
15,000/., the original cost of the works having been 
upwards of 70,000/. Only three or for years ago, on the 
death of one of the partners, they were valued at 35,0001. 


Death of a Clyde Shipbuilder.—On Monday morning 
Mr. Joseph Stenhouse, shipbuilder, Durabarton, of the 
firm of Birrell, Stenhouse, and Co., departed this life, 
at the age of 56 years, and after an illness lasting more 
or less continuously for the past five. Many years “go 
he was in the boatbuilding line at Kelvindock on the 
Forth and Clyde Canal, near Glasgow. 

Condition of the Steel and Malleable Iron Trades.—The 
steel trade of the West of Scotland continues very busy, 
and prices are well maintained. To-day, the Steel Com- 
pany of Scotland’s quotation are something like the 


following : Boiler plates, 87. 10s. ; ship-plates, 77. 12s. 6d.; 
rivet bars, 71. 5s.; and angles, 6/, 12s, 6d.; all less 5 per 





cent. discount, for delivery in the Glasgow district. The 
tone of the malleable iron trade is a little easier, although 
the works are still fully employed. In the lower grades of 
bars there is considerable weakness, in consequence of 
the limits of purchase price named by Eastern firms being 
below what could be accepted by manufacturers here. 
There is a possibility of limits being increased, but if this 
should not be realised there may come a slow, dragging 
market for a month or two. There is just now a complete 
absence of orders from Canada. On the other hand, the 
half-yearly warehouse orders come in during the present 
month from the country, and there is reason to believe 
that blacksmiths and others may be in a position to pur- 
chase considerable lots. Subject to the weakness explained 
above in the lower grades of iron, the prices are quoted 
as before: Lowest grade of common bars 6/., best 6/. 10s. ; 
second grade common 61. 2s. 6d., best 6/. 12s. 6d. ; first 
gradecommon 61. 5s. ; best 6/. 15s. ; plates, 7/. 193. ; sheets, 
71. 123. 6d. ; hoops, 67. 15. ; and angles, 6/. ; all less 5 per 
cent. discount. 


Great Strike of Rivetters in the Clyde Shipyards.—During 
the past two days or so somewhere about 5000 hands 
connected with the rivetting trade in the Clyde ship- 
building yards have come out on strike over a difficulty in 
settling the rate of wages with the employers. Clyde- 
—_ Shipyard is almost the only one not affected by the 
strike. 





FOREIGN AND COLONIAL NOTES. 

Australian Well-Boring.—The Austral-American Well- 
Boring Company, having entered into a contract with the 
South Australian Government for 10,000 ft. of sinking, 
will commence operations almost immediately east of Lake 
Frome. The machinery which will be used is on the 
cable system. To start with, the bore will be 10in. in 
diameter, and will then gradually be reduced to 6in. 
The company agrees to take the bore to a depth of 2000 ft. 
if required. All the machinery has been manufactured 
at Pittsburg by the Cable Drill Company, of America. It 
will be worked by three efficient borers, Mr. Marr, the 
manager of the company, being in charge. Two of the 
men sank a well at Pittsburg recently to a depth of 
4750 ft. for Mr. Westinghouse, of railway brake fame. 
Having initiated the system of carrying out well-boring 
by contract, the Commissioner of Public Works has 
decided to invite further tenders for 10,000ft. of boring 
in the north and 5000 ft. on the Nullarbor Plains, 
An order for well casing has been cabled to manu- 
facturers in England. The casing is required in connec- 
tion with the Austral-American Boring Company’s con- 
tract. 


Electric Tramways.—The Hague Tramway Company 
has obtained a concession from the Dutch Government 
for an electric tramway sg pnt Schevening and 
the Hague. The current will be generated at a central 
station near Schevening. An Italian firm of engineers 
has made a proposal to the municipal authorities of Naples 
for the establishment of an electric tramway. The con- 
cession asked for comprised five lines, of an aggregate 
length of 9} miles. 


Philadelphia Navy Yard.—A contract for constructing 
a dry duck at the Philadelphia Navy Yard has been 
awarded to Messrs. F. Simpson and Co., at their bid 
of 109,740/. 


Australian Telegraphy.—Negotiations have been pro- 
ceeding between the South Australian and the Western 
Australian Governments in reference to the working of a 
new cable which is to be laid from Banjoewangie to Roe- 
buck Bay. The South Australian Government proposes 
that all messages except Western Australian, shall con- 
tinue t> come by Port Darwin, but that in case of an in- 
terruption of cables, or the land lines on the Port Darwin 
route, they shall then come by the Roebuck Bay route. 


Natural Gas in Wisconsin.—Some Milwaukee capi- 
talists have organised a somgeny 3 prospect for natural 
gas at Oak Creek, near Racine, Wisconsin. Gas is flow- 
ing heavily from a well 120 ft. deep, and it is proposed to 
sink another well at a neighbouring spot. 


Chilian Railways.—Mr. J. Ross, a Montreal contractor, 
has entered into a contract with the Chilian Government 
to build some 700 miles of railway in Chili at a cost of 
about 4,500,0007. Mr. Ross has sent a staff of engineers 
to make surveys. The railways contemplated comprise 
the following routes: Los Valor to Illapel and Sala- 
manca ; Calera to La Ligna and Capildo; Talea to Con- 
stitution ; Chico to Malchen; Santiago to Melphilla, 
&e. 


Australian Exploration. — Arrangements have been 
made for the despatch of another exploring and prospect- 
ing expedition for the Australian interior. The funds for 
the undertaking are to be chiefly provided by the central 
Australian Exploring Association, which is an offshoot of 
the South Australian branch of the phical Society. 
Baron von Muller, of Melbourne, has taken an interest in 
the enterprise, and it is hoped that a portion of the funds 
available for exploration in the hands of the Geographical 
Society in Victoria will be placed at the disposal of the 
expedition. The leadership of the party has been under- 
taken by Mr. W. H. Tietkens, an experienced Australian 
explorer. The party will probably consist, in addition to 
to the leader (upon whom will also devolve the duties of 
botanist, prospector, mineralogist, and surveyor), of three 
men and a black boy, with twelve camels, two horses and 
provisions for six months. The starting point wi 1 be 
Alice Springs, and the expedition, travelling ordinarily 
at the rate of 100 miles per week, except when engaged in 
the work of prospecting, will proceed to Lake Amadens 
with a view to examining carefully the surrounding 
country. 
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THE KORTING STEAM TRAP. 

WE illustrate below a steam trap which has success- 
fully stood the test of continued working over an 
extended period of time, with all ordinary steam 
pressures. Without any alteration in its construction 
this trap works equally well with pressures varying 
from 2 lb. to 180 lb. per square inch. This desir- 
able property of working under all pressures is secured 
by connecting the float to the outlet valve in the 
manner shown in the illustration, which we now pro- 
ceed to describe. 

In the first place, the float S is of hammered copper, 
open at the top, and therefore free from the danger of 
collapse, as the pressures are balanced inside and out. 
In the position shown in the engraving, the outlet 
valve is closed, and the water just running into the 
float through the holes at DE the inlet for the con- 
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densed water. As soon as the float is filled to a cer- 
tain height, its buoyancy is destroyed and it sinks to 
the bottom of the vessel, pulling down the lever and 
roller R to which it is connected by a vertical rod 
from the centre. The roller R slides along the lever 
K, the face of which is made like an inclined plane, 
and forces the lever back, thus opening the escape 
valve V. The water contained in the float having then 
the full pressure of the steam behind it, is driven up 
the central tube into the dome above and so through 
the open valve V into the atmosphere at A. L is a 


small air valve which can be regulated so as to give a| P°® 


very small opening through which any air collecting 
in the trap can continuously escape. 

The peculiar feature of this invention is the roller R 
acting on the inclined plane at K, which arrangement 
allows of very considerable force being used at the 
moment when the float commences to fall, and just 
when the resistant pressure, acting on the valve V, 
has to be overcome. As the float falls the leverage 
becomes less in proportion to the resistance, so that 
the valve can be opened sufficiently to allow of the full 
area being free without requiring much movementof the 
float. The whole of the working parts can be examined 
by simply taking off the dome at the top, thus ex- 
posing the valve and levers, and allowing any obstruc- 
tion in the shape of dirt or grit to be removed without 
loss of time. The outlet pipe, which is connected at 
A, may be carried any reasonable height when it is 
desired that the trap should discharge the condensed 
water above its own level. 

The makers are Messrs. Kérting Brothers, of 86, 
Queen-street, Cheapside, London. 





MISCELLANEA. 

THE gross receipts of the twenty-three principal rail- 
ways in the United Kingdom, for the week ending May 
12, amounted, on 16,023 miles, to 1,292,047/., and for 
the sorresponding period of 1888, on 15,950? miles, to 
1,222,8711., an increase of 72} miles, or 0.4 per cent., and 
an increase of 69,176/., or 5.6 per cent. 

_.We are informed that Pintsch’s system of lighting by 
oil gas has been adopted by the directors of the Buenos 
Ayres and Rosano Railway for their carriages, all of 
which, consisting of — old and forty new coaches, 
are to be fitted with this light. The tirst-class cars are 
to have 20 candle-power lamps, the second 16 candle- 
power, and the corridors 10 candle-power lamps, 





Kent, of 199, 200, and 201, High Holborn, London, for 
the sole supply of water meters to the corporation for a 
further period of two years. We are informed that sub- 
stantial improvements have recently been made in this 
meter, simplifying it, and reducing the minimum flow 
required to work it. 


A meteorite was found in the beginning of April on the 
Sundsgard estate, close to Quidinge, Sweden. It had 
been seen prior to its explosion, which was attended by a 
loud report, and was unusually brilliant. It has been 
bought by Baron Nordenskjold for the Stockholm Museum 
for about 807. The size of this meteorite is about that of 
a child’s head; and it appears to be burnt on one side, and 
is understood not to consist of what is commonly called 
meteor iron, butofcoal. Itis the third fall of a meteorite 
in Sweden, as to which there can be no doubt, 


Kuhlow’s Trade Review states that a German company, 
the Bochumer Verein, has secured the order for the con- 
struction and equipment of the Ferntree Gulley narrow 
gauge railway, Victoria, at the price of 22,000/. This is 
the first occasion on which German contractors have been 
concerned in the construction of a railway in Australia. 
The Bochumer Verein had exhibited its system of narrow 
gauge railways in the recently closed International Exhi- 
bition at Melbourne, and it is to this circumstance that 
the success in carrying off the order mentioned may be 
attributed. 


The Julien Electric Traction Company make the follow- 
ing statements as to the results obtained in actual work 
with their system on the Fourth Avenue surface road, 
New York City. A car can, they assert, run 574 miles 
without recharging, and during the forty days it has been 
at work neither batteries nor motors have required atten- 
tion or expense for repair or renewals. The batteries of one 
car that had been running since September 3, 1888, were 
examined on the 8th of April last, and were found to be 
in as good condition as when putin. The cost of motive 
power by this system is said to be 3.10 dols. per car per 
day of 60 miles. 


A Russian naval officer is reported to have invented a 
carcase for night service which is said to have some advan- 
tages over the electric light, as it does not, like the latter, 
discover the yon J of the ship from which it is emitted. 
Fired with a small charge from a gun or mortar it floats 
on dropping into the water, sending up at the same time 
a large and very brilliant flame, which burns for some 
time. If fired with a percussion fuze against a solid 
target, it bursts, deluging everything in the neighbour- 
hood with a liquid which at once bursts into flame and 
cannot be extinguished by means of water. It can, there- 
fore, be used for incendiary purposes. 


A Bill authorising the construction of an enormous 
bridge over the Hudson between New York and New 
Jersey, is now under consideration by the American Con- 
gress. It is to be of the inverted arch type, having one 
span of 2760 ft., and two side spans of 517 tt. each. The 
road is to be suspended from an inverted arch, each rib of 
which will be made by bracing together in a vertical plane 
two steel wire cables 50 ft. apart. These cables will be 
about 4ft. in diameter, and will be carried by towers 
400 ft. high. The cost of the bridge is estimated by its 
designers at from 3,200,000/. to 4,000,000/., but other engi- 
neers assert that these sums are considerably under the 
mark and that 10,000,000/. will be required to complete it. 


A central station for public electric lighting has just 
been completed at Glasgow. The works are situated in 
Little Hamilton-street, near George-square, where a com- 
pound tandem condensing engine of 200 indicated horse- 
wer has been laid down. Its cylinders are 14 in. and 22 in. 
in diameter by 42 in. stroke, steam at a pressure of 100 lb. 
per square inch being supplied by a boiler of the locomo- 
tive type. To guard against breakdowns a second engine 
of 50 indicated horse-power has been provided. The 
alternating current transformer system has been adopted, 
the dynamo, which has an armature 4 ft. in diameter and 
runs at 450 revolutions per minute, being the largest 
in Scotland. The price to be charged is 8d. per 1000 
watt-hours. 


The official trials of the Italian cruiser Piemonte, built 
b ear sg Mitchell, and Co., and engined by Messrs. 

umphrys, Tennant, and Co., were brought to a success- 
ful termination on Friday, the 17th instant. This vessel 
is the latest of the protected cruiser class built by the 
same firm, the list including the Esmeralda, built in 
1882-3 from the designs of Mr. George Rendel, and the 
Dogali, built in 1886 from the designs of Mr. W. H. 
White. The natural draught endurance trial consisted of 
a run of six hours, and the mean speed attained was 20.4 
knots. The forced draught run gave a mean speed on the 
measured mile of 22.3 knots, the engines working at about 
185 revolutions and without any signs of heating. The 
ship was at her load draught, ballast having been added 
to represent armament. 


Engineering News quotes the following from the Mont- 
gomery (Ala.) Advertiser: ‘‘ The bridge contractors on the 
Georgia Southern and Florida have struck it ‘soft’ in 
mud swamp, three miles south of Valdosta, Ga. The 
pilings cut for the ee were 30 ft.. and it was supposed 
that they were plenty long enough, but not so. When 
one of them was driven out of sight they got others 60 ft. 
long, and when one 60 ft. long was driven out of sight, 
they put another on top of it and another, and at last 
accounts they had gone down 166 ft., and they were still 
going down 11 in. at each blow of the hammer. There is 
no telling where the bottom is. The bridge at this point 
is to be ft. long, and if the whole span is as deep in 
mud as at the spot where they began the pilings, the 
company will have a serious time getting the bridge in 


The Water Works Committee of the Manchester Cor- | Place 


poration have renewed their contract with Mr. George 





Sir Patrick Keith Murray’s 40-ton yawl Clymene, which 





591 


was in 1884 put into the hands of Messrs, MacNicull and 
Co., Glasgow, and fitted with auxiliary steam power, 
getting fully five miles an hour under steam alone, with- 
out impairing her sailing qualities or sacrificing more 
than the ladies’ cabin at after end, has again lately been 
intrusted to that firm with the object of lessening the 
time in which steam can be got up and having an outside 
condenser fitted to economise the fresh water feed supply. 
A tubulous boiler suited for either coal or oil fuel has been 
fitted, and most satisfactory results obtained, steam being 
raised in about twelve minutes and kept up during an ex- 
tended trial with the yacht going full speed and without 
auy appearance of smoke or steam passing through the 
funnel. Tanks have been fitted in the space formerly 
occupied by the berths, holding torch oil sufficient for 
steaming about 400 miles. 


On Saturday, by the kind invitation of Messrs. Clayton, 
Son, and Co., Limited, Leeds, the members of the Leeds 
Association of Foremen Engineers and Draughtsmen, 
visited the large new gasholder just about completed by 
this firm for the Leeds Corporation. The visitors were 
conducted round by Mr, Pickering, of the firm of con- 
tractors, who explained the various points of interest. 
The gasholder is 160 ft. in diameter and is of the 
triple-lift telescopic kind, having three 40-ft. lifts and 
will contain, when full, some 2,300,000 ft. of gas. The 
top of the tank in which the holder works is 15 ft. above 
the ground level, and it is 41 ft. deep. The total height 
of the structure to the top of the finialsis 144 ft. from the 
ground. The weight of the case or “‘ floating weight” is 
368 tons, weight of tank 495 tons, of framing 278 tons, 
and of tank guides, &c., 34 tons, making a total of 1175 
tons of ironwork. The proportions of the framing are 
exceedingly light and elegant. The holder is at present 
filled with air, and it presents an imposing appearance, 
its great height rendering it a conspicuous object for acon- 
— distance up and down the valley in which it is 
erected, 


Mr. W. F. Goodhue, an American engineer, has re- 
cently described a hand-boring drill, which he states has 
been found useful in cases where it was necessary to 
ascertain what length of piling was required in any parti- 
cular case, or if rock was to be found at a moderate depth 
below the ground level. The drill is made of an iron 
rod 1 in. square, round iron being totally unsuitable 
for a hand drill, as it fits the hole so closely, that the 
friction between it and the sides makes it sometimes im- 
possible to withdraw the rod. A chisel point is formed 
on the end of the rod about 12 in. broad. The upper half 
of the rod, if it be 18 ft. or 24 ft. long, should be drilled 
with 3 in. holes at intervals of 20 in. for inserting an iron 
pin to hold the chain when lifting it. The crossbar, by 
which the drill is rotated, is of iron, and is fixed to the 
drill rod by a pin and set-screw. The rod is butt-jointed 
by tapping the upper rod and threading the lower, and 
then sg. be hole transversely through a joint, a soft iron 
pin being then driven into this hole prevents the joint 
unsevering in working. The frame and platform sup- 
porting the drill are of wood. Three men can handle the 
above drill easily, and bore with it through oo 4 kind of 
earth strata to a depth of 30 ft., beyond which depth a 
machine drill should be used. The whole apparatus only 
costs about 5/., and can be made wherever a timber yard 
and blacksmith’s shop exist. 








CaABLEs FOR LIGHTSHIPS.—The United States Govern- 
ment have increased their requirements in the matter of 
the strength of chain cables for lightships. By the new 
rule these cables are to have a breaking strength of not 


less than that given by the formula, S = F 


1,000,000, where S = beveling strength in pounds and 
D = diameter of the iron. These requirements are, it is 
said, being successfully met by American manufacturers. 


A Bie CaLironNIAN Fiume. — According to the 
United States Miller, a flume of exceptional dimensions 
has just been completed for supplying water to the city 
of San Diego, California, and also for irrigation pur- 
poses. The whole flume, 45 miles in length, has been 
constructed on a uniform grade of .75 ft. per mile, 
the water being carried over 315 trestles of varying 
heights and through many tunnels and numerous cuts. 
No fills have been allowed, as with embankments there is 
always a risk of landslips, trestles being used in every 
case where these would have been necessary. The whole 
length is lined with redwood, which is said to be ever- 
lasting. The water is drawn from an artificial lake of 
900 acres formed by the Cuyamaca dam, which is 
720 ft. long, and 35 ft. high. From here it is led along 
a natural flume to a diverting dam, where another lake 
is formed. This dam is 400 ft. og by 35 ft. high, and 
from this point the flume proper begins. Some of the 
longest trestles are: The Sweetwater Pass, 1264 ft. long 
and 81 ft. high ; Sweetwater Pass No. 2, 720 ft. my! and 
25 ft. high ; icemere Creek, 720 ft. long and 35 ft. high ; 
Connor Creek, 688 ft. long and 34ft. high; Knob Creek, 
600 ft. long and 55 ft. high ; Cut-off, 640 ft. long and 48 ft. 
high; Los Coches, 1664 ft. long and 70ft. high; Sand 
Creek, 600 ft. long and 58 ft. high; South Fork, 420ft. 
long and 86 ft. high ; Quail Canyon, 560 ft. long and 68 ft. 
high ; Monte Tunnel, 438 ft. long and 60 ft. high ; Choco- 
late, 450ft. long and 63ft. high; and over 300 smaller 
ones. The most important tunnels are: Lankersheim, 
1900 ft. in length ; Los Coches, 313 ft. ; El Monte, 290 ft. ; 
Cape Horn, 700 ft.; South Fork, 200 ft,; Anderton, 
270 ft. ; and Sand Creek, 430ft. These are through solid 
rock of granite or slate, 6 ft. square, cemented and arched 
overhead, supports — Pm wherever the rock is soft 
or has any indications of falling. The flume is 6ft. wide 
and 4 ft. deep, and its capacity when flowing full is said 





to be 65,000,000 gallons daily. 
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ELECTRIC LIGHTING OF LONDON. 


As repeatedly mentioned in our columns, there 
are a considerable number of electric lighting com- 
panies competing for the lighting of the metropolis. 
Naturally each wishes to carry on operations in the 
quarters which promise the best return for the 
capital expended. Consequently the Strand, with 
the business and residential quarters of the West 
End, are much sought after, and were it not that 
the permission of the vestries, the Board of Trade, 
and Parliament have to be obtained, we should see 
a precipitate scramble for the possession of coveted 
districts. Before committing itself to a decision 
the Board of Trade appointed Major Marindin to 
hold an inquiry, the proceedings of which we have 
briefly reported from time to time. All the com- 
panies, who are seeking provisional orders within 
the metropolis, appeared before the inquiry to sup- 
port their own cases or oppose those of their 
rivals, while the local authorities were present on 
behalf of the ratepayers. The evidence and the 
speeches of counsel occupied eighteen days, and 
were only concluded on Wednesday, May 1. On 
Saturday last the report, which Major Marindin 
has prepared for the guidance of the Board of 
Trade, was published ; it will be read with very 
great interest, as it practically settles the condi- 
tions upon which the future lighting of London is 
to be carried out. The first point to which one 
naturally looks is to see if monopolies are to be 
established, or if the principle of competition is to 
be admitted. Most people will learn with regret 
that the former course is to be followed, but it is 
difficult to see how it could be avoided. Even if 
two or three companies had been admitted to the 
same area no guarantee would have been secured 
that a practical amalgamation, or at least a work- 
ing understanding, would not have been arrived at. 
Even if this had not happened, a cutting of prices, 
which would lead to the speedy extinction of the 
weaker competitors, would not have been an un- 
mixed blessing. The first desideratum in electric 
lighting is not cheapness, but reliability, and if the 
funds of the companies were being spent in ousting 
each other, it is probable that their plant would be 
starved, and that total extinction of the light would 
not be unknown. We must therefore reconcile our- 
selves to the conviction that the supply of electricity 
must be carried on under the same conditions as that 
of gas and water, and find consolation in the fact that 
the ratepayers will be able to buy out the com- 
panies on very moderate terms at the end of forty- 
two years. There is a pretty general agreement 
among the various promoters that the price should 
be 8d. per Board of Trade unit of 1000 watt-hours, 
which, on a liberal estimate, may be taken as equal 
to 20 lamp-hours, the lamp being of 16 candle- 
power. Onthe question cf minimum charge per 
quarter, the amount suggested varies from 13s. 4d. 
to 51. 10s., the latter being for a supply not exceed- 
ing 150 units. Major Marindin suggests that a uni- 
form charge should be made everywhere, but he does 
not say what it should be. It would certainly be 





99 | short-sighted on the part of the companies to insist 


on 51. 10s. for the summer quarters, irrespective of 
the amount of current used, since many districts of 
the West End are practically deserted during July, 
August, and September, while some of the largest 
houses are only occupied during the London season. 
In spite of the numerouscalculations which have been 
made, the cost of electric lightingis still uncertain, 
and therefore it is proposed that the rates shall be 
revised at the end of seven years. By that time 


1 | the various items of expense will have been accu- 


rately determined, and then the maximum charge 
is to be fixed at a point which will pay a 10 per 
cent. dividend, possibly with a sliding scale, as in 
the case of some gas companies. As the concessions 
will then have only thirty-five years to run, and at 
the end of that period will be liable to be bought 
up by the local authorities without compensation 
for goodwill, 10 per cent. cannot be considered an 
excessive interest. If the price be settled from the 
returns of the large and well-managed companies, 
some of the smaller ones will probably find it diffi- 
cult to exist on it. 

The following is a list of the applicants for pro- 
visional orders : 





Chelsea Electricity Supply Company, Limited. 

House-to-House Electric Supply Company, Limited. 

Kensington and Knightsbridge Electric Lighting Com- 
pany, Limited. 

London Electric Supply Corporation, Limited. 

Metropolitan Electric Supply Company, Limited. 

Notting Hill Electric Lighting Company, Limited. 

Electrical Power Storage Company, Limited. 

Westminster Electric Supply Company, Limited. 
Applicants for licenses : 

The Chesea Electricity Supply Company, Limited. 

The House-to-House Electric Supply Company, 
Limited. 

The promoters had been in negotiation with the 
parish authorities before the inquiry commenced. 
In some cases the vestries had practically given 
their consent to all who asked it, while in others 
they had tried, by selecting one applicant, to get the 
favoured party to agree to very stringent condi- 
tions. According to the terms of the Act, the 
consent of the local authority was almost essential 
to the obtainment of a provisional order, and its 
refusal could only be overridden by the Board of 
Trade for grave reasons. Consequently Major 
Marindin has followed, as far as possible, the wishes 
of the vestries, and it is only in cases when access 
to an outlying area is barred that he has recom- 
mended that the veto of the vestry should be over- 
ridden. Acting on the principle that only one 
company should, as far as possible, be admitted to 
each area, Major Marindin has apportioned the 
grounds as follows: 

The London Electric Supply Corporation receives 
that portion of St. Martin’s-in-the-Fields lying 
to the south of the Strand, and the west of St. 
Martin’s-lane ; the portion of St. Margaret and 
St. John, Westminster, lying to the north of Vic- 
toria-street, excepting that portion of St. Margaret’s 
lying to the west of St. George, Hanover-square; 
St.James, Westminster; St.George, Hanover-square; 
Chelsea ; the Greenwich district ; St. Mary, Rother- 
hithe ; St. Mary, Bermondsey ; the district of St. 
Olave ; the district of St. Saviour, Christchurch ; 
and that portion of St. Mary, Lambeth, lying to 
the north of Westminster Bridge-road. 

The Metropolitan Electric Supply Company are 
apportioned an area in Mid London which practi- 
cally includes the whole of the Strand, Covent 
Garden, Bloomsbury, Soho, Holborn, and Hatton- 
garden ; in West London they are to have St. 
Marylebone, and in South London, St. Leonard, 
Streatham, and Clapham. The same company is 
also promoting a Bill which gives them the portion 
of St. Martin’s-in-the-Fields to the east of North- 
——, Charing-cross, and St. Martin’s- 
ane. 

The House-to-House Company, the Notting-hill 
Company, and the Kensington and Knightsbridge 
Company had all applied for greater or less portions 
of the parish of Kensington. The vestry had dis 
tricted the parish between them and three other 
companies, six in all, allotting certain portions to 
each as an A area, and considering the remainder as 
a B area, which the vestry might call upon any of 
the other companies to take up. Two of the com- 
panies, the London and the Metropolitan, refused 
the terms, and hence two areas are now unallotted. 
Major Marindin therefore indorses the award of the 
parish in the three cases mentioned above, and also 
in the case of the Chelsea Company, which formed 
one of the remaining three. He also gives the 
Kensington and Knightsbridge Company the parish 
of St. Margaret, Westminster, subject to the con- 
sent of the vestry, which he thinks can be obtained 
if their objections are met. 

The Chelsea Company has already an area 
secured to it by Act of Parliament, and which is 
under supply. It gets a sixth of Kensington, but 
its demand for Belgravia is refused, as the local 
authorities have given their consent to three other 
companies. 

The Westminster Company is building a station 
in Victoria-street, and Major Marindin recom- 
mends that they be granted the parishes of St. 
George, Hanover-square, and of St. Margaret and 
St. John, Westminster, lying to the south of Vic- 
toria-street. The latter parish withholds its con- 
sent, but as the station is in the parish, it would 
place the company in a difficult position if this 
veto were not removed. 

The Electrical Power Storage Company made 
very wide demands, including Paddington, St. 
Martin’s, and the Strand. The local authorities of 
Paddington are considering the question of supply- 
ing electricity themselves, and on that reason ask 
that their parish shall not be apportioned. The 
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two other orders are refused, since it came out in 
evidence that the Electrical Power Storage Com- 
pany did not intend to do the work themselves, 
but contemplated transferring the Order to another 
company. 

The licenses asked for the Chelsea Company and 
the House-to-House Company are to be granted. 
They refer to the areas of Kensington already 
allotted to those companies, and will enable them 
to get to work without waiting for the completion 
of the provisional orders. 

At the commencement of the inquiry the City 
claimed to be exempted from its jurisdiction. It 
does not seem that there is any legislative ground 
for the contention, but as the Commissioners of 
Sewers are endeavouring to obtain tenders for the 
lighting of the area under their jurisdiction, Major 
Marindin leaves them to complete their negotia- 
tions, hinting that they must then proceed by way 
of provisional order or Act of Parliament like other 
people. The parish of St. Pancras are considering 
the question of doing their own lighting. 

It will be noticed that in three instances powers 
over the same area have been granted to more than 
one company, viz.: St. George’s Hanover-square. 
A small portion of the parish of Lambeth to the 
north of Westminster Bridge-road. A small portion 
of the parish of St. Martin’s-in-the-Fields to the 
east of Northumberland-avenue and St. Martin’s- 
lane. Also in two of the parishes allotted to the 
London Company—viz., Chelsea and St. James’s, 
Westminster—powers to supply electricity have 
already been granted to other companies by pro- 
visional order and license granted in the years 1886 
and 1888, respectively. In the whole of these 
cases, except the second, two different systems, 
direct currents and alternate currents will exist, 
the idea being that as alternate currents will not 
fulfil all purposes, it will be a convenience to have 
direct current also. Itseemsa little late in the day, 
however, to say that ‘‘ the alternating current and 
transformer system cannot supply electric energy 
capable of use for motors,” when the air is full 
of the rumours of such machines, and no one doubts 
that we shall see one perfected before very long. 

The Board of Trade are preparing a model pro- 
visional order which they propose to impose on 
all the companies, so that the practice may be 
uniform all over the metropolis, a very necessary 
provision. The A and B areas adopted in 1883, 
will probably be abandoned, and in place of 
them it is proposed that a list of streets shall be 
scheduled in each district for the compulsory laying 
of mains, and a deposit made when the local autho- 
rities wish it. Overhead mains are to be taken down 
within a reasonable time, and guarantees are to be 
given against any company invading a neighbouring 
district by aérial wires. 

Major Marindin is to be congratulated on the 
order he has been able to evolve out of the antago- 
nistic schemes laid before him. Of course his deci- 
sion will not satisfy everybody ; it is quite im- 
possible that it should. Possibly the Pall Mall 
Company, who are already at work under a license, 
and the Chelsea Company, who have an Act, will 
feel sore at the London Corporation being allowed 
to come into their districts. It certainly seems hard 
that those who have displayed the most enterprise 
and have risked their money when the principles 
which would govern the action of the Board of 
Trade were unknown, should have to face the com- 
petition of the gigantic works at Deptford. Pos- 
sibly, however, they may find comfort in the 
reflection that the London Company have a good 
many unsolved problems on their hands which 
will engross their attention for some time. The 
areas assigned to the various companies in the 
parish of Kensington are much smaller than they 
asked for, but the vestry appears to have acted with 
impartiality, while there is a district in reserve 
which will possibly be awarded «t some future date 
to the one which succeeds in giving the most 
satisfaction. The negotiations of the Metropolitan 
Company with the local authorities have done 
them good service, for they have secured the 
Strand, with its numerous theatres, restaurants, 
and shops. 

After the provisional orders have been granted 
they will not become operative until they have 
been confirmed by Parliament. At the present 
period of the session this practically means that 
nothing further can be done for twelve months. 
The opposition of a single member will be sufficient 
to hang up the Bill, and it is quite certain that 
plenty of members will be found to play this part. 





The Board of Trade has declared against the streets 
being broken, even with the consent of the local 
authorities, and if the view they take is correct, the 
important work of laying mains cannot be com- 
menced except by those companies who already 
have Acts, or who can obtain licenses. It is a pity 
that the many electric stations now being built 
should have to stand idle for several months ; pro- 
bably the restriction will certainly lead to the tem- 
porary extension of overhead wires, which will 
afterwards have to be taken down, thus involving a 
double expense. 








THE TRANSATLANTIC RECORD. 

In our issues of Ist March and of 26th April, 
we wrote confidently of the prospects of the new 
Inman and International liner City of Paris break- 
ing the transatlantic record, notwithstanding what 
had been said regarding her supposed insufliciency 
of grate area to sustain the indicated horse-power 
necessary to obtain the speed requisite to carry her 
to the front of the race. The accuracy of our 
estimate of the vessel’s capabilities has been fully 
borne out by her performances in her second round 
voyage, finished on Wednesday, during which she 
broke the outward as well as the homeward record 
by something like three hours—a feat never before 
accomplished in one trip. 

In her outward passage she accomplished the dis- 
tance in 5 days 23 hours 7 minutes, having beaten 
the record of the Etruria, made in June last year, 
by 2 hours 40 minutes, the Cunard liner’s time 
being 6 days 1 hour 47 minutes. This may not seem 
at first sight a very large reduction, but it is a gain 
of 1.8 per cent., which is a very good result. It 
is interesting to compare the daily runs of both 
vessels, for that the distances traversed by both 
show only a difference of 1 knot, 2855 knots 
having been covered by the City of Paris, and 
2854 knots by the Etruria. These runs were as 
follows : 


**City of Paris.” * Etruria.” 


Knots Knots. 

May 8 at noon 445 1st day at noon.. 455 
ok few) ee) Oe 458 
o» 5 > a a 604 8rd 4, 5» 496 
i. eer... | ere 485 
af ‘< as 511 6th ,, sat iae 503 
» 8 (part of day) 398 6th (partday).. 457 


The run of 503 knots was formerly the longest 
day's run on record, and this record the City of 
Paris beat on three consecutive days. Taking 
the duration of the day on each occasion as 24 
hours 45 minutes, the mean speed per hour of the 
Etruria, on her 503 knots run, was 20.3, while in 
the case of the City of Paris the mean speed was 
20.6 per hour. It is noteworthy that when nearing 
the American coast a fog was met, and it became so 
dense that Captain Watkins slowed down the 
engines, otherwise the time taken might have been 
lessened. Taking the speed of the whole voyage 
in each case, we find that the mean for the City of 
Paris is 19.95 knots per hour, and for the Etruria 
19.58 knots per hour. It will therefore be seen 
that in all respects the Inman vessel has obtained 
the superiority. 

The homeward trip of the City of Paris has been 
even more satisfactory, for, although she covered a 
greater distance than on previous voyages, she still 
beat the record. In this case it was the Umbria 
which had previously defeated her competitors, 
having in November beaten the Etruria’s record by 
making a passage of 6 days 2 hours 32 minutes. 
The City of Paris’ time is 6 days 29 minutes. One 
material difference should be stated, and that is, 
that while the Umbria steamed 2826 knots, the 
City of Paris covered 2894 knots, so that the gain 
in hourly speed is more pronounced. The méan 
rate per hour of the City of Paris was 20.00 knots, 
which is better than in the outward run ; and in the 
case of the Umbria, 19.29 knots per hour. In other 
words, had the City of Paris taken the Umbria’s 
route, she would have arrived 3 hours 24 minutes 
earlier, and would have beaten the Umbria by 
5 hours 27 minutes. The daily runs of the two 
recora voyages are as follows : 


** City of Paris.” ** Umbria.” 


Knots. Knots. 
Ist day (part) e 300 November 13 at noon .. 380 
2nd ,, + oe - 450 - 14 a 454 
8rd ” 463 ” 15 ” 442 
4th ,, 471 is aS) . 454 
6th ,, 470 i 1 as 
Mes tas coo ee ye =—«-18(84hours.. 632 
Part day .. os os 264 


Although there is every reason to believe that 
the City of Paris will attain still greater success, it 
cannot be considered premature to refer briefly to 





the distinct points in advance which this success 
establishes. We do not wish to underestimate the 
triumphs of the Umbria and Etruria and other 
Atlantic greyhounds ; yet there can be no doubt 
that in the City of Paris there is promise of distinct 
progress in marine construction by virtue of the 
new departures in her design and construction. 
Possibly the most important is the fact that forced 
draught has been used continuously at sea. The 
efficacy of forced draught has been long insisted 
upon by such men as Mr. Sennet, Mr. Parker, Mr. 
Frank Marshall, and Mr. Biles, and this fact in- 
duced the Inman Company to put the question toa 
practical test, and to this enterprise engineering 
practice is indebted. During the runs the engines 
developed 18,000 indicated horse-power, which gives 
15 horse-power per square foot of grate, and to 
maintain this continuously at sea in full-sized 
grates, not grates cut down to one-half their 
natural size and forced at a higher rate of combus- 
tion, is a distinct advance. Notwithstanding the 
completeness and efficiency of the mechanism and 
arrangements, success could only be secured through 
the operations of a careful staff and skilled superin- 
tendent, and in Mr. Gearing, the Inman Company 
evidently possess a man of skill, thoroughly master 
of all the details and the possibilities of his engines, 
and at the same time capable of inspiring his subor- 
dinates with his own zeal. 

Another point in advance is to be found in the 
presence of the twin screws, which for ocean steam- 
ing have proved as efficient as single screws, and 
the oft-repeated advantage of duplication is obvious. 
As a matter of fact the City of Paris stopped one 
engine for several hours on her first run and only 
lost a few miles in the day, and the passengers 
were not aware of the stoppage. There can be 
little doubt also that fine end ships, if properly 
designed, are not necessarily ‘‘ divers,” for both the 
City of New York and City of Paris have gained the 
reputation from old travellers of being no worse in 
this respect than the best sea boats that ever crossed 
the Atlantic. A highly successful attempt has been 
made to endow these huge vessels with marvellous 
facility in handling—with the power of turning— 
hitherto possessed only by comparatively small boats. 
This has been effected by the adoption of a patent 
rudder of enormous area, and worked by hydraulic 
power, by means of which alone, with both engines 
going full speed, a complete circle can be turned in 
five minutes. And finally, and most important of 
all, this great success in speed and manceuvring has 
been secured in spite of the fact that the first regard 
has been had to the safety of the ship and the com- 
fort of the passenger. Captain Watkins must and 
does feel proud of the ship intrusted to his charge. 





THE PARIS EXHIBITION. 

THE space appropriated to Belgium in the Machi- 
nery Hall is about the same size as that occupied 
by Great Britain, and a good use has been made of 
the limited area, for it is filled for the most part by 
exhibits coming from the leading workshops of the 
country. Not to speak of railway material, which 
is collected in another part of the gallery, some of 
the largest examples of machinery that have been 
collected are to be found in the Belgium Section. 
Thus the Société Cockerill, of Seraing, has a 250 
horse-power blowing compound engine, the air 
cylinder of which is 9 ft. 10 in. in diameter, and 
the steam cylinders 33.5 in. and 47 in. in diameter 
respectively, the stroke being 8 ft.; this is the 
123rd engine of the same type manufactured by the 
same company. A very important exhibit also is 
the pair of 400 horse-power engines and air com- 
presssors (Dubois and Francois system), being one 
of the five sets made by the Cockerill Company for 
the Compagnie Parisienne de ]’Air comprimé (Popp 
system), and which are to supplement the 3000 
horse - power already in constant work at the 
St. Fargeau installation. We shall illustrate and 
describe these engines shortly, when noticing the 
extraordinary development that has been recently 
made in Parisin the transmission of compressed air 
for motive power. To finish with the present brief 


| reference to the Cockerill Company we may men- 


tion that they show a second blowing engine in 
another part of the hall ; a model of the hydraulic 
1000-ton lifts on the Belgian Central Canal at La 
Louviére for raising boats to a height of 52 ft. from 
one level to another ; this lift, which is on the Clark 
and Standfield system, has been already described 
in Encinzertnc. Another object of interest is 
found in the specimens of Goliath rails, just now so 
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strongly advocated by Mr. C. P. Sandberg, and of 
which the Cockerill Company have rolled large quan- 
tities fcr the Belgian State Railways ; the weight of 
the specimen shown is 105 lb. per yard. The Société 
Marcinelle and Couillet exhibit a large winding 
engine and ventilating fans; other exhibitors of 
engines are the Société Le Phenix, of Gand, who 
show a compound condensing engine of 400 horse- 
power fitted with Hertay valve gear ; MM. Houget 
and Teston, of Verviers, who have a 100 horse- 
power Corliss engine; the Boussu Engineering 
Company, who show a compound engine of the same 
power; MM. Carels Fréres, of Gand, who have a 
Sulzer engine of 400 horse-power ; and MM. De 
Ville-Chatel and Co., of Brussels, a compound 
tandem engine of the Frikart type, and several 
other exhibitors who show motors of smaller powers. 
The principal exhibitors of boilers are MM. De 
Naeyer and Co., of Willebroeck, who have, outside 
the Machinery Hall, an installation of six boilers 
furnishing steam for 2000 horse-power to the motors 
which drive the machinery in motion in the gallery. 
There are a considerable number of exhibitors of 
machine tools, many of which will call for more 
detailed notice hereafter ; for the present we may 
mention MM. Demoor and Co., of Brussels ; MM. 
Fétu-Defize and Co., of Liége, who are well and 
favourably known through Belgium as makers of 
serviceable tools at a moderate price. MM. Halot 
and Co., of Brussels, make a good exhibit with two 
refrigerating machines, both of them on the Wind- 
hausen system; one of these machines produces 
100 lb. of ice per hour, and the other 500 lb. ; there 
is also at this stand a good collection of filter 
presses, kneading machinery, and other objects, 
The largest ice-making machine, however, in the 
Belgian Section is that shown by MM. Denaeyer 
and Co., on the Raoul Pictet system. Considerable 
space has been given to electrical exhibitors, 
although the number of these is small ; amongst 
them the Société Electrique et Hydraulique, of 
Charleroi, occupies the most space, and includes a 
large number of objects, including gas and petro- 
Jeum motors, and steam and hydraulic engines 
for driving dynamos, as well as arc and incan- 
descence lamps, accumulators, and miscellaneous 
apparatus ; we notice that many of the exhibits on 
this stand are marked as belonging to the ‘‘ Systeme 
Dulait.” Dynamos are exhibited by five other 
makers, of which one of the most important is the 
Belgian Electric Lighting and Transmission Com- 
pany, of Scharbeek-lez-Bruxelles. M. J. Jaspar, 
of Liége, shows several dynamos and lamps on his 
own system. Upon this stand is a tall lamp-post 
jointed about 6 ft. from the ground, and fitted with 
a counterbalance so that it can be lowered when 
the lamp requires attention. M. H. Pieper, of 
Ligge, shows dynamos and lamps, and the Phoenix 
Company, of Gand, exhibit Edison dynamos. A 
very interesting collective exhibit is made by the 
Mining Union, of Liége, consisting of specimens of 
coal, coke, &c., together with models and actual 
machinery, such as that employed for washing coal 
and coke, making briquettes, coke ovens, &c. The 
companies forming this exhibit are that of Horloz, 
near Liége ; of Bonne-fin, Liége; of the Grande 
Bacnure, Litge ; of the Esperance and Bonne For- 
tune at Moniegnee-lez-Liege ; of Concorde, at 
Jemette-sur-Meuse; of the Patience and Beau 
Jone mines at Glain; and of the Charbonnage 
D’ Ans, near Lidge. 

The foregoing summary completes the list of the 
leading exhibitors in the Belgian Section—except, 
of course, as regards railway material. There are, 
in addition, a large number of smaller exhibitors, 
many of whom we shall refer to in detail on a later 
occasion. The whole collection is eminently 
characteristic and representative of the several lead- 
ing occupations of the country—those of mining 
and of iron and steel manufacture, as well as of the 
various auxiliary trades which depend upon these 
industries. The prosperity of Belgium depends 
largely upon its mineral wealth, and it is interest- 
ing to note the steady development that goes on 
year by year in its coal mines and iron manufac- 
tures. In 1830 the total amount of coal extracted 
from its three great mining districts—those of 
Hainaut, Namur, and Litge—was only about 
two and a half millions of tons, the value 
being something over 25 millions of francs; this 
industry then gave employment to 31,000 workmen. 
Twenty years later the output had increased to 
5,820,000 tons, the value to 46,471,000 francs, and 
the number of men employed to 47,949. In 1870 
these values had increased to 13,697,000 tons, 





148,635,000 francs, and to 91,993 workmen ; in 
1887, which is the last year to which data are avail- 
able, there were 18,378,000 tons of coal extracted, 
worth 147,674,000 francs, and 100,73) men were 
employed. These figures indicate interesting varia- 
tions between the values and quantities of the 
output. In 1830 there were 82 tons of coal raised 
per year for each workman employed, the value per 
ton being nearly 10 francs ; in 1850 each workman 
employed represented an output of 121 tons, but 
the price per ton had fallen to about 8 francs: in 
1870 the efficiency of each workman had risen to 
148 tons of coal per annum, and the price had again 
risen to 10 francs ; in 1887 each workman employed 
represented 183 tons of coal raised, the average 
value per ton having decreased to 8 francs. Of 
course the greater efliciency of the workmen em- 
ployed is due to the extended use of mining 
machinery, the actual condition of which is so well 
illustrated at the Belgium Section. In 1887 there 
were 268 coal mines in operation, the average depth 
of the workings being 1180 ft.; at these mines 
there were engines to the extent of 122,181 horse- 
power in use, divided as follows : 

Horse-power. 

= winding engines with a total power of 61,496 


99 ” » 31,073 
378 ventilating +s mb 15,932 
1025 miscellaneous aa ‘“ 13,690 


The consumption of coal, coke, and artificial fuel 
in Belgium has more than doubled since 1862 ; in 
the year 1887 it amounted to 13,480,000 tons, out of 
which over 7,000,000 tons were consumed for 
industrial purposes. 

The metallic mines of Belgium do not appear to 
be in so prosperous a condition as they were twenty 
years ago ; according to official data the total value 
of blende, calamine, galena, pyrites, and iron 
amounted only to 88,000/., the number of work- 
men employed for these mines being 1537. A very 
different condition of things ruled in 1865, when no 
fewer than 11,800 miners were employed and the 
value of the output was sevenfold that of 1887. 
Taking the same years for comparison, the produc- 
tion of blende has fallen from 14,000 to 12,000 
tons; that of calamine from 41,000 to 8000 tons; 
that of galena from 14,500 to 548 tons; of iron 
pyrites from 31,800 to 3500 tons; and of iron ore 
from 1,018,000 to 185,000 tons. This remarkable 
shrinkage in production has been largely due to 
foreign competition which has been able to under- 
sell the whole trade. Moreover, in addition to 
this competition, the more favourable deposits of 
the home mines became exhausted, and it was im- 
possible, with any chance of profit, to incur the 
heavy expenses involved in mining at greater depths. 
At present, therefore, Belgium is dependent for the 
larger part of its iron ores upon foreign mines. 
In 1887 the total value of the cast iron produced 
in Belgium was 1,360,000/. ; of iron and steel, 
3,429,0001. ; of zinc, 1,160,000/.; and of lead, 
127,800/. A considerable quantity of silver is 
extracted from the galena mines; the quantity 
amounted, between 1881 and 1887, to 198,398 Ib., 
and the value to 15,719,000francs. Unlike the metal 
mines, the development of the Belgian quarries 
has steadily increased from 1860 to the present 
time, the value of output being about doubled, as 
well as the number of workmen employed; in 
1887 the total value of the products of this in- 
dustry was 1,328,0001., and the number of men 
employed, 29,852. 

The catalogue issued by the Belgian Commission 
affords us a good insight into the principal indus- 
tries of Belgium, most of which are more or less 
illustrated by exhibits on the Champ de Mars; 
from this source we extract a few particulars which 
will be found of interest. Taking first railway 
material ; there are at the present time in Belgium 
nine works for the construction of locomotives, 
twenty for building carriages and wagons, twenty- 
four for making fixed material and plant for rail- 
way purposes, and about fifty smaller works devoted 
to the production of miscellaneous details and appa- 
ratus for the same service. These works employ 
18,000 workmen, who receive 640,000/. in wages 
yearly ; a total force of about 4500 horse-power is 
employed at these different factories, and the total 
production is worth about three millions sterling, 
of which a considerable proportion is for exporta- 
tion. The construction of locomotives was com- 
menced in Belgium in 1836 by John Cockerill, an 
Englishman who established himself at Seraing, 
and who for several years limited himself to copying 
the English locomotives that had been imported by 





the Belgian Government. The total value of machi- 
nery of all kinds exported from Belgium, amounted 
in 1887 to about forty millions of francs, the im- 
portations during the same period being only one- 
fourth that amount. 

The practical applications of electricity have 
made wonderful progress in Belgium during the 
last few years, and it is to be regretted that the 
Exhibition does not contain more objects illus- 
trating the important developments in that country 
in this branch of scientific industry. It is worth 
remarking that Belgium was almost, if not quite, 
the first country in Europe to make a practical use 
of the telephone, and the system as it exists there 
to-day is very extensive and well organised. It was 
at the close of the last Paris Exhibition of 1878 that 
the first telephone lines were established in several 
different towns, but these were entirely for private 
use. The following year a telephonic réseau was 
organised for the public service, stations being 
arranged at various central offices, and in 1880 
nearly all the principal towns were provided with a 
more or less complete system. 

The number of subscribers in January last was 
5270. The eminent physicist, M. Van Rysselberghe, 
who unfortunately does not participate personally 
in the Exhibition this year, shortly after the 
establishment of telephonic communication in Bel- 
gium, studied the problem of long-distance tele- 
phony, and in 1882 conducted a series of very 
successful experiments between Brussels, Antwerp, 
and Ostend, the telegraph wires being used as con- 
ductors, and it was during that year that telephonic 
and telegraphic messages were transmitted simulta- 
neously along the same wire between Brussels and 
Paris. As the result of these experiments the 
Government adopted the Van Rysselberghe system, 
so that the telegraph wires have for a long time 
been used for telephonic purposes. Phosphor- 
bronze is very largely employed for the conductors, 

Belgium can fairly claim a front place as regards 
the practical developments of electric lighting, and 
it must not be forgotten that the Alliance machine, 
which was the first successfully used for electric 
lighting, and of which a very early example is to be 
found in the Retrospective Exhibition in the Palace 
of the Liberal Arts, was the invention of M. Nollet, 
who in 1849 was professor of physics at the Military 
School of Brussels; another Belgian, M. Van 
Malderen, introduced several improvements and 
modificationsin the Nollet machine, and it was under 
the form as altered by him, that the Alliance Com- 
pany undertook its construction and introduced it 
with much success for lighthouses and other pur- 
poses. Belgium also claims for itsown M. Gramme, 
who in 1869 put into a practical form the laboratory 
experiments of Paccinotti, and by the introduction 
of the continuous current machine, gave a first 
impetus to the movement which has popularised 
electric lighting all over the world. 

Of course the names of many Belgians are asso- 
ciated with the different forms of electric lamps; 
visitors to the Electric Exhibition of 1881 will re- 
member the ingenious system of illumination shown 
by M. Jaspar, who figures again this year, we are 
glad to see, as an exhibitor. The electric installa- 
tions in the Belgian Oourt are as yet very incom- 
plete, but we have no doubt that, considering the 
well-known names that show under this class, the 
collection will, when ready, be very interesting. 

Only some twenty-four persons or associations 
exhibit under Class 50—materials and processes of 
agricultural factories and alimentary industries— 
though it must be borne in mind that these industries 
are of very high importance in Belgium. In 1887 
nearly 167,000 tons of phosphates were excavated 
in Belgium, and during the same year 53,000 tons 
of nitrate of soda were produced. There are acom- 
paratively large number of factories devoted to 
the phosphate industries ; they cover a surface of 
about 55 acres, require some 1200 horse-power, and 
employ more than 2000 workmen. At the Antwerp 
Exhibition of 1885 there was shown for the first time 
in Belgium the artificial fertiliser produced from 
slag resulting from the basic steel process. The 
use of this fertiliser was readily taken up in Belgium, 
and during the last four years has been very largely 
employed. Considerable care is taken in its pre- 
paration, the particles of iron being practically 
eliminated and the residue reduced to a very fine 
powder. To the same order of industry belongs 
the very successful treatment of the impure phos- 
phate deposits of the Somme, and which consists 
mainly in separating the useful portions by pro- 
longed screening and the application of air currents, 
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The manufacture of chemical manures is carried 
out on a large scale in the district of Hainaut, while 
the production of fish manures has been equally 
successful at Antwerp. Thanks to careful investi- 
gation and experiment, that have developed the 
home manufacture, but comparatively little guano 
is imported into Belgium. 

The culture of cereals of all kinds in Belgium 
occupies about one-third of the whole territory ; 
the wheat produced is sufticient to supply nearly 
one-half of the requirements of the country, and 
the remainder is imported from India, Russia, 
Roumania, and the United States. Statistics show 
that Belgian farmers have not suffered to the same 
extent as our own from the development of the 
foreign wheat trade, as there has been since 1856 
a steady though slight increase in the amount of 
land devoted to wheat growing. The cultivation 
of hay has shown a much more marked improve- 
ment than that of wheat, as during the fourteen 
years ending 1880, there was an increase of about 
13 per cent. in this class of crops. The milling 
industries in the country occupy a position of high 
importance, as may be judged from the fact that 
nearly 100,000 tons of flour of all kinds were ex- 
ported in 1888, as against importations of 75,000tons ; 
as regards the movements of various kinds of grain 
and fodder in and out of Belgium, we find that the 
importation of wheat during last year amounted, in 
round figures, to nearly 820,000 tons, the exportation 
being about 198,000 tons ; 72,000 tons of rye were 
exported during the same period, and about double 
that quantity brought into the country ; as might 
be expected, Belgium has to depend upon foreign 
sources for a very large proportion of its supply of 
hay ; in 1888 no less than 279,000 tons of fodder 
were imported, as against about 77,000 tons sent 
out of the country. 

It will be at once seen that as the quantity of 
flour exported is nearly 25 per cent. in excess of 
the importation, and as a comparatively large popu- 
lation has to be provided for, the milling industries 
of Belgium occupy a front rank ; as a matter of 
fact, they represent more than 14 per cent. of the 
total industrial wealth, and the annual produc- 
tion is valued at 12,880,000/. Unfortunately there 
are no available statistics more recent than those 
of 1880 to give an insight into the actual condition 
of these trades. The figures published at that 
date, however, are of interest; in the year re- 
ferred to there were in Belgium 4077 flour 
mills, amongst which 2045 were wind mills, having 
a total of 12,629 horse-power ; 1963 were water 
mills of about the same total power, and 685 
were steam mills, collectively of 9411 horse-power ; 
the number of pairs of stones was 9412, and the 
production during the year was 1,064,632 tons. 
Since that date an entire revolution has taken place 
in the milling practice of Belgium, and almost all 
the principal establishments have abandoned stones 
in favour of roller mills; this industry has con- 
stantly kept well abreast of the most advanced 
practice of other countries, and though no figures 
are available to show the present condition of the 
trade, the requirements of a constantly increasing 
population, and the large tonnage of flour exported, 
give some idea of its proportions. Practically the 
milling industry of Belgium is unrepresented at the 
Exhibition, those interested in it very naturally 
considering that no return would be possible for the 
expense incurred in showing examples of their 
present practice, no foreign trade being likely to 
result on account of existing duties, while, on the 
other hand, ample opportunities would be afforded 
to foreign visitors to copy details of Belgian practice. 

The rice industry of Belgium is of considerable 
importance, India furnishing the principal propor- 
tion of this cereal which is treated at Antwerp, 
Gand, and Louvain, where there are some large 
and well-arranged mills ; last year the importations 
amounted to about 89,000 tons and the exports to 
27,000 tons. Allied industries are the manufacture 
of various kinds of macaroni amounting to about 
1750 tons, and of starch, of which some 12,000 tons 
are made annually, the most important factory bein 
at Wygmael, near Louvain. The other principa 
agricultural products of Belgium are those of tobacco, 
flax, hops, and various oils. In the Exhibition area 
large number of exhibits, collective and individual, 
illustrating the tobacco industry of the country ; as 
is well known, this is very extensive, not alone for 
home consumption, but for exportation ; the cheap 
cigars of Belgium enjoying a very extensive repu- 
tation shaeell on account of their low price and 
relatively fair quality. Flax is cultivated over an 





area of nearly 45,000 acres, and six years ago the 
value of the crop was 1,000,000/.; since that date 
considerable extension has taken place, but no 
figures are available to define its actual condition ; 
in 1887, however, 25,843 tons were exported to 
France and England, whilst in 1883 there were 
85,830 tons treated in the country, chiefly in and 
around the River Lys, where a district has been 
specially adapted for this industry. The culture of 
hops is of considerable importance, chiefly in eastern 
and southern Flanders, whilst the crops from Alost 
and Poperinghe have a special reputation ; a con- 
siderable export trade in hops is done with England, 
Belgium forming with Germany the most dangerous 
competitors to our own growers. 

The sugar industry of Belyium has, at the present 
time, assumed very large proportions; this manu- 
facture dates back to about 1835, when about 
2000 tons of beetroot were treated, and only from 
3 to 4 per cent. of sugar obtained ; at that time, of 
course, the whole process was extremely crude and 
imperfect, from the cultivation of the crops to the 
final treatment of the sugar; then the by-products 
were thrown away as absolutely useless, and machi- 
nery was but little used in the process. Ten years 
later there were 25 factories in active work, treating 
collectively 25,000 tons of beetroot, for growing 
which about 5000 acres were under cultivation ; 
the production at that time was 4000 tons of 
sugar, and the residues were utilised to the 
extent of 22,000 tons, as food for cattle; more- 
over the tax which had been levied on the industry 
brought in a considerable revenue. In 1856 there 
were 46 factories in operation, producing 13,000 
tons of sugar, while the crops amounted to 304,000 
tons of beetroot ; in 1866 these figures were nearly 
trebled so far as the number of factories and the 
tonnage of sugar produced are concerned ; but the 
output was obtained from 556,000 tons of beetroot, 
showing greatly improved methods of treatment. 
As with the metal industries, the year 1876 appears 
to have been one of exceptional activity in the 
sugar trade ; there were then 146 factories in full 
activity producing 45,000 tons of sugar from 900,000 
tons of beetroot. Last year the number of works 
had decreased to 113, but the scale of their opera- 
tions had developed considerably, as they were able 
to treat 1,350,000 tons of beetroot grown on about 
90,000 acres, and producing 95,000 tons of sugar 
and 540,000 tons of by-products. The export 
trade, which was commenced in 1858 with a quan- 
tity of 690 tons, has to-day reached the surprising 
amount of 68,156 tons. 

The cultivation and preparation of chicory is also 
another very important industry which flourishes 
over a great part of Belgium; the arrondissement 
of Bruges possesses no fewer than 35 drying 
establishments, while around Audenaerde there are 
87 kilns. The total amount exported in 1887 was 
39,393 tons of dried chicory, of which France took 
over 18,000 tons, England nearly 6000, and Ger- 
many about 4000 tons. Chocolate is manufactured 
in the country, although the figures are very small 
compared to those just given; in 1888 the quantity 
of cocoa imported was 788 tons. Only eleven exhi- 
bitors represent these important industries, of which 
four show preparations of chocolate and only two 
make sugar exhibits. 

Chemicals are produced in very large quantities ; 
thus 60,000 tons of sulphuric acid are made annually, 
and some new works are in course of completion, in 
which alone the output will be not less than 15,000 
tons. As the country possesses an inexhaustible 
supply of pyrites there is practically no limit to this 
manufacture under the most favourable circum- 
stances. Of nitric acid about 500 tons are made 
annually, while the manufacture of chlorhydric acid 
is stated to amount to 60,000 tons, and that of sul- 
phate of soda to 40,000 tons. Of other chemicals 
may be mentioned alum, 3000 tons a year ; sulphate 
of alumina, 1500 tons ; sulphur, 14,000 tons ; acetic 
acid, 200 tons ; charcoal, 3000 tons ; gunpowder, 
2000 tons, manufactured at the Wetteren powder 
mills, which have been in operation since 1778 ; 
and refined salt, 30,000 tons. Thirty-five manufac- 
turers exhibit in the class devoted to chemical and 
allied industries. The degree of perfection to 
which papermaking machinery has been brought in 
Belgium, is well illustrated by the magnificent 
exhibit of MM. Dautreband and Thiry, of Huy. 

Twenty-nine exhibitors represent the woollen 
industries of Belgium; the principal centre of these 
manufactures is at Verviers, where it has flourished 
for the last nine centuries ; the annual value of 
the present production is about 40,000,000 francs. 





NOTES. 
A Lawrut UnpbERGROUND RAILROAD. 

THE term ‘underground railroad” was applied 
in America, previous to the late war, to the means 
employed to conduct escaped slaves from the 
Southern States to Canada. But this same expres- 
sion can now be used in regard to a well-known 
mode of travel between Sutro and Virginia City, 
towns in Nevada, U.S.A. These two places are 
about four miles apart, Virginia City being situated 
in the mountains at an elevation of from 1600 ft. to 
1700 ft. higher than Sutro. In connection, how- 
ever, with the mining operations for the mineral 
deposits with which that region abounds, there is a 
tunnel leading from Sutro horizontally until it is 
below Virginia City, and parties are taken through 
the tunnel by a tramcar, and then at the terminus 
are raised by a lift of 1640 ft. into Virginia City, 
The mines along this course are not now in use, and 
therefore there is no dust or foul air from any opera- 
tions of mining, while there is a natural draught 
through this course which makes ventilation ex- 
cellent, and the temperature is uniform throughout 
the year. 


THE Use or Exectric Morors For THE 
DIstRIBUTION OF PowER. 

On more than one occasion attention has been 
called in these Notes to difficulties connected with 
the distribution of power in mills, and also various 
means used to reduce or to remove many of these 
defects. The applications of electricity for the 
distribution of power have generally been applied 
to problems where the distance involved is quite 
large, but the power to be transmitted is very small, 
and there is an establishment in Newark, U.S.A., 
where the power is distributed through a large 
building by means of wires contained in a small 
tower placed upon the outside of the main building. 
At each floor conductors run to electric motors 
situated at the ends of the main shafting, or belted 
to the shafting as the conditions may require. The 
practical operation of the system is all that could be 
desired. Its commercial elements are dependent 
upon whether power can be transmitted more 
cheaply from the prime mover to the machine by 
the electrical method outlined above, or by the 
usual arrangement involving a large outlay for 
shafting, pulleys, belts, and belt towers, or other 
heavy construction for the purpose of sustaining 
those heavy shafts, and also the expense of the 
continuous attendance and excessive repairs re- 
quired by the ordinary methods of transmission. 


THE VIEILLE-MonrtTaGne. 

The Vieille-Montagne Zinc, Mines, and Foundries 
Company is one of the oldest established under- 
takings upon the European continent. The com- 
pany’s works produced last year 52,426 tons of 
rough zinc, 48,545 tons of rolled zinc, and 8109 tons 
of zine white. Better prices were obtained last 
year for the company’s output, and the profits 
realised improved accordingly. This satisfactory 
result was due to some revival in general trade, and 
also to an undertaking arrived at by the principal 
industrials interested in the question witha view to 
an adjustment or regulation of the production of 
rough zinc. The improvement in the position of 
the company was, however, to some extent, checked 
last year by a rise in coal and raw materials ; but 
notwithstanding this, the profits realised last year 
were 33,0651. in excess of those secured in 1887. 
The definitive profits for 1888 were 166,883/. Of 
this amount 56,9191. was applied to the pension 
fund, the fund of a foresight, and sundry redemp- 
tions of capital, leaving a balance of 109,9641. avail- 
able for dividend upon the share capital, increased 
to 111,166/. by the balance brought forward from 
1887. Out of this final balance the company Ge- 
clared a dividend of 224 per cent. for 1888, involv- 
ing a distribution of 81,000. An addition of 
18,3921. was made for the year to the statutory 
reserve fund, 9196/. is voted to the Council of Ad- 
ministration, 22891. to the managers, and a reliquet 
of 2471. was carried forward to the credit of 1889. 
As an illustration of the stability of the company, 
we may add that while it realised a net profit of 
166,8831. last year, the corresponding net profit in 
1868 was 164,418I., and in 1858, 166,197]. Few 
undertakings, either on the Continent of Europe, 
or elsewhere, can trace their yearly profits back 
with such steady continuity for so long a period. 

AppITIONS TO THE Navy. 

The Admiralty have not delayed long after 

getting their Naval Defence Bill passed before 
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approaching private shipbuilding firms. Already 
specifications have been issued to the leading engi- 
neers in the kingdom inviting them to tender for 
the construction of twin-screw triple-expansion 
engines for the first-class cruisers building, one at 
Chatham, one at Portsmouth, and a third at Devon- 
port. These vessels have been designed by Mr. 
W. H. White, and are improved Merseys. Their 
dimensions are: Length, 360 ft. ; breadth, 60 ft. ; 
mean load draught, 23 ft. 9 in. The displace- 
ment at load draught is 7350 tons, and the 
weight of hull 4040 tons. The machinery is to be 
of the triple-expansion type, with cylinders 40in., 
59 in., and 88 in. in diameter respectively, adapted 
to a piston stroke of 4 ft. 3 in., and working 
under a pressure of 155 Ib. to the square inch. 
The indicated horse-power is to be 12,000 under 
forced draught, and at this a speed of 20 knots 
is to be maintained, and under natural draught 
7200 indicated horse-power, with a speed of 18 
knots. The coal capacity is to be 850 tons, equal 
to 10,000 knots at 10 knots per hour. The 
armament, excluding machine guns and _tor- 
pedoes, is to be two 9.2-in. guns, ten 6-in., and 
twelve 6-pounder quick-firing guns. The engines 
are to be fitted on board the Chatham and Devon- 
port vessels by August, 1890, and on the Portsmouth 
vessel by February, 1891. Several shipbuilding 
firms throughout the country have been invited to 
tender for the construction of one, two, or three 
second-class cruisers—improved Medeas—to be 
constructed either of steel alone, or of steel sheathed 
with wood and copper-bottomed. In this case the 
engines are to be of the triple-expansion type also, 
with cylinders 333 in., 49 in., and 74 in. in dia- 
meter and adapted toa 3 ft. 3 in. stroke of piston. 
The indicated horse-power under forced draught is to 
be 9000, with the engines working to 140 revolutions 
per minute. The tenders are to be lodged by the 
20th of June, and it is evidently the intention to 
spread the work over the country, as was stated in 
the House of Commons the other evening. 


AUSTRALIAN RAILWAYS. 

Some information of very considerable interest 
has just been prepared by Mr. J. Pickering, con- 
troller of public accounts in South Australia, with 
reference to the railways of that colony, Victoria, 
and New South Wales. It appears that the length 
of line in operation in South Australia last year was 
1500 miles ; in Victoria, 2018 miles; and in New 
South Wales, 21014 miles. Further lines were 
authorised and in progress in South Australia to the 
extent of 324 miles; in Victoria to the extent of 
868 miles; and in New South Wales to the extent 
of 66 miles. The ratio of the working expenses to 
the traffic receipts in South Australia was 48.92 
per cent. ; in Victoria, 63.61 percent. ; and in New 
South Wales, 66.69 per cent. The aggregate dis- 
tance run by trains in South Australia in 1887-8 
was 2,724,804 miles; in Victoria, 9,082,312 miles ; 
and in New South Wales, 6,631,649 miles. The 
amount earned per train-mile run in South Aus- 
tralia in 1887-8 was 77.84d. ; in Victoria, 72.83d. ; 
and in New South Wales, 82.88d. The number 
of locomotives in South Australia was 179; in 
Victoria, 364 ; and in New South Wales, 426. The 
number of vehicles used in the coaching depart- 
ment in South Australia was 284 ; in Victoria, 819; 
and in New South Wales, 1007. The number of 
vehicles used for the conveyance of goods and live 
stock in- South Australia was 4627; in Victoria, 
6591 ; and in New South Wales, 8798. The popu- 
lation of South Australia being 320,000, the length 
of line opened per 1000 inhabitants was 44 miles ; 
the population of Victoria being 1,060,000, the 
length of line opened per 1000 inhabitants was 
2 miles ; the population of New South Wales being 
1,060,000, the length of line opened per 1000 in- 
habitants was 2 miles. The aggregate capital 
expended upon open lines in South Australia in 
1887-8 was 9,689,8691.; in Victoria, 26,465,8171. ; 
and in New South Wales, 27,673,922l. The average 
cost per mile in South Australia was 64511.; in 
Victoria, 13,1161.; and in New South Wales, 
13,1681. The gross revenue acquired by the South 
Australian lines in 1887-8 was 883,7131.; by the 
Victorian lines, 2,756,0491.; and by the New South 
Wales lines, 2,290,0101. The net revenue of the 
South Australian lines in 1887-8 was 451,4391.; of 
the Victorian lines, 1,003,0301.; and of the New 
South Wales lines, 762,8151. 


Proposep SUBMARINE BRIDGE UNDER THE Sounp. 


Under the paradoxical name of a submarine 
bridge, a design has been put forward by a Swedish 





engineer, Mr. Rudolf Lilljeqvist, A.M.I.C.E., for 
making a permanent railway communication between 
Sweden and Copenhagen. Although only 24 miles 
apart, traffic is fequently interrupted during the 
winter months by ice, and the trade between the 
two countries greatly inconvenienced. The pro- 
posed structure, which would join Elsinore to 
Helsingborg, is a bridge composed of 100 ft. spans, 
and carrying a single line of railway. It is to be 
submerged to such a depth as to allow ample sea- 
way for all classes of ships to pass over it. To 
protect the trains against the water the entire bridge 
is to be surrounded and encased by a tube, com- 
posed of an outer skin of iron and an inner skin of 
steel, with the intervening space filled with con- 
crete. The weight of the tube would be such that 
it would nearly float, and thus would not be subject 
to any transverse strains. It is foreseen that the 
outer skin might possibly rust away in course of 
years, but it is believed that the concrete would 
remain intact and perfectly protect the steel. 
The piers would consist of ordinary caissons 
filled with concrete and placed about 100 ft. 
apart. The tubes would rest on these piers, 
and the girders would take a bearing on blocks 
inside the tube immediately over the piers. 
The tube would be built in 100 ft. lengths, floated 
out and lowered into place. The piers would be 
built in concrete by aid of caissons, and their sur- 
face would be formed to receive the tubes, which 
would be firmly secured tothem. As an additional 
safeguard a massive collar of concrete would be 
moulded over the joint. The concrete shell would 
be in lengths to allow for expansion, while the 
metals shells would be continuous. It is proposed 
to use in the erection pontoons of the kind which 
have been successfully employed in building the 
Tay Bridge. These are rectangular in form, and 
have a leg at each corner worked by an hydraulic 
ram. Sucha pontoon is floated into place and then 
the legs are thrust out until the whole becomes per- 
fectly stable. On these pontoons would be placed 
all the necessary appliances for founding the piers 
and lowering the tubes into position. The estimate 
places the cost between 600,000/. and 700,000/. for 
the submerged portion, without the approach 
tunnels. The advantages claimed for this scheme 
over a submarine tunnel are the safety and rapidity 
of construction, and the avoidance of unforeseen 
difficulties. 


Spirit Morors. 

On Wednesday evening Mr. A. F. Yarrow read 
a paper before the Society of Arts, entitled ‘‘ The 
Use of Spirit as an Agent in Prime Movers,” 
Admiral Sir John Hay occupying the chair. The 
author commenced by referring to the efforts made 
in France in the year 1856 to establish the Du 
Tremblay system, in which ether spirit was evapo- 
rated by means of exhaust steam from one cylinder. 
Several large steamers were fitted in this way, and 
the author attributed the final want of success 
chiefly to the fact that mechanical appliances and 
shop practice was not sufficiently advanced in those 
days ; the loss of ether through leakage being very 
great. Mr. Yarrow next went on to refer to the 
experiments he had made, in order to arrive at the 
value of petroleum spirit used in lieu of water for 
generating vapour for working an engine. We 
have already published the results of somewhat 
similar experiments in these columns,* and need 
not, therefore, refer to them further at the 
present than to state that the final result on 
the brake was that with petroleum spirit 4722 
foot-pounds were registered and with ordinary 
steam 2524 foot-pounds, equal amounts of fuel being 
burnt. The spirit used had a specific gravity of 
.680. As our readers are aware, the chief use to 
which these spirit motors has been applied is the 
propelling of boats, and Mr. Yarrow showed on 
the wall drawings of one of his launches such as 
we have already illustrated.* There was an excep- 
tionally good meeting, and a brisk discussion 
followed, in which the chairman, Sir John Hay, 
Admiral Boys, Professor Lambert, Mr. G. Garratt, 
Mr. J. E. Dowson, and others took part. The 
naval officers all spoke of the great promise there 
was for this system when used for torpedo boat 
propulsion, the rapidity with which vessels can be 
got under way and the small weight of machinery 
being especially insisted upon. Professor Lambert 
spoke at some length upon the thermo-dynamical 
aspect of the question, attributing a great part of 








* See ENGINEERING, vol. xlv., p. 306 and 349. 
+ Ibid., vol. xlv., p. 610. 





the efficiency shown by the spirit vapour to its lower 
specific gravity and the smaller degree of latent 
heat. Mr. Boverton Redwood also spoke of some 
experiments he had made, which led him to the con- 
clusion that there was a great future for petroleum 
spirit used in the manner described by Mr. Yarrow. 
Several of the audience who had had practical ex- 
perience in Mr. Yarrow’s Zephyr launches also 
spoke, and were unanimous in bearing testimony to 
the cleanliness and comfort of these boats. One 
speaker had tried them very severely at sea, and 
found them to possess remarkable sea-going quali- 
ties, as might be expected from the lightness of the 
motive machinery. He alsostated that the average 
time for getting under steam, or rather spirit, was 
two minutes. On the whole Mr. Yarrow may safely 
be congratulated upon the success of his system, if 
one may judge by the discussion. 





INDUSTRIAL NOTES. 

THE monthly summary of the state of the skilled 
labour market by the labour correspondent to the 
Board of Trade, is scarcely as encouraging as that of 
the previous month. According to the reports of the 
nineteen societies enumerated, there has been ‘‘ no 
falling off in the activity which has recently been 
so distinguishing a characteristic of our chief indus- 
tries.” At the same time, with the exception of the 
building trades, there is no improvement shown upon 
the figures of the preceding month. Mr. Burnett says 
that this ‘‘ may be regarded to some extent as an in- 
dication that the tide of trade is nearing high-water 
mark,” If this be so, it is a poor outlook for the 
future, and a reaction just now might prove most 
disastrous, 

The report states that the proportions of men un- 
employed are somewhat higher than in the best of 
times, but this may be accounted for by the fact of 
improved methods of production. The total number 
of members in the nineteen societies given was 192,973; 
of these 3798 were out of work, showing a decrease 
of 202 as compared with the previous month—this de- 
crease is wholly due to the activity in the building 
trades. The proportions were: April, 2.17 per cent.; 
May, 2 percent. ‘‘The iron and coal trades continue 
to be well employed, and are remarkably free from 
serious disputes.” The textile trades are fairly em- 
ployed, but not so busy as some other industries— 
especially engineering and shipbuilding. 

The wages question in the mining districts of York- 
shire has entered upon a new stage. The miners 
requested an advance of 10 per cent. ; the Yorkshire 
coalowners have offered to give 5 per cent. on the Ist 
of July, and another 5 per cent. on the Ist of October, 
on condition that no further alteration in wages be 
made fora year. This offer will be submitted to the 
miners at their various meetings without delay. The 
officers and delegates of their union were not able to 
come to any decision, but they thanked the masters 
for the conciliatory spirit which had been shown by 
the offer now made. The employers declare that they 
cannot alter their decision, but as the difference is not 
very great, it might possibly be arranged by a little 
mutual concession, and so avoid a serious dispute which 
would affect all the staple industries of the kingdom— 
wy. the iron trades. 

The May report of the Boilermakers and Iron Ship- 
builders, just to hand, says: ‘‘The state of trade, as 
reported to us from the different districts, is very satis- 
factory.” The total number of unemployed is given 
as 195; in the previous month 172; but the increase 
of 23 may be due to purely local causes. The fewness 
of the men out of work is clearly indicated by the total 
payments to unemployed members during the past 
quarter—now for the first time cuaneadioaemanatin 
7201. 4s, 9d. The total number of members is now 
nearly 30,000, the increase last month being 509. The 
total balance in hand is close upon 64,842/., the in- 
crease in the quarter being 11,813/. 9s. 

Dealing with the various districts, the report states 
that ‘‘onthe Clyde trade continues to improve.” ‘‘ It 
is estimated that the Clyde builders have contracts 
on hand for over 150 vessels, of an aggregate tonnage 
of nearly 300,000 tons,” and they look forward to a 
share of the Government contracts in connection with 
the measure for naval defence. Trade is improving 
on the Mersey, and the outlook is encouraging. In 
the Tees district ‘‘ all the yards are filled with work 
to repletion, and all members are in good and constant 
work. The boiler shops are also in a flourishing con- 
dition,” and bridgework is improving. ‘‘Onthe Tyne 
and the Wear increasing activity prevails.” ‘‘ Kighty 
vessels are building on the Tyne and sixty on the 
Wear.” In the Lincolnshire district trade continues 
good, and the men for the most part are working over- 
time. There is unusual activity in the South Wales 
district, and also in the Bristol Channel ports. 
Advances in wages have been conceded in nearly all 
the yards, ranging from ls. 6d. to 3s. per week, and of 
from 74 per cent. upon piecework prices. Further 
concessions have also been granted as regards over- 
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time prices. The Newport employers are referred to 
in laudatory terms for ‘‘the generous and liberal 
manner ” in which they met the demands of the work- 
men, and their treatment of the representative who 
waited upon them. In the Hull district trade is re- 
ported to have fallen off considerably, and a good 
many men are ‘‘ on the books.” This will account for 
the slight increase of unemployed members. 

In the Manchester district a strike is ordered on the 
31st of the present month against two firms. These 
firms, itis alleged, refused to take back their old hands, 
after the strike of 1879. But it appears that they 
employ some of the most skilled men in the trade, and 
therefore require many society men, in addition to the 
non-society men taken on during the before-mentioned 
strike, ‘* thereby making a convenience of the society.” 
Recently the general secretary of the Union was in- 
structed to seek an interview with the firm for himself 
and the delegate from Birkenhead, ‘‘ when a very curt 
and impolitic note was sent refusing to consent to an 
interview.” The nature of the demand upon the two 
firms in question is not given, and therefore it is only 
conjectural when we suppose that it meant the dis- 
charge of the non-society men, or their admission into 
the society upon some terms to be agreed upon, The 
decision of the Council is thus given : 

‘‘This being so, we have unanimously decided that 
all of our members in the employ of Galloway and Sons, 
Manchester, and Beeley’s, of Dukinfield, must leave 
on or before the 3lst day of the present month, or we 
shall expel them from the society, and never allow 
them to enter again without the payment of 10/. each. 
We further decide that any member of ours who may 
accept work for the before-mentioned firms, either in 
the shops or on jobs, in any part of the world, after 
this notice, will be immediately expelled from the 
society, and not be allowed to enter again without the 
payment of 10/.” Apprentices with these firms, after 
this notice, are not to be accepted as members of the 
society. 

With regard to apprentices generally this notice is 
given : ‘‘ Any lads who may be working at the trade as 
rivet heaters or any other work, who would be entitled 
to become apprentices, and whom the members work- 
ing in the yards may consider entitled to learn the 
trade, but who cannot be put to it until they are after 
the age of sixteen years, on account of there heing no 
opening for them, they must serve their full five years 
as apprentices from the time they are recognised as 
apprentices by the society. It matters not how much 
they may be over twenty-one years of age before their 
time is completed.’ This is a revival ot the old guild 
ordinances with a vengeance. 

The society is engaged in an active crusade against 
arrears, the total amount due and owing at the close 
of the month being, 7432/. 103s. 10d. The report says 
that it is the bad members generally speaking who are 
in arrear, and that the society is doing them and their 
families a benefit, in insisting upon all arrears being 
cleared up while employment is plentiful and wages are 
good. The total income for the past quarter amounted 
to 23,154/. 3s. 9d., the largest ever contributed in a 
single quarter. The expenditure for sickness was 
3886/, 12s. ; for funerals 1087/.; and for superannuation 
1230/7. 13s. 8d. ; total 6204/. 5s. 5d. As regards un- 
employed benefit the report says: ‘‘No able-bodied 
member, capable of taking a situation, ought to be 
allowed to go on the funds ;” yet 195 were receiving 
home donation. 

The monthly report of the Associated Ironmoulders 
of Scotland gives a total membership of 5493, of whom 
4221 were at work, 117 on ‘‘idle benefit,” and 112 not 
at work, but not on the ‘‘idle benefit fund. Of the re- 
mainder 196 are superannuated, 274 retired, 236 were 
in other parts of the United Kingdom, 286 abroad, and 
51 not classed. The net income for the month was 
1634/, 12s.; expenditure, 516/.; total increase of funds, 
1118/7. 12s, The total balance was 10,998/. 5s. The 
expenditure included 131/. 2s, 2d. for idle benefit ; 
244/. 15s, 10d. for superannuation ; and 80/. for funeral 
benefit. As regards the state of trade the report states 
that itis good and is still increasing in volume, and 
therefore, that more men are on the funds than there 
ought to be. Instances are given of men being wanted 
in the neighbourhood of Glasgow, an:l yet some of the 
members will not fill up the vacant places, The officers 
of the society are therefore urged to enforce the rules 
in all such cases. The men who are termed ‘ black- 
legs” in the society, are said to be in that condition 
‘*from the three D’s, drink, debauchery, and debt ;” 
and the members are cautioned to ‘‘ give them a wide 
berth.” 

It appears from a despatch received at the Foreign 
Office, from Sir R. B. D. Morier, H.M.S. ambassador 
at St. Petersburg, that several of the agricultural 
societies of Russixn have petitioned the Imperial 
Government to reduce the import duties on agricul- 
tural machinery and implements, a petition which we 
hope may be acceded to and that speedily. 

he workmen employed at the Mossbay Steel Works, 
he peg in the Bessemer department, and the 
rail mill hands have been granted an advance of 74 per 


cent. in wages; the request was for a 10 per cent, 





advance, but the lesser amount has been accepted for 
the ensuing four months. 

The labourers at the Hanley iron works of Earl 
Granville are much dissatisfied because the recent 
advance in wages has not been extended to them. 
Several were discharged, it is alleged, for asking for 
the advance, so that there is a simmer of discontent 
among the labourers in consequence. 

The iron trade in North Staffordshire shows further 
improvement, and “wages are well maintained. But the 
hot weather, together with the heat at the works, have 
been so excessive that the puddlers could not stand 
to their work. Hence there has been a scarcity of 
puddled bars, and some mills have had to be tem- 
porarily stopped at times. 

Some blast furnacemen from Staffordshire were 
induced to go to Askam, to work at the Millom Iron 
Works, where there is a strike; but on being in- 
formed that the dispute was not settled, they appear 
to have returned to their homes, their expenses being 
paid by the Blast Furnacemen’s Association. Those 
on strike were naturally much elated by the refusal of 
the men to start work. 

The action of the ironfounders in the Sheffield dis- 
trict, in refusing to work overtime, except on the new 
scale, is being indorsed by some of the employers. 
The firm of Messrs. Hadfield, one of the largest in 
the district, have decided to adopt the new rules in 
their entirety. 

Large extensions of works are being carried on, or 
contemplated, by Messrs Firth and Son, Messrs. 
Craven Brothers, and other firms, which will find 
employment for great numbers of additional men in 
Sheffield and its neighbourhood. Work generally is 
plentiful, and wages have an upward tendency. 

Efforts are being made in the Cleveland district to 
develop some new industries, in order that it shall not 
be wholly dependent upon one or two large trades. The 
development of the steel manufactures offers an oppor- 
tunity for new departures in various directions. 

At West Hartlepool a company has been formed to 
manufacture steel laths, for ceilings, &c., in lieu of the 
present wood laths used by plasterers, It appears that 
these steel laths are largely in use in America. 

The Cleveland men are organising a relief fund for 
the ironworkers of Askam and Millom, who are on 
strike, for which purpose a grand concert has been 
given by the blast furnacemen in South Bank. Other 
help is being organised in the district. 

The iron-ore miners at the Stainton Quarry have 
been granted an advance of 1d. per ton—equal to 64d. 
per day—so that a strike has been averted. The 
ironstone miners in the employ of the Barrow Hematite 
Iron and Steel Company have also been granted an 
advance—in this case of 3d. per day. This concession 
the men accepted, in lieu of the 10 per cent. requested, 
but they have given notice for a further advance of 
another 3d. per day on the Ist of July. 

The great strike of the miners in Germany has 
caused a demand for English coal, and large shipments 
at good prices have taken place. It would appear 
that the reception of the deputation of the workmen, 
by the Emperor of Germany, has had a soothing effect 
upon the people, but the exasperation against the em- 
P oyers, and against the troops, for their alleged vio- 
ence, is very great. 

The demand of the miners in Germany is for an 
increase of 15 per cent. in wages, a reduction of work- 
ing hours to eight hours per day, and for the abolition 
of extra piecework, The employers not long ago pro- 
vided dining-rooms, libraries, and other conveniences 
for the workpeople, but these were not regarded by 
the latter as being in lieu of higher wages, or shorter 
hours of work. The miners of Westphalia are gene- 
rally considered to be industrious, frugal, and well- 
disposed ; but they think that the state of trade, and 
the prices realised, warrant the concessions demanded 
by them. 

The report of the Royal Labour Commission, just 
presented to the Dominion Parliament, is not a unani- 
mous one, but several of the recommendations of the 
majority are exceedingly advanced, and some appear 
to be rather startling. Taking them in groups, we 
find the following: A Federal Employers’ Liability 
Act, compulsory payment of wages in cash, fortnightly 
payments in all industries, prohibition of all unneces- 
sary Sunday labour, a labour day holiday in each year, a 
nine hours’ working day, prohibition of employment of 
all children under fourteen years of age, wages to be a 
first claim in case of insolvency, and a Labour Bureau. 
Then comes a series of recommendations of another 
kind, namely: The prohibition of the sale of liquors 
within a certain radius of all mines, an extension of 
the Post Office savings bank system, better protection 
for the safety of railway servants, discontinuance of 
the immigration of waifs and strays from other 
countries; more practical instruction in public 
elementary schools, technical schools, and evening 
classes, and arbitration boards for the settlement of 
labour disputes. These points show a strong tendency 
towards socialistic seed arena the fixing of 
the length of the working day. Ifa nine hours’ day 
be established by law, why not an eight hours’ day? 





The principle is the same; the only difference is the 
exact length of the working day. Many of the other 
recommendations are embodied in the statute law of 
this country. 

The notice given by the horse-nail makers of 
Worcestershire and Staffordshire districts for an 
advance of 20 per cent. in wages expired on Saturday 
last. The masters having declined to concede the 
advance, the operatives express their determination to 
strike. Should this take place some thousands of 
persons will be affected. 

The miners of Northumberland decided on Saturday 
last to ask the coalowners for an advance of 10 per 
cent. in wages. The meeting sent a cablegram to 
the miners on strike in Germany, expressing their 
sympathy. Mr. Thomas Burt, M.P., was re-elected 
secretary. 

The metropolitan artisans who are selected to go 
to the French Exhibition to report on the state of the 
various industries represented, and the general con- 
dition of competitive trades, were received by the 
Lord Mayor and the committee on Monday evening 
last, nearly the whole of the seventy-five selected were 
present. General satisfaction was expressed as re- 
gards the selection made by the sub-committee. The 
men have been chosen without regard to politics, to 
their connection or otherwise with trade organisations, 
or other extraneous circumstances. The references of 
the men are said to be excellent, and good reports are 
anticipated. The total number of candidates to select 
from was enormous. The number of separate trades 
selected is sixty-three —the engineers have four 
representatives; six other trades have two; one 
three ; the others one each. 





WATER GAS. 
To THE EpiTtor or ENGINEERING. 


Srr,—In reply to Mr. Thwaite’s letter of the 14th May, 
I have only to say that your correspondent repeats what 
he said in his previous letter in other words; he now 
writes ‘‘ That owing to the high thermic value of water 
gas —_~ half the thermal units are required to effect a 
given thermo-fusion work that is required when producer 
gas is used.” If Mr. Thwaite had said that only half 
the weight, or quantity, of water gas was required, as of 

roducer gas, todo a certain amount of work, I might 
oe agreed with him, whilst still drawing attention to 
the fact that producer gas is only about an eighth the cost 
of water gas. 

With regard to Mr. Frederick Siemens’ letter of August 
last, ‘‘ Steelmaker,” in his letter of May 12th, speaks more 
highly of the relative commercial value of producer gas, 
as compared with water gas, than even Mr. Siemens him- 
self did ; I know that the figure he quotes, as to quantity 
of coal used per ton of steel melted on the open-hearth in 
Wales is correct, but I have no experience of the use of 
water gas, and shall hail with satisfaction ‘* Steelmaker’s” 
promised letter on the subject. 

With reference to Bischof’s producer, so far as I know, 
it never went beyond the experimental stage, and Mr. 
Thwaite and myself agree that the reason of its failure 
must be attributed to the circumstance that it was worked 
by chimney draught, or suction; this producer being 
quite unknown to manufacturers, it would have been 
pedantry on my part to have referred to it. 

Yours, &c., 
May 21, 1889, Gas. 





THE FOREIGN TRADE OF JAPAN; 
‘“* AUDITE ALTERAM PARTEM.” 
To THE EpiToR oF ENGINEERING. 

Sir,—In your article of 26th inst. on the foreign trade 
of Japan, and in previous articles on the same subject, 
you animadvert somewhat severely on merchants in 7é 
their relation to manufacturers. To most questions there 
are two sides, and I offer the following remarks from the 
most impartial point of view at my command : 

To begin with, the functions of the manufacturer and 
merchant may be defined thus : the former as the creative 
agent, the latter as the dispersing agent. Further, the 
manufacturer has his capital absorbed in his works and 
plant, in the payment of wages and the purchase of raw 
material, and his time is taken up in the management of 
his business, If anything, he is generally rather short 
of, than overflowing with, capital, as may be judged from 
the fact that he usually purchases on easy terms of credit 
and sells largely for cash. : 

The export merchant’s time and capital are given to 
enterprises in different countries and to affording a certain 
amount of credit to his customers. His whole time is free 
to study the conditions of trade in those countriex, and 
to seek new outlets for busi / 

The two classes of business are therefore entirely 
distinct, and were the manufacturer to wish to usurp the 
functions of distribution, as well as those of creation, he 
would have to add capital and suitable labour to his firm 
—in other words, to take as partner, or to employ, a 
merchant, 

But even then it does not follow that he would be so 
well placed as an ordinary merchant, for the latter com- 
bines a variety of gouds or trades in his dealings with a 

articular port or country, and therefore his business 
balks up sufficiently to recoup him for the expenses 
attending opening and then carrying out business in that 
particular country. The manufacturer, with his limited 
range of articles, would not as a rule find it remunerative 
to enter into arrangements in many foreign lands, except, 
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perhaps, at the very largest of the centres of demand and 
distribution. d 

It may be urged that the remedy for this would be in 
the co-operation of groups of manufacturers, but expe- 
rience has shown that although in such cases all may 
share alike in the expense, it by no means follows that the 
profits will follow in the same proportion, and discontent 
and jealousy step in to make the attempt a failure. It 
has long been a favourite idea of my own to try and form 
some combination to which manufacturers could give a 
warm support, and in fact participate in the cost and the 
profit of the venture, but the difficulties have proved too 
great for solution so far, though I should be extremely 
glad to exchange views with manufacturers towards the 
achievement of such an end. 

Perhaps the best proof that there is not only room but 
necessity for the use of intermediaries lies in the fact 
that they still continue to exist, though long threatened 
with extinction, The manufacturer finds that they dis- 
cover and work foreign markets for him, that they take 
his goods at cash payments, and that they understand 
foreign customs duties, rates of exchange, and freight, 
better than he does. The ultimate buyer finds that they 
understand his ways, that they finance him, and that they 
save him a lot of trouble and correspondence. 

The fact that the buyer abroad prefers to do his busi- 
ness, as a rule, through an intermediary, proves this. He 
generally cannot afford to have a house in Europe, and he 
finds that the merchant by placing manufacturers in com- 
petition, buys to the bast advantage for him, and there is 
no doubt but that much of the manufacturer’s irritation 
arises from the fact that he has to compete in this way 
when he mistakenly thinks that he should not. 

I do not hesitate to say after considerable experience 
that the consumer abroad, when dealing with a merchant, 
is able as a rule to buy more economically than if he 
attempted to buy direct from the manufacturer. I could 
give instance on instance to prove this, L 

Of course, there are merchants and merchants, and if 
some treat their clients with injustice that forms no 

argument against the system. The use of several inter- 
mediaries is of course also undesirable. Again, a good 
merchant protects the interests of his client, not only by 
careful buying and by good freight arrangements, but by 

roperly qualified inspection of machinery and material. 

his really safeguards the manufacturer’s interest as well, 
and experience proves that, even when dealing with 
high-class manufacturing firms, inspection is decidedly 
needful. . . . 

The whole question resolves itself into this, that if the 
manufacturer takes a merchant’s work on himself or em- 
ploys representativee abroad he has to pay for it, and 
that the sum total employed of capital and labour amounts 
to as much, or more than if he left the work of distribu- 
tion to independent firms. It is not possible for most of 
us to do more than one man’s work. If the merchant is 
not needed, be sure that he will disappear, but while he 
exists it is rather hard that men as hardworking, honest, 
and respectable, as a body, as that of manufacturers, 
should be branded with an unproven stigma. There are 
merchants and merchants, just as there are manufacturers 
and manufacturers, but the misdeeds of individuals should 
not be visited on the body corporate in either case. 

Yet one more remark. It is urged in your columns that 
makers of standing do not and should not permit the use 
of brands other than theirown. That is not the expe- 
rience of my firm as a rule, but I may state that the use of 
the merchant’s, instead of the maker’s, brand is not in- 
tended to deprive the maker of what honour there may be 
attaching to the manufacturer, butis merely a protection 
to the merchant, so that further business should come to 
the maker through the merchant in question, and_not 
through other sources. In the case of my own firm we have 
learnt by numerous and bitter experiences that, after in- 
curring muchrisk, trouble, and expense, we have often made 
a name for a maker in entirely new districts, only to lose the 
bulk of the following business through letting competing 
houses know where to buy. Often too we have on urgent 
request given up the maker’s name in the penultimate 
stage of proceedings, only to find that advantage has been 
taken of it either by the buyer, by some competing house, 
or by the maker himself. In the case of the Japanese 
themselves, who are not always very scrupulous, after 
sucking our brains of information they have sometimes sent 
some person to England to arrange the matter direct, and 
it has been but little satisfaction to us to know afterwards 
that they have frequently in such cases paid more than 
if the matter had been allowed to continue in our hands. 

In conclusion, I may state that I have had experience 
of the question from the meanufacturer’s point of view, as 
alsofrom that of the merchant’s, and a considerable amount 
of foreign travel has given me the conviction that there 
is room and need for all. Having the friendliest feelings 
to the manufacturing interest, I am chiefly concerned to 
work together so as to be able to successfully compete 
with the tide of foreign rivalry, which I do not fear so 
long as Englishmen will pull together, though I could 
wish that they possessed more of that adaptability to the 
wants of consumers abroad which is a marked feature of 
foreign competition. 

If our manufacturers will only travel themselves or 
send qualified agents abroad to study markets on the 
spot, nothing but good to all can come ont of it. 

Yours faithfully, 


: T. Grant Bircu, 
Liverpool, April 29, 1889. 








GAS MOTORS. 
To THe Epiror oF ENGINEERING. 

Sir,—I have read recently, and at various times pre- 
viously, very interesting accounts of the work done b 
these engines, see, for instance, page 469 of your journal, 
May 11, 1888, but in no case, and in no book, can I find 


any analysis of the exhaust gases. Calculated composi- 
tions after combustion there are in abundance, but no- 
where has any one apparently thought of putting his nose 
into the exhaust pipe, to see, or rather smell, the actual 
facts, Can you or your readers refer me to any such 
analysis; my examination, not yet complete, leads me to 
think the combustion is not complete; this is important, 
not merely on account of work lost, but still more by 
reason of dangerous gases, to which people in ignorance 
may be exposed. 
Yours faithfully, 
Durham, May 18, 1889. A. L. STEAVENSON, 





MARINE ENGINE TRIALS: 
8.S. ‘* METEOR.” 


To THE EpiTor oF ENGINEERING, 


Sir,—I regret to see in your number of May 10 that 
some little confusion has occurred in reporting my speech, 
in connection with the trials of this steamer, with reference 
to the means adopted for measuring the coal, and as they 
are of paramount importance, I shall be obliged if you 
will insert this letter in your next issue. 

Before commencing these trials, in order to make quite 
sure of the capability and accuracy of the method pro- 
posed to be adopted for measuring coal at sea, I made 
some experiments at sea on board one of the steamers 
under my supervision, 

It was comparatively smooth water, but as the boat 
was smail, light, and steaming 11 knots, she rolled and 
vibrated sufficiently to make the pointer of the spring 
balance vibrate considerably. The movements of the 
pointer varied very much and very rapidly, in fact, so 
much so, that I could not record the maximum and mini- 
mum indications. 

By carefully watching the pointer and checking the 
movements of the bucket in which the coal was weighed, 
the pointer was occasionally observed to be at rest fora 
few seconds, when a correct reading could be taken, but 
to insure accuracy it is desirable that two readings should 

taken. I weighed twelve different quantities of coal 
averaging from 140 lb, to 159 lb., or slightly over 16 cwt. 
in all, but instead of burning the coal after weighing, I 
brought it on shore in twelve separate casks and re- 
weighed it. 

Salter’s spring balance (Silvester’s patent) was used, 
capable of weighing up to 2001b., having a dial 5 in. in 
diameter and a pointer ? in. wide; it was not bought 
specially for the purpose, but was one I had had in use 
for many years. It was tested both before and after use, 
and in the latter case was tested at nearly all the under- 
mentioned weights. 

The following Table gives the results obtained; the 
figures speak for themselves : 




















By. Spring Balance : : 
| at Sea, Time A ae 
| ’ illing 
gy) Bucket, 
3 | Errors on Land. oe me 
& | Gross. | Net.| Cor “a 
ZA rected ‘ 
Ib. Ib. Ib. lb. m. 8. 
1 180 147 147 147 115 
2 192 159 159, 159 115 
3 180 147 147 146 10 
ag 186 153 153: 1524 10 
5 1854 1524 153 152 1 0 
6 173 140 14 140 0 50 
7 | #175 142 142: 141 ) a 
8 | 180 147 147 147 10 
9 191 158 158: 1&8 115 
10 185 152 152 1524 10 
11 178 145 145} 145 115 
12 188 155 1554 155 115 
1795 
74 amount 
of error. 
18024 18023 13 5 total time 

















You will observe the errors are all in one direction, 
and not in favour of the boilers, their mean is .417 per 
cent. I made several experiments in the same direction. 

The spring balance used during the trials of the s.s. 
Meteor and Fusi Yama had much larger dials than the 
one used in this instance. 

I am, Sir, your obedient servant, 
Frep Epwarbs, 

62, Bishopsgate Within, E.C., May 16, 1889. 








MULTIPLE BOILERS. 
To THE EpiTor oF ENGINEERING. 
Srr,—Can any of your readers favour the undersigned 
with particulars of the Meredith patent multiple boiler : 
Who are makers? 


May 15, 1889. ATLAS, 





THE ‘‘ STRONG” LOCOMOTIVE. 
To THE Epitor oF ENGINEERING. 

S1r,—Without wishing in any way to find fault with 
the fine performance of the ‘‘ Strong” locomotive described 
in your last number, I would like to point out what may 
somewhat mislead some of your English readers. 

1. I think no one who knows anything about the 
American roads will doubt that the “tons” mentioned 
are ‘‘ short” tons of 2000 lb, 





This will bring down the 340 to 304 tons (English). 





2. The maximum load taken, ‘‘ 340 tons,” includes the 
engine and tender, 


Now: 
lb. 

Weight of engine 136,000 
Tender: 

‘**7 or 8 tons of coal,” say 14,000 

**28 tons water” és 56,000 

Tender itself, say, 30,000 
Total engine and tender 236,000 
Deducting this from 680,000 


444,000 
or a load behind the engine of 200 tons (English) taken at 
a rate of 46 miles per hour up a grade of 1 in 98. 

The weight 444,000 lb. gives an average weight per car 
of 63,000 1b. This compares well with the weights of 
American cars and sleepers as given in A. M. Wellington’s 
** Location of Railways,” (Ed., 1888). 

Apologising for troubling you, 

I remain, yours faithfully, 
May 20, 1889, Lone Ton. 








THE VALVE GEAR OF THE “STRONG” 
LOCOMOTIVE. 
To THE Epitor or ENGINEERING. 

S1r,—Referring to the illustrated descriptions of the 
Strong locomotive, published in your issues of April 29, 
1887, and May 17, 1889, I beg to state that the valve gear 
described is the well-known Bremme valve gear, and pro- 
tected by my British patent 2037 of 1879. 

Of these facts I informed Mr. Strong, and also his re- 
presentative here, in May, 1887, but have not received a 


reply. 

Holding the patent right for this invention in England 
I believe that I can also successfully apply for the patent 
in the United States. However, in any case, the use of 
this valve gear in this country by the Strong Locomotive 
Company or their clients is an infringement of my rights, 
and as many of your readers will be interested I would 
ask you to publish this letter in your next issue. 

Yours truly, 
Gustav A. C. BREMME. 
79, Windsor-road, Tuebrook, Liverpool, May 18, 1889. 





NON-CONDUCTING COVERINGS FOR 
STEAM PIPES. 
To THE EDITOR OF ENGINEERING. 

Srr,—I have recently fitted up an apparatus for mea- 
suring the amount of heat lost by radiation and convec- 
tion from steam pipes and the like, and have already 
made four tests with it, of several hours’ duration each, 
on May 10, 14, 16,and 17. As the subject is one likely to 
interest your readers I inclose a plan and elevation of the 
apparatus and the results of the last test, which, how- 
ever, do not sensibly differ from those of the preceding 
days. So far, the experiments have been directed to de- 
termining the relative losses from (1) bare pipes ; (2) pipes 
covered with 1 in. of fossil meal composition; and (3) 
pipes covered with 1 in. of fossil sel cnieiiea and 
three layers of hair felt. 

According to the sketch on the next page the testing 
surfaces are represented by three cast-iron steam pipes 
5 in. internal diameter and 6 ft. long, with blank flanges 
«neach end. They are suspended from the roof by two 
short lengths of hoop iron fitted with clips and bolts, so 
that the pipes can be raised or lowered in their proper 
positions, 

The 1-in. steam pipe is carried direct from the top of a 
vertical 12 horse-power boiler and leads to M‘Dougall’s 
steam drier connected with M‘Dougall’s steam trap ; this 
is done to insure dry steam for testing. The steam pipe, 
as well as the steam drier, is covered with 1 in. of fossil 
meal composition and 1 in. of hair felt and canvas. 

After the steam has passed the steam drier it enters 
into a crosspiece from which three short lengths of 4-in. 
pipe convey it to the three respective test pipes. In each 
of these short connecting pipes is fixed a turn-off cock 
and a small air cock. 

The three test pipes are spread out like Prince of Wales’ 
feathers, the top flanges being about 1 ft. apart and the 
lower flanges about 3 ft. The fall from the steam drier 
to the top of the water collector is 3 in. in every foot. 

From the lowest point of each test pipe a short length 
of 4 in. steam pipe leads to a cast-iron cylinder 14 in. high 
by 12 in. internal diameter with blank flanges on top and 
bottom, and wheel valves for shutting off the steam, both 
immediately over the top flange and below the bottom 
flange. These three cylinders are provided to collect the 
water condensed in the three ranges of pipes, and have 
gauge glasses to show the height of water, and a small 
vent cock on the top for blowing off air. 

From the lower wheel valve a 4-in. pipe connects the 
cylinder with a cooling arrangement, viz., a 4-in. copper 
worm 30 ft. long, fitted in an ordinary petroleum barrel in 
such a manner that every foot of pi as a fall of at least 
lin. The end of the pipe projects from the lower part of 
the barrel and the condensed water is there delivered 
into pails and weighed. All the 4-in. connecting pipes, 
as well as the water-collecting cylinders, are covered in 
the same manner, viz., 1 in. of fossil meal composition, 
lin. of hair felt and canvas, so as to reduce the loss of 
heat from these surfaces to a minimum. 

During the trial specified herewith, No. 1 test pipe was 
covered with fossil meal composition, 1 in. thick ; No. 2 
was left bare; No. 3, 1 in. fossil meal composition, three 
layers No. 3 hair felt (4 in. each). As the surfaces and 
covering of the 3.in. connecting pipes and water collectors 
are the same in all three ranges, it is necessary to calcu- 
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late approximately what percentage of the condensation 
in No. 3 range is due to loss from the test pipe, and 
which proportion must be put down as due to the supple- 
mentary parts, for this latter portion must evidently be 
deducted from all three ranges in order to give accurate 
results, 


Copy of Test Made May 20, 1889. Weather Clouded till 
Noon, afterwards Finer. 

ExpLanatory Nore.—No. I. thermometer outside, No. II. inside 
against wall, No. IiI. inside between pipes, No. IV. on the main 
sara ig No. V. on fossil meal lin, thick, No, VI. on bare 

°. 
































pipe, No. VIL. on No. 3 pipe. 
EXPERIMENTS ON Non-Conpuctina CovEaiNGs FOR ST#AM PIPES. 
| | | Steam 
, > : " 
* * II. 1. 1 iV. i A VI. | VII. Pressure. 
a.m. | deg. | deg. | deg. | deg. | deg, | deg. | deg. | Ib. 
351 ... i he - e ea 1, a 
9.30! 58 | 69 | 71 88 105 279 87 | 60 
9.45) 57 | €8 70 87 105 | 280 86 63 
10.0 | 67 69 | 72 86 108 278 86 60 
10.15| 57 | 67 | 72 | 85 | 107) 274| 85 55 
10.30; 657 67 | 72 85 107 | 275 84 59 
10.45 | 57 66 72 | 84 128 276 84 58 
11.0 | 58 66 | 72 | 84 128 276 84 60 
11.15; 59 67 72 | 84 139 280 84 61 
11.80) 59 66 72 | 84 132 278 84 59 
11.45 | 60 68 74 | 84 135 282 85 61 
12.0 | 61 71 77 | 86 188 | 282 88 60 
.m. | | 
1315 61 73 78 | 88 140 280 90 | 60 
12.80} 64 74 80 90 141 | 281 92 | 60 
12.45; 65 74 81 | 90 142 | 281 92 60 
1.0 65 72 78 91 141 | 281 92 60 
1.15) 66 74 76 | 92 140 | 266 92 60 
130| 66 | 74 | 76 | 92 | 140| 266, 92 60 
1.45} 66 | 73 | 7 93 140} 268 90 | 60 
2.0 | 66 75 80 92 | 140 | 280 90 60 
Pail No. 2 weighed 27 12 
Tare 3 10 
24 1b, 2 oz. 
2.15: 66 75 80 93 ; 139 263 93 60 
2.80, 65 72 78 92 | 138 270 92 60 
2.45 | 65 73 78 93 138 270 92 60 
30 68 74 78 93 139 268 92 60 
8.15 8 76 $2 95 140 259 95 59 
3.30) €9 76 82 96 142 274 96 59 
8.45 68 73 78 94 140 275 93 60 
4.0 68 73 78 93 141 274 93 60 
415 66 73 77 v4 138 280 9L 60 
4.30 | 66 71 76 93 138 276 90 60 
4.45 C4 73 78 93 138 2°76 92 60 
Pail No. 2 weighed 80 8 
Tare 3 10 
— 26 lb. 14 oz. 
5.0 | 64 74 78 94 139 278 ; 92 , 60 
6.15) 64 74 7v 94 139 279 92 60 
6.80} 64 | 70 76 94 138 278 | 92 60 
5.45 | 64 73 78 94 139 278 92 60 
6.0 64 72 7 94 138 27: 92 | 61 
6.15 | 63 71 76 | 94 136 276 | 92 | 61 
6.30| 61 72 67 | 94 138 278 93 | 60 
6.45 62 72 76 | 94 137 276 92 60 
7.0 | 61 | 72 77 = «| «#95 137 277 | 92 | 61 
7.15! 61 74 74 | 96 | 137 277 92 62 
Pail No. 2 weighed 30 0 
Tare 3 10 
26 Ib. 6 oz. 
Result of Cylinders being Emptied. 
No. 1—24 12 No. 2-165 12 No. 3—18 0 
Tare 3 10 Tare 3 10 lb. oz. Tare 3 10 
Net 21 Ib. 2 oz. 12 2 Net 14 Ib. 6 oz. 
24 2 
26 14 
26 6 
net 89 8 
No, 1—21.125 No. 2—89.5 No, 3—14.375 
7.68 7.68 7.68 
13.445 81.82 6.695 
or 16.43 per cent. water left 100 per cent. 8.18 per cent. 
or 83.577 ,, condensation prevented, 91.82 mi 


Norr.—In order to get rid of any air in the testing apparatus, 
the steam has been passed through all three ranges with full force 
for half an hour previous to beginning of trial; this caused the 
lowering of steam pressure at 9.15 a.m. 


The exact measurements of the heat-losing surface on 
each range of the apparatus are as follows : 


Test Pipe: sq. ft. 
Between flanges, 5 ft. 92 in. by 1 ft. 7h in. 9.45 
Two flanges, circumference 2 ft. 7} in., § ‘52 

width 23 in. ... a4 Y ve ** { (32 
Two flanges, diameter outside 10 in. Re { = 

Pe a inside 10 in. less 7 in, { 7 
Eight bolts inside (square) .. os «=e 

»» nuts outside (hexagonal) 19 

—— 12.33 

Supplementary Surfaces : 

}-in. steam pipe, 7 in. by 2§ in. circum- 

ference 1.53 


Cylinder, between flanges 1 ft. by $ft.8in. 3.67 
Two flanges, circumference 4 ft. 8 in. by 875 
2} in. width... ei . : a { .87 

1.77 


Two flanges, diameter outside 1 ft. 6in.... { 1.77 


ne “ inside 18in. less 14in. { 4 
Twenty-four bolts and nuts : oot 
Fittings (approximately) ... ib kin, eS 

—— 14.16 


26.49 


Total area of each range 








As the 14.16 square feet, representing the supplementary 
surfaces, also contain all the fittings, viz., steam cock, two 
air cocks, two wheel valves, and gauge glass, which are 
partly bare, and as further the 12.33 square feet repre- 
senting the test pipe in No. 3 range are covered with an 
additional 4 in. of best hairfelt, it seems safe to attribute to 
the supplementary surfaces at least equal shares of the con- 
densation in proportion to the number of square feet, viz., 


14.375 x 14.16 =7.68 lb. of condensed water. 
If this amount, then, is deducted from the quantities 


26.49 
received from each test pipe in a ten hours’ trial, the 
result is found by the following figures, which show the 
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For instance, a 2-in, steam pipe measures per running 
foot, if covered lin. thick, about 1.18 square feet; if 
covered 2 in. thick, about 1.70 square feet ; provided the 
two coverings had the same ability of giving off heat from 
equal areas, then the temperature ought to be, if 100 deg. 
above freezing point on the thin composition, = 
70 deg. only, above freezing point on the larger surface, 
or, say, 182 deg. Fahr. and 102 deg. respectively, in order 
to transmit the same amount of heat from the pipe. 

2. Good non-conductors will not allow the heat to 
escape quickly, but retain it in the surface just as tena- 
ciously as in the interior ; in that case the supply of heat 








“Steam dryer. 


Steam from Boiler 





team Trap 


G 





Qa Air Cocks. . 
' ¢  Condensors 
aed 
Hy Pp Water pails. 
‘Steam s. Screw down valves 
Trap w Water collectors 
eS ee 
* 
90.85 


amounts of condensed water drawn off, less 7.68 lb. in 
each case, “~~ 13.44 lb., — and 6.7 ss amalaaiatieaa “ 





21.125 89.5 14 375 
7.68 7.68 7.68 
13.445 81.82 6.695 
or, 16.43 per cent. 100 percent. 8.18 per cent. 


water left, or, in other words, a covering of fossil meal 


composition 1 in. thick saves out of the total possible loss | P’ 


of 100 per cent. as much as 83.57 per cent., and if over 
this covering 14 in. of hairfelt is placed with canvas, the 
extra saving is only 8.25 per cent., or 91.82 per cent. out 
of the total loss, 

If 81.82 lb. are condensed by 12.33 square feet in ten 
hours, then 0.663 lb. is condensed by every square foot in 
one hour, or 5808 Ib. in one year of 365 days, and if 1]b. 
of steam coal is required to evaporate 8 lb. of water into 
steam of 60 1b. pressure, then 64 cwt. of steam coal are 
required every year to make gi the loss of heat from 
every square foot of uncovered steam pipe. This loss 
will, of course, bs much greater in the winter, or where 
the pipes are exposed to wind and rain, or where steam 
of higher temperature is employed. 

Finally, I to combat an opinion which is firmly 
established in the minds of many users of steam, viz., 
that the outside temperature of a non-conducting com- 
position applied to hot surfaces is a measure of its non- 
conducting efficiency. 

I consider this test of measuring the temperature either 
on the outside by placing the hand upon the covering, or 
even by thermometer readings as unreliable and oes 
ing, and base my opinion on the following reasons. 

. Thicker coverings give greater circumference and 
consequently more heat-losing outside surface. 






from the steam inside is greater than the loss of heat from 
the surface, and consequently the outside feels warm. 

Inferior non-conductors, however, give the heat from 
the surface quicker to the surrounding space than it can 
be supplied from the interior source of heat; thus it can 
happen that the outside surface feels cooler, when in fact 
it loses more heat than the better covering. 

I consider the measuring of condensed water as practised 
in my tests asthe most reliable method of investigation at 
resent existing, but shall be glad to be informed of any 
improvements which can yet be made in my experiments. 

I remain, Sir, your obedient servant, 
ALBERT HAACKE, 
Kieselguhr Wharf, Hackney Wick, London, 
May 21, 1889, 





SovutH AvSsrRALIAN RaiLtways.—The South Australian 
Government railway lines now open for traffic extend 
over 1500 miles, The number of passengers last year was 
3,867,009, being on an average 10,565 per day. The goods 
traffic was 891,038 tons, and the total receipts were 877,57 7/. 





CANADIAN Ferrigs.—The Grand Trunk ferry across the 
St. Clair, between Port Huron and Sarnia, transferred 
during 1888 the following cars: Freight cars of all kinds, 
296,208 ; passenger cars, 27,667 ; baggage and mail cars, 
7920. These freight cars, if they had been made up into 
one train, would have reached 1683 miles ; the passenger 
cars, 262 miles; and the baggage cars, 60 miles. Itis 
a pa to tunnel the stream. A contract has been let 

or the construction of acar ferry for the Canadian Pacific 


- |to be used between Detroit and Windsor. It will be much 


like the Lansdowne, but larger. It will be built at Owen 
Sound, owing to the inability of the Detroit Dry Dock 








Company to get it out in time, 
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COMPOUND PASSENGER LOCOMOTIVE; LON 
CONSTRUCTED AT THE COMPANY’S WORKS, CREWE, FROM THE DESIC 


(For Description, see Pe 
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ONDON AND NORTH-WESTERN RAILWAY. 
DESIGNS OF MR. F. W. WEBB, CHIEF MECHANICAL ENGINEER. 
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ENGINEERING. 601 
= of centre of boiler above oon 
WOOL-WASHING MACHINE; PARIS EXHIBITION. Boiler pressure - 175Ib, = oq. in. 
Heating Surface : 
Tubes ... aaa 1242.4 sq. ft. 
Firebox 15: Pi 
Total 1401.5 ,, 
Firegrate area sis ia hai 1 
Ratio of firegrate area to heating 
surface eee a be ne 1 to 63.86 
Weight of engine in workingorder— +t. c. q. 
On leading wheels » pi 400 
»» low-pressure driving wheels 1510 0 
»» high ” ” ” 1510 0 
Total 400 





In the United States Section of the Paris Exhibition 
there is exhibited a pulsatory wool-washing machine by 
the International Wool Improving Company, of 624, 
Atlantic Avenue, Boston, Massachusetts, which is illus- 


crated above. The alkaline solution is contained in the | 
tank K, which is kept filled to the desired height by | 
means of a feed-pipe ; the pump B forces the solution | 

¢ into the tank E, which is placed at | 
the back of the wool a G. The wool in passing | 


through the pipe 


through this latter by the opening F comes in contact 
with the overflow from the tank E, and is washed 
down into the receiver H; this receiver, as will be | 
seen from the separate sketch, is hung out of centre, | 
and is held up by the balance weight I. As soon as 

the receiver is filled with the wool and solution, it 

overcomes the weight I, and the contents are discharged 

into the box within which H is placed; as it falls it! 
comes in contact with a second stream of solution | 
forced into the box by the pump B through the branch | 
pipe at D; the influence of this cross current imparts | 
a pulsatory movement to the wool, causing the fibres | 
to open and close and bringing the solution into perfect | 
contact with the whole surface. The charge then falls | 
through the pipe J, where it remains until a second 
discharge from the tilting box H drives it forward, the 
alkaline solution passing throughit continously. It thus, 
with intermittent movement, arrives at the discharge 
O, where it falls into the box P completely cleaned. 
Beneath the pipe at K there is placed a small receiver 
into which the alkaline solution passes through per- 
forations in the pipe, and returning through N into the 
tank A is again pumped up to the tank EH, the heavy 
impurities being deposited meanwhile in A; in this 
way the solution can be used repeatedly until it is worn 
out. The advantages claimed for this method of 
washing are that the wool is kept exposed for a com- 
paratively long time to the action of the solution, and 
that the cross stream flowing into the box over the 
wool as it leaves the tilting box, opens all the fibres 
and washes them thoroughly ; fluid action being wholly 
substituted for forks or other mechanical appliances, 
none of the fibres can become tangled or broken, and 
the staple is delivered in such a condition that the 
waste in carding and combing is materially reduced. 
The smaller sizes of this apparatus are capable of 
treating 60,000 lb. of wool per — and it is claimed 
that about 5 per cent. in weight of the wool delivered 
is gained by this method. 





COMPOUND PASSENGER LOCOMOTIVE ; 
_ . L, AND N. W. RAILWAY. 

WE give this week a two-page engraving of the 
latest type of compound passenger locomotive, con- 
structed from Mr. F. W. Webb’s designs for the 
London and North-Western Railway. A few months 
ago certain sensational and extremely ridiculous para- 
graphs appeared in some of the daily papers respecting 
some remarkable locomotives which Mr. Webb was 
alleged to be building for working the Scotch traffic 
during the present summer. These rumours were 
entirely without foundation, as the only new com- 
peer which Mr. Webb has been building are those 








rming the type we now illustrate, and these have 


been constructed for working the general express | 








As will be seen from our engraving, the new—or the 
‘¢ Teutonic” class as it may be called—closely resembles 
Mr. Webb’s previous compounds in general arrange- 
ment ; the forward pair of drivers being driven by the 
single low-pressure cylinder, while the pistons of the 
two high-pressure cylinders are coupled to outside 
cranks on the hind pair of drivers. The driving 
wheels are, however, larger than in the previous 
engines of the ‘‘ Dreadnought” class,* being 7 ft. 1 in. 











| LANCASHIRE AND YORKSHIRE RAILWAY 

EXTENSIONS. 
| Up to quite recently two sources 
absolutely precluded any successful 
express service on the Lancashire and Yorkshire 
company’s line between Manchester and Liverpool. 
One of these reasons has been the necessity of making 
a long journey vii Bolton and Wigan. The new line 
which they have just opened between Pendleton and 
Pemberton gets over this difficulty, as it entirely avoids 
the detour by Wigan, and will therefore enable the 
company to compete on equal, if not superior, terms 
with the London and North-Western Railway and the 
Cheshire Lines, for the Manchester traffic. In ad- 
dition to this advantage, the Southport service has 
been also greatly accelerated, the journey from Man- 
chester to that Fa watering place now being 
accomplished in forty-five minutes. 

The contract for the construction of this new work 
was made in 1885, and comprised the Hindley and 
Pendleton line with two branch lines, the Agecroft 
branch and the Westhoughton connecting line. As 
originally projected, a portion only of the line was 
designed for four lines of way, but as the new work 
would in future form the company’s main road, it was 


of delay have 
attempt at an 





decided, subsequently, to complete the line for four 
roads, and to add to the contract the construction of 
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in diameter in place of 6 ft. 3in., while the leading 
wheels are 4 ft. 14 in. in place of 3ft. 9in. Some 
improvements have also been made in the details of 
the valve gear, and the annexed diagram shows the 
distribution attained with the present valve motion 
with the high-pressure gear in the position noticed on 
the diagrams. We propose next week to illustrate 
this valve gear in detail. The boiler is the same as 
that of the ‘‘ Dreadnought ” class. 

We hope in a future issue to be able to give some 
particulars of this handsome type of engine, and mean- 
while we subjoin a list of the chief dimensions, &c. : 


Cylinders : 

Two high-pressure cylinders 14 in. in diameter by 
24 in. stroke. 

Maximum travel of slide valves ... 33 in. 

Lap of valves : aa oad a 

tae af & wa fate asta Be 

One low-pressure cylinder 30 in. in diameter by 
24 in. stroke. 


Maximum travel of valve... 54 in. 
Lap of valve ... as : 
Lead 4... Divs 
Wheels : 
Diameter of leading wheels .. 4 ft. 14 in, 
a central and trailing 
wheels aa eee aa y Beek) Bae 
Boiler : 
Diameter of boiler outside middle 
ring ... Foi ‘sii 7” ar 4.6 Des 
Length of barrel... be es 11 ft. 
Thickness of plates ... 3 in. 
Number oftubes  ... sis 225 
Diameter ,, (outside) ... wes 1j in. 


Length between tubeplates 11 ft. 3 in. 





* A description of this class of engine, with illustra- 


the Hindley Widening and the Pemberton loop lincs. 
The Hindley and Pendleton line commences at 
Windsor Bridge, Salford, a point on the old line 
about 14 miles from Victoria Station, Manchester, 
and passes through the high lands of Pendlebury, 
Swinton, Wardley, Walkden, and Atherton, in a 
westerly direction, joining the Hindley Widening on 
the Bolton and Wigan line at Crow’s Nest, 13 miles 
from Windsor Bridge. It consists of four lines of way 
throughout, a fast line for express service and a slow 
line for goods and stopping trains. The alignment is 
free from sharp curves and heavy gradients, and the 
slopes generally are 2 to 1, but even this latter proved, 
in many instances, too steep for the material (clayey 
and running sands) found in the cuttings, and exten- 
sive retaining walls had to be provided. The con- 
structive works throughout are of a very heavy 
character, and there are no less than ninety-three 
heavy bridges between Windsor Bridge and Hindley. 
The abutments of the bridges are of brickwork faced 
with blue bricks, and, with but few exceptions, the 
whole of the bridges are of wrought iron, a plan 
which has been adopted in anticipation of subsidences, 
due to colliery workings, an iron bridge requiring 
merely to be raised bodily a few inches as the sub- 
sidences occur, whereas a brick or stone arch would 
have to be rebuilt throughout. There is, however, a 
long brick viaduct of twenty-two arches, varying 
from 24 ft. to 31 ft. 3in. in span, and also a three- 
arched bridge. One opening of the latter passes 
immediately under the May Pole Hotel, and it was 
necessary to underpin a considerable portion of the 
building. This particular operation was rendered 
more than ordinarily difficult, owing to the under- 
lying strata being a species of running sand ; but the 
whole work was accomplished without mishap, and the 








services of the line, and not for the Scotch traffic, | tions, will be found in ENGINEERING, vol. xxxix., p. 462, building (a Gothic structure in boasted ashlar) shows 
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no sigu of having been undermined. Near Brindle 
Heath the new line crosses the old at a very acute 
angle (204 deg.) by a fine lattice girder bridge of 98 ft. 
span, and the two approach each other again at 
Pendlebury, running side by side to Hindley Junction. 
At Pendlebury advantage has been taken of the 
proximity of the London and North-Western Railway 
tunnel insuring the non-removal of the underlying 
coal, to build a two-arched bridge of pleasing appear- 
ance, the arches of which are segmental and 37 ft. 
span. West of Pendlebury Station is a double tunnel 
ot brickwork 200 yards long, each opening 27 ft. span, 
the construction of which was done upon the cut and 
cover method. At Walkden, again, there are some 
very substantial bridges carrying the railway over 
the main roads of the London and North-Western 
Railway and the Bridgewater colliery lines, the spans 
varying from 64 ft. to 100 ft. 

The Agecroft connecting line (at the Pendleton end) 
is half a mile long, and entirely embankment ; while 
the Westhoughton connecting line (at the Hindley end) 
is 1} miles long and entirely in cutting. The Hindley 
Widening, as its title suggests, is a widening of the 
old line for the length of 14 miles from Crow’s Nest, 
and is partly in cutting and partly in embankment. 
As these portions were on different sides of the old 
main line, the contractors constructed a temporary 
timber subway under the main line for the passage of 
their earth trains, and thus avoided the dangers and 
delays which invariably attend attempts to work 
ballast trains across existing passenger lines, There 
are five bridges on this line. 


The Pemberton loop is a continuation branching off 


from the old line south of Hindley station and joining 
the Wigan and Liverpool line at Pemberton, 3 miles 
from the termination of the Widening; it is almost 
entirely embankment, in some places attaining a 
height of 40 ft., the slopes here being 1} tol. Itis 
by this loop that the traffic to Liverpool will be able to 
entirely avoid Wigan. The bridges at the Pemberton 
end, twenty-five in number, are of snached masonry, 
and at the Hindley end are of blue-faced brickwork, 
the abutments in many places being 35 ft. to 40 ft. in 
height. The largest span is that over the London and 
North-Western Railway at Springs branch, the girders 
being of the lattice type, 147 ft. long and 18 ft. high at 
the centre. At Ince the line is carried over a brick 
viaduct of 19 arches, 20 ft. high to springing, and 30 ft. 
in span. The following particulars relating to the 

lant and quantities of material used may convey some 
idea of the extent of the works. The excavation was 
effected by steam navvies supplemented by hand 
labour, and for a considerable time was carried on 
night and day. Ninety per cent. of the bricks were 
made on the works from clay found in the cuttings, 
and the majority of the blue bricks were from the con- 
tractor’s own works at Ruabon. About 7} million cube 
yards of excavation and embankment were dealt with ; 
and there were used, amongst large quantities of other 
goods, 65 million common bricks, 10 million blue bricks, 
and 9000 tons of wrought iron, in bridges. The total 
value of the contract approximates to 750,000/. The 
heavy plant consisted of three of Ruston and Proctor’s 
steam navvies ; about 20 locomotives, with 9in., 10 in., 
12 in., 13in,, and 15in. cylinders ; nearly 1000 5-yard 
and 6-yard side and end -tipping wagons and spring 
ballast trucks. There are also three brick machines, 
capable of making 240,000, 160,000, and 120,000 bricks 
per week ; with numerous portable engines, mortar 
mills, sawmills, &c. 

The work was commenced in April, 1885, and in 
June, 1887, the slow line was opened for passenger 
traffic as far as Swinton, being six months before the 
time contracted for. The entire length to Hindley, 
including the widening, was opened for slow local 
traffic in October, 1888. The fast line was ready at 
the same time, but could not be used until the com- 
pletion of the Pemberton loop. 

The lines have been constructed to the design and 
under the supervision of the company’s chief engineer, 
Mr. Wm. Hunt, M I.C.E., his residents being Mr. 
W.R. Pawley, A.M.I.C.E., assisted by Mr. R. Frank- 
lin and Mr. 8S. Pollard, A.M.I.C.E., on the Hindley 
to Pendleton section, and Mr. W. Topp and Mr. 
Tempest on the Hindley to Pemberton section. The 
contractors are Messrs. Monk and Newell, of Bootle, 
Liverpool, represented by Mr. J. Glover and Mr. J. 
Glover, Jun., M.A., A.M.I.C.E., assisted by a staff of 
four resident sectional engineers, Messrs. M. Grant, P. 
Pons, G. O, Martin, and D. Rose. 





THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society held on May 11, 
1889, Professor Reinold, President, in the chair, Mr. A. 
Clegg, Professor V. B. Lewis, and Mr. W. Robinson, 
were elected members of the Society. The following com- 
munications were read : 

*“On an Electrostatic Field Produced by Varying Magnetic 
Induction,” by Dr. O. J. Lodge, F.R.S. This paper de- 
ecribes a research made with the object of finding some 
connection between static electricity and magnetism. 
Several methods of attacking the problem, such as rotat- 
irg or varying the strergth of magnets in the neighbour- 


hood of delicately suspended charged bodies, are indicated, 
and the one selected was based on an idea of Mr. A. 
P. Chattock, who conceived that a charged body in the 
vicinity of a closed magnetic circuit would be affected by 
varying the magnetic induction. From the theory of the 
effect it is shown that the magnitude of the quantity 
sought is exceedingly small, for the expression involves 
the inverse square of the velocity of light. The electro- 
motive force induced in any closed curve round the 
magnetic circuit or solenoid by varying the induction I 
is given by 
= 4 (1) 


dt 


If an electromotive force e act on a charge Q at distance + 
from the axis of the solenoid, the work done in one re- 
volution will be e Q and 

(2) 


eQ=F 2rr. ‘ - A 
where F is the mechanical force. Now if the electro- 
motive force in (1) is the same as that in (2) the impulse 


given to the charged body by destroying the induction 


é 


will be ~ 
o=f Fa=12 , . . (3) 
o 2rr 
Since s 
1=4 reese = « C times a length, 
and 
Q=sV=KV times a length, 
A o= Kul VA (ength)? and Ku= » 
2arr eo 
@ a . 
pe 


The magnetic circuit actually used was a wire Gramme 
ring of trapezoidal section wound with copper over only 
a part of its periphery. The indicating apparatus was a 
suspended needle consisting of two oppositely charged 
bodies carried on a small shellac arm to which a mirror or 
pointer was attached, and was suspended vertically in the 

lane of the ring. Great difficulty was experienced from 

‘oucault currents when metallic films were used for the 
needle; other: semi-conductors tried further complicated 
the matter. Eventually the charged bodies were made of 
mond in the form of cylinders 4 in. in diameter and 3 in. 

ong. 

Considerable trouble was caused by the electrostatic 
action between the needle and exciting coils, and various 
methods of screening were tried and abandoned, and sub- 
sequently the wire was replaced by a single spiral of 
copper ribbon, the outer turn of which was put to earth. 
Observation was rendered difficult owing to the wander- 
ing of the zero when the needle was charged, but this was 
minimised by suitably shaping the contour of the needle’s 
surroundings. Heat also created considerable disturb- 
ance, and the convection currents were cut off by a series 
of concentric cylinders of tin plate. 

The method of observation was to charge the two insu- 
lated parts of the needle, and then reverse the mag- 
netising current in —— with the period of the 
needle, noting whether the amplitude of any residual 
swing could be increased or diminished according as the 
impulse assisted or opposed the motion. In this way 
slight indications have been observed, and the effects 
reverse when the charges of the cylinders are reversed. 
In explaining the theory of the experiment, the author 
made use of asimple transformer consisting of an ordinary 
hank of iron wire wound over with insulated copper, and 
provided with several secondary coils; and by it he de- 
monstrated that the — current increases on closing 
the secondary, due as was shown to the decrease of self- 
induction of the primary caused thereby. 

Professor Fitzgerald, in answer to a question from Dr. 
Lodge as to the influence of screens, said he had not fully 
considered the matter in this particular case, and as the 
general effect of screens depended on the square of ‘‘v,” 
the subject required careful treatment. As a means of 
checking the results obtained by Dr. Lodge, he suggested 
calculating the impulse and seeing whether its magnitude 
approximately corresponds with that observed. Com- 
menting on an idea for carrying out a similar experiment 
attributed to him in the paper, in which a charged gold 
leaf is placed between the poles of a magnet, Professor 
Fitzgerald said he had been misunderstood, for he had con- 
ceived a disc paralleltothe faces of the magnets which, when 
excited, should cause the disc to turn in its own plane. 

Reforring to the equations for mechanical force given 
in Maxwell, section 619, he pointed out that the coefficient 
of ¢ in the equation 


e=ev—b wet Ym 22 
2 dx 
ought to be P, where 
dF dy 
P=c y-b z———- —, 
aa a@t a2 


and considered it very important that the existence of the 
term 
oF 
dt 
should be tested experimentally. 

Professor S. P. Thompson mentioned some experiments 
on which he was engaged by which he hoped to show 
electric displacement in continuous dielectric circuits, 
such as a hank of gutta-percha. Up to the present the 
experiments had not been successful, owing to his inability 
to place the two Gramme ring coils used into such relative 
positions as to give silence in the telephone connected 
with the coil used as secondary when currents were sent 
through the primary. 

Profeesor Ayrton suggested that Dr. Thompson’s diffi- 








culty may arise from the fact that such rings do produce 
considerable external field even when carefully wound. 

Professor Fitzgerald requested Dr. Thompson to inves- 
tigate the effects of displacement currents and of changing 
vector potential, and pointed out that in a single medium 
the former can produce no magnetic effect. As regards 
fields containing different media, he said the calculations 
would be complicated by the spurious charges on the sepa- 
rating surfaces. 

Dr, Lodge, in reply, said he had calculated the momen- 
tum to be expected in one arrangement of his experiment, 
in which a suspended aluminium cylinder surrounds one 
limb of a rectangular magnetic circuit which formed the 
core of an induction coil; one end of the secondary was 
put to the core and the other to the cylinder, thus forming 
a condenser. The result came out about 10-® dyne 
second, but he could not say whether such a small quan- 
tity was observable. 

** On the Concentration of Electric Radiation by Lenses,” 
by Professor O. J. Lodge, D.Sc., F.R.S., and James L. 
Howard, D.Sc. Theauthors’ first attempts at concentra- 
tion were made with mirrors on a comparatively small 
scale, and owing to the difficulties — it was con- 
sidered advisable to try lenses. wo large cylindrical 
ones of plano-hyperbolic section were cast of mineral pitch 
in zinc moulds, the plane faces being nearly a metre square, 
the thickness at vertex 21 cm., and each lens weighed 
about 3 cwt. The eccentricity of the hyperbola was made 
1.7 to approximate to the index of refraction of the sub- 
stance. The lenses were mounted about 6 ft. apart with 
their plane faces parallel and towards each other on a 
table in the college corridor, and an oscillator was placed 
about the principal focal line of one of them at a distance 
of 51 cm. from the vertex. The field was explored by a 
linear receiver made out of two pieces of copper wire 
mounted in line on a piece of wood, and the air gap 
between their inner ends was adjustable by a screw. 
When the oscillator worked satisfactorily the receiver 
would respond at about 120 cm. ; and with the lenses the 
distance was 450. The receiver responded anywhere 
between the lenses and within the wedge between the 
second lens and its focal line, the boundaries being clearly 
defined, but no special concentration was noticed about 
the focus. Interference experiments were carried out by 
age a sheet of metal against the flat face of the second 

ens, and determining the positions of minimum intensity 

between the lenses. The distance between these points was 

50.5cm., corresponding with a wave length of 101 cm., 

saenee the calculated wave length of the oscillator was 
cm. 

Professor Fitzgerald congratulated the authors on their 
success, and also pointed out that although large oscillators 
give good results at distances within a few wave lengths, 
yet at greater distances small ones were decidedly 
superior, owing to the energy of radiation varying as the 
fourth power of the rapidity. He had recently made 
experiments on electric radiations, analogous to Newton’s 
rings, and had successfully observed the central dark 
spot, and the first dark band. Referring to Dr. Lodge’s 
experiment, he inquired whether any traces of diffraction 
were observed near the boundary of the bundle of rays 
between the lenses, Speaking of polarisation experi- 
ments, Professor Fitzgerald said waves reflected from 
films of water exhibited no polarisation, whereas those 
reflected from non-conductors were completely polarised. 

In reply, Dr. Lodge eaid no diffraction effects had been 
observed, but in the interference experiments to deter- 
mine wave length, the positions of minimum effect were 
very decided. 

The President in proposing that the thanks of the 
meeting be given to the authors of the pegs, congratu- 
lated the Society on the presence of both Dr. Lodge and 
Professor Fitzgerald on the present occasion, when sub- 
jects with which they were so well acquainted were 
brought before the meeting. 








INSTITUTION OF MECHANICAL 
ENGINEERS. 
Address by the President—Mr, CHARLES COCHRANE. 
(Concluded from page 543), 

THE substitution of triple-expansion marine engines for 
double-expansion is as marked a step in the history of 
mechanical progress, as was the previous substitution of 
double-expansion for single-expansion, to which special 
reference was made by our past-president, Sir Frederick 
Bramwell, at the Liverpool meeting of the Institution in 
1872 (Proceedings 1872, page 125). It is a striking cir- 
cumstance that at that time, as then described by him, 
the pair jof single-cylinder engines, previously used, was 
being rapidly replaced by a pair of compound engines in 
the large steamers; and single engines that were even 
nearly new, were being sacrificed for the purpose of realis- 
ing the great saving of fuel obtained with the compound 
engines, and the attendant gain in increased cargo space. 
And now, after another fifteen years’ experience, these 
two-cylinder compound engines have in their turn been 
again discarded for the further step of three-cylinder 
engines, having triple-expansion instead of double-expan- 
sion, and a consequent still further saving of fuel. One 
of our vice-presidents, Mr. Adamson, has been bold 
enough to predict the following up of the triple by 
quadruple - expansion, as the necessary outcome of the 
benefits derived from each of the previous stages. 

In the development of marine engineering during the 
past fifteen years or more, notice ought to be taken not 
only of the increased and growing dimensions of the hulls 
of vessels, but of the admirable application of steam 
power to the control of the rudder, or the work of 
steering to be now controlled by one man, where in rough 
weather, or where manceuvring is required, four or more 
men would otherwise be needed ; besides which, that one 
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man is in close proximity to the captain on the bridge, 
instead of several men all at the stern, removed from him 
by half the length of the ship, as was the case formerly. 
his is an excellent illustration of how one improvement 
leads on to another, without which it might be difficult 
or impossible to work out the first; and so progress is 
rendered possible by the mutual adaptation of every part 
to the whole. 
_ Inthis connection mention may be made of the beautiful 
invention of Sir William Thomson for taking soundings, 
in which he avails himself of the compression of air in a 
glass tube of small diameter, coated inside with a colour- 
ing matter consisting of chromate of silver, which is 
immediately destroyed by the contact of sea water. The 
glass tube is protected in a brass case, and is attached to 
the sounding line a little above the customary lead. It 
will be seen that as the instrument descends, the tube 
being open at the lower extremity and closed at the upper, 
the air is compressed in it in proportion to the depth of 
water ; and a permanent record is retained of the amount 
of compression, by the undisturbed colouring matter left 
in the upper part of the tube. The beauty of this simple 
invention is that it acts irrespective of the angle of the 
sounding line. 

Nor ought railway mechanical improvements in general 
to be overlooked in any reference to progress made. The 
remarkable development of locomotive working, and the 
high degree of perfection to which it has attained, could 
not have been reached without collateral improvements 
to insure the safe working of the high-speed through 
trains on thronged main lines. These improvements are 
to be found in the mechanical interlocking of signals and 

ints, and the mechanical contrivances of continuous 

rakes; the increased weight of rails from 65 lb. and 
75 lb. to 85 lb. and 90 1b. per yard, and the substitution 
of steel for iron; the extensive adoption of the ingenious 
and simple plan devised by our past-president, Mr. Rams- 
bottom, for refilling the tender tank whilst running at full 
speed by scooping up the water from a long trough laid 
down between the rails ; the doubling of the lines of rails, 
in order to separate the slow from the quick traffic; and 
the means of communication between passengers and 
guard. Mr. W.P. Marshall, in calling attention to many 
very interesting points on modern railways in a paper 
read before the Birmingham Philosophical Society—I may 
here mention that I am indebted to Mr. Marshall for 
several valuable hints—sums up his observations with 
one to the effect that the present annual rate of increase 
in the total railway mileage of the world is more than 
17,000 miles, and is equal to nearly as much as the whole 
railway mileage of this country, “‘ showing a good promise 
of business to come for the numerous manufactures that 
are concerned in the making and working of railways.” 
_ The next point to which I would fain direct attention 
is the great room for improvement in the sanitary arrange- 
ments of towns and houses. These are essentially engi- 
neering questions, and have not hitherto received the 
attention they merit. It is difficnlt to name a town in 
which the application of a new drainage system has not 
left foul evidence of the nuisance it has been supposed to 
remove, Although by carefully trapping the house from 
the sewer the more immediate danger of perpetual 
inhalation of sewer gases has been removed, yet the open 
sewer grates in the streets, without any attempt at real 
ventilation, emit the foul smells of the sewer into the 
street. The worst case of this kind which has come 
under my notice was at Lincoln, where the ground is so 
flat, and the fall to the pumpiag engines so slight, that it 
may readily be imagined a semi-stagnant condition of the 
, refuse in the sewers may exist. But not at Lincoln only 

are such nuisances to be found, and, if in lesser degree, 
not less offensive. At Eastbourne a few years ago the 
discharge of sewage at low water, through the mouth of 
the main sewer itself, led between tides to the pounding 
back of the sewage and the compulsory forcing of the pent- 
up gases into the streets. This I am told has since been 
remedied. At Bournemouth the sewage is delivered out 
beyond the end of the pier, through a pipe laid on the 
bed of the sea. The lighter specific gravity of the water 
passing with the sewage reveals itself by a large sheet 
of foul water spreading out visibly over the denser salt 
water. This area of sewage water is generally rendered 
further conspicuous by the presence of a large number of 
sea gulls, which are not infrequently known among the 
residents as the Bournemouth scavengers. It will be 
obvious how such a system is to be reprehended when the 
effects of an izshore wind are considered. At that time 
the gulls are to be seen as busy on the waves breaking on 
the beach, as at other times over the mouth of the pipe 
which is supposed to convey the sewage safely away from 
the beach of that charming seaside resort. 

The imperfections of the great system of drainage 
forced upon London are well known; and it is strange 
that, at the very centre from which emanate the laws 
providing for the non-pollution of rivers, the worst ex- 
a probably in the world should be found of a river 
polluted at one time to such a degree as to make it im- 
possible for legislators to remain at their ts, and at 
present offering in its course an example of filth which it 
would be difficult to surpass. To get rid partially of the 
nuisance in London, by delivering it into another portion 
of the Thames at Crossness, only some few miles lower 
down, betrays an imperfection which will some day need 
further correction. According to Dr. C. R. Drysdale, 
who read before the last meeting of the British Medical 
Associ tion at Glasgow a paper on the subject of the dis- 
posal of sewage of large cities, London is at the present 
time throwing away sewage to the value of 1,000,000J. per 
annum. He quotes Sir Robert Rawlinson as saying that 
eo ( xpeniment of ery me - a = whilst the 

rlin, Dantzig, and Breslau, with an ate 
of 2,000,000 inhabitants, have enjoyed the benefit of 
successful sewage farms for fifteen years past. In London 





every day there are poured into the Thames 150,000,000 
gallons of sewage, the proper destination of which should 
be the soil. 

New York, lying between Hudson and East Rivers, is 
guilty of precisely the same fault we formerly committed 
in London, and as assuredly will be driven, as London 
was, to protect itself against the increasing mischief of 
polluted rivers on the two sides of the city. The only 
perfect example of drainage of which I am aware is that 
carried out at Pullman near Chicago, where the Palace 
Car Company had the advantage of laying out the town 
at the same time as their works. The site lying low and 
close to the edge of Lake Calumet, drainage into the latter 
would have been objectionable, to say nothing of the 
certainty of future mischief arising from a polluted shore. 
The drains preceded the population, and were laid out 
with a view to lead the sewage water to a pumping engine 
considerably below ground level, and the sewage is thence 
pum to a farm three miles away; in this there is no 
novelty. The novelty consisted in establishing a system of 
ventilating the sewers into a high stack, the draught of 
which is sufficient not only to do all the work of the esta- 
blishment in raising steam, but to effect the ventilation of 
the sewers, the gratings of which admit fresh air from the 
streets, instead of discharging foul air into them. I am 
only sorry my short visit prevented me from obtaining 
fuller information on this interesting development of 
sanitary engineering. The population of Puliman is now 
11,000, and the area covered by town and works is 300 
acres; the death rate in 1887 was as low as nine per 
thousand. At Nottingham in this country the sewage is 
delivered out to a farm several miles away ; and the storm 
or surface water, as is the case at Pullman, is conveyed 
by separate channels to the ordinary watercourses. This 
is obviously a point of great importance, but unhappily 
not always attended to. I learn that in London at the 
Houses of Parliament a thoroughly mechanical method of 
disposing of the sewage is at work, on what is called the 
Shone hydro-pneumatic system, and that this method has 
been used for several years at various places in England ; 
but regret I have no personal acquaintance on which to 
base a reliable opinion. I am led to mention it from the 
circumstance that a fiiend at Chicago has written me to 
“ are about to introduce it into that city. 

hat the mechanical engineer has a vast future before 
him in helping in the improvement of London’s future 
iscertain. Our late past-president, Sir William Siemens, 
pointed out how great was the reformation needed 
in the adoption of a system for perfect combustion 
of fuel employed for heating and warming our houses, 
as a remedy for the existing clumsy method of burning 
coals extravagantly in an open firegrate. Our member 
of Council, Sir Douglas Galton, has done excellent work 
in showing how even with an open firegrate real warmin 
of fresh air in a room may be effected, so that, inste: 
of cold air rushing in to create draughts, a plenum of 
warm air shall meet and greet any one entering the room. 
This reduces the quantity of coal at present needed to 
warm @ room ee by little more than the effect of 
radiation and prevents the considerable bulk of the heat 
from passing up the chimney, and carrying with it smoke 
and dust to add to the two million particles already 
established by Mr. John Aitken, of Falkirk, as existin 
in a cubic inch of air, before a shower of rain falls an 
reduces their number to half a million. The smoke and 
dust so discharged are attended with the further disad- 
vantage that in case of fog every particle is in danger of 
becoming covered with a pellicle of tar, or some oily and 
ae product from the distillation of coal in an 
open fire. 

PGreat work has already been accomplished in the direc- 
tion of sanitary improvements by the provision of abundant 
supplies of fresh water to many of our towns and cities; 
and our Institution has been privileged to visit some of 
the largest water works at Glasgow, Edinburgh, Dublin, 
and Manchester, whilst still larger are in progress for the 
supply of Liverpool from the mountains of Wales, and for 
the further supply of Manchester from Lake Thirlmere. 
Unquestionably it is better to obtain pure water at its 
source; but what it will cost is always the precedent 
inquiry ; and it may be well to ask whether the more or 
less contaminated water of our rivers can be purified, so 
as to be made really potable. 

In 1883 our members were invited, on the occasion of 
our memorable visit to Belgium, to see an attempt there 
in progress to accomplish the purification of the water for 
the supply of Antwerp. Few I fear were able to avail 
themselves of the opportunity thus afforded to see the 
attempted application on a large scale of Professor Bis- 
chof’s system of purification by means of spongy iron, which 
has been worked out so successfully on the small scale of 
domestic filters. Though correct in principle, the appli- 
cation of the spongy iron over large areas led after some 
months to the obstruction of the filter beds, and would 
have compelled the abandonment of the system, had it 
not been for the bold and radical change which it occurred 
to our vice-president, Mr. William Anderson, to intro- 
duce. The spongy iron was removed from the filter beds, 
and the reservoirs containing it were transformed into 
sand filter beds, on which oxide of iron speedily forms and 
plays an important part ir the purification of the water 
passing through it. Sir Frederick Abel appears to have 
suggested the application of ordinary metallic instead of 
spongy iron, and Mr, Anderson seems to have worked 
out the idea most successfully in his application of 
what is kaown as the revolving iron purifier, which 
has now been in operation for over three years at Ant- 
werp. On the authority of Professor Ad. Kemna, who 
was appointed chemist to the water works, I am able 
to state that so complete is the satisfaction given, that 
similar means are now in operation at Gouda, and 
at Dordrecht in Holland, and at the establishment 
Cail, Quai de Grenelle, in Paris, Experiments on # 





large scale have been made at Ostend, Berlin, and 
in London. In view of the success attained in purifying 
the water a gee to Antwerp, Professor Kemna is hope- 
ful that by the employment of those revolving cylinders 
it will be possible to render inodorous the effluents of the 
sewers, and thereby make them sufficiently pure to 
deliver into streams or rivers without serious consequences. 
On the authority of Mr. Anderson, I learn that the 
system is to be applied at Baroda in India, and that the 
municipality of Agra has adopted it for purifying the 
waters of the Jumna, and that the town of Libourne, in 
France, is also applying it. It is an interesting circum- 
tance in co tion with the purity of the water now 
obtainable at Antwerp, that some of the steamers sail- 
ing thence to New York take in a supply for the double 
voyage, in preference to refilling from the Croton aqueduct 
at New York for the return voyage. 

In blast furnace practice mention should be made of 
the development which has taken place in the now almost 
universal adoption of firebrick stoves, and with them 
the application of such high temperatures of blast to the 
smelting of pig iron as are impossible of attainment by the 
use of cast-iron stoves. Economies have thus been realised 
of 3 cwt. to4 cwt. of coke per ton of iron, according to the 
less or more favourable conditions under which the fur- 
naces were working ; whilst, by the substitution of limeas 
a flux, instead of limestone, economies of 2 cwt. to 34 cwt, 
have been rendered possible according to the circum- 
stances of its employment. In American blast furnace 
practice the combined application of high temperature 
and pressure of blast, the latter reaching 9 Ib. to 10 lb. on 
the square inch, has enabled our American cousins to 
outstrip us in the magnitude of their outputs of pig iron, 
which in the case of the celebrated Edgar Thomson fur- 
nace F has exceeded 1900 tons in a single week with an 
ore containing 60 per cent. of iron. 

In this connection may be named the enormous pro- 
gress which has been made in the manufacture of iron 
since the days when Lord Sheffield in 1786 commented in 
the following terms upon the erection by the Earl of 
Dundonald near the Calcuts on the River Severn of a 
row of stew-coal ovens (see John Randall’s ‘“‘ The Severn 
Valley,” page 317): ‘‘If Mr. Cort’s ingenious improve- 
ments in the art of making and working iron, the steam 
engine of Boulton and Watt, and Lord Dundonald’s 
discovery of making coke at half the present price, 
should all succeed, it is not certainly too much to say that 
the result will be more advantageous to Great Britain than 
the possession of the thirteen colonies ; for it will give the 
complete command of the iron trade to this country, with 
its vast advantages to navigation.” The object of Lord 
Dundonald was not only to cheapen the cost of coke, but 
also to obtain tar for the navy ; and this he did by con- 
densing it in chambers cooled by water. Every one 
knows how since then the tar has been made the source 
of many and valuable by-products, and how various 
systems of cooking have been introduced, having special 
reference to larger —— of coke and greater economy 
of the products of distillation. Where the latter are not 
sought for, as in the large coking collieries of the North 
of England, the old beehive oven of 10 ft. to 11 ft. in 
diameter, still retains the ascendency ; and I know of no 

eater improvement than that of the introduction of 

eated air intothe body of the gases as they are evolved 
from the coking mass. 

As a further contrast between the state of things in 
1786 and 1889 may be mentioned the difficulty Boulton 
and Watt had to obtain a cylinder bored out truly. In 
their dilemma Mr. Watt sought an interview with Mr. 
Wilkinson, of Broseley, who had acquired such pro- 
ficiency in the joint art of founding and boring cylinders 
truly that Messrs. Boulton and Watt were induced to 
place an order with him to bore a dozen cylinders of dia- 
meters varying from 12 in. to 50 in., and a like number of 
condensers of suitable sizes, the latter to be sent to Soho 
to be kept ready fitted up, so that an engine could be 
turned out of hand in two or three weeks; Mr. Boulton’s 
ideal of work at that time being to turn out twelve to 
fifteen reciprocating and fifty rotary engines per annum 
Now-a-days Messrs. Baldwin and Co., of Philadelphia, 
turned out from their works during the past year no less 
than 737 locomotives, 

Another point of improvement which must certainly not 
be passed by unnoticed is the recognition by engineers 
generally of the sufficiency of hot-blast iron to meet most 
of the demands where cast iron is generally employed. 
There is a point, however, which engineers ought to take 
into their serious consideration in the employment of cast 
iron, and which at present is occasionally ignored. Irefer 
to the impossibility of running a small thin casting with 
the sare metal which is proper for a larger casting. 
Although made from identically the same materials, the 
lower numbers or grades of pig iron are weaker than the 
higher numbers, and it is out of the lower or greyer 
numbers that small articles must be cast. Again, in prov- 
ing cast-iron pipes, the stipulation that, when under 
pressure, they are to be struck with a hammer possibly of 
5 lb. weight, without reference to the force of the blow, 
raises a serious doubt about the damage a pipe sometimes 
sustains by the extra force employed beyond that needed 
to throw it into requisite vibration. Where the blow 
struck is too violent, it by no means follows that the pipe 
will yield to the extent of bursting; but it will become 
starred or cracked on the inside, opposite to the point at 
which the blow has been struck, and to that extent the 
material has suffered permanent injury. The real test 
should be the pressure from within, supplemented by such 
a blow on the pipe as shall not endanger the integrity of 
the sound metal, at the same time that any existing flaw 
or defect shall be immediately revealed. In the testing 
of wrought iron it has long been recognised that for per- 
manent structures no metal in its proof should bestrained 
tosuch a degree as to produce a permanent set ; and the 
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same principle seems to admit of ready application to cast 
iron as well, 

It is perhaps not out of place here to refer to the recent 
progress made in the preparation of aluminium, and the 
attempts to employ it in alloy with the more infusible 
descriptions of iron. The eared of one part of alumi- 
nium in 800 parts of steel appears on the authority of 
Admiral Kolokoltzoff, the director of the gun factory at 
St. Petersburg, to set the steel entirely free from air 
bubbles, as the simple outcome of lowering its melting 
point. Inthe preparation of the celebrated mitis cast- 
ings, Mr. Nordenfelt appears in like manner by the em- 
ployment of ez'soth to ;soth part of aluminium to have 
succeeded in lowering the melting point of nearly pure 
iron so as to enable it to be run into moulds. 

One more point to which the ‘attention of mechanical 
engineers should be directed is the superfluous insertion 
in specifications, not only of the conditions to be complied 


with, but also of the means by which those conditions are | p 


to be attained. The two stipulations are sometimes in- 
compatible with each other ; and, even if only in a minor 
degree, machanical engineers would save themselves much 
trouble, were they simply to impose their conditions, and 
to insist on these and these alone being carried out, irre- 
spective of the means by which they shall be faithfully 
fulfilled. Perhaps some one will remember to have seen 
the condition imposed that test bars 3 ft. by 2 in. by 1 in. 
shall stand a certain weight, when the real meaning is 
that they shall not break with less than that weight. I 
crave the indulgence of the members if it seems hyper- 
critical to call attention to such defects; but it will be 
obvious that to stand a certain weight may mean some- 
thing totally different from the condition of not breaking 
with less than that weight. 

In the improvements made in testing all kinds of iron 
the progress during the last few years has been great ; and 
it is to be hoped that the existence of reliable machines 
will lead engineers to be content with their records, rather 
than return to the old system of deadweights, which are 
so cumbersome to move and so difticult to handle 
with safety. In Wicksteed’s machine we have seen 
a fine example of the ag Hoare of enormous power 
by single leverage. In Emery’s we have seen the 
power applied by fluid pressure in a thin film, and 
that power measured in the most delicate balance, de- 
tailed, descriptions of which have been recently given to 
the Institution, and are recorded in our Transactions. In 
the application of hydraulic pressure, as formerly em- 
ns ale for fracturing wrought-iron, the method of 
measuring the force was by the employment of a plunger 
and lever, the friction on which was so great as to lead 
engineers to specify as high a breaking strain per square 
inch of metal as 24 tons. When the fluid pressure was 
measured by a more delicate instrument, it was found that 
instead of the iron being really able to carry 24 tons it 
could carry only 22 tons. 

The next point to which I would direct your attention 
is the deterioration to which wrought iron is exposed when 
subject to the influence of rain water; as exhibited in 
bridges constructed over the Thames, the waste being 
aggravated doubtless by the acid condition of the atmo- 
sphere, due to the presence of sulphurous acid from coal 
as well as to the customary percentage of carbonic acid. 
In the course of five-and-twenty years bolts have been 
eaten away from a former diameter of § in. to one of ;,in., 
being a reduction in area of 75 per cent., namely, from 
0.31 to 0.08 square inch, and this in a portion of the struc- 
ture where the brackets of an overhanging footpath were 
supported in part by the decaying bolts. Wherever the 
rain trickled over the face of the girders to which the 
brackets were attached, the same evidence of deterioration 
was manifested in the scaling of the plates; pointing to 
the necessity both of preventing water from coming into 
contact with wrought iron, and of periodically examining 
structures of wrought iron, and painting as often as re- 
quired. Many years ago Sir John Hawkshaw pointed 
out, and warned the public against, the inevitable de- 
terioration of iron telegraph wires in a London atmo- 
sphere. 

Another illustration of insidious destruction of iron 
may be cited in the case of a wire rope at a colliery, kept 
in reserve to wind men up and down the shaft in case of 
ropes breaking or of other accident preventing use of the 
winding shaft. Whilst at rest the ‘‘emergency” rope was 
subject to the drip of rain at the same spot for some years 
from the roof of the engine-house. External examination 
was strict, and the rope was regularly greased as is 
customary. At length a man riding up the shaft was 
killed by the breakage of the rope at the point exposed 
to the rain drip; and the wires internally were found to 
have been corroded to the extent of drawn-out needle- 

vints. 

Prt may not be out of place to refer to the danger of 
decay to wood, under the somewha* exceptional circum- 
stance of forming the dry portion of a set of lifting spears 
in a pumping shaft, in which a slight escape of steam 
arose from the leakage of the joints of asteam main. The 
spear was of pitch pine, 12 in. square, and had been in use 
seven years, when it suddenly gave way in a manner 
which indicated that the wood had rotted under the 
influence of a moist atmosphere, and condensation of 
moisture within the limits of the joint of the spear rods, 
which were scarfed and bolted together with covering 
lates of wrought iron. The scarf joint was rotten on 
th faces; and the case points to the absolute necessity 
of a periodical examination of dry spears, by the removal 
of the spear plates and careful inspection of the joints, as 
well as to the desirability of avoiding the use of steam 


pipes, unless well boxed off, in a shaft where dry spears | head 


are in use. 
Although in our papers and discussions no reference 
‘:permitted to the merits of any particular patent, it 
occurs to me that mechanical engineers are deeply 





interested as a body in the character of the laws by which 
their inventions may be protected. In this respect the 
system adopted in the United States seems to possess 
decided advantages over that adopted by Great Britain, 
where it is possible, nay easy, to take out a patent for a 
owe invention, because there is no such care exercised 

ere as in the United States to see that no similar 
invention has been introduced previously. They make it 
a duty to enter upon a rigid search before permitting the 
patent to be filed. Here we must direct the patent agent 
to make the search, sometimes at considerable cost, before 
the applicant can know that he is not guilty of “inventing” 
over again what some one has already invented. In this 
respect I think we should welcome some improvement in 
our system, which, if it somewhat curtailed the busi- 
ness of the agent, would have the advantage of pre- 
venting a large amount of superfluous work in the Patent 
aa and saving considerable disappointment to the 
ublic, 

If I trouble you with a reference to the subject of 
agriculture, it is not with a view to draw your attention 
to the wonderful developments of the agricultural imple- 
ments with which the tilling of the soil and the — 
in of the crops have been made 80 eaay, in comparison wit! 
the old method when *‘ Adam delved and Eve span ;” but 
to call attention to the larger application of such 
machinery to the object of converting arable land into 
pasture and old pasture into arable. The laws of the 
country are still prejudiced in favour of retaining old 
pasture, and on no account of permitting it to be broken 
up: so that we persistently refuse to recognise the teemin 
wealth which lies beneath such old pastures, into the soi 
of which the roots of the grasses do not descend more 
than 4 in. or 5in., whilst the roots of cereals descend to 
depths of 18 in. or more according as the breaking up will 

rmit. The work of converting old pasture into arable 
is easy, if the plough alone be used; but it has not been 
generally recognised that in three or four years the 
arable can be converted into valuable pasture by the 
removal of the grass from the old pasture, laying it in strips 
= the arable with narrow intervals between, over 
which, by what is called the process of inoculation, the 
— spreads, and by the aid of suitable rollers is slowly 

ut surely consolidated. At present the cost of removing 
the turf by hand is a serious impediment ; but when once 
the principle is recognised by our legislature, a new field 
is open for the application of machinery in the shape of an 
improved skim-plough with appliances for rolling up the 
turf as cut, soas to simplify the whole process, and so 
that the soil below the turf shall be afterwards broken up 
without destroying the turf itself. 

From various allusions in this address it will be seen 
how intimately bound up are the interests of mechanical 
engineers with an enlightened legislative policy ; and it 
behoves all of us to see that lingering prejudices shall 
removed where they exist, and a fuller development of 
mechanical engineering be thereby rendered practicable 
both at home and abroad. 





THE STABILITY OF OIL-CARRYING 
STEAMERS.* 


By Puivie Jenkins, Professor of Naval Architecture 
in Glasgow University. 
(Concluded from page 573.) 

In respect of the demands made upon her stability, the 
oil-carrying steamer differs greatly from the ordinary 
cargo vessel. With ordinary cargoes a vessel’s stability 
is most tasked when she is rolling amongst waves at sea. 
She there requires a sufficient range to provide a margin 
against the heave of the sea, the inclining effect of the 
wind pressure, and against that prolific cause of disaster, 
the shifting of cargo. Whilst loading or discharging iu 
dock, or alongside a wharf, no great amount of initial 
stability is necessary, and if a list does take place through 
an unequal distribution of the cargo, it becomes at once so 
apparent that the necessary steps may be taken by 
regulating the stowage to restore her to the upright. An 
oil steamer is, however, in a somewhat different position 
at sea. So long as the tanks remain full, shifting of the 
cargo is made impossible, but on the other hand, if from 
any cause a subsidence in the level of the oil takes place, 
shifting does occur with a celerity unparalleled with non- 
liquid cargoes. Wheat for instance does not shift when 
at rest until its surface has a slope of some 26 deg., and 
even when at sea, although shifting takes place at a some- 
what smaller inclination, owing to causes whose effects 
are discussed and measured in the paper on the shifting 
of cargoes to which I have already referred, the inclina- 
tion still remains considerable. With free oil or other 
liquid, however, the slightest inclination of the vessel 
causes a corresponding change of surface. The most 
obvious way of minimising the danger from this source, 
next to careful workmanship and sufficiently close 
rivetting, is to divide the cargo hold so as to restrict the 
area affected in the event of leakage taking place. The 
latter end is most effectively attained by fitting a practi- 
cally oil-tight middle line bulkhead, which, as I have 
already shown, has a most important effect in conserving 
a vessel’s stability. In that case, I may remark, how- 
ever, that it is desirable to provide appliances for filling 
or oe ia | tanks lying opposite each other at the 
same time. If this be not done serious inclination may 
result owing to the shifting of the common centre of 
gravity of hull and cargo away from the middle line as 
already explained. Numerous transverse bulkheads too, 
while they have no such effect as the middle line bulk- 
in respect of transverse stability, limit the area 
over which leakage can extend, and reduce the strain- 


* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland. 





ing effect which longitudinal motion of the cargo would 
cause. 

But while the oil steamer at sea is particularly safe as 
regards yrssg se so long as the level of the oil does not 
fall, and can indeed afford to prosecute her voyage with a 
smaller curve than most other classes of vessels, it is 
during the process of loading or unloading that usually 
the need for large initial stability and effective longitu- 
dinal subdivision is most felt. When the vessel is 
brought alongside the wharf and communication effected 
between the tanks and the reservoir on shore, the greater 
the number of tanks that can be filled simultaneously the 
sooner is the loading completed, and the earlier is she 
able to put tosea. Similarly as to the discharge of the 
cargo. As we have seen, the condition which limits the 
number of tanks that may be so treated is one of stability 
only, as alike during loading and discharging the tanks 
soon become partially filled, and if too great a number are 
being so treated the vessel will cease to remain upright, 
and may incline over to a considerable angle before 
attaining a position of equilibrium. It might be thought 
that one good way of increasing the number of tanks that 
may be filled simultaneously is to make the vessel very 
broad. Such a result would no doubt be attained in that 
way, since M rises in the vessel with increase of breadth 
more rapidly than m, but oil steamers have as a rule quite 
enough initial stability when laden, and any important 
increase of breadth would lead to great stiffness, and 
therefore heavy rolling, which I need hardly say is very 
undesirable with this class of vessel. 

In practice the number of tanks that may be simul- 
taneously filled increases as the loading proceeds, and the 
number that may be simultaneously discharged decreases 
as the vessel rises out of the water. It is not difficult in 
any given case to draw up regulations insuring that a 
vessel may be loaded or discharged with the greatest 
rapidity consistent with safety. Indeed, in this respect, 
as well as in respect of her stability at sea, the problem of 
the oil steamer is much simpler than that of the ordinary 
cargo-carrying vessel. The latter is engaged as the 
market demands, seldom carrying two cargoes alike, and 
frequently shipping mixed cargoes, the scattered arrange- 
ment of which it is impossible for the naval architect to 
anticipate by calculation in any estimate of stability. 
a rules to the effect that a certain proportion of the 
whole cargo should be stowed in the hold and the 
remainder in the ’tween decks, as for instance two-thirds 
in the hold and one-third in the ’tween decks, although 
common with stevedores and others, are very unreliable 
unless due allowance be made for the nature of the cargo 
and the method of stowage. Moreover, under such a 
rule, no cognisance is taken of differences in the breadth 
of vessels having the same depth, and in that way broad 
vessels may be made too stiff, and narrow vessels too 
tender. I well remember a case, in which I was en- 
gaged, that illustrates this point very well. The vessel, 
as originally laden, mainly with hulk cargo, had rather less 
than 30 per cent. of the weight in the tween decks, and in 
that condition had a metacentric height of 4 ft., owing to 
her great breadth. She met with a disaster before she 
had been many days at sea, put back, had most of her 
first cargo taken out, and was re-stowed with deadweight 
cargo; but although more than 40 per cent. of this was 
stowed in the tween decks, she was found to have the 
same metacentric height as before. I had a little diffi- 
culty in showing the Wreck Commissioner and the 
assessors that the vessel was as stiff as before, and that 
the fact that she was able to carry more than 40 per cent. 
of her cargo in the ’tween decks on the second voyage 
without being less stiff than on the first, with less than , 
30 per cent. was entirely due to the fact that while the 


‘first cargo practically filled the hold and ’tween decks, 


the second cargo being of much smaller bulk, did not rise 
to a great height either in the hold or ’tween decks. Had 
the same proportion of the cargo been stowed in the 
*tween decks on the second occasion as on the first, the 
vessel’s metacentric height would have been increased by 
= than a foot, and she would have been made unduly 
stiff. 

While such difficulties as the above make the elabora- 
tion of rules for the loading of vessels carrying het ro- 
geneous cargoes of doubtful value, for specified homo- 
geneous cargoes the actual amount of stability may be 
predicted with great accuracy. The oil steamer is in the 
position of always carrying a definite amount of homo- 
geneous cargo-oil on the outward voyage, and water ballast 
on the inward, and is therefore capable of having her 
stability determined with great nicety in each of the con- 
ditions in which she is liable to be placed. : 

In concluding this paper, it may be of interest if I 
specify the kind of information I supplied for the two 
vessels to which I have alluded. It consisted of: | 

1, The number and positions of the tanks to be simul- 
taneously filled at New York, from the commencement of 
the loading to its completion. i 

2. The number and positions of the tanks to be simul- 
taneously emptied at the end of the voyage, from the com- 
mencement of the discharge to its completion. 

3. The number and positions of the tanks to be filled 
with fresh water for the return journey, so as to give a 
proper trim and sufficient stability, together with the 
order in which they should be filled. 

4. The order in which the fresh water tanks should be 
pumped out on arrival at New York. 





Tar Brympo Stee, Works—Erratum.—In the notice 
of these works, which we published on page 537 of our 
last issue, we stated that “the Brymbo company did not 
produce manufactured steel.” This, we are informed, is 
not a fact, as this company make all kinds of merchant 
bars, angles, tees, shafting, channels, and a great variety 
of fancy sections, 
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RECORD. 
Compitep By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 

The number of views given in the ification Drawings is stated 
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Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 

copie a Specteations may be tolained at $8, Curator sree 

0 ” 
hancery-Lane, E.C., et sonally, enclosing 
ice and ama ddresed fo. haaown Lack, Esq. 


Any person may at any time within two months from 
the advertisement of the acceptance of a complete specification, 
ive notice at the Patent Office of opposition 
Patent on any of the grounds mentioned in the Act. 


DYNAMO-ELECTRIC MACHINES. 


2313. S. Z. de Ferranti, Hampstead, Middlesex. 
Improvements in Dynamo-Electrical Machines. [11d. 
8 Figs.) February 15, 1888.—The object of this invention is to 
construct a dynamo motor engine which can be used advanta- 
geously with alternating currents of high tension. Fig. 1 shows 
two of the coils of a dynamo for producing alternating current 
such as described in former specifications, but having the portions 
of the conductor which pass between the magnets of iron in place 
of copper, the iron parts being brazed to the copper so as to form 
one continuous strip. The central space in each of the coils is 
filled in with iron strip. Insulating material is placed between 
successive layers of the coils and also between the strips. Fig. 2 
is a section of part of a motor showing how the coils may be held 
to the armature wheel by these filling strips. A are the magnets, 
and B a wheel carrying the armature coils. C arethe coils. The 
plates of iron with which the central space of each coil is filled 
in, are held to the wheel by plates E. To be used to best advan- 
tage the armature coils may be coupled up in two, three, or more 
circuits, each connected to separate commutator plates; this 
allows of the coils in each circuit being so set that the coilsin one 
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circuit are opposite the magnet poles when the coils of the other 
or others are between the poles, so as to obtain uniformity of 
action, In some cases also in place of using single coils, each 
nearly equal in width to the space between the magnets, two or 
more narrower coils are used set side by side, and the coils on one 
side may be set to break joint with the coils on the other side, as 
described in a former patent No. 3702 of 1883. The parts of the 
conductor, which are of iron, may be made of the full width of the 
two or more sets of conductors, so as more completely to fill in 
the space between the magnet poles on opposite sides of the arma- 
ture. Aseries of armatures may he carried on one axis at a dis- 
tance apart from one another with fixed magnets between them, so 
that weak magnetic fields may be used and yet sufficient power he 
btained. If thearmature is formed from coils without the cen- 
tral space in each coil being filled in with strips of iron, then all 
the armatures should be set in the same position on the shaft, 80 
that the coils of the three armatures pass simultaneously across 
the faces ofthe magnets ; if, however, each armature is formed 
as shown in Fig. 1, then the coils in the one armature might be set 
somewhat in advance of another. (Sealed April 23, 1889). 


4940. T. Parker, Wolverhampton, Staffs. Im- 
rovements in and relating to Alterna Current 
0-Electric Machines. [8d. 6 Figs.] April 8, 1888. 

—The rotating field-magnet A consists of an iron ring which 
has formed thereon an even number of equi-distant radial 
projections or pole-pieces F around or between which the field 
magnet coils B are wound and arranged so that alternate pole- 
pieces will, when a current is transmitted through them, have 
opposite signs. The fleld-magnet ring is carried by spokes upon 
a hub through which passes the spindle G, by which it is rotated. 
The fixed armature surrounds the field-magnets, and consists of 
two iron rings D, a laminated ring or core C, and the fixed arma- 
ture coils E. The plates D are bolted by means of flanges to the 
baseplate. The plates constituting the laminated core have the 
form of a thin flat ring, and are insulated from each other and 
from the rings D by means of mica, or varnished paper. The 
armature coils are equal in number to the field-magnet coils, and 








they are fixed upon the inner surface of the armature as shown 
at E, so that the series of coils surround and are concentric with 
the field-magnets. It is preferred that these coils should be 











wound with copper ribbon so as to get the maximum number of 
turns in a given diameter, it is also advantageous to wind them 
on a wooden core. April 2, 1889), 


17,008. F. V.Schiodt, Co en. Improvements 
in Dynamo Machines. [6¢. 1 Fig.) November 22, 1888.— 
This invention relates to an improved system of winding in which, 
besides the usual shunt-winding of the machine, and instead of 
the ee gee which is traversed by the main current, a second one 
is used which connects two points either in the positive or 
negative conductor in such a manner that this winding becomes a 
branch wire to the itive or negative side of the conductor 
system. The wire will therefore be traversed by a current the 
strength of which depends upon the loss of tension between the 
two points which it connects. By this ‘‘ tension-loss-winding,” 
which wholly takes the place of the main wire-winding in com- 
pound machines, a coupling of such machines is rendered ible, 
and every danger of the changing of the poles is avoided even 
if one machine accidentally should receive the current from 
another. A and Bare two dynamo machines with commutators 
K and K', and which work together. E, F, and E', F", are con- 
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ductors which supply the lamps, motors, &c. Supposing that 
the main conductors are of considerable length, a loss of tension 
will take place between the points E and F, and consequently 
also between the brush D and the point H, which loss will be 
proportional to the strength of the current in the main conductor, 
and this will also happen between the brush C and the point G. 
The ‘‘ tension-loss-winding” S of the machine A passes from the 
brush C, round the magnet to the point G, whilst the ‘‘ tension- 
loss-winding” S! of the machine B goes from the brush D around 
the magnet to the point H. The direction of the currents will 
then under ordinary circumstances be as indicated by the arrows. 
If now, for inst , the elect tive force of the machine A 
becomes so much higher than that of the machine B that the 
latter would receive current from the former, then the current 
direction will only alter in the conductors E, D and E!, D!, and 
in the armature winding of the machine B, whilst it remains the 
same for all magnet windings, so that polarity of the magnets is 
not changed. (Accepted January 9, 1889). 


ELECTRIC MOTORS, 


249. J. T. Roe, London. Improvements in Appe- 
ratus for Measuring and Registering Electric Cur- 
rents, Applicable also as an Electro-Motor. (8d. 
4 Figs.) January 6, 1888.—Heat, caused by an electric current 
traversing a conductor, is utilised to expand gases or fluids con- 
tained in a chamber, so that the pressure caused thereby acting on 
a piston opens and shuts valves for discharging heated and 
admitting cold air or gases for governing the motion of the piston, 
and recording the quantity or value of currents passing through a 
conductor. The lower part of a chamber @ is supplied with a 

































fluid upon which a piston d rests; b is a coil through which the 
current is caused to pass, and c is a cylinder in which d works. 
To the 10d d! is fixed a rack e gearing into a pinion e! carried ina 
bearing e?. The pinion e' drives a wheel f, fitted with a ratchet 
and pawl. By means of this gear motion is conveyed to recording 
dials. h isa valve for the emission, and h! the admission of air to 
a. These valves receive motion by the upward movement of the 
collar i fitted to rod d!. When the piston rises the collar lifts 
a balance lever, thus lowering a » whose lower end has a 
cam which opens valves h and h' inwards. When the rod rises 
the valves are returned to their seate and closed by the springs /. 





When a current of electricity traverses the conductor b, the heat 
arising therefrom is communicated to the airin chamber a, whereby 
the air is expanded and caused to raise the pistond. (Sealed 
March 26, 1889). 


3381. E. Moghinaem, Menchester. Improvements 
in and Connected with Means for Driving, Control- 
ling, and Wor Electrically Pro ea Vehicles, 
Cranes, and the ©. (8d. 11 Figs.) March 14, 1888.— 
The drawing shows the application of this invention to cranes or 
hoists. The armature is built on the axle and the magnets are 
suspended from it. The chain barrel / is carried in bearings from 
the framework and is driven by gearing from the motor axle. 
The travelling wheels ¢ are mounted loosely on axle a, but are 
connected to and disengaged from it by clutches g. A clutch g 
puts the lifting barrel in and out of gear with the motor. The 
motor axle runs in journals carried by the framework. When 
desired to traverse the crane along the rails, the motor is started 
and the clutches g thrown into gear. The pinion & rides loosely 











on the axle a, but is fitt: d to the clutch g, so that when this is in 
gear the barrel / is driven through the wheel m, whilst in order to 
stop the barrel the clutch g is thrown out of gear. By these 
means both the traversing and the lifting operations may per- 
formed at one time, but if it be necessary only for one operation 
to be performed at onve the pinion k may be fixed to the clutch g, 
so that when said clutch is in gear the pinion & is out of gear with 
the wheel m, and vice versd. In the application of this invention 
to vehicles, the magnets and pole-pieces of the motor dynamo, 
between which the armature revolves, are carried wholly or in 
rt directly from the axle, supporting their weight on sleeves, 
rings, or journals, in which the axle revolves, The centre of 
gravity of the magnets and pole-pieces may be in any convenient 
position relative to the axie. (Sealed Aprit 9, 1889). 


13,598. R. R. Hutchinson, London. Improvements 
in Electric Motors. (8d. 7 Figs.] September 20, 1888.— 
The pole-pieces A of the field-‘magnets are made of stamped, 
pressed, or forged soft iron, curved to the circular form of the 
armature, The cores B of the field-magnets are formed of pieces 
of soft iron placed at right angles to ana between the pole-pieces. 
The whole are firmly attached together by bolts. The hollow cylin- 
drical armature core is built up of rings formed of the segments 
E mounted upon studs sheathed with insulating material. Each 

ent is coated with an insulating d, such as asbest 
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oak impervious to the action of heat. The armature is mounted 
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on discs F of non-magnetic material fixed on the spindle G. A 
commutator H is provided consisting of bars of drawn copper in- 
sulated from each other by strips of mica. In order to minimise 
the wear of the commutator, roller contacts (Fig. 4) are employed 
instead of the usual brushes. Bent flat springs f carry brackets 
in which rollers e are free to revolve, resting upon the commu- 
tator, and of sufficient length to conduct the current to the arma- 
ture coils. The clips g are each insulated from the distance piece 
D by a bush of insulating substance. This method of arranging 
the collectors permits of the rotation of the armature in either 
direction. (Sealed February 1, 1889). 


TELEPHONES. 


3515. H, Collet, Finsbury Park, Middlesex. Im- 
rovements in Telephonic Apparatus. (8d. 3 Figs.) 
arch 7, 1888.—The object of this invention is to dispense with 
the signal bell used for calling up a distant station. For this pur- 
pose the magnet of the telephone itself is utilised for giving the 
necessary signal. The line wire goes to the switch tongue §, 
which, when the telephone is not in use, is in contact with the 
point C), which is connected to the fixed end of a spring carrying 
an armature A and making contact with the point P ; from P the 
circuit is continued through the coil M to the earth or return wire 
The usual telephonic diaphragm and armature D is at the 
opposite end of the magnet. When the current is sent through 
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the circuit, the electro-magnet M attracts armature A, thus 
breaking the circuit at P, so that A will vibrate as in an electric 
bell. 16 also alternately attracts and releases diaphragm D, 
causing it to give out a note, the tone of which depends upon the 
rapidity of the make and break at P, while the loudness will vary 
with the strength of the current and of the magnet. The sound 
may also be inoreased and reinforced by allowing the armature A, 
or its carrying epring. to strike against a pin or stop or against 
the magnet core. hen the telephone is in use the switch tongue 
8 is moved into contact with the point C?, the circuit then passing 
through the battery and magnet coil M to the earth or return 
wire E. (Sealed March 26, 1889). 


1798. T. Laurie, Falkirk, Stirling. Improvements 
in Telephone Transmitters. (8d. %3 Figs.) February 7, 
1888.—The main object is to dispense with diaphragms, sounding 
boards, &c. This is effected by means of a disc of carbon witha 
hole through it and divided into two parts by a piece of fibre. 
This disc is fluted and upon it is laid a carbon ball so that the 
sound waves may have access to it freely. This arrangement is 
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connected with the transmitter so that the sound waves play 
upon the ball whereby it oscillates and makes and breaks contact 
upon its fluted base. Each of the pieces of fluted carbon com- 
posing the disc is connected by a metallic wire and receiver. The 
sound waves are carried through the receiver and line wire to 
the receiver at the other end of the system. Under another 
arrangement the loose ball is made to act as one of the electrodes. 
(Sealed March 1, 1889). 


MISCELLANEOUS. 


296. T. Parker, Wolverhampton, Staffs. Improve- 
ments in Switches for Electric Circuits. (8d. 5 Figs.) 
January 7, 1888.—A polygonal cylinder A is mounted upon a 
spindle B together with a cam C having as many swells as there 
are sides to the cylinder. The rotation of the cylinder is effected 
by means of a crank (not shown). One of the sides D of the 
cylinder is left blank; upon each of the other sides are fixed 
metallic plates E, E, connected as required for the various arrange- 
ments of the cells employed in practical work. Upon the metallic 
plates are secured radial metallic contacts F, F. These radial con- 
tacts close their circuits by rubbing contact between sets of double 
contact brushes G, G, arranged parallel with the axis of the 
—. At the cam end of the cylinder there is an arm H below 
the spindle, provided with a finger capable of engaging with the 
cam, and pivotted to one side of the spindle. The opposite end 
of the arm is connected to the brake rod K, so that when the 
brake is put into action, the arm is moved into the ition indi- 


tions b' fitting into slots in the internal wall of lip A?. Notches 
are also formed in the lower part of case B to fit the projections 
>). Thus the insulator with its case will be free to turn im 
either direction on its pin D, subject to the controlling action 
of spring C, which is of sufficient power to overcome the weight 
of a length of wire between two insulators, and also to counteract 
expansion and contraction caused by extremes of climate, &c. 
The pin D is squared where it enters the arm E of post and 
passes through a plate e, whereby it is prevented from turning. 








In attaching the wire, a loop is made therein and inserted into 
one of the notches a3. The two ends of the wire are then wound, 
one on either side of rib A*, round the insulator in the same 
direction as the spring is coiled until the opposite notch a* is 
r hh. 





cated by dotted lines, Ata right angle to the arm there is fixed 


a double brush contact L, the two brushes of which are parts of 
the motor circuit, so that when they are in metallic connection 
the motor circuit is closed, and the reverse. 
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Upon the arm there 
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is fixed a metallic contact block M, which, when the arm isin the 
position indicated by full lines, makes metallic connection between 
the brushes L, and the motor circuit is closed. The motor circuit 
is open when the arm is in the ition indicated by the dotted 
lines. The motor circuit may be opened by the motion of the 
brake rod or by the rotation of the —: When it is desired 
to alter the combination of the cells then in circuit, for some 
other combination, the cylinder is rotated until the radial contacts 
of the desired combination come into contact with the brushes 
G,G. By this rotation of the cylinder one of the swells of the 
cam acts upon the arm H and pushes it into the position indicated 
by the dotted outline, thus opening the motor circuit before the 
radial contacts F, F (which are in the same circuit) leave tact 
with their brushes. By this arrangement sparking at the radial 
contacts is prevented. One of the sides D of the cylinder being 
left blank, all the circuits are opened when this side of the cylinder 
is turned into roximity to the brushes G, G. The recesses be- 
tween the swells of the cam, in combination with the finger on 
the arm and the arm itself, form a locking device which prevents 
the accidental rotation of the cylinder. (Sealed January 25, 1889). 


609. A. Berghausen, Elberfeld, Prussia. Im- 








vements in Ap atus for Determining the 
oles of Electri Circuits and Generators of 
Electricity. (8d. 4 Figs.) January 14, 1888.—Within a 


glass chamber a are the two poles g and g' of the circuit to be 
tested, immersed in a greasy solution. This solution is composed 
of glycerine or the like mixed with a chemical substance which is 
colourlessin a normal condition, but from which is caused, by the 
passage of the electrical current, a determination of colour at or 
about one or other of the poles, according to the nature of the 
substance employed ; and there is further added to the mixture 





another constituent to effect the re-absorption, after agitation, 
of the said colouring matter formed at one of the poles. Water 
or alcohol may be added, as desired, to render the mixture 
more liquid, or to alter its electrical conductivity. The glass 
tube a is cl at both ends by cays 6. The poles are of 
platinum or platinised wire, and the circuit wires f and /! are 
connected to their respective caps by the usual set screws, or may 
merely touch the —— . be en : of the glass tube a  paecer 
inst their caps by india-rubber rings. e greasy liqu' 
— consist of ee admixture of pure glycerine, sulphite of soda, 
—~ f a. the resistance of which liqui may be re- 
ding water. ( vi 


duced by Sealed April 2, 1889). 

i886. G. Fowler, Peckham, Surrey. Improve- 
ments in ph Insulators and Appliances for 
Suspen: on Aerial Telegra; (8d. 9 Figs.) 
January 80, 1888.—The improvements consist in rendering the 


insulators of suspended telegraph wires movable and adjustable, 
whereby the wires are kept at a uniform tension or nearly so. 
Fig. 1 is a section of the insulator, and Fig. 2 an elevation show- 
ing the winding of the wire. A is the porcelain insulator formed 
with nf sovogy b ar “agen bee re from wet, and ing” a 
double pendent lip or preventing moisture ‘‘creeping” up. 
At the centre is formed a rib A%, in which notches a3 at opposit 
are made, the wires. The insulator is cylin- 
drical in cross-section, and is fitted with a metal case B contain- 
ing a spring C. The free end of spring C is attached to case B, 
the other end bent at right les and inserted in a slot 
in the supporting pin D. The lower plate of case B has projec: 








At this point the two ends of the wire are crossed one 
over the other and the winding continued until a sufficient number 
of coils have been wound on the insulator. (Sealed April 9, 1889). 


1525. L. E. Solignac, Paris. Improvements relating 
to the Distribution of Electricity. (8d. 4 Figs.) February 
1, 1888.—This invention relates to the distribution of electricity 
by means of undulatory currents having their points of inflexion 
rendered synchronous, so that they can act upon a series of con- 
verters or secondary generators supplying a single system of wire. 


(Seated February 22, 1889). 


1843. J.C. Mewburn, London. (La Société Anonyme 
psd la Transmission de ta Force par VElectricité, Paris.) 
rovements in eostats and Rheotomes. (8d. 
11 Figs.) February 7, 1888.—The chief features of this invention are 
the use in a rheostat or rheotome of a resisting body composed of 
ordinary water, and the combination with the vessel for contain- 
ing said liquid and with the electrodes, of an inlet and outlet, 
whereby a continuous flow and renewal of the liquid is main- 
tained. Alsoin a rheostat or rheot in which the electrodes 
do not come in contact in the liquid, an external metallic contact 
whereby the rheostat circuit can be closed and the resistance of 
same thereby annulled. Also in the means whereby contact of 
one of said electrodes witb the liquid can be interrupted and the 
current thereby broken. The electrodes are made of iron or other 
cheap metal, and are formed with flanges at their lower ends, 
whereby, when they cease to be submerged, a film is momentarily 
retained by the said flanges. (Sealed March 1, 1889). 


2449. O. Allen, Denver, Colorado, U.S.A. Improve- 
ments in Systems of and Mechanism for Electric 
Railways. (8d. 4 Figs.) February 18, 1888.—The drawing 
represents a plan partly diagrammatic, showing the circuit con- 
nections, the tops of the conduit and shunting boxes being re- 
moved. 1, 2 are the boxes containing the shunting mechanisms, 
and 3 is an irsulated alu segment upon whose curved edge 
are secured contact plates 5, 6. ntact blocks 7, 8, 9, and 10 are 
suapeent within the box in such position that the segment 3 in 
swinging will take thereon, and cause 5 and 6 to make electrical 
connection therewith. An arm 22, secured to 3, is pivotted to an 
arm 21, which extends through the box and is pivotted to a lever. 
Within the conduit 26 are pivotted levers 16, 17 of insulating 
material, their free ends being kept normally in contact, while 
stops 19, 25 are provided for limiting their inward movement. 
Each arm carries a contact plate 15 for forming connection with 




















metal strips on the arrow or gatherer. To 16 is secured the arm 
conn to and giving movement to the ment 3. The 
normal position of the parts and condition of the circuits are as 
shown in box 2, in which the current enters by 11, thence by 8, 5, 
and 9 to 12, there being a straight circuit therethrough, the con- 
tacts 15 being out of circuit, If now an arrow 23, carried by a 
car, passes between 16, 17, the posit and tii are as 
shown at box 1. The movement of arm 16brings strip 5 in con- 
tact with blocks 7, 8, and strip 6 in contact with 9, 10. The 
current now passes vid 12, 8, 5, 7, 13 to the strip on one side of the 
arrow, thence through the motor upon and propelling the car, 
thence tothe strip on the other side of the arrow, thence vid 16, 
14, 10, 6, and 9 to main circuit 12, from whence it had been 
shunted through the contacts in the conduit only while such con- 
tacts were being acted on by the passing arrow or gatherer. 
(Sealed February 22, 1889). 


3670, A. Siemens,London. A Volt Indicator. (6d. 
2 Figs.) March 9, 1888.—Within a casing are fixed two solenoids 
Dand C, through the coils of which passes the current due to the 
difference of potential at the ends of the leads which are con- 
nected at T. On the pivotted spindle H is fixed a bar of non- 
magnetic material forming two radial arms A, to which are attached 








curved pieces of iron B entering the central spaces of solenoids 


C, D. On the spindle H is fixed a toothed wheel F gearing witha 
pinion G on the axis of which is fixed the index N. Each of two 
E is fixed at one end adjustably to a stud K, and is 


pin on the wheel F. 
at the terminals of the 


sp is 
hooked at the other end to a knife-edg: 
According as the differ f potential 








instrument, and consequently the current through the solenoids, 
is greater or less, the iron arcs B are drawn more or less into the 
solenoids, and the index N is thus moved over a greater or less 
number of degrees on the dial, indicating by its position at any 
moment the difference of potential between the points to which 
the instrument is connected. (Sealed April 2, 1889). 


4153. F. King, London. Improvements in Means 
for ting or Controlling the Secondary Cur- 
rent Derived from Continuous Electric Current 
Tr formers. (8d. 2 Figs.) March 17, 1888.—The object 
of this invention is to maintain a uniform rate of current at all 
times in the secondary circuit of a continuous current transformer 
when the said circuit is applied to the charging of a secondary 
battery, whether the discharging cirsuit from the battery be re- 
ceiving current or not. A represents a continuous current trans- 
former or motor generator having one armature provided with 
motor coils A' side by side with the generator coils A2. Each of 
these coils is provided with a separate commutator. The field 
magnet coils are connected to the terminals of the brushes which 
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collect the current from the coils A2 of the armature. A secon- 
dary battery B is placed in parallel with the external circuit of the 
generator coils of the armature and with the field-magnet circuit. 
If now a current of uniform quantity be transmitted by the 
dynamo D to the coils A' as shown by arrows 38, it will be found 
that whatever the electromotive force at the terminals of the bat- 
tery, the current produced in the coils A? will also be uniform in 
quantity, and the electromotive foree in the said coils will vary 
at emg A with the motions in the t lect: tive 
orce of the external circuit of the generator. E represents the 
external circuit from the generator coils and secondary battery 
which is employed for supplying lamps or other devices for utilis- 
ing the energy. (Sealed April 16, 1889). 


4345. G. Kapp, Wimbledon, Surrey. Improvements 
in the Method of and Apparatus for Distributing 
Electrical Energy by t ‘4 Currents from 
Central Stations. (8d. 3 Figs.) March 21, 1888.—The figure 
shows the general arrangement of the distributing circuits arranged 
according to this invention. B', B? are the main bars at the 
station, connected to the poles of the alternate current dynamo. 
R', R?, R® are the regulating transformers, the primary coils of 
which are connected in parallel to the main bars B', B?, whilst 
their secondary coils are connected up in such way that the 
electromotive force created in them aids the current which flows 
—— the mains M', M?, M3, T', T2, T? are transformers 
installed in different points of the district to be supplied, and L 
are the lamps supplied therefrom. The secondary conductors 
coming from each transformer may form distinct groups, or two 
or more may be connected, as shown by dotted lines. The 
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peer coil of the regulating transformer is connected to the 
rs B', B2, and the secondary coil may either be permanently in- 
serted between bar B! and the Reg ng Seine feeder as in R2, or 
divided into sections which may be inser between the bar B' 
and the corresponding feeder by means of the contact lever. 
The regulating transformer R' is subdivided into four sections 
and the contact lever so set as to introduce the current into 
the third and fourth section, the first and second section of the 
secondary winding being inoperative. This ition corre- 
sponds to about half supply, but for full supply the lever would 
set so as to in uce the current into the first section, causing 
it to traverse the whole of the secondary a In the regu- 
lating transformer R® there are three sections, and in the position 
of the lever shown, the current passes direct to the feeder without 
traversing any of the sections, (Sealed April 16, 1889). 





5922, 2. Stuart, ah Were. Newcastle-on- 
Tyne. rovemen' mnections, Especially 
Suitable for Joining Electric Conductors. {6d. 10 


Figs.) April 20, 1888,—The connection consists of a screw b and 
nut a, the wires or other parts to be connected being clipped be- 
tween the nut and a flange b! upon the screw. The nut is made 
hollow, and contains a spiral spring d, one end of which presses 








against the nut, whilst the other bears against a collar or cap c, 
fixed to the top of the screw. One end of the wire forming the 
spring is fixed to the nut at d2 and the other end to the cap c, 
and before fixing the latter by rivetting or otherwise it is turned 
round so as to wind up the spring, which therefore tends to screw 
on the nut by reason both of its compression and of its being 
wound up. (Sealed April 16, 1889). 
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Fic. 26. HypravuLic ENGINE-HOUSE AND SWING BRIDGES AT ENTRANCE LOCKS. 


THE THEORY OF THE STEAM 
ENGINE. 
(Continued from xaze 345.) 

Havine now exhausted the results given us by 
Regnault, let us see what information we have 
obtained from Messrs. Tate and Unwin. We have 
full knowledge of all the properties of saturated 
steam, except the volume which the pound of 
steam occupies, and it is for this we have to thank 
these experimentalists. The experiments by which 
this volume was measured, were carried out with 
great care and many precautions, aud the accuracy 
of the results obtained have since been verified by 
a perfectly independent theoretical calculation, into 
which we shall not enter, except to state the 
interesting fact that this calculation, which proceed- 
ing by a perfectly independent method, gives 
results identical with the experimental ones, 
actually depends on the fact that Carnot’s principle 
is true when applied to a steam engine. It would 
be interesting to know if those writers who are so 
fond of denouncing that principle, are acquainted 
with this fact. 

In describing Regnault’s experiments we did not 
enter into the minute refinements and corrections, 
and we shall follow the same course in the case of 
Tate and Unwin’s, the only point we shall notice 
being the one which constitutes the chief difficulty 
in these experiments. Returning to the simple 
case of a pound of water in a cylinder; in order to 
find the volume of the pound of saturated steam 
what we have to do is to measure the volume of the 
cylinder at the instant that the last drop of water is 
evaporated ; now we come at once to the difficulty, 
viz., how are we to tell when the last drop is evapo- 
rated? The answer at once suggestsitself, use a glass 
cylinder. And this has been done, or at least a glass 
vessel has been used consisting not of a cylinder but 
of a globe and stem, the capacity of which is known 
and the stem graduated. The sketch diagram, 
Fig. 7, shows how the experiment may be con- 
ducted. A is the globe and stem, which is filled 
with mercury and then inverted in the tube B 





|containing mercury ; the water to be evaporated 


is a small quantity accurately weighed contained 
in the little glass bubble ©; the bubble is in- 
troduced into the bottom of A, and rises up the 
stem until it floats on the surface of the mercury. 
Now applying heat to the bulb the water evaporates, 
forcing down the mercury, and when it is all evapo- 
rated the point at which the mercury stands in the 
stem can be marked, and shows us both the pressure 








and the volume of the given weight of steam. We 
can see at once, however, defects in this simple 
method ; first, it is extremely difficult to see exactly 
when the last drop of water is evaporated, and next 
for pressures above the atmosphere the mercury | 
level in A must be below that in B, so that it can- 
not be read off, and for high pressures we should | 


means by which these difficulties were overcome 
that the chief interest of these experiments lies. 
The method was this: Let the top of the 
apparatus be inserted into the bottom of a boiler 
D, asin Fig. 8, then the water inside A evapo- 
rates, forming steam at the same pressure and tem- 
| perature as that in the boiler, and consequently the 
| pressures on the mercury surfaces inside and out- 
| side A will be the same, except for the excess pres- 
sure outside, due to the depth of that surface below 
the water level in the boiler. The difference of 
level ab is simply that due to the depth, and will 
remain constant so long as the steam pressure inside 
and outside A are the same, or, what is the same 
thing, so long as the steam inside A is saturated, 
as the steam outside is. Now as the temperature 
rises these levels remain constant till a certain 
temperature is. reached, when the level inside will 
suddenly begin to rise and that outside to fall; we 
know then that’ the steam inside A is not saturated 
but is superheated, and the moment when the 
| rise commenced shows the exact moment at which 
the last drop of water was evaporated. ‘At this 
| instant then the known volume down to a contained 
|the known weight of dry saturated steam ‘at the 
pressure and temperature read off at that moment 
on the gauge F and thermometer E ; thus we have 
obtained the value of v for that of p and. ¢, and in 
, this way we obtain the whole series of values. _We 
see also by this experiment that saturated steam is 
| steam of maximum pressure for the given tempera- 
| ture, because the level inside A rises, showing that 
| the superheated steam inside has less pressure than 
|the saturated steam at the same temperatur 
| outside. : 
| We have now then seen how a table of values of v 
for saturated steam is constructed, and such a table 
is found in most books on steam ; if a formula be 
desired, the best is that due to Rankine and 
Zeuner, viz. : 


p vi. 0646 = 479, 


A very common way of representing the relation 


require a very great difference of level ; it is in the | between p and v is by drawing a curve of which the 
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abscissse represent volumes and the ordinates pres- 
sures, each on some given scale; the curve so 
drawn is called the saturation curve, and this 
method is useful as appealing to the eye, and also 
for comparison with expansion curves. But it must 
be carefully remembered that the saturation curve 
is not an expansion curve ; it is nothing more than 
a graphic table of volumes of dry saturated steam. 
It appears necessary to guard against this error, 
because one meets statements as to the action of 
steam engines based on calculations of the areas of 
portions of the saturation curve. Now the areas of 
the saturation curve have no meaning whatever, 
and do not represent work as is erroneously assumed 
to be the case, just as if it were an expansion 
curve. 

If we look at the above equation and compare 
it with the equation to a hyperbola, viz., p 
constant, we see that the saturation curve differs 
very little from a hyperbola, but it must not be 
assumed from this that we should be in the least 
justified in taking it to be ahyperbola ; on the con- 
trary we shall see that this small difference may 
produce very large results. 

We have now considered the whole of the experi- 
mental bases of our theory, and the remaining part 
of our work consists in examining what results we 
can, by careful and accurate reasoning, deduce from 
them. 

Before proceeding further we may shortly sum- 
marise our knowledge thus : If one pound of water 
be put into a cylinder under a piston loaded to p 
eng per square inch, and heat applied, then we 

now the temperature (t) at which evaporation com- 
mences, the heat (i) which must be used to heat the 
water from 32 deg. to t’, and the heat (L) required 
to totally evaporate it at ¢°, and also we know what 
volume (v) the pound of steam occupies at the in- 
stant when the evaporation is complete. 

The first question we shall consider is: To find 
the heat necessary to partially evaporate a pound of 
water, and the volume occupied when partially 
evaporated. 

This question is of course of great practical im- 
portance because we very rarely, in practice, meet 
with perfectly dry steam, nearly always we have a 
mixture of steam and water to deal with, the water 
being either mixed up with the steam in a state of 
fine division, as in steam from an ordinary boiler, or 
it may be quite separate, as is probably the case, in 
a cylinder, the water being distributed over the 
cylinder walls ; in any case we must, of course, first 
state how much water and steam are contained in a 
pound of the mixture, and this is most conveniently 
done by stating the quantity (x lb.) of dry steam 
contained in one pound of the mixture, x being 
called the dryness fraction. Taking first the 
volume we will use V in all cases for the volume of 
one pound of any sort of steam other than dry, for 
which v is kept ; we have then 

V = vol. of x lb, of steam + vol. of (1 — x) lb. of water 

=av+(L— 2) .016 cubic feet. 
since 1 lb. of water occupies .016 cubic feet ; in 
most cases, without « be very small, it is quite near 
enough to say 
V=vz, 
the water occupying practically no volume. 

Now for the heat required to produce a pound of 
moist steam, i.e., mixture of x steam and l-x 
water, from a pound of water at ¢°,, under constant 
pressure p. 

We separate the process into two parts : 

First, 

One pound of water raised from ¢*) to ¢°. Heat required 
A —- hy thermal units, or practically ¢ — ¢) thermal units, 


Second, 


x pounds of water evaporated at temperature ¢, pressure p. 
Heat required = x x L thermal units, 


Therefore, 
Total heat required = h — hy + 2 L thermal units. 


We could get the same result by mentally divid- 
ing the original pound into two parts, « pounds 
evaporated, and 1- not evaporated ; we should 
then get 

Total heat=(1—.x) (h—ho)+a(H—Ap) 
=h—-h)-wvhtzch+xH—-rhy 
=h—hyt+ x(H-h), ora L, 
the same as before, and we now know the quantity 
of heat required to form any kind of steam from 
any kind of water at constant pressure, and also the 
volume the steam will occupy, always excepting 
superheated steam, of which we know practically 
nothing. 





We now approach the important question as to 
how this heat is utilised ; our aim is to turn it, if 
possible, into useful work, and we have now to 
examine to what extent the process we have con- 
sidered enables us to do so. We have in the forma- 
tion of steam under constant pressure two distinct 
gtages. 

1. Rise of temperature of water: In this stage 
we use the heat h —h, thermal units, but we do not 
raise the piston, or produce any effect at all on 
external bodies ; the heat then is wholly expended 
on internal work, and the internal energy of the 
water is increased by an amount h—h, thermal units, 
or 772 (h—ho) foot-pounds. 

2. Evaporation: We use the heat L, but in this 
stage we must necessarily force the piston up, and 
in doing this we raise the weights with which it 
is loaded ; we do external work then, and the ques- 
tion is how much. 

Let now 


A=area of piston in square inches. 
yy=height above bottom of cylinder in inches at com- 
mencement of experiment. 
y=height above bottom of cylinder in inches at end 
of experiment. 
P=load on piston=p A lb., p being the pressure per 
square inch, 


Then we have 


External work done per pound of steam 
=P (y-yp) inch-pounds 
=pA (y—m)=p(Ay—Ayo). 


But Ay, the final cylinder volume, is the volume 
of 1 lb. of steam, i.e., 1728 v cubic inches, and 
Ay, is the volume of 1 lb. of water, i.e., 1728 x .016 
cubic inches. j 


.*. External work per pound=1728 p (v—.016) in.-lb, 
=144 p(v—.016) ft.-lb, 


So that in forming 11b. of saturated steam at con- 
stant pressure we must necessarily turn 144 p (v— 
.016) foot-pounds of heat into external work. We 
have taken the simplest possible case to consider, 
but the result cannot be affected so long as the 
pressure be constant. For example, let us con- 
sider what takes place in a boiler in communication 
with a cylinder. Between the water surface and 
the piston we have a mass of steam at the pressure 
p, temperature ¢. Now as the water in the boiler 
evaporates, the steam formed pushes before it the 
original mass of steam, i.c., it pushes before it a 
surface which resists it with a constant pressure p. 
Taking, then, in the work we have just done, A to 
represent the area of the whole water surface, we 
should get exactly the same work and the same 
result. It may, however, be objected that the 
work is done, not on external weights, but on 
another portion of steam ; but then, as far as the 
consideration of the formation of the pound of 
steam goes, other steam is just as much external to 
that as a piston would be. It is not, however, 
necessary even to argue in this way, for we can 
actually see where the work is done on bodies 
external to all the steam. For consider the piston ; 
between this and the steam forming there lies a 
mass of steam which is neither receiving nor giving 
out heat (i.e., of course, not considering any cool- 
ing effects of cylinder surface, radiation of steam 
pipe, &c.). Consequently this is simply an inert 
mass, and as it is pushed along by the steam behind 
it, it must push along the piston before it through 
exactly the same volume, i.e., the volume of the 
pound of steam formed in the boiler. The piston 
then moves exactly as does the one in our simple 
case, and so does actual external work to exactly 
the same amount. 

The present case being the first we have dealt 
with in which heat is transformed into work, it is 
essential that we should thoroughly examine it 
before proceeding to others, and there is no better 
way of doing this than by taking an erroneous view 
and pointing out its fallacy, and we have a beau- 
tiful example in certain statements which have 
appeared very recently, in fact, while the first of 
these papers was being written. The argument may 
be put thus: In the cylinder heat is changed into 
work ; we do not know how the heat is changed into 
work, but it may be by the steam under the piston 
condensing, thus giving up its work and then falling 
down and being re-evaporated, and so on. From 
this it is deduced that when the piston is put into 
a cylinder at right angles to the main cylinder, or as 
it then would be, boiler, the steam condensed not 
being able to fall down remains in the small 
cylinder, and hence liquefaction in the cylinder. 





Now let us examine the above; first, we do not 
know how the heat is changed into work. Well, 
but we do know that the first particle of water 
evaporated has its bulk increased some hun- 
dreds of times while being evaporated ; it neces- 
sarily then pushes the piston away while being 
evaporated and the external work is done. If it be 
said we do not know how it is that the entry 
of heat should make its bulk increase, then this 
may be so, but we certainly know how the external 
work is done. 

But now let us pass on to the next statement 
as to how the change of heat to work may be 
effected ; this is by the steam under the piston 
magne and so giving up its work. Now 
there could hardly be a more complete misap- 
prehension of the facts than is shown by this 
statement ; the external work is done by forcing 
the piston out, yet this is to be effected by a lique- 
faction of steam. For if Regnault’s experiments 
show anything, they show that in liquefying under 
constant pressure, steam absorbs work, viz., the 
work done by the other steam in pressing the 
liquefying steam down into the calorimeter, and 
gives out heat, yet we are asked to believe that 
here steam under constant pressure can, by lique- 
fying, do exactly the opposite, i.e., actually give 
out work. The whole fallacy lies in the confusion 
of heat and external work; heat and mechanical 
work are mutually convertible, but heat is heat and 
mechanical work is work, and steam liquefying 
under constant pressure requires to have put into 
it energy in the form of work, and to have taken 
out of it energy in the form of heat, and in this state- 
ment the terms heat and work cannot be mutually 
converted. The steam lying under the piston 
when it is formed pushes the piston up; the re- 
ception of heat by the fluid and the rise of the 
piston are simultaneous, we cannot have the steam 
first forming and then afterwards giving up its 
energy to the piston as work, because we have seen 
that any energy it gives up must be as heat, and 
this it can only give up to a colder body. 

Now it is of course very natural to think of a piston 
as a cold metallic body and so to think of the steam 
condensing, but this is not a part of the process of 
converting heat to work, it is a process of giving up 
heat to a piston, and the piston cannot change heat 
to work ; our piston should of course be kept at the 
temperature of the steam by some other means, and 
if it be not, then the heat required to keep it hot is a 
correction, not a part of the process of conversion. 

Moreover, even if we did not know that liquefac- 
tion at constant pressure involves absorption of work 
and rejection of heat, yet the process imagined is 
absurd, because if it be necessary we could never 
either form the first particle of steam nor the 
last particle either ; for if the performance of ex- 
ternal work or rise of the piston requires the lique- 
faction of steam, then the piston cannot rise before 
there is some steam to liquefy, but if the piston 
cannot rise there is no place for the first particle of 
steam to form, so we get the dilemma that in order to 
get room to form in, it must form first and then 
liquefy before it can push the piston out of the 
way. Similarly for the piston to move the last part 
of its path, the steam immediately under must 
liquefy, but then of course there is not a pound of 
steam, and without the piston be held fast somehow, 
while the last liquefaction gets down to the bottom 
and gets evaporated, it appears there never could 
be a whole pound, but the piston would be dancing 
up and down, while the last particle of water flew 
up and down inside the cylinder. On the whole then 
we may dismiss the conception as absurd, but it is 
certainly very useful as a warning. 

In the foregoing remarks it may be noticed that 
the expression ‘‘at constant pressure” appears 
rather often, perhaps it may be thought more often 
than necessary ; but this expression has been re- 
peated designedly, for it cannot be too much im- 
ressed on the mind that in talking of evaporation, 
quefaction, &c., the kind of process must be 
stated ; the constant pressure process is the one we 
have our experimental data for, and for this one only 
must they be used. We can deduce results for other 
processes, but before using them we must make 
sure that we have deduced them correctly ; for 
example, in the assumed process we have just’ been 


analysing, in spite of the fact that the steam was 
sup ot to go through such a complicated process, 
yet ault’s results are quietly taken for quan- 


tities of heat. Now even if theprocess were correct, 
it is not Regnault’s or the reverse of Regnault’s, 
and 80 it will not do to take Regnault’s results the 
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conceiver of the process must try to put it in a 
practical shape and get his own results. 

We have now, then, obtained the quantity of 
external work done when a pound of steam is 
formed, viz., 144 p (v—.016) foot-pounds, or putting 
P for the pressure per square foot, i.e., 144 p, and 
omitting the .016, which can generally be done, we 
have P v foot-pounds. 

Now the heat supplied for the second stage of 
our process is L thermal units or 772 L foot-pounds : 
Pv has appeared as external work, and consequently 
the remainder must have gone somehow into the 
steam, that is, it is the internal work, and we have 

Internal work during evaporation=772 L—P foot-pounds 
Pv : 
L 773 thermal units. 

The internal work, then, is less than L, the latent 
heat, and this must be carefully noticed ; great con- 
fusion occurs between these quantities. The state- 
ment is often seen that steam can give up its latent 
heat ; now what steam can give up is its internal 
energy. This it can give up without assistance 
from sources of heat or from external energy, but 
if we want it to give up its latent heat, we must 
push the piston down with the same force with 
which the steam lifted it, and we must supply 
P v foot-pounds, and then the steam gives the rest. 

(To be continued.) 





CALAIS HARBOUR WORKS. 
(Concluded from page 578.) 

CoMMUNICATION between the outer port and the 
floating basin is established by two locks of the 
same length but of unequal width; their relative 
positions and dimensions are shown in Fig. 14 of our 
two-page engraving this week. The larger of these 
locks has a clear width of 68 ft. 10 in.; the form at 
different parts of their length is shown in Figs. 15 
to 19; the level of the lowest part of the invert is 
68.90 in. below the French marine chart datum. 
Gate chambers are formed in the masonry, as shown 
in the drawings, to receive one pair of gates at the 
upper end of the lock, two pairs of gates at the 
lower end, and one pair in the middle ; the first- 
named serve as flood gates, and the other three 
pairs as ebb gates. These gates are so placed as to 
give a maximum clear length in the lock of 436 ft. 
The smaller lock is 45 ft. 11 in. in width ; its form 
and dimensions are clearly shown upon the draw- 
ings, and it is also provided with four pairs of gates, 
which are so arranged as to give a maximum clear 
length of 449 ft. ; this length can be divided into 
two parts by means of the intermediate gates, the 
respective clear lengths in such a case being 190 ft. 
and 259 ft. On the left side of these locks two 
arched longitudinal culverts are made ; one of these 
is 43 in. wide and 11 ft. 2in. high, and forms an 
extension of the culvert of the western quay from 
the floating basin, and is to be used for carrying 
off the flood water from the Calais Canal, the water 
from the graving dock, and the contents of the small 
boat locks ; the other culvert is 7 ft. 4 in. wide and 
9 ft. 1l in. high; it serves to fill and empty the 
large locks, and also for sluicing the outer port and 
the lower portion of the great lock. Other culverts 
are formed in the central wall between the two 
locks, and on the right side of the smaller one ; the 
former is 7 ft. 4 in. wide and 9 ft. 1l in. high, the 
latter is 5 ft. 3in. wide and 9 ft. 1lin, high. Com- 
munications are made between these culverts and 
the locks by transverse channels, and a complete 
system of valves and sluices is introduced so as to 
control the flow of water through the culvert. 

The locks are constructed on a bed of concrete 
59 in. thick ; before laying this foundation piles 
were driven over the area which was surrounded by 
stout sheet piling ; the whole of this part of the 
work was carried out by means of the water jet as 
already described (see Fig. 29, page 614), only 
in this instance a large reservoir was constructed 
50 ft. above the level of the foundations, into 
which water was lifted by centrifugal pumps ; this 
head was found sufficient for all purposes, and a 
convenient system of distribution was arranged. 
The area of the lock was kept submerged under 
about 3 ft. of water while the concrete platform 
was being laid, this platform being commenced at 
the lower end; as soon as it was completed the 
masonry, which is set wholly in Portland cement, 
was commenced. The cost of these locks was 
212,0001. Fig. 20 gives a good idea of the size and 
form of the lock gates, which are about 32 ft. in 
height and 43 in, thick for the flood gates, and 51 in, 


thick for the ebb gates. 
in iron, the principal members being eight hori- 
zontal girders placed about 52 in. apart and con- 
nected at the ends to vertical frames as well as to 
four intermediate standards. The gates are carried 
on pivots at the bottom, and at the upper end they 
are fitted with trunnions turning in suitable bear- 
ings which are anchored into the masonry. The 
construction of the gates for the smaller lock is 
similar to that for those in the larger; the air 
chambers in these gates extend from the bottom to 





They are of course framed | over the pin upon which the bridge turns, where 


solid panels re-enforced by angle-irons, are intro- 
duced. The roadway is carried upon cross-girders 
placed about 8ft. 9 in. apart, and of the form 
shown in section, Fig. 23 ; they are rivetted to the 
web of the main girders and are further re-enforced 
by gussets ; a narrow gangway framed in iron and 
21.5in. wide runs along the length of the bridge 
above these cross-girders, which are further con- 
nected together longitudinally by a series of rolled 
beams and a central girder of the same depth as 











the level of the sixth horizontal girder. The total 
weight of each wing of the pair of gates is 85 tons 
for the larger, and 50.5 tons for the smaller lock. 
The whole of this work was carried out by 
MM. Cail and Co. from drawings furnished by the 
harbour engineers. As already stated, turning 
bridges are constructed across these locks to provide 
for the public traffic ; they are four in number, two 
at the lower end and two at the upper end of the 
locks ; all of these are similar in construction, differ- 
ing only in length, which for the wider of the two 
locks is 159 ft. 3 in., divided into a span of 91 ft. 
10 in., and a counterbalance of 67 ft. 5 in. ; the 
length of the smaller bridges is 117 ft. 3in., divided 
into a span of 68 ft. 10 in., and a counterbalance of 
48ft. 5in. Figs. 21 and 22, page 610, are an 
elevation and plan of the bridges for the larger lock, 
and Figs. 23 to 25 are sections ; from these it will 
be seen that the two main girders of the bridge are 
placed 17 ft. apart from centre to centre, while on 
the outside of each is a footpath 4 ft. wide carried 
on angle-iron and plate brackets rivetted to the 
main girders at intervals of 58.5in. The under 
side of the main girder is horizontal and the upper 
flange is curved so that the depth, which is 10 ft. 
9in. in the centre, is reduced to 8 ft. 10 in. at the 
ends ; Fig. 21 shows the form of bracing used in 





these girders ; it consists of a single intersection 
trellis divided into panels 58.5 in. apart, excepting 
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the transverse ones. The roadway is laid direct 
upon the cross-girders, and a line of rails suitable 
for a tramway is placed on one side. Figs. 24 and 
25 show the transverse framing over the central 
pin upon which the bridge turns, and which is 
further indicated in the plan, Fig. 22 ; at this point 
the ordinary transverse girder is replaced by a box 
girder 50.4 in. deep and 23.6 in. wide between 
the webs; its shape is shown in Fig. 24, where 
it will be seen that the depth is reduced at the 
ends so that it may pass below the bottom flanges 
of the longitudinal girders, to which it is fur- 
ther connected by means of gussets rising to the 
level of the narrow gangway already referred to. 
Fig. 25 is a longitudinal section of this portion of 
the bridge, and shows the method of constructing 
the central part of the longitudinal girders at the 
turning portion; it also indicates the form and 
dimensions of the pivot. When the bridges are in 
service for public traffic they are supported upon 
the centre and by three bearings at the ends, which 
are arranged so as to lock the girders and keep them 
in position, but when they are opened the locking 
devices at the end bearings are withdrawn and the 
structure is then supported on the pivot and on 
rollers placed beneath the end of the counter- 
balance ; the weights are so adjusted that each of 
these rollers has only to carry a maximum load of 
five tons as it traverses the circular path laid down 
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on the side of the lock. The total weight of each of 
the larger bridges is 265 tons, including an extra 
load of 45 tons added to the counterbalance; the 
weight of each of the smaller bridges is 190 tons, 
including a counterweight of 30 tons. 

Hydraulic machinery is employed for all purposes 
where power is required, such as operating the 
sluices, lock gates, bridges, capstans, &c. This power 
is distributed from a central station erected near the 
lock. The sluices, which are of hard wood sliding 
in grooves cut in the granite facing of the adjoining 
walls, and polished, are raised and lowered by the 
direct action of an ordinary vertical hydraulic press 
with differential piston. The lock gates are opened 
or closed by hydraulic presses and tackle; two 
presses for each leaf of a gate are placed side by 
side, one serving for opening and the other for 
closing the gates ; the opening and closing chains 
pass over two pulleys placed one above the 
other near the gate post; these chains then 
pass over a series of supporting pulleys attached 
to the iron framework of the gate, and are secured 
to a coupling built in the wall. The controlling 
valve worked by a hand lever is so arranged as to 
form a communication at the same time between 
one of the cylinders and the pressure main, and 
between the other cylinder and the exhaust main. 
The arrangement of the admission and exhaust 
ports is such that it is possible to vary at will the 
relation between the tension exerted on the chain, 
which is in operation, and the resistance offered by 
the second chain. A small auxiliary press placed 
at the end of the closing cylinder, forces the closing 
piston to the bottom of its stroke during the process 
of opening the gate in order to facilitate the move- 
ment of the chain ; by this arrangement the open- 
ing and closing of the gates can be effected very 
rapidly by one operator. The machinery designed 
for working the turning bridges comprises the pivot 
and its connections, the tilting presses, and the 
locking apparatus. The pivot turns within a cast- 
iron hydraulic cylinder filled with glycerine and 
maintained at a pressure of 710 lb. per square inch. 
At the upper part of the pivot is the cylindrical 
rolling joint which allows the tilting to be effected. 
The presses for this operation act direct by vertical 

lungers. The presses employed for turning the 
lane operate chains passing around a cast-iron 
drum in opposite directions, and placed underneath 
the girder. 

Four capstans of one ton capacity are placed 
along each of the outer sides of the lock; three 
others of five tons and two of one ton are fixed upon 
the central wall dividing the locks. They are 
employed for handling the vessels passing through, 
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and are driven by small three-cylinder hydraulic 
engines, but they are so arranged that they can be 
worked by hand in case of necessity, and they can 
be also utilised either for opening the lock gates or 
turning the bridges. It should be added that, as a 
provision against accident, hydraulic hand pumps 
are provided for operating the sluices and the tilt- 
ing presses of the bridges. The central hydraulic 
station which supplies the water under pressure 
for the whole of the machinery just referred to 
is contained in the building erected to the north of 
the locks ; it comprises two groups of pumps, each 
of which is driven by a 50 horse-power engine, 
and of two accumulators. This machinery is sufli- 
ciently powerful to supply the Chamber of Com- 
merce with water under pressure for driving certain 
other hydraulic machinery situated on the quays. 
The whole of this part of the work was designed by 
M. Barret, engineer of the Marseilles Docks and 
by the Company of Fives-Lille, from instructions 
prepared by the engineers of the port; the work 
was carried out by the Fives-Lille Company, Fig. 
26, page 607, is a view of the hydraulic station. 

The length of the quay walls surrounding the 
floating basin is 6117 ft. ; they rest upon a foun- 
dation of béton 6 ft. 6in. thick, carried down 
to a sufficient depth to secure absolute safety. 
The height of the wall above the foundations is 
33 ft. 7 in., the thickness at the base being 19 ft., 
and at the top of the wall 8 ft. 2in. ; this difference 
in thickness is obtained, on the outer side, by a 
slope of 1 in 10, followed by a curved face of 26 ft. 
radius, and on the inner side by a series of steps 
14.5 in. wide (see section, Fig. 27). In the smaller 
basin beyond, where the height of the wall is not 
so great, the thicknéss is reduced in proportion. 
On the western quays of the dock a modification 
(see Fig. 28) was necessary on account of a culvert 
7 ft. 10 in. wide and 11 ft. 9in. high being placed 
at the back ; this culvert is used for carrying off the 
flood waters of the Calais Canal into the outer port, 
as well as the water from the graving dock and of the 
small boat locks. The width of the concrete founda- 
tion upon which the walls rest is 20 ft. 8in. ; before 
it was laid the area was inclosed with sheet piling 
which was put in place by means of the water jet 
arrangement already described ; it was estimated 
before the commencement of the work that this 
piling could not be completed under a cost of 
18,000/.; by the means adopted, however, the 
actual cost did not exceed 6400l., so that in this 
part of the work alone the saving effected by 
means of the water jet was no less than 11,600I. 
Fig. 29, page 614, gives a good idea of the plant 
used in sinking the piles. The total cost of con- 
structing the quay walls of the floating and the 
inner basins, including the large culvert behind the 
western quay, was 160,000/. 

The surface of the western quay is specially re- 
served for the handling and storage of valuable 
merchandise, which it is necessary to protect against 
the weather, and which cannot be allowed to remain 
long upon the quay. For this work a number of 
lines have been laid down by the Northern Railway 
Company of France, and sheds have been con- 
structed by the CalaisChamber of Commerce. The 
normal width available on this quay is about 328 ft., 
including an open road 37 ft. 9 in. wide along the 
whole length of the quay; on this is laid a line of 
rails for an hydraulic crane and two other lines for 
freight wagons; adjoining is a covered space 
157 ft. 6 in. wide, including a great central hall 
131 ft. in width formed of two parallel roofs, each 
65 ft. Gin. wide, and two outer sheds of 13 ft. 
width each. There are five lines of rails, of which 
one runs underneath the side span of the central 
building nearest the basin; the remaining four 
occupy an uncovered space 59 ft. wide. The line of 
rails nearest to the sheds wi'l be used chiefly as 
standing room for wagons to be loaded, the remain- 
ing four will serve as sidings for full and empty 
wagons, and for making up and despatching trains. 
A paved road 54 ft. wide is provided, including 
space for a line of rails which will later on be laid 
near the outer footpath, and a road 19 ft. 6 in. in 
width running along a series of blocks to be re- 
served for the construction of stores, depdts, and 
other establishments required for a maritime 
station. Beyond the quay space thus utilised, the 
property of the port extends along a zone 229 ft. 
wide ; in this is included a width of 164 ft., occupied 
by the blocks referred to, and by an outer street 
65 ft. wide, on which will be laid lines of rails to 
accommodate the stores, &c., when they shall be 
constructed, 
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The eastern quay will be reserved chiefly for the 
use of low-class merchandise, which can remain 
without damage exposed to the weather. The 
total width of this quay is 459 ft., divided as 
follows: 1. Three lines of rails for loading and un- 
loading wagons ; one of these lines will be reserved 
for a travelling crane. 2. An open space about 
220 ft. wide. 3. Five lines of rails occupying a 
total width of 69 ft. 4. A paved road 42 ft. 6 in. 
wide. 5. A width of 32 ft. fenced in and occupied 
by two lines of rails which connect the Calais cen- 
tral station with the maritime depdt. 6. An outer 
road 49 ft. in width. A system of hydraulic mains 
has been laid down starting from the central 
hydraulic station, for the use of the Calais Cham- 
ber of Commerce: these will work the various 
cranes, &c., established on the quay. Up to the 
present time this plant comprises ten travelling 
cranes of 1.5 tons, and two others of 5 tons and 
2.5 tons respectively ; there are also six capstans 
and one 42-ton fixed crane. 

The graving dock (Figs. 30 to 33) is constructed 
at the southern end of the floating basin, and space 
has been reserved alongside it for the construction 
of two other similar docks when they shall be re- 
quired. An unloading stage for timber at present 
occupies the position where the locks for these docks 
would be placed. This part of the work comprises 
three different sections; the entrance lock, the 
dock itself, and the culverts. The entrance lock is 
68 ft. 10 in. wide; two recesses 44 ft. 3 in. apart 
are made for the reception of the pontoon which 
closes the entrance of the lock. 

The graving dock hasa total length of 463 ft. 3 in. 
measured along the centre of the invert from the 
inner recess of the pontoon to the base of the 
rounded end; the maximum thickness of the pon- 
toon being 13 ft. lin., the useful length of the 
dock is either 455 ft. 3 in. or 498 ft. according to 
whether the pontoon takes its bearing against the 
inner or outer recess. The width of the invert be- 
tween the bottom altars of the dock is 30 ft. 6 in., 
including the side draining channels which run 
around the floor of the dock, and are 15.75 in. 
wide. The four first altars starting from the bottom 
are 13.78 in. high, and their width is about 51 in. ; 
the width of the dock at the level of the fourth altar 
is therefore 64 ft. 7 in., sufficient to accommodate 
the large and light draught paddle steamers used for 
the Channel service. From the level of the fourth 
altar to that of the ground, the side of the dock has 
two steps about 49 in. in width, the face of the 
dock being made with an inclination of 1 in 5; 
this brings the total width at the ground level to 
89 ft. 10 in. Stairways are placed at the upper 
and lower end of the dock, and slides for the 
descent of timber are provided at the rounded end. 
A culvert 49in. wideand 8 ft. 2in. high, the mouth 
of which opens into the lower end of the dock near 
the inner recess of the pontoon, is built behind 
each side wall, and a small transverse culvert runs 
from it to the lateral channels on each side of the 
invert ; the culverts carry off the water to the 
pumping well when the dock isemptied. This well 
is built of masonry independent of the dock, and a 
series of shafts and culverts communicate with it ; 
as already stated, it is intended that it should serve 
for the two other docks which are to be made in the 
future, and the ends of the culverts which will serve 
these docks, have been made and temporarily 
closed. The culvert terminates in a sluice chamber 
from which a series of secondary culverts con- 
trolled by valves, goes to the well ; by this means 
of regulation, one, two, or three pumping engines 
can be employed according to requirements. Sup- 
plementary centrifugal pumps are employed to 
keep the dock dry when it is in use. The water 
discharged from these as well as from the larger 
pumps passes into a stone culvert 9 ft. 10 in. wide 
and 8 ft. 2 in. high ; this culvert can be placed in 
direct communication with the floating basin by a 
double syphon constructed under the small boat 
locks, or by the culvert of the western quay, into 
the outer port. The three large centrifugal pumps 
placed over the well can, when working together, 
empty the dock from its highest level in less than 
three hours. These pumps are driven by belting 
from two vertical engines which develop 800 horse- 
power. As each of these engines is powerful 
enough to drive two pumps, the total power nor- 
mally expended for driving the three does not 
exceed 600 horse-power ; all the sluices controlling 
the culverts are operated by hydraulic power. The 
total cost for the construction of the dock and well 
was 118,000/., of which 19,0001. were spent for the 





installation for the pumping machinery ; this part 
of the work is not yet quite finished ; the installa- 
tion was carried out by the Fives-Lille Company. 
The construction of the pontoon was made the sub- 
ok 7 a separate contract, the estimated cost being 
60001. 


The small boat basin forms the termination of 
the Calais Canal, and communicates on the eastern 
side with a new floating basin, and on the western 
side with the old port. The eastern branch which 
extends from the point of junction with the Calais 
Canal and the new floating basin, is 721 ft. long 
and 196 ft. wide ; it is retained between two walls, 
which give a quay surface of 164 ft. 5 in. in width ; 
it communicates with the end of the inner basin by 
two locks. The western branch, from its union 
with the Calais Canal by the guard lock, where it 
makes a junction with the old Citadel Canal, is 
1968 ft. long; its width between the quay walls 
varies from 164 ft. to 180 ft. The surface 
width of the quays, including the longitudinal side 
slopes connecting them with the streets of the town, 
varies from 130 ft. to 165ft. The floor of the basin 
is laid 9 ft. 2in. below the normal water level of 
the canal. The draught of water of the largest 
boats using the canal never exceeds 5ft., 20 that 
when occasion arises the water can be drawn off so 
as to reduce the level by 3ft. without interfering 
with the traffic of the canal; this arrangement 
therefore assures a sufficient discharge for flood 
water as soon as the special outlet is provided for 
the Marck Canal. The quay walls of this basin are 
of solid masonry set in hydraulic cement upon a 
bed of concrete 27in. thick. The height of the 
wall is 14 ft. 6in., and its thickness varies from 
6 ft. 7 in. at the base to 43in. at the top: a slope of 
about 1 in 5 is given to the outer face of the wall. 
A footpath 6 ft. 6in. wide, with a guard rail, runs 
along the whole length of the quays, and outside is 
a wagon road ; the surface gradients have been so 
arranged as to be suitable to the future establish- 
ment of railway lines, connecting this part of the 
work with the station. 

Two locks connect the eastern branch of this 
basin with the new floating basin; they are 
126 ft. 3in. long and 19 ft. 8in. wide, separated by 
a wall 23 ft. thick. These locks are crossed by a 
turning bridge about 25 ft. wide. The lock gates 
are of oak, and present nothing special in their 
design ; they are worked direct by hydraulic presses, 
the pistons of which are attached to the upper part 
of each gate. Four hydraulic capstans are arranged 
around the sides of the locks for handling the boats 
passing through ; they are driven by three-cylinder 
hydraulic engines. 

The guard lock built at the lower end of the 
western branch of the boat basin has been designed 
to act as a barrage, either against the sea or against 
the canal. It was necessary that its gates should 
be able to resist the water pressure equally well in 
both directions, and also that they should be 
capable of being opened and closed against the 
stream, whatever might be its direction or force. 
The length of this lock is 85 ft. 3in., and its clear 
width 22 ft. 11 in. The lock is clused by two pairs 
of arched gates, each of which consists of two wings 
of unequal width ; when these are closed they form 
together an angle somewhat less than a right angle ; 
when the lock is open each wing is withdrawn into 
a deep recess formed at the sides of the lock and 
corresponding in shape to that of the gate. The 
lock is closed when the narrower wings of the gates 
are set so as to bear against each other. On each 
side of the lock are two separate culverts opening 
at each end into the curved recess above referred to; 
these culverts can be opened or closed at will by a 
system of sluices in such a manner that the pressure 
of the water discharged from them can be exerted 
against the surface of the wider leaf of the gate, at 
the upper or lower end, according to the direction 
of the difference in pressure at the two ends of the 
lock. Ifthe culvert communicating with the lower 
end is closed, the gates will shut of themselves, if 
the direction of fall is from the upper towards the 
lower end of the lock ; if this condition of things 
is reversed, the sluice controlling the mouth of the 
culvert at the upper end must be closed, and that 
of the lower end must be opened ; the gates of this 
lock are of iron. 

Five bridges have been constructed across the 
Calais Canal and the boat basin, to maintain the 
railway and boat communications. The first spans 
the canal at the point where it runs into the boat 
basin, and provides accommodation for a carriage 
way, and two lines of rails which connect the new 
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central Calais station with the maritime station 
and with the lines and sidings on the eastern quay. 
This bridge is built on the skew at an angle of 
83 deg. ; the central span is 65 ft. 7 in. wide, and 
the two side spans are 23 ft. each ; the width is 
55 ft. 1 in., of which 27 ft. 8 in. is devoted to the 
railway service. The second bridge crosses the 
upper end of the boat locks, and is only for road 
traffic ; its total width is 18 ft. The third, placed at 
the commencement of the western branch of the 
boat basin, is built very much on the skew, and 
provides accommodation for the lines of rail which 
connect the central Calais station with the lines 
and sidings on the western quays; there are two 
spans each about 28 ft. measured on the square, 
and the width is 64 ft. 10 in. ; a special peculiarity 
of this bridge is that its construction involved the 
level crossing of a carriage road. The fourth 
bridge carries the Route Nationale from Paris to 
Calais across the canal at an angle of 73 deg.; 
it consists of a central span 59 ft. 6 in. wide and 
two side spans of about 24 ft. each. The fifth 
bridge, which crosses the upper end of the guard 
lock, affords communication between the old part of 
Calais and the central station; the width of this 
bridge is 36 ft. and its span about 30 ft. 6in. The 
total cost of the construction of the small boat 
basin and auxiliary work, amounted to 176,000/., 
divided as follows : 


£ 
Earthwork and masonry 152,000 
Lock gates, fittings, &c.... A 
Bridges... 12,400 


The whole of the designs for the important work 
we have endeavoured to describe, were prepared 
under the direction of MM. Stoecklin, Plocq, and 
Guillain, engineers-in-chief of the maritime works 
of the Pas de Calais, by M. Vetillart, engineer of 
the port of Calais. The works were executed under 
the direction of M. Stoecklin from 1875 to 1879; 
of M. Plocq from 1879 to 1881; of M. Guillain 
from 1881 to 1886; and of M. Vetillart from 1886 
to 1889, as engineers-in-chief, with the co-opera- 
tion of MM. Delabie, Delannoy, and Ravin, as- 
sistant engineers; and of MM. Lisse, Walle, 
Dominois, Ringot, and Schneider, engineers of 
the Ponts et Chaussées. The greater part of the 
excavations and masonry were executed by MM. 
Varinot, Caville, and Bernard ; the dredging of the 
navigable channels, the landing stages of the outer 
port, the hydraulic machinery, and the pumping 
machinery for the graving dock, were the work of the 
Fives-Lille Company. The lock gates of the float- 
ing basin were constructed by the Société Cail ; 
the turning bridges, over the same locks, were sup- 

lied by the Société des Ponts et Travaux en Fer ; 

M. de Schryver et Cie. constructed the bridges 
over the boat basins. 

In conclusion we wish again to express our great 
obligation to M. Vetillart and to the other engineers 
of these important works, as well as to Mr. Blome- 
field, the representative of the London, .Chatham, 
and Dover Railway at Calais, for the great facilities 
they have so freely rendered us in the preparation 
of the foregoing articles. 


THE SOCIETY OF ARTS ENGINE TRIALS. 
To THe EpiTor. or ENGINEERING. 

Srr,—In the discussion on the above subject, as re- 
ported in your issue of March 29, Mr. Atkinson referred 
to the difference in the area of the indicator cards from 
the front and back ends of the Griffin engine cylinder, as 
showing how an increased cooling su: face affects the mean 
pressure, 

Now, while agreeing with him as to the importance of 
reducing this cooling surface as much as possible, I should 
like to point out that some other causes contribute to 
reduce the area of the Griffin card. If the light spring 
cards from the front and back ends be compared, it will 
be seen that in the case of the former the compression line 
crosses the atmospheric line considerably later than inthe 
case of the latter, thus showing that a smaller charge is 
taken into the front end than into the back. The effect 
of this would of course be to give a lower mean pressure 
in the former than in the latter case. 

Again, the velocity of the piston is less near the forward 
end of its stroke than at the corresponding position near 
the back end, and as the loss by cooling is greatest near the 
beginning of the stroke, this would also tend to reduce 
the mean pressure in the front end relatively to that in 
the back, 

Lastly, a very small difference in the areas of the gas 
passages, or in the openings of the gas valves, would cause 
a difference in the strength of the charge, and asthere was 
no means of finding out whether the mixture in the front 
end was richer or poorer than that in the back, it is impos- 
sible to say how much of the difference in the cards is due 
to the difference in cooling surface. 

If the equations to the expansion curves were given 
separately for the back and front ends, they might throw 
some light on this question. 











_The way in which the cooling surface varies as the 
piston of the ‘‘Cycle” engine makes its stroke, will help to 
account for some of the difference between the shape of its 
card and that of the ‘‘ Otto.” Witz* gives as the rate of 
cooling in a gas engine cylinder the formula 

a9 8 1,203+-.0005 @ 

—-= — .02357 0 

at Vv . 
and while unable to recognise it as perfectly general and 
applicable to all cases, it is, so far as I know, the most re- 
liable formula yet deduced from direct experiments under 
conditions somewhat similar to those which obtain in the 
gas engine. 

One objection which occurs at once, is that the formula 
does not involve the density of the hot gases. The 
absence of this quantity would imply that the absolute 
loss of heat varies directly as the density, but other ex- 
— evidence seems at variance with this deduc- 

ion. 

As the initial density of the mixtures used by Witz 
varied but little, and as the subsequent variation was 
mixed up with changes in the temperature, it is probable 
that the portion 9!-208+.00054 of the’expression for the rate 
of cooling, is a function of the density as well as of the 
temperature. 


As the ratio 4 was varied considerably by Witz, this 


part of the expression is probably correct. 

An inspection of the formula will show how important 
it is to keep this ratio as small as possible near the 
beginning of the stroke, where the rate of loss of heat per 
unit surface is very great, on account of the high tempera- 
ture and the comparatively slow motion of the piston. 
Most gas engine cylinders have flat ends, and the piston 
has also a flat face, and it is easy to show that the 


ratio v will (if V be a fixed volume) be a minimum when 


the distance between the piston and the end of the 
cylinder is equal to the diameter of the cylinder. 
For putting 
x=distance between piston and end of cylinder, 
r=radius of cylinder, 
c=a _ volume to be inclosed by a minimum sur- 
ace, 
we have 
S=27 r2+2rrz2, 
c= x, 


S=2(5+ 7 )=2(TF+2), 
c 2 Fr c r 
and 
aq S)=*2'- a 
dr\c c r? 


and 


0 for a minimum value, 


That is 
c=2 rr=m r? x, whence x= 27%, 


In most of the successful gas engines this condition is 
fulfilled when the piston is near the beginning of its stroke, 
but in the ‘‘ cycle” engine the piston is nearer to the end 
of its stroke than to the beginning, and this defect detracts 
from the advantage to be obtained by the extra expan- 
sion, so that the economy realised is not so great as it 
would otherwise be. 

As Messrs. Crossley point out, the difference in gas con- 
sumption between such an engine as the “ Otto” and the 
“Cycle” is very slight. I believe, however, that no 
area pe detailed test of an ‘‘ Otto” engine has been pub- 
ished which has shown such a low gas consumption as 
that obtained at the Society of Arts, and it would be 
interesting to know how much of the economy is due to 
the high compression which is used in the special engine 
submitted to test. 

This extra compression is apparently obtained by re- 
ducing the length of the clearance space, so that the ratio 


v will not be a minimum at the beginning of the stroke. 





It may be interesting to compare this ratio at various 

ints of the strokein the different engines, and this may 
[ done most readily by constructing a curve such that 
the abscissz shall represent the distance of the piston from 
the end of the cylinder and the corresponding ordinates 


the ratio—. 
: . t..3 
If in the equation 4 = 2(5+ >) we put 5 = y, and 


suppose r constant then «y1 = 2a + 27, and putting r =1, 
since it is to be used as the unit, x(y—2)= 2. This is the 
equation of a rectangular hyperbola referred to its 
assymptote, x = Oand to the line y = 0 parallel to the other 
assymptote, y=2. It is thus easy to draw the curve, 

















A ¢ B D 


Neglecting valve passages the line A A represents the 
value of + at the beginning, and B B that at the end of 
the stroke for the ‘“‘Cycle” engine. The lines C C and 


DD are the corresponding ones for the “Otto” engine. It 
is evident that the relative loss of heat near the beginning 





* Etudes sur les Moteurs \ Gaz Tonnant, page 49, 





of the stroke will be much greater in the “‘ Cycle” engine 
than in the “‘ Otto.” 

This, in conjunction with the quicker expansion in the 
former engine, would explain the difference in the equa- 
tions to the expansion curves. If, in addition, account 
be taken of the fact that the piston of the former moves 
more slowly near the beginning and faster towards the 
end of its stroke than it would do if it were vibrating 
harmonically, while an ordinary crank and connecting 
motion produces the opposite effect, it will be evident that 
the loss of heat near the commencement of the expansion 
stroke will be much greater in proportion to the loss of 
heat near the end of the stroke in the ‘‘ Cycle” engine 
than in the “ Otto,” though at the same time the absolute 
loss of heat per unit supplied may be less for the former 


engine. 
Yours faithfully, 
J. H. Haminton, 
Neweastle-on-Tyne, May 14, 1889. 





To THE Epitor or ENGINEERING. 

Sir,—Mr. Atkinson now seems to realise that if the 
expanding gases are to receive heat from the metal sur- 
faces, the latter must acquire a temperature but little 
short of the maximum developed by the combustion. I 
have shown in a former letter that ifthe passage of heat 
to the gases is to be sufficient to make an appreciable dif- 
ference on the cards, the temperature of the dull surfaces 
would actually have to be higher than the maximum 
temperature of the gases, which is of course impossible. 

He does not reply to my arguments, but founds a 
simple faith in his theory on the appearance of a certain 
brown deposit which is seen on certain parts of his 
engine. 

t does not transpire whether he has made any tests to 
find out what effect a high temperature has on the said 
deposit ; has it been heated to an intense white heat, and 
is theappearance of it, or of whatever is left of it, the same 
as before the experiment? If he has done this and shown 
that the appearance cannot be produced by a lower tem- 
perature, say something below 1000 deg. Fahr., then there 
is one solitary fact in favour of his a But if he has 
not made any such experiments it is absurd to say that 
because this deposit presents an appearance which to 
Mr. Atkinson indicates a high temperature, therefore the 
temperature must have risen to about 2000 deg. Fahr. 
For many purposes 1000 deg. Fahr. is a high temperature 
and will produce a very decided effect on the appearance 
of some substances. 

It might also be asked whether there is a remarkable 
difference in the cards of the engine when new, before the 
deposit has had time to form, and after some weeks’ 
working. If there is no appreciable difference, then it 
would be better to leave the brown deposit out of con- 
sideration, and deal with the simpler case of direct con- 
tact between the iron and the heated gases. 

If the figures in the report be taken as correct, it would 
follow from the fact that heat was given up to the metal 
by the charge during compression, that the metal was at a 
temperature of, say, about 120 deg. Fahr. 

The explosion takes place and, according to Mr. 
Atkinson’s theory, the temperature of its surface rises to 
about 2000 deg. Fahr. 

I ask is it conceivable that mere contact with gases, 
which themselves only rise a little above 2000 deg. Fahr., 
could produce this range of over 1800 deg. Fahr. in less 
than one-sixteenth of a second ? 

In a former letter I pointed out that as the exhaust of 
the Otto engine passes through a water-jacketted passage, 
and as the exhaust gases are in contact with water- 
jacketted metal during the whole of the exhaust stroke, 
the heat account might be expected to overbalance to a 
considerable extent ; for the external radiation must be 
slight, and most of the heat taken up by the piston pro- 
bably passes into the water jacket. 

But since the heat account almost balances, if the 
above views were correct, it would be n to sup- 
pose that either the measurements, the calculations, or 
the data were incorrect. The accuracy of the measure- 
ments is above suspicion, and all engineers owe a debt of 
gratitude to the judges for placing such useful and re- 
liable information within their reach. The calculations 
are likewise without doubt entirely trustworthy, and the 
results, where there have been sufficient and correct data, 
can be implicitly relied upon. 

But I would like to point out the yey vy | of, or ob- 
jections to, some of the data used for the calculation of 
the exhaust waste. 

Professor Kennedy, and others who spoke at the dis- 
cussion, seemed quite alive to the unreliability of the 
figures giving the temperature of the charge after it is 
admitted. Mo me it seems that in the case of the ‘* Cycle” 
— this temperature was taken too low, for the charge 
is drawn in through valves and passages which must be- 
come nearly as hot as the cover on which they are placed, 
and the equation of the compression curve shows a rejec- 
tion of heat to the cylinder walls, which are necessarily 
hotter than the water in the jacket. , 

The uncertainty about the temperature and composi- 
tion of the charge not only affects its total mass, but also 
the proportions of CO, and stesm present before explo- 
sion; so that not only is the mass of the gases in the 
cylinder not known accurately, but the specific heat is 

so uncertain. 

These effects, however, would probably not make much 
difference in the final result, compared to that which the 
values of the specific heats, as given by Mallard and Le 
Chatelier, would introduce. ; 

Regnault and Wiedemann found a very marked increase 
in the specific heat of CO, as the temperature was raised 
from 0 deg. to 200 deg. t., and Winckelmann found a 
similar increase of the specific heat of steam. : 

Berthelot and Vieille and Mallard and Le Chatelier 
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concluded from their experiments that this increase was 
continuous up to very high temperatures. ’ 
Mallard and Le Chatelier also observed a slight increase 
in the specific heats of the elementary gases. They give 
as the mean molecular specific heat between 0 and 7°, C, 


For CO», Cv = 63+46¢.10-3-1.18 ¢t? 10-4 
H2O vapour ... 5.61 +3.28¢. 10-3 ai 
Elementary gases 4.8 + .0006 ¢ 

Reducing these to the units used in the report we have 
for 
CO2 111 + .105¢ — .00002 ¢# 
H2O vapour 241 + .141¢ 
N 133 + .0166¢ 
O 116.5 + .0153 ¢ 


If the true specific heat be f(t), then for CO, 
t 
111 + .105 ¢ — .00002 #2 = tf, S(t) dt + constant. 
Thus the true specific heat at the temperature ¢° C. is 


for 
CO, 1il + .21 ¢ — .00006 7? 
H.O vapour 241 + .282 ¢ 
and similar expressions for N and O. 
ray the mean specific heat between ¢ and 7 deg. 
e 


C. will 
1 T 
ms; F(t) dt+k 

which becomes for 

O, lll +.105 (7+9)—.00002 (724+. 67+ ¢2) 

H.O 241 +.141(r+9) 
N 133 +.0166 (r+¢) 
O 116.5+.0153 (r+) 


For 7 = 916 deg. and ¢=150 deg. C, These values 
become for 


CO,, Ky =202 instead of 132 in the report 
H.O vapour ,, 391 ne 286 + 

N 150 » 134 ‘6 
Dry air 146.6 ,, 180 ae 


It is evident that if these figures were used the heat 
account would overbalance considerably, as one might 
expect it would. 

suppose the objection to Mallard and Le Chatelier’s 
values for the specific heat at high temperatures is that 
they put down a given effect as due to an increase of the 
specific heat, while some other authorities consider it is 
due to delayed combustion. But this objection would not 
apply at low temperatures, and the continuity of the law 
of increase from low up to high temperatures is strongly 
in favour of their figures. They also experimented with 
a great variety of mixtures with very different tempera- 
tures of combustion, and the extensive experiments of 
Berthelot and Vieille lead the latter to accept these 


figures. Yours ae: 
J. H. Hamiton. 
Newcastle-on-Tyne, May 21, 1889. 


—_———_— 


To THE EpiToR OF ENGINRERING 

Srr,—Mr. Atkinson’s letter in your issue of the 17th 
requires some further reply. He objects to our state- 
ment that in two out of the three trials, including, per- 
haps, the most important one, the Otto engine was 
superior in economy to his, to say nothing of in construc- 
tion also. He fairly enough points out that the column 
from which we quoted in the judges’ report is the column 
of totals, which takes in the gas required for igniting, 
and thus places his engine, being smaller, at some dis- 
advantage. He claims to strike out this igniting gas and 
then to win by 2 per cent. in the very important half- 
power run. Taken as he puts it he is right. But if he 
will ‘‘refine” to his own advantage he must permit us to 
do likewise, even if quite the opposite is then the result, 
We therefore refer him, in the first place, to the tables 
(at pages 221 and 226) of the judges report, in which the 
thermal units contained in the gas, during the successive 
trials, are stated, These are not alike for both engines. 
The Atkinson engine it appears was supplied with gas 
containing 633 thermal units per cubic foot, and the 
Otto with 626, or 1 per cent. inferior gas. Here one-half 
of his claimed advantage disappears. Let us next look 
at the oil bill. This for the Atkinson engine is put as 
equivalent to 1.59 ft. of gas per indicated horse-power 
per hour, and for the Otto at 1.54 cubic feet. But these 
figures are obtained by taking the oil at a certain value, 
viz., that fixed by the exhibitors and not by the judges. 
Mr. Atkinson put his oi] at 31d. per pound ; we put ours 
at 52d. If we take his at the price of ours it adds the 
equivalent of 1.12 cubic feet per indicated horse- power 
per hour to his gas bill, leaving us better by a clear 3 par 
cent, in gas, at half power than hiriself, after subtractin 
the 1 per cent. which remains from his previously correc 
claim. Nor is this all hair splitting, for greater need for 
lubrication means more wearing parts, and it is only right 
to go into it after Mr. Atkinson’s refinements. We donot 
quite see why the judges omitted the cost of oil in the 
principal table, as having reduced it to an equivalent of 
gas it could easily have been inserted, and would not only 
have left us winners in the two cases claimed, but very 
largely removed the difference at full power also, leaving 
his advantage at 1.4 per cent. only. 

Mr, Atkinson admits our superiority when running 
‘‘empty,” and laughs atit. Nevertheless in some classes 
of work it is highly important, notably in hoisting, when 
the engines run idle a very large part of the time. 

We must finally very strongly object to his statement 
that we have “‘no hopes of reducing the consumption in 





* Recherches Expérimentales et Théoriques sur la Com- 
aoe des Melanges Gaseux Explosifs, pages 253, 257, 





NEW HARBOUR WORKS AT CALAIS. 
M. VETILLART, ENGINEER, 
(For Description, see Page 609.) 
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our larger engines.” No hopes? We have doneit. Of | only in two out of the three cases as at present, but a’ 
nchere aed 16 and 20 samacpiaie burn much less gas than round, i.e. even in gas only and at full power also, to say 
the smaller sizes referred to in our last. Our 20 horse- | nothing of in oil and in construction. | 
power has been under 17 ft. per indicated horse-power Weare, Sir, yours faithfully, L 
with our inferior Openshaw gas, or it will run for 1 lb. of CrossLey BrotHers, LIMITED. 
anthracite per indicated horse-power per hour, made into Openshaw, Manchester, May 29, 1889. 
aor kind d b 

e must not tax your kindness and space by pursuing ‘ 
him much further. His engine isa Gale mateloen one.| Brrpainc THE St, LawRence.—The Canadian a 
Mr. Atkinson is an able and ingenious man. But this | ment is being urged to build a railway bridge ame the 
does not remove the objection to his costly and cumbrous | St. Lawrence at Quebec, to cost 1,200,000/. eorryt I = 
arrangement of le-links. We shall show him in the/ are two bridges, at Montreal and Lachine, and “A ri _ 
next competition, if we have this pleasure again, that he | in progress at Coteau will afford a third connect aif or 
must either greatly improve or be seriously beaten, not | an all Canadian route between the Atlantic and Pacific. 
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DUERDEN’S PAPER BAG MACHINE AT THE PARIS EXHIBITION. 
PEARSON, RICHMOND, AND CO., 


CONSTRUCTED BY MESSRS. 


ENGINEERS, BURNLEY. 






































carried by a shaft and located between the two loose 
sections composing the top roll of the second pair of 
rolls, which are actuated at the same surface speed as 
the rest of the draw rolls, completes the diamond fold. 

The length of the bag is determined by the increased 
or diminished speed of the several sets of draw rolls 
in excess of the severing rolls. The speed, however, 
of the latter may be increased or diminished imme- 
diately before and during the severance of the bag 
from the tube, in accordance with the speed or traverse 
of the tube. 

For this purpose two discs are mounted and secured 
respectively to two separate shafts, one disc being 
provided with a slot in which a pin on the other is 
capable of moving, in such a manner that when the 
centre of one shaft is lowered below the other, a 
variable motion will be transmitted to the sloited disc 
| secured to and actuating the severing rolls. 

The segmental block above mentioned receives paste 
from a trough of peculiar construction, through the 
medium of a suitable roller, communicating directly 
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WE illustrate above a paper bagmaking machine | 


which presents numerous peculiar features, and which 
has now been in practical operation during the past 
two years in several of the most important works in 
England, Scotland, and the United States, no less than 
twenty machines having been sold during the past 
twelve months. The object sought to be attained by 
the machine is the direct production of square or block- 
bottomed bags of various lengths and widths from 
varying qualities of paper. 

Asingle machine of this kind is capable of dealin 
with any quality of paper, and will produce bags drie 
and ready for immediate use, of various lengths and 
widths, at the rate of something like 7000 per hour, 
the attention of a young girl being all that is necessary 
to operate it. 

__ One of the exceptional advantages obtained by this 
Invention is in making the bags without undue or 
superfluous pressure on the sides or folds; the ten- 
dency to split or burst, when being filled with goods, is 
consequently obviated. 

To describe the machine we may say that a roll of 
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per of a width suitable to the size of bag required, is 
xed in the position shown in the engraving at A. As the 
aper is drawn forward paste is applied to the margin 

by an adjustable wheel B, in the exact position required 
for the various sizes and with suitable pressure. In its 
traverse itis deflected in a trough-like form, and in 
this position a semicircular cut is made to form a lip 
or thumb-piece in the bag, which is useful for readily 
finding the opening or mouth of the bag when made. 

When the paper reaches the draw rolls D it has 
assumed the necessary tubular shape. The tucker 
blade, for the formation of the first or diamond 
fold, is so arranged that the edges of the paper, 
at the centre of the fold, may be drawn more 
closely together to produce a square bottom. The 
tube from the first draw-rolls to the tucker above 
mentioned, is supported by a longitudinal reciprocat- | 
ing distending es | which opens the forward end of 
the tube for the reception of the finger. 

The tucker having laid and carried the diamond fold 
to the bight of the second rolls F, the tube is severed 


with the interior of the trough, through which it pro- 
trudes, the supply of paste being regulated by a slide 
plate at the bottom of the trough being moved, when 
required, nearer to or further from the said roller. 

This paste block and the two severing rolls complete 
one revolution for one bag, whatever its length, the 
motion being determined by the surface speed of 
the several draw-rolls, which is increased or diminished 
by the substitution of a change wheel of larger or 
lesser diameter, as may be required to determine the 
length of the bag to be made. The speed of the 
severing rolls may be increased or diminished imme- 
diately before and during the severance of the bag, 
and in accordance with its speed of traverse. 

To complete the formation of the bag, the two cross- 
folds of the bottom of the bag are yet to be laid. 
These are now creased and laid by two folding blades, 
acting respectively between the nip of two rolls. The 
whole of the varied operations of pasting, cutting, 
and folding being effected during the uninterrupted 
and continued traverse of the paper through the 
machine, effects a very considerable increase in the 
manufacture of paper bags. 

The various parts are lettered in the diagrammatic 
view as follows : 

A, the roll of paper; B, paster to fasten tube as 
formed ; C, tube former ; D, draw rollers; E, cutter 
for severing the paper into lengths required ; F, rollers 
for pasting and pressing down diamond fold, as shown 
in the detached view, 2, of the partly completed bag, 
dark lines showing paste ; X, paste-box and feed roller; 





by a pair of cutting rolls E, whilst a segmental block, 


G, roller for forming first bottom fold, as at 3; H, 
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roller for forming last bottom fold, as at 4; ft, thumb- 
bit cutter, as at 1 in the detached views, for opening 
the bags and giving an overlap to the bottom ; 2, 
former for diamond fold, one-half the tube passing up 
the incline, the other half underneath, 2 strikes the 
paper at proper time and draws back the diamond 
fold and carries the bag into the bite of rollers F ; 3, 
plunger assisting roller G to make the first bottom 
fold, as at 3; 4, plunger assisting roller H to form the 
last bottom fold, as No. 4. 

The space taken up by this machine, which is the 
invention of Mr. Job Duerden, is about 13 ft. by 4 ft., 
and the power required about } horse. 

Messrs. Pearson, Richmond, and Co., engineers, 
Burnley, Lancs., are the makers of the machine, while 
Mr. Henry Chapman, M. Inst. C.E., 10, Rue Laffitte, 
Paris, and Machinery Hall at the Exhibition, is the 
agent in France. 








NOTES FROM THE NORTH. 
Gtiasaow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday was held as 
the Queen’s Birthday in Glasgow, and consequently there 
was no meeting of the iron ring. On the following day 
the market opened steady, but soon fell away for want of 
support, any effect which the placing of the Admiralty 
orders might have on prices having been discounted 
several months ago. At the close of the forenoon market 
Scotch iron was quoted at 43s, 4d. per ton cash buyers. 
Cleveland and hematite pigs were dull and neglected. 
The closing settlement prices were: Scotch iron, 43s. 3d. 
per ton; Cleveland, 38s, 3d.; hematite iron, 48s, 3d. per 
ton. There was a depressed feeling in the market on 
Monday forenoon, and a strong attempt was made to 
hammer down prices. The quotation for Scotch warrants 
was brought down to 43s, 2d. per ton cash, the lowest 
price accepted since the end of February, and 1s. 114d. 
per ton under the highest price paid during the interven- 
ing period. Some smart buying set in and prices recovered, 
the close being slightly higher than on Friday. The set- 
tlement prices in the afternoon showed nochange. Yes- 
terday’s market was also depressed, the price of Scotch 
warrants declining in the forenoon 34d. per ton, Cleve- 
land 2d. per ton, and hematite 3d. per ton below the prices 
ruling on the previous afternoon. A considerable amount 
of business was done in hematite pig iron. A further 
decline in prices took place in the afternoon; and at the 
close the settlement prices were—Scotch iron, 42s. Tota 
per ton; Cleveland, 37s. 104d.; hematite iron, 47s. 104d. 
perton. The market was again depressed this forenoon, 
and business was done in Scotch and Cleveland iron at 
24d. to 3d. per ton and in Cumberland hematite warrants 
at 2d. per ton below the closing prices of yesterday, there 
being a slight recovery towards the end of the forenoon 
market. ‘The market was steadier in the afternoon, and 
no further decline in prices took place, which at the close 
were Scotch, 423, 8d. ; Cleveland, 37s. 8d. ; hematite iron, 
47s, 8d. per ton cash. On the whole it may be said that 
the pig-iron market remains remarkably quiet considering 
the favourable conditions of the iron trade throughout the 
country, as the prospects are all in favour of higher prices. 
The main cause of the dulness, however, is the absence of 
speculation. Inthe event of any further development 
taking place the — would most probably come for- 
ward as buyers of warrants. For home consumption and 
for shipment the deliveries continue to be fairly good, and 
in consequence the stocks are decreasing, though very 
slowly. Makers’ stocks of hematite iron are reported to be 
very small. Scotch special brands are not in activedemand, 
but the prices have not undergone any material change. 
The following are a few of the quotations : Coltness No, 1, 
55s. per ton; Langloan, 54s, 6d. ; Summerlee, 54s. ; Gart- 
sherrie, 52s. 3d.; Calder, 52s.; Shotts (at Leith) and 
Carron (at Grangemouth), 53s. 6d. There are still 82 
blast furnaces in actual operation, as compared with 88 
at this time last year. Last week's shipments of pig iron 
from all Scotch ports amounted to 8933 tons, against 7263 
tons in the corresponding week of last year. They in- 
cluded 1184 tons for the United States, 350 tons for South 
America, 1030 tons for Australia, 1751 tons for Italy, 250 
tons for Germany, 180 tons for Spain and Portugal, 115 
tons for China and Japan, smaller quantities for other 
countries, and 3077 tons coastwise. The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores yester- 
day afternoon stood at 1,028,633 tons, as compared with 
1,029,078 tons yesterday week, thus showing for the week 
a decrease of 445 tons, 


Shipments of Machinery, dc., from the Clyde.—The foreign 
and colonial shipments of machinery, &c., from the Clyde 
reported last week included the following: Machinery, 
chiefly for Calcutta, Demerara, and Bombay, valued at 
10,317/. ; sewing machine parts, of the value of 27741, 
chiefly for Barcelona and Bombay ; blooms, billets, plates, 
bars, and other steel manufactures, valued at 9300/. ; pipes 
and other castings, plates, sheets, bars, tubes, and miscel- 
laneous iron manufactures, of the value of 23,000/., Cal- 
cutta, Bombay, and Canada being the chief destinations. 


Malleable Iron and Steel Trades,—There is a distinctly 
easier tone in the malleable iron and steel trades, and an 
impression has got abroad that the rapid improvement in 
these two branches of industry has reached high-water 
mark. Though the accumulation of orders has prevented 
the ebb from being outwardly visible as yet, it is said 
that manufacturers have been aware of it for some little 
time by the absence of new orders and by the smaller 
number of inquiries than they had a few weeks ago. The 
rivetters’ strike on the Clyde has effectually checked the 

ressure for the delivery of steelin the mean time. 
Makers’ prices for bars and plates show no material 
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change, but a considerable amount of business has lately 
been done in rivet bars at 5/. 12s. 6d. per ton, being a de- 
cline of 5s. from the highest point touched. 


The Shipbuilding Contracts.—The newly - resuscitated 
firm of Blackwood and Gordon, Port - Glasgow, have 
booked their first contract—viz., two steel steamers for 
Messrs. J. and A. Allan, of Glasgow, for coasting work 
on the River Plate. They will be furnished by the 
builders with triple-expansion engines. Each vessel will 
be constructed of steel for light draught of water, and will 
be 153ft. in length, to carry 500 tons deadweight of 
cargo. Messrs. Rankin and Blackmore, Eagle Foundry, 
Greenock, have just booked a contract to build for Messrs. 
Hoddart, Parker, and Co. (Limited), of Melbourne, a 
handsome saloon paddle steamer to be fitted with a set of 
Rankin’s patent triple-expansion engines. The hull of 
the vessel will be constructed by Messrs. Napier, Shanks, 
and Bell, of Yoker. The vessel, which is intended for 
the passenger trade in Port Philip, is of much larger size 
and power than any steamer of her class, and is expected 
to attain an exceptionally high rate of speed. Two years 
ago Messrs. Rankin and Blackmore constructed for and 
sent out to Melbourne, the handsome paddle steamer 
Ozone, whose speed record has attracted great attention 
in Australian waters. An order to build a steel screw 
steam tug for Spanish owners, and one for a steam launch 
for South America, have just been booked by Messrs. 
Davie and M‘Kendrick, Govan. It is stated to-day that 
there are several shipbuilding orders in the market, but 
that the rivetters’ strike prevents shipbuilders from ten- 
dering, except on conditions which owners are not likely 
to agree to as to time of delivery. It is said that one of 
them is an Australian order for three steamers of about 
1200 tons each, which cannot be executed in the time 
specified by the owners, and unless an extension of time 
is allowed the order will probably go elsewhere. 


The Clyde Rivetters’ Strike.—This strike still continues, 
and the position of matters is practically unchanged. It 
is confidently believed by the men that they will succeed 
in carrying their point; indeed, they have been saying 
this week that some of the leading shipbuilders have 
shown a desire to arrive at a settlement, and that the 
were only prevented from doing so by the necessity whic 
would entail breaking of faith with the Employers’ 
Association. If the masters were now to yieid to the 
men’s demands they would scarcely be able to get any- 
thing like decent squads of hands, as very large numbers 
of them have left the Clyde since the strike began, and 
have gone to the east of Scotland, the north-east coast of 
England, to Belfast, &c., where they have readily secured 
jobs. Surely this is the time when the hydraulic rivetting 
machines should be brought into use which were so much 
talked of several years ago. The electrically-worked 
rivetters of Mr. F. J. Rowan, of this city, might also at 
this time get a good innings, as there is an excellent 
opportunity for them. 


New Fish Market at Aberdeen and Steam Trawlers.— 
Last week there was opened a new fish market for Aber- 
deen at the north-west corner of Albert basin, the cost of 
which is said to be nearly 10,0001. It is stated to be without 
an equalin any other _ of the kingdom for convenience 
and comfort in everything necessary for the landing and 
sale and despatch of fish. Prior to the formal opening of 
the market by Lord Provost Henderson, no fewer than 
fifteen trawl] steamers with cargoes of fish had arrived in 
the basin. In connection with this fact it may be men- 
tioned that there are at present other four steam trawlers 
in course of construction in the building yards at Footdee, 
Aberdeen. Already the fish market, although it is 500 ft. 
long, is found to be too smal], and it has been resolved to 
increase the length to 750 ft. 


New Sewer for Clydebank.—A new sewer is to be formed 
in the burgh of Clydebank, which is estimated to cost 
about 8000/. Messrs. Black and Eadie, Paisley, are the 
contractors for the work. 


Colliery Managers’ Examination.—The annual examina- 
tion in connection with the mining district of East Scot- 
land, of candidates for qualitication as managers of coal 
mines, was begun in Edinburgh last Thursday. Some 
sixty candidates presented themselves for examination. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Transit of a Heavy Steel Casting to London.—On Sunday. 
the Midland Railway Company conveyed the large steel 
casting, mentioned last week, for one of Her Majesty’s 
ships now building at the Thames Shipbuilding Yard, 
from the works of Messrs. Thomas Jessop and Sons, 
Shettield, to London. Owing to the size and shape of 
the casting, both lines of the railway were fouled during 
the transit, and the railway company took the test 
may ee to prevent accident. The whole distance 
rom Sheffield to London was worked as a single line, and 
was divided into nine sections, each of which was run 
without a stoppage, and for this purpose nine light 
engines, each being accompanied by an inspector, were 
engaged. 

Coalwinning. — After sinking operations, extending 
over a period of several months, at the West Haslam 
Colliery, near Ilkestone, belonging to Mr. F, N. Smith, 
a splendid seam of Kilburn coal 5 ft. thick has been 
reached at a depth of 376 yards. 


Steel Trade.—The demand for Siemens and Bessemer 
steel has been so heavy during the past fortnight that 
prices have advanced 10s. per ton; 5/. 2s. 6d. is the cash 
price for Bessemer billets. It may here be stated that 
the Parkgate Iron and Steel Company have spent 62,6241. 
during the past year on their new. steel works, and are 
crowded with orders. There is a probability of an im- 








mediate rise in the prices of all classes of steel, not because 
of the increased cost of production, but because buyers 
are offering more money for prompt deliveries. Steel 
coke is scarce and advancing in price. 


William Cooke and Co., Limited.—The annual report of 
this Sheffield firm has been issued. The company have 
shared largely in the changed state of the iron trade.. As 
a result the year’s work shows a profit of over 1000/. after 
meeting extensive alterations and additions out of revenue. 
There is every prospect of trade improving with the con- 
cern. The 1000l. will go towards reducing the accumu- 
lated losses made in recent years and amounting in all to 
over 14,0007. 


The Lighting of Leeds by Electricity.—Mr. Howson, the 
borough engineer of Leeds, is obtaining estimates for 
illuminating a large area in the centre of that town by 
electricity. It is expected that the undertaking will cost 
about 40,0007. Though the corporation of Leeds has the 
supply of gas in its hands, it is thought desirable tv fore- 
stall any electric _— companies that may seck to 
obtain a footing in the borough. 


The Increased Price of Gas Coal.—As an indication of 
what may be expected in the making of new gas contracts, 
it may be stated that at a recent meeting of the Gas Com- 
mittee of the Leeds Corporation, tenders for the supply of 
coal to the gas works were opened, and it was found that 
in all cases there was a large increase in the rate of quota- 
tions as compared with any that have been cent to the 
Committee for some time past. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday, 

The Cleveland Tron Market.—Y esterday the attendance 
on ’Change was again small, and the amount of business 
transacted was trifling. The market was dull and quiet, 
and quotations were easier thana week ago. For the past 
few weeks prices have gone steadily down, but in spite of 
this fact many people consider trade in a healthy condi- 
tion, and express a belief that better quotations will 
shortly rule. Stocks are being rapidly reduced, and ship- 
ments, although not equal to last month’s, continue pe 
good. No. 3 Cleveland pig iron was yesterday quoted 
383. 6d. per ton, but this was a merely nominal figure, and 
business was reported at 38s. 44d., and even 38s. 3d. 
No. 4 forge iron is 37s. 6d., and mottled and white iron 
37s. per ton f.o.b. g.m.b. for early delivery. On Monday 
night Messrs. Connal and Co., the warrant storekeepers 
at Middlesbrough, had in stock 229,295 tons of pig iron. 
This is a decrease of 1104 tonson last week. In Glasgow 
the same firm hold a stock of 1,028,798 tons. Hematite 
pig iron is quoted 50s. 6d. per ton f.o.b. for Nos. 1, 2, and 
3 makers’ east coast brands. In the manufactured iron 
trade there is nothing new to report. Business is quiet 
and quotations are practically unaltered. Ship-plates are 
61, 2s. 6d. per ton; angles, 5/. 10s.; and bars, 5/. 10s., all 
less 24 per cent. discount on trucks at manufacturers’ 
works, The demand for steel is very poor, especially for 
rails. Quotations are not quite so firm as last week. 

Engineering und Shipbuilding.—Engineers are very busy 
and are turning out a great deal of work. Shipbuilders 
continue active, but inquiries are not so numerous as they 
were a little while ago, and fresh orders are not coming so 
readily to hand, but most firms in the North are sufficiently 
supplied with contracts to keep them going in full swing 
during the whole of this year at least, 


The Coaland Coke Trades.—There is a good demand for 
all kinds of fuel and prices are well maintained. Coke for 
blast furnace purposes is still very scarce and high prices 
are being realised. 


Projected New Industry for Darlington.—It is rumoured 
that the extensive engineering works at Bank Top, Dar- 
lington, formerly occupied and established by Mr. T. 
Hackworth, will shortly come into the possession of a 
Sheffield tirm of engineers, who propose commencing 
operations on an extensive scale on this long-neglected 
site. The whole plant might have been sold long ago if it 
had not been for the difficulty of obtaining a railway 
siding into the works. There is now a possibility of 
getting over this difficulty. If the works are started they 
will probably employ something like 700 or 800 men. 





GERMAN EmicRATION.—Emigration from Germany ap- 
pears to be declining. Last year the number of over-sea 
emigrants from Germany was 98,568, as compared with 
104,659 in 1887, 83,212 in 1886, 110,028 in 1885, 149,065 in 
1884, 173,616 in 1883, and 203,585 in 1882. 





WESTERN AvsTRALIA.—Mr. Violette, representing a 
syndicate of British capitalists, has submitted his pro- 
posals to the governments of Western Australia and South 
Australia, for the construction of a railway from Roebuck 
Bay to Angle Pole, near the Peake station. The dis- 
tance is estimated at 1000 miles. The line is to be con- 
structed on a 5 ft. 3 in. auge, similar to that of the line 
between Adelaide and fe bourne, and it is to be com- 
— within twelve years of the signing of the contract. 

rior to building a permanent line the contractors will run 
a light line and telegraph the whole distance. All auri- 
ferous and other mineral land is to be reserved to the 
Crown. Crown lessees on the syndicate’s concessions 
would not be interfered with, but the syndicate would 
become the landlord. The syndicate asks for a land 
grant of 35,000 acres per mile, the land to be settled along 
the line, and the syndicate to own and work the line. 
Mr. Violette, who is a French engineer, states that the 
oo s have been submitted to the governments of both 
colonies, 
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MISCELLANEA. 

THE peperie works for the construction of a canal 
through the Isthmus of Perekop, in the Crimea, have 
been psoas pony and the excavations are to begin shortly. 
The canal will be spanned by two huge iron bridges. 


Messrs. G. Baghens and Sons inform us that they have 
contracted with the Admiralty to undertake the salvage 
of H.M.S. Sultan for a sum of 50,0001. if successful, or 
40 per cent. in value of articles recovered if unsuccessful 
in raising the whole. 


For the various entrances of the Spanish Exhibition, 
which opened on May 30, there are altogether forty-four 
Norton’s _— turnstiles, which are furnished by Messrs. 
Le Grand and Sutcliffe, of London, who have also just 
provided six for the Municipal Baths at Burton-on-Trent. 


The Swedish Government has ordered five rapid-firing 
machine guns for the ironclad Gota, now in course of con- 
struction, from the Maxim- Nordenfelt Gun and Ammuni- 
tion Company, London. Thegunsare to fire about thirty 
shots per minute each, and the price is about 500/. per 
gun. 


The Boston Journal of Commerce states that cast-ircn 
retorts are now being successfully employed on a large 
scale in New York for the final concentration of sulphuric 
acid. It is found that acid of 65 Beaumé does not attack 
the stills, and the concentration can be carried in them 
up to 98 per cent, sulphuric acid. 


The Town Council of Maldon, Essex, at its last monthly 
meeting resolved to carry out the plans submitted by 
Messrs. R. B. Grantham and Son, in 1885, and approved 
by the Local Government Board in 1887 for the sewerage 
and disposal of the sewage of the principal portion of the 
town. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom, for the week ending May 
19, amounted, on 16,023 miles, to 1,267,889/., and for 
the *orresponding period of 1888, on 15,950? miles, to 
1,311,632/., an increase of 72} miles, or 0.4 per cent., and 
a decrease of 43,743/., or 3.3 per cent., comparison being 
made with the period which included the first portion of 
the Whitsuntide traffic. 


This week the Midland Railway Company began to 
use the electric light on their system, the light being used 
for the first time on the London and Manchester and 
Liverpool express. The dynamos are situated in the rear 
guard’s van, the driving gear being attached to the axle of 
the front pair of wheels. The speed of the dynamos was 
found to be very quickly and easily regulated, and during 
the run from London to Leicester the light was quite 
steady and brilliant. During the stoppage of the train to 
change engines the light was kept perfectly steady by the 
accumulators, 


_At the ordinary monthly meeting of the London Asso- 
ciation of Foremen Engineers and Draughtsmen, held in 
the Cannon-street Hotel on Tuesday the 28th inst., an 
interesting lecture on ‘*The Defences of our Empire” 
was delivered ‘by Colonel Maurice, R.A., Professor of 
Military Art and History. The lecturer based his claims 
for rendering more efficient the defences of our empire on 
its enormous growth both politically and commercially, 
which progress must be a source of jealousy on the part 
of foreign nations, and may lead to aggressive action on 
their part should we through carelessness allow them any 
chance of success. 


The following new regulations with reference to marine 
boilers have been issued by the United States Govern- 
ment: Any boiler having been in use ten years or more 
shall at each annual inspection thereafter be drilled at 
points near the water line and at the bottom of the shell 
of the boiler, or such other points as the local inspectors 
may direct, tu determine the thickness of such material at 
those points and the general condition of such boiler or 
boilers at the time of such inspection, and the thickness 
of such material shall be determined thereafter at each 
annual inspection, and the steam pressure allowed shall 
be governed by such ascertained thickness and general 
condition of the boiler. 


The works of the North Sea-Baltic Canal are now pro- 
gressing with considerable rapidity and a large staff of 
men are engaged in thislarge undertaking. At Griinthal, 
the highest point on the canal, about 600 men are at work. 
At this point a bridge of large span will carry the Heide 
high road across the canal and will also serve as a railwa 
bridge for the west railway. It has to be high enoug 
for the largest ships to pass under it. There are five ex- 
cavators at work, which later on will be replaced by 
dredgers. There being a goud many isolated rocks to be 
removed, anumber of Italianand Tyrolese workmen have 
been engaged to perform the blasting. The wages vary 
from 2 marks 70 pf. to 3 marks 60 pf. per day. 


The latest statistics of Krupp’s establishments are 
supplied in a book just published at Essen. In 1833 it 
had 9 workmen; in 1848, 74. In Jul » 1888, it employed 
20,960 men, of whom 13,626 were at Essen, and, including 
the families of the workmen, it supported a population of 
73,769 souls, of whom 24,193 lived in the houses it pro- 
vides. There are at Essen 1195 furnaces of various con- 
structions, 286 boilers, 92 steam hammers of from 100 to 
50,000 kilogs., 370 steam engines with a total of 27,000 
horse-power, 1724 different machines, and 361 cranes, Of 
coal and coke 2735 tons are used daily, and 11 blast fur- 
naces of the latest construction produce nearly 600 tons 
of iron per day, 


An interesting experiment was made on Wednesda: 
last at the Eiffel Tower, when the safety appliances of -: 

Otis” lift were tested previous to their being opened 
for public use, The lift in question pole se of two 











conmeriaane one above the other, and weighs 11 tons. It 


was loaded with 3 tons of lead and raised to a considerable 
height, where it was fastened with ordinary ropes, the 
steel wire cables being detached from it, with the inten- 
tion of cutting this rope, letting the lift fall, and so ascer- 
tain whether the brakes would work properly and support 
the lift. The experiment was perfectly successful, the 
lift being gradually and quietly bronght to rest, without 
the —_— shock at a distance of about 40 ft. above the 
ground. 


Anew rifled cannon, constructed by the Soci¢té Anonyme 
des Anciens Etablissements Cail, was tes at the 
beginning of the present month by the French authorities 
with, it is said, very satisfactory results. The gun, which 
is constructed on the De Bange system, is 49 ft. Lin. long, 
with a calibre of 12.6in., and a total weight of 47 tons. 
The projectile, which weighs 883 lb., has a muzzle velocity 
of 2130ft. per second, at which, according to the account 
in the Moniteur Industriel, it can pierce 35.4 in, of wrought 
iron and 23.6 in. of French steel armour plate. At 1475 
yards its remaining velocity is 1935ft., and here it can 
pierce 29 5in. of iron and 19.7 in. of steel armour. These 
figures, however, seem to us somewhat overstated. The 
range of the piece at an elevation of 30deg. is said to be 
11.8 miles, or considerably less than that of the 9-in. wire 
gun which fired the Jubilee shot at Shoeburyness, 


A paper on the progress of the Suez Canal an1 its state 
in the year 1888, was recently read before the Paris 
Academy of Sciences, by M. de Lesseps. Of the works 
undertaken to widen the canal from 22 to 65, 75, 
and in some places even 80 metres, some have already 
been completed, and for a distance of about 15 kilometres 
from Port Said vessels have now ample space for passin 
each other. The depth will be increased 8,50 metres, an 
panty A to 9 metres, and navigation by night is facili- 
tated by luminous buoys and tow-paths, the light being 
obtained by means of compressed gas. All the sides have 
been widened to 100 metres between Suez and Port Said, 
thus allowing six large vessels to be shunted at the same 
time in all of them. Ships using the electric lights are 
now able to traverse the canal in about twenty hours, the 
time hitherto required being from thirty-five toforty hours. 
In 1888 the canal was traversed by 3440 vessels of 
7,640,832 tons (2625 of 5,223.254 tons, British) yielding 
pot | company 65,102,000 francs to the company in 
tolls, &c. 


Mr. C. P. Treat, an American contractor, who has 
recently made a tour over the route selected for the 
Nicaragua Canal, has made the following statements 
about the work : *‘ There are no serious engineering diffi- 
culties. If the work were to be done in the United States 
the cost could be estimated as easily as that of a railroad. 
As located every part of the work can be carried on 
without delay. The surface of the lake is 107 ft. above 
the sea. The level will extend to within 15 miles of the 
harbour of a on the Atlantic side, and to within 
three miles of the harbour of Brito on the Pacific. Lying 
between these distances will be an uninterrupted water- 
way of 152 miles. The terminus of the canal on the 
Pacific is at the mouth of the Rio Grande, where there is 
a good anchorage. About three miles of the canal from 
the Pacific towards the lake will be in the valley of this 
stream. The remainder of the distance will be mostly dry 
excavation. The heaviest piece of work on the line is on 
the great divide cut across the San Francisco range. The 
cut is to be through rock three miles long, with an average 
depth of 120 ft.” 


The Engineering Students’ Club, Newcastle-on-Tyne, 
held the last — of the spring session at the Durham 
College of Science, Newcastle, on Friday, May 24th, when 
a paper on “ Lubrication” was r r. E. P. Ban- 
nister, who stated that a good lubricant should have the 
following properties: (1) sufficient body to prevent me- 
tallic contact ; (2) greatest fluidity consistent with above ; 
(3) minimum coefficient of friction; (4) freedom from 
tendency to gum ; (5) absence of acids; (6) high flashing 

int and low freezing point. Some examples of the best 

ubricating oils were exhibited and the great superiority 
of mineral oil for cylinder lubrication was enlarged upon. 
Pullen’s oi] tester was described, and the method of usin 
clearly explaized, diagrams and tables of results obtain 
from this, as well as from a viscometer, being exhibited. 
The lecturer concluded by describing with sketches many 
forms of lubricators, and gave some interesting particulars 
concerning the Russian oil wells. After the conclusion of 
the discussion which followed the paper the secretary an- 
nounced the programme of excursions arranged for the 
summer session, and reported that owing to the courtesy 
of the North-East Coast Institute of Engineers and Ship- 
builders, the Engineering Students’ Club would join them 
in their forthcoming visit to the Forth Bridge. The next 
— for the reading of papers commences in Sep- 
tember. 








LAUNCHES AND TRIAL TRIPS. 

A NEw petroleum steamer, the Lazaro, left the Motala 
een em Company’s shipyard at Oscarshaum, Sweden, 
on Thursday, May 16th, en route for St. Petersburg. The 
Lazaro has been built for Mr. Gregor Tomajeff, an Arme- 
nian merchant at Baku, and is the twelfth petroleum 
steamer delivered from the Motala Engineering Company 
to various merchants at this port. The Lazaro is 155 ft. 
long, 27? ft. broad, and is about 94 ft. deep in the water. 
She is built of Motala steel plate, the hold being divided 
into four tanks. ‘‘ Astatka,” the residue from petroleum 
refining, is to be used in the furnaces. The engines are 
capable of indicating 310 horse-power. 


On Saturday, the 18th, the Grangemouth Dockyard 
Company launched from their new shipbuilding yard at 





Alloa the steel screw steamer Empress, built to the order 
of the New Biscay Steamship Company, of Liverpool, 
Messrs. Curwen Brothers, managers, and intended for 
Baltic general trade. The principal dimensions are, length 
240 ft. by 30 ft. by mf. depth to main deck. The engines 
and boilers are by Messrs. Hutson and Corbett, Kelvin- 
haugh Engine Works, Glasgow; they are of the triple ex- 
pansion type, cylinders 18 in., 30 in., and 48 in. by 33 in. 
stroke, supplied with steam by a large steel boiler 160 lb. 
pressure, and are capable of indicating 850 horse power, 





The new Portuguese mail and passenger steamer 
Ambaca, which Messrs, Earle’s Shipbuilding and Engi- 
neering Company, of Hull, have built for the Empreza 
Nacional’s service between Lisbon and the west coast of 
Africa, was on Thursday, the 23nd inst., taken down the 
Humber on her trial trip. She is 340 ft. long by 41 ft. 
beam, by 28 ft. depth of hold to top of floors, and has 
accommodation for 72 first-class, 32 second-class, and 120 
third-class passengers. ‘The engines are of about 2800 
indicated horse-power. When taken on the measured 
mile off Withernsea the vessel was well down to her load 
draught, having 1750 tons of cargo on board and drawing 
17.6 ft. of water, and the results of the speed trials (an 
average of 14 knots), was considered in every way satis- 
factory. 


The Calais-Douvres, a steel paddle steamer of 1200 tons 
register, built by the Fairfield Shipbuilding and Engi- 
neering Company for the London, Chatham, and Dover 
Railway Company, went on her official speed trials on the 
Clyde on Monday. On the measured mile at Skel- 
morlie the maximum ue attained was 21} knots per 
hour, and the average of several runs 20? knots, with the 
engines working at 50 revolutions a minute. This vessel 
has been built specially for day service between Dover 
and Calais, and has a double bow, with rudder at both 
ends to facilitate turning, especially at Calais. The 
dimensions are : Length between perpendiculars, 325 ft. ; 
breadth, 36 ft. ; depth moulded to upper deck, 21 ft. 6 in, 
The engines are of the compound-diagonal direct-acting 
type, with a high-pressure cylinder 59 in. in diameter 
placed above a low-pressure cylinder 106 in. in diameter, 
the piston stroke being 6 ft. The boilers, four in number, 
are of steel, and are 13 ft. 3in. in diameter, 16 ft. 3 in. 
long, having in all twenty-four corrugated furnaces 
3 ft. 5in. indiameter. The working pressure is 110 lb. to 
the square inch. Fans and engines are provided for 
supplying air to the stokehold. ‘The main working parts 
are of forged mild steel, andthe paddle shatts, cranks, and 
crankpins of Messrs. Brown’s steel. The paddle-wheels 
have feathering floats which, together with paddle arms, 
feathering rods, &c., are of steel. The Calais-Douvres has 
accommodation for 900 passengers, and has state-rooms 
for the accommodation of private parties, while on the 
upper deck there is a handsomely-fitted royal state-room. 








New Rotune Stock anp Prant Works IN Scot- 
LAND.—Messrs. Hurst, Nelson, and Co., Glasgow, have 
made arrangements for establishing extensive works at 
Motherwell, a town not far distant from Glasgow, for the 
manufacture of railway wagons, wheels and axles, springs, 
iron and brass castings, forgings, &c. They have taken 
otf ten acres of ground from the estate of Lord Hamilton 
of Dalzell, and an arrangement has been come to whereby 
other five acres will be given should it be required. Con- 
tracts have been entered into for the construction of ma- 
chinery, &c., and it is hoped the works will be in opera- 
tion in the early autumn. The main building in the works 
will be 250 feet square. The roof, which is curved, will 
be carried on five spans, each 43 ft., and is to be supported 
on wooden couples, lightly framed, placed at 5 ft. centres, 
The covering is to be of patent fireproof felting. The 
whole is to be supported on specially designed columns, 
These will be 20 ft. high, and will be set in concrete bases. 
They are to be made of steel rails, and are to be tapered 
so that the width will be contracted from 3 ft. at the base 
to 1 ft. 8 in. at a height of 10 ft. 6 in. from the floor. 
At this height the rails are to be arranged to support the 
castings carrying the main line of shafting, and from this 
point the column will branch into two brackets, which 
are to be bevelled and 10 ft. apart at the top, the section 
resembling the letter Y. On the outside edge of each 
bracket a line of subsidiary shafting will be carried, and 
the motion communicated by belting from the main shaft- 
ing in the centre to the subsidiary pulleys, and from them 
to the machinery to be placed immediately under the 
bracket. The advantage of the arrangement is that 
motive power is given to the machine without any lateral 
stress on the column. There will be a foundry built of 
brick and measuring 126 ft. by 45 ft.; a forge, also of 
brick, to be 100 ft. by 90 ft. ; and a small brass foundry. 
An important feature in connection with the works 
will be the manufacture of wrought-iron wheel centres 
and other forgings by hydraulic machinery. The 
forging press is to 1200 tons power, the pressure 
being obtained by acombination of steel cylinders and rams, 
The planing machine will be capable of dealing with timber 
20 in. by 7 in., and will plane on all four sides up to 60 ft. 
per minute. Complete machinery and plant of improved 
design will be laid down, ee hydraulic cranes 
throughout the works. For working the machinery there 
will be two horizontal engines with cylinders 16 in. in 
diameter and 36in. stroke, supplied with steam from two 
Lancashire boilers 25 ft. long by 7 ft. 6in. in diameter, 
and working to a pressure of 80)b. to the square inch. 
Through the works there will be owe | a mile of railwa 
sidings in connection with the Caledonian system. It 
may be added that the managing partners of the firm are 
Mr. John Hurst (who has been seventeen years general 
manager of Messrs. Harrison and Camm’s establishment) 
and Mr. Andrew S. Nelson, who has represented the same 





firm as agent in Scotland for ten years, 
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VERTICAL COMPOUND ENGINE. 


CONSTRUCTED BY MESSRS. RUSTON, PROCTOR, AND CO., ENGINEERS, LINCOLN. 
(For Description, see Page 627.) 
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ALTERNATE CURRENT MACHINERY. 


THE late inquiry into the merits of the various 
schemes for the electric lighting of London fur- 
nished ample opportunities for the advocates of 
the different systems to criticise each other’s plans. 
Broadly, the applicants were divided into two 
camps. The first contained those who pinned their 
faith to direct currents, with or without batteries, 
while the other was composed of those who advo- 
cated alternate currents with transformers. These 
latter were again subdivided into two sections, 
which took as their watchwords ‘‘ concentration ” 
and ‘‘ subdivision.” The London Electric Supply 
Corporation constituted the former of these parties, 
their project comprising a gigantic station at Dept- 
ford, with two immense dynamos to do the bulk of 
the work. The second section was represented by 
the Metropolitan Electric Supply as a | and the 
House-to-House Electric Light Supply Company. 
The first of these proposes to build three new 
stations in different localities, and to fill them with 
machines of moderate size, while the latter has 
already a very fair-sized plant in working order, 
with space for considerable extension. 

But it was not merely a different estimate of the 
comparative values of large and small machines and 
engines, considered individually, which divided the 
alternate current party. There was also the difficulty 
that, in a station of small generators, several ma- 
chines must be made to deliver into the same main 
in order to gain the full benefit of the subdivision. 
This, of course, involves coupling the generators in 
parallel, a practice which was regarded by many 
people with considerable distrust. So recently as 
last February Mr. Gisbert Kapp, in a paper read 
before the Institution of Civil Engineers, stated 
that if alternate current generators were to run in 
parallel they must be so modified in their construc- 
tion as to lower the plant-efficiency of the station. 
In the discussion on the same paper Professor 
Forbes said, in relating his experience and obser- 
vation of the numerous Westinghouse installations 
in America, ‘‘As to the possibility of working 
conveniently in parallel with those machines, he 


2|might say that the experience of America had 


been completely against it. It was there found 
that it was possible to work in parallel, but 
that it enormously increased the amount of 
skilled attention required in a central station.” 


27|In a still more recent paper, read before the In- 


stitution of Electrical Engineers, Professor Forbes 
said, ‘‘I venture to think, however, that the plan 
now universally proposed for making these machines 
work in parallel -vill not long be tolerated. This 
is to introduce into the machine a large amount of 
injurious self-induction, thus diminishing the plant- 
efficiency and rendering the equalising of pressure 
with various loads very difficult.” Again, in a letter 
which appeared in the Electrician of May 10, 1889, 
Mr. Zipernowsky, of Messrs. Ganz and Co., wrote 
in regard to this question, ‘‘ At present no practical 
electrician will hesitate to acknowledge the coupling 
of dynamos in parallel circuit to be a vital question 
of any parallel system of central station distribu- 
tion.” The above quotations show conclusively 


that a very considerable and influential section of 
electricians thought that the coupling of alternate 
current generators could only be carried out by 
special provisions which were not without serious 
disadvantages, The feature which was generally be- 








lieved to be nec to be present in such machines, 
in order to enable two or more to deliver into the 
same main, was a large amount of self-induction, 


P-| which was usually obtained by the use of iron cores 


in the armatures. This feature is found in the 
Gordon machines at Paddington, the Westinghouse 
machines in America, the Ganz machines on the 
Continent, and the Lowrie-Parker machines at the 
House-to-House installation at Kensington; all 
these machines can, with care, be made to work in 
a the last of them doing so very successfully. 

he only makers, as far as we know, who discard 
the use of iron are Messrs. Siemens Brothers and 
the Anglo-American Brush Electric Light Corpora- 
tion. 

The qualities which enable two alternate cur- 
rent generators to work well in parallel are exactly 
the same as those required to enable one to be 
driven as a motor, by current derived from the 
other. Now in the report published on May 18, 
by Major Marindin, and noticed in our last issue, 
he expressly explains that in the few cases in which 
he has allotted the same area to two companies, he 
has taken care that one of them supplies direct cur- 
rents, since alternate currents are not suitable for 
the production of motive power. Hence it is clear, 
that although evidence had been given before him 
showing that alternate generators could be worked 
in parallel, yet he was of opinion that the operation 
demanded so much care that it could only be carried 
out by professional electricians. 

Such being the state of public opinion on the sub- 
ject of alternate current machinery, it came asa 
surprise to nearly every one, when on Thursday, 
May 23, Mr. W. M. Mordey read a paper before 
the Institution of Electrical Engineers, in which he 
insisted in the strongest manner possible, that not 
only were alternate current machines capable of 
being coupled in parallel with the greatest facility, 
but also that they would serve equally well as 
motors, giving a commercial efficiency of 90 per 
cent. He maintained that the very quality—self- 
induction—which had been insisted upon, time after 
time, asthe essential element in parallel working, was 
not only unnecessary for the purpose, but positively 
deleterious. Everybody acknowledges that it is 
extremely inconvenient in interfering with the 
self-regulation of the machines, and by demanding 
constant attention on the part of those in charge of 
a station in keeping the pressureconstant. Hence, 
if Mr. Mordey’s view is correct; it has not a single 
virtue, except in certain ill-designed machines 
which need the introduction of the opposing in- 
fluence of self-induction to prevent them destroying 
themselves. 

We have not the space to follow Mr. Mordey 
through his most interesting paper. At the close 
he clinched his arguments by inviting the Councii 
of the Institution to be present the next morning at 
the Brush Corporation’s works to see two 50 horse- 
power machines, built from his designs, put through 
a series of most severe tests in exemplification of 
the opinions advanced in his paper. The machines 
were of the type illustra on page 538 of our 
forty-fifth volume. Each machine was driven by a 
75 indicated horse-power Fowler engine, one engine 
running at 130 revolutions and the other at 90 re- 
volutions. There were independent countershafts 
of very heavy character (in one case three) to each 
engine, the weight of moving parts being very great, 
as the plant is laid out for the ready testing of all 
kinds and sizes of dynamos. The following series 
of experiments were then made : 


1, The alternators were run wp to full a nen and each 
excited to give 2000 volts. hen in phase they were 
switched parallel without any external load, and without 
any impedance coils or resistance between them. They 
ran parallel perfectly. 

2. A considerable inductionless load was then put on, 
varied, and taken off, They ran equally well under all 
circumstances. 

8. They were uncoupled, and then, the load being con- 
nected to the mains, they were suddenly and simulta- 
neously switched parallel and on to the mains with perfect 
success, 

4, One alternator was excited to give 1000 volts, the 
other giving 2000 volts. They were then switched 
parallel, and went into step perfectly, giving a terminal 
potential difference of about 1500 volts. No impedance 
or resistance was used in this or in any other case. A 
load was then put on without affecting their behaviour. 

5. With one machine at 1000 volts and the other at 
2000 volts, they were switched parallel when out of phase, 
and instantly went into step. A large current appeared 
to pass between them for a fraction of a second, but not 
nearly long enough to enable it to be measured or to do 


we | harm. J ; 
. They were then left running parallel while one was 
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disconnected from the engine, by its belt being shifted 
from the fast to the loose oo It continued to run as a 
motor synchronously. A load of lamps was at the same 
time on the circuit. 

7. The two machines were then uncoupled and excited 
up to 2000 volts. They were then switched parallel when 
out of phase and without any external load, and went into 
step instantly. 

8. Whilst running as in 7, steam was suddenly and 
entirely shut off one engine. The alternators kept in 
step perfectly, one acting as a motor and driving the large 
engine and all the heavy countershafting and belts. It 
was impossible to tell, except by the top of the belt be- 
coming tight instead of the bottom, which machine was 
the motor. To find the power exerted by the alternator 
acting as a motor in 8, a direct current motor was put in 
its place, and the power required to drive the engine and 
shafting was found to be 20 horse-power. 


The experiments were thoroughly successful, and 
the visitors were loud in their congratulations. 
When the coupling of the two machines was effected 
at a moment when they were revolving at about the 
same speed, as shown by the uniform working of 
two incandescent lamps fed from them, it took 
place without any disturbance, while when the 
machines were coupled out of phase, there was evi- 
dence of the great force exercised by the one upon 
the other to bring it into step. Of course the 
heavy engine and shafting were mainly responsible 
for this. Their inertia was many times that of 
the machine, and it was perfectly surprising how 
rapidly they were accelerated to the required degree. 
For the moment the second machine acted as a 
motor to assist or to retard the engine, and con- 
tinued to do so until its pace exactly corresponded 
with that of its fellow. 

An alternate current motor cannot be relied 
upon to start from rest; it must be put into rota- 
tion by an external force, and brought to approxi- 
mately the same rate as the generator. This 
cannot be done by hand, unless the machine is of 
small size, since the power required to turn it 
in open circuit is usually too great. Mr. Mordey 
has devised a ready means of attaining this end ata 
very small cost. The exciter is coupled directly to 
the motor shaft, and moves with it. Its current at 
times passes through a small secondary battery 
which thus becomes charged, and furnishes a store 
of energy. When the machine is to be started the 
current from the battery is passed through the 
exciter for a minute or two, converting it into a 
motor which puts the alternate current machine 
into rotation. As soon as synchronism of the motor 
and thegenerator is obtained, as shown by twolamps, 
the former is switched into circuit and continues to 
run. As much as 50 brake horse-power have been 
given off by one of the machines with which the 
experiments were conducted, without its being put 
out of phase. Such a motor is, however, not suit- 
able where variations of speed are required, as 
in a tramcar, nor where there is frequent stopping 
and starting, but for many industrial purposes it 
would be quite satisfactory. So long as it was 
equal to the maximum load put - it, it would 
fulfil its duty. But if it were suddenly connected 
to heavy masses of machinery, without the interven- 
tion of some such appliance as a friction clutch or a 
belt which would slip, there would be a danger of 
its duty. But even under these circumstances 
it would make a tremendous effort to keep up its 
speed ; the moment it sensibly lagged its opposing 
electromotive force would be decreased, or possibly 
reversed, and there would be a great rush of cur- 
rent through it, far beyond the amount it could bear 
continuously with safety, but which would do no 
harm for a few seconds. 

We stated above that nearly every one believed 
that self-induction was a necessary element in the 

allel working of alternate current machines. 
There were a few persons, ho.vever, who did not 
share this belief. Dr. Hopkinson had deduced 
the opposite from theoretical considerations, and 
Messrs. Siemens Brothers had, to some extent, 
proved it experimentally. The fact had been 
mentioned by Mr. Alexander Siemens before the 
Society of Telegraph Engineers and Electricians 
in 1884, but his firm are not zealous in giving the 
results of their experiments to the world, and 
nothing more was heard from them on the subject. 
So thoroughly had the opinion taken root that onl 
iron-cored alternate current machines would wor. 
in parallel, that the Brush Corporation found it 
difficult to sell their machines for central station 
work. Hence the demonstration of last week, 
which has come at a most important time, and 
marks a very distinct epoch in electrical work. 
For a long time the alternate current machine has 





been the Cinderella of the electrical family, but 
there is an indication that it may soon be advanced 
to the place of honour. In America it has shot 
ahead of all competitors, while in London the great 
bulk of the recently allotted areas will be served 
by it. Two objections have always been on the lips 
of its opponents, who never tired of pointing out 
that it was not suitable for the transmission of 
power, and that its current could not be stored. 
The first accusation has been conclusively disproved, 
and as to the second, who knows what the future 
holds in store for us ? 





FRENCH INVENTORS. 

Tn the Machinery Hall on the Champ de Mars 
there are three large and handsome cases filled with 
models which attract attention from their great 
variety and beauty of finish. At present there is 
no exhibitor’s name upon these cases, so that there 
is nothing to show whether they are the contribu- 
tion of an individual or of a society. At the first 
glance they suggest the idea that some particularly 
clever model maker has prepared an especially fine 
exhibit to illustrate his skill and knowledge of 
mechanical details. A closer examination, however, 
shows that this is not the case, but that the collec- 
tion is intended to serve a far higher object—that of 
rendering justice to the memories of great French 
inventors, and to settle beyond all question the real 
sources whence many of the greatest mechanical dis- 
coveries have sprung. There is always so much doubt 
upon claims of originality, so much desire on the 
“a of one nation to assume to itself the credit of 

aving given birth to a great inventor, that the 
person who conceived the idea of making this 
exhibit has rendered a very valuable se: vice, and 
we would suggest that when a suitable occasion 
presents itself, similar collections should be made in 
England, the United States, Germany, and else- 
where, so that the public might have impressed 
upon them the knowledge to whom they are in- 
debted for so much. 

It is to be regretted that the exhibitor has only 
dealt with so small a proportion of the great field of 
invention, but, on the other hand, anything like the 
comprehensive exhibit, carried out on the same 
lines, would have been impossible, if only for want 
ofspace. Placed beside each model is a label giving 
particulars of what it represents, the name of its 
inventor, and the date of the invention. With 
regard to the models themselves, we may say of 
all of them that it is a pleasure to examine them 
on account of the beautiful manner in which they 
are executed, and one is surprised that they show 
no trace of that rudimentary character which we 
are wont to associate with the first efforts of in- 
ventors. Taking the contents of the casesin some- 
thing like their order, we see, first, the pan balance 
with indicator needle and graduated arc, as it was 
made by Roherval in 1670; then come some 
interesting illustrations of the metric system, as 
sanctioned by the Assemblée Nationale in 1790; 
the hydraulic press we learn was given to the world 
by Blaise Pascal in 1850, while the hydraulic ram 
was invented by Montgolfier in 1797 ; of course we 
all know that the Prony brake was the invention 
of the baron of that name in 1821, and that the 
injector was due to the great Frenchman Giffard in 
1858, but we did not know that he had been antici- 
= by forty years by the Marquis de Mansoury- 

ictot. The invention of the dynamometer was 
made in 1831 by Morin, and all the world recog- 
nises Montgolfier and Charles as the fathers of 
aérostation (1783). It will, however, be news 
to many that continuous brakes, as applied to rail- 
way carriages, were first worked out by Denys Papin 
in 1687, and afterwards by Du Tremblay in 1860. 
We are indebted to Hirn for telodynamic cables in 
1850, and a particular form of pitched chain was 
invented by Galle in 1832 ; as proved by the model 
of a modern ocean steamer the credit of steam navi- 
gation is divided between Denys Papin (1698), 
and the Marquis de Jouffroy d’Alban (1776). The 
invention of the screw propeller is assigned to 
Dallery in 1803, and afterwards to Sauvage in 
1832. Every one will be glad to see that M. 
J. D. Farcot has not been forgotten ; he is re- 
presented by models of variable expansion gear 
dated 1836, by his special form of governor, 1854, 
and by his servo-moteur, 1868. The model of the 
Fontaine turbine, dated 1840, is a very fine one, as 
is also that of the gas engine, which was the 
invention of four persons over a range of sixty 
years; Lebon, in 1801; Hugon, in 1860; Le- 





noir in the same year; and Rochas in 1862. 
The steam hammer as made by Thwaites and 
Carbutt, of Leeds (according to the name plate on 
the model), was invented and worked out by Bourdon 
in 1839; the beam engine with cylinder, piston, 
&c., was given to the world by Denys Papin in 1690, 
nine years after he had produced the safety valve. 
The principle of compounding engines is due to 
Normand (1856), while the triple-expansion system 
followed from the same source sixteen years later ; 
Belleville was the first inventor of sectional boilers 
in 1850, Marie Seguin having constructed tubular 
boilers in 1827. The steam pressure gauge was, of 
course, the invention of Bourdon in 1849. Finally 
the turbine was invented by Burdin in 1824, and 
afterwards by Fourneyron in 1832, while Poncelet 
produced the waterwheel bearing his name in 1824. 

Probably the majority of people after examining 
these models will go away convinced that they 
faithfully represent the different inventions as de- 
signed by those Frenchmen whose names are 
attached to them, entirely forgetful of the fact that 
almost every invention must be necessarily crude at 
first, and can only be brought to comparative per- 
fection by the aid of many minds working over a 
long period. Had the exhibitor taken the pains to 
place alongside each model what he claims to have 
been the work of the various inventors, another 
model of what the first invention really was like, 
the collection would have been instructive to the 
highest degree, and would not have detracted in the 
least from the credit due to the great names 
assembled at the exhibit. 





BRAKE TRIALS AT CARLSRUHE. 

Our readers will remember that on page 307 of 
our present volume we dealt at some length with the 
trials of the new quick-acting Westinghouse brake 
for long trains, which took place at Carlsruhe on 
March 19 and 20, under the direction of Mr. H. 
Bissinger of the Baden State Railways. We 
pointed out at that time the great importance which 
the general introduction of this new and im- 
proved brake system would confer upon Continental 
countries, and India, in the event of the rapid trans- 
portation of troops and war materials becoming 
necessary, and it would appear that France is not 
behind in appreciating the great value of this new 
invention, since a series of similar trials have 
recently taken place at Courtalain, about which 
we may have something to say hereafter. 

At the time of our previous notice we were not in 
possession of copies of the diagrams taken during 
the Carlsruhe experiments with the Kapteyn appa- 
ratus—which latter, however, as well as the modus 
operandi we then described in detail—but we have 
now received these diagrams, and we reproduce 
eight of them on pages 622 and 623 of the present 
issue, while we also publish on the opposite page a 
Table extracted from Mr. Bissinger’s official report 
containing complete details of each of the eighteen 
stops, of which we were previously only able to give 
the principal particulars. 

Fig. 2, page 622, gives a diagram section of 
the line between Graben and Rheinsheim upon 
which the brake trials took place, and from this 
it will be seen that the train approaching the trial 
piece ran down a gentle incline, which, particularly 
in the very long trains of fifty carriages, was 
of advantage in increasing the speed attained. 
The positions in which the three explosive signals 
were placed are clearly shown in the diagram, 
and it will be remembered that the speed of 
the train was ascertained between these points, 
while the brake experiment commenced on the 
explosion of the third detonating cap, the spot 
being marked in addition by a flag. : 

The first diagram, Fig. 3, which we reproduce, is 
that taken on the third stop, made with a train of 
eighteen carriages with the ordinary Westinghouse 
brake, and at a speed of 43.5 miles per hour, the 
distance run, in this case, being 220 yards, and the 
time occupied in making the stop being 17 seconds. 
The next diagram, Fig. 4, is a reproduction of that 
taken on stop No. 6, with the same train, the same 
1-in. pipe, and the same speed as on the previous 
stop, but with the new quick-acting brake; the 
time was not reduced, as compared with the results 
of the third stop, and the distance run after applica- 
tion of brake only slightly, it being in this case 204 
yards, or only 16 yards less. Turning now to Fig. 5, 
which is a reproduction of diagram of stop No. 9, we 
find that with the same train, but with a speed of 
44.7 miles, the new quick-acting brake, complete 
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THE BRAKE TRIALS AT CARLSRUHE. 


TABLE No. I.—Resvtts or Sroprs. 
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Number of Column 1 2 | 3. | 4 | 4a. | 5. 5a. 6. | 7. | 8. | 9. 10. | 11. | 12. | 13. 14. | 15. 16. | 17. 18. 
a oN an te tn b 29 a a Re fei! Ele oe Ee 
| ee 
| Speed in Kilo- 2 a 
| metres and Miles Stop Number of Air Pressure in Atmospheres. en s 33 
per Hour. ‘umber of S 
| Seconds | 2 | a& 
evs Se ie 7 until the Re-| . . es 
' Kilometres | g | Z |. Until the yp ee ER 
DESCRIPTION OF | & oer | z | 3 Action of the) Before | After the Experi- |the Last Car-| 25 23 
TRAIN. | Fy I | mS 5 | n the Last Experiment. ment. riage a5 i REMARKS. 
| : an 88 S | Carriage £2 > 
| ¢ a s = | 2 | 2a Se | 33 
| os | Nf 3 | se |—— —— — —_————$—S | -—_—___ — Oo |& 
° Pat 2 (oe I|muae te! . } . \ 35 = 
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| 2 tan 43% a ets | Sime lse/s8\eg\se| 2 |88/33| £8 
|g & S| 82 Ssei/a\m | 3 | & las £& go |\2m £8) 32) 2/53 2%) $3 
| % 4 fo £2 S%/e, 6/5 | £28 |s= SF) ES| Se SF) F | eal EF 
Train la. | iy | a | | | ] | J a 
1 locomotive, 18carriages (| 1| Ordinary | 72 | 72 | 44.7 | 392 4286/ 30 | 31 |14 | 45 (45 | 345 | 34 | 345 | 3 | 7h | 44.52) 5.15) No jerk or shock. 
Ordinary Westinghouse 2 | Emergency 64 | 39.1 | 173 189.2) 16 Z 3} 4.5 (4.5 (35 | 16 | 3.5 4% | 11} | 52.26| 9.05| One severe shock shortly before stop. 
brake. 3 ” 70 70 | 43.5 | 201: 219.8) 17 | 3 3§ 145 | 45 | 3.5 16 | 3.5 54 | 134 | 52.26) 96 | Onesevere shock and oscillations thortly 
Train 10. | | | } before stop, 
1 locomotive, 18 carriages ) | : 
Sales aeal rae 4 | Ordinary 70 70 | 43.5 | 420, 459.3) 31 | 2 11} | 4.0 40 | 3.2 3.2 | 3.2 13 3} | 44.94) 4.55 . 
eS. “oo {3 Emergency | 63 | 63 39.1 | 157/171.6| 153 | { it | 3.9 | 3.9 | 345 | 1.0 | 3.45 8} | 51.68| 9.95 | Not the slightest Jork or shock and 20 
pipe. ( | (6 ” 70 | 72 | 43.5 | 187, 204.5) 17 | ¥ 14 | 3.95 _ 36 | 0.5 | 3.6 6} 8$ | 53.2 | 10.3 oscillation. 
Train 1c. | 8 Fe 
1 locomotive, 18 carriages; 7 | Ordinary | 71 | 71 | 44.1 | 313 3423) 25 | 3 | 74 | 40 |4.0 (32 | 32 32 | 1 3} 462 | 63 
Quick-acting Westing-)| 8 | Emergency} 62 62 | 38.5 | 355 1695] 153) .. i 3.95 | 3.95 | 3.5 10 | 35 ee -- | 52.19] 9.75 Ditto 
house brake. Large 9 ” 72 72 | 44.7 | 195 213.3) 184 = 14 «| «4.0 4.0 | 3.6 0.9 | 3.6 2} 5} | 632 | 10.46 mee. 
pipe. 10 ” 78 80 | 48.5 | 242, .. 214 t 1 4.0 | 4.0 3.5 | 0.5 | 3.5 64 8} | 52.19] 9.88 
Train 2. | 
1 locomotive, 80 carriages (| 11 | Ordinary | 71 | 71 | 44.1 | 462 505.2) 344 | 3} | 133 | 3.9 lao |s2 | a2 32 | 2 4} ease 4.25 
Quick-acting Westing-)| 12 | Emergency} 57} | 56 35.7 | 128 140 144 | 13 13 | 3.95 | 3.95 | 3.55 | 19 | 355 | 8 10§ | 55.56 | 10.2 | | nitto 
house brake. —) 13 ” 65 65 | 40.4 | 172 188 16¢ | 13 1g | 3.9 3.9 | 3.5 1.5 | 3.5 8} 10g | 54.84) 9.7 | aes. 
pipe. 14 ” 68 70 42.2 | 183 200 174 13 1 41 | 4.1 | 37 1.6 | 3.7 10 12} | 58.47) 9,92 | 
Train 3. | | 
: : (| 15 | Ordinary | 56 56 = 84.8 | 449 491 40; |} 8 | 203 | 40 | 40 | 32 | 32 | 32 3} 5} | 48.90| 2.73| No jerk, shock, or oscillation. 
phos egg Weetinee | 16 |Emergency| 46 | 46 28.6 | 92 100.6| 123| 13 | 23 |39 | 39 | 3.45 | 2.0 | 3.45 | 174 | 20 55.98| 9.1 | No jerk, very slight oscillation. 
haaas’ Geake Lae 4 | 7 - 56 55 «| 348 | 135) 147.6) 14¢| 14 23 =| 4.0 4.0 | 3.5 | ae | 3.5 oe -- | 66.80) 91 One slight shock, screw coupling 
pi , Be | | | | | | | broke. Train separated 4 metres. 
_ 18 ‘~ 58 58 36.0 | 141 154.1| 154 23,40 (40 |35 | .. 3.5 56.80 | 9.4 No jerk or shock, one coupling link 
| | | | with old flaw snapped. Noseparation 
| | of train. Buffers touched. 











The rails were dry in Exps. Nos. 1—14; in Exps, Nos. 15—18 the rails were slightly moist. 


Referring to Table I. above, in which are enumerated the results of all the eighteen stops made on these brake trials, it may be as well to 
—€ in column 8 is taken by means of Kapteyn’s speed indicator, previously described, while the 
als 


speed in column 4 is taken from observations 


ain point out how these results were obtained. The 
tween the three detonating signals on the line, and 


0 from milestones. Distance run in column 5 is measured on the ground from the point of starting on the trial line to the point where the front locomotive wheel stops. 


ted from t of 





Brake time, column 6, is 


ing the brake cock to the moment of stop, inclusive. 


The times in columns 7 and § are taken from the moment of opening the brake valve to the observation of indication on the gauges. 
The particulars in columns 9 and 10 are read off the gauges immediately previous to application of brake, those in columns 11, 12, 13, when brake is full on. 


The times in columns 14 and 15 are taken from the moment of turning brake handle to release to the moment of this operation being visible on the gauges. 


observation could not be made owing to the air pipes having separated. wt 
The percentages of retardation in column 17 are calculated by the formula X =3.34 abe in which X represents the force of retardation in percentage of train weight, V the speed in miles, and S the 


distance run in feet. 


In experiments 17 and 18 this last 


The remarks in column 18 are those made by the observers in the experimental van, attached at the end of the train, where they would in all probability be most noticeable. 


It will be remembered that the operations of the brake-cock (see Fig. 3) were transmitted to the experimental van by electric contact, The first notch indicating the 


with the larger pipe, stopped the train in a distance 
of 213 yards, taking 18.5 seconds to bring it toa 


standstill, which is equivalent to 202 yards at 43.5 | 


miles per hour, There are rather too few of these 
emergency stops to establish a good comparison be- 
tween the old and new brakes. However, it may 
be pointed out that the respective efficiencies show 
a decided advantage for the new brake. Column 
No. 17 gives the average efficiency of the brake, 
showing for the stops in experiments 3, 6, and 9 
alluded to, an efficiency of 9.6, 10.3, and 10.46. 
In experiment No. 3, however, the air pressure was 
4.5 atmospheres, whereas in Nos. 6 and 9 it was 4 
atmospheres only. The efficiency of No. 3 should 
on that account be reduced, for as the brake-block 
pressures employed were in all cases well below 
those which would produce skidding, it follows 
that the retarding force applied as soon as the 
brakes were fairly on, was practically proportionate 
to the air pressure available in the brake cylinders. 
Had the same air pressure been available in both 
cases, the percentages of retardation would have 
shown much more materially in favour of the 
new brake. With longer trains of twenty and 
twenty-five vehicles, moreover, the gain would 
also be still more marked, and it may be safely 
assumed that with the new brake at high speeds 
and long trains, the stop distance would be reduced 
by one-fourth as compared with the results yielded 
by the old brake. Another a a gained is, 
moreover, the avoidance of the shock oscillations 
and probable damage which might he done to along 
train stopped under such conditions, for while the 
shock experienced during stop No. 3 with the 
ordinary brake was severe, nothing appreciable 
took place during either of the other stops. This 
18 & point the importance of which will naturally in- 
crease eye 6 ae = the train dealt with. While, 
moreover, judging by the diagram for stop No. 3, it 
took about three seconds after turning ‘ie brake 
handle before the pressure in the cylinder rose to 
that in the reservoir ; in stop No, 9, with the new 


| brake, this time is reduced to a trifle over half a| 
| second. 
The next diagram, Fig. 6, page 623, is that of 
istop No. 14, with a train of thirty carriages all 
titted complete with the new apparatus and running 
at 42.25 miles per hour, or nearly the same speed as 
the eighteen-carriage trains, yet this was stopped 
in the same time, viz., 17.5 seconds, and on the 
same distance, 200 yards, showing that there is prac- 
tically no difference in the action of the brake 
whether the train has eighteen or thirty carriages, 
providing all wheels are braked, and the percen- 
tage of brake pressure remains constant. 
Unfortunately the direct chain of comparison | 
between the results obtained cannot be extended to | 
the train with fifty carriages, because it was not 
possible to run this train with one locomotive at a 
higher speed than 36 miles, and it is almost neces- 
sary to compare the performances of the quick- 
acting brake on a train of fifty carriages by them- 
selves. Figs. 7, 8, 9, and 10 are reproductions of 
diagrams of all the stops made with the fifty-car- 
riage train, and in all of which the new quick- 
acting brake and large pipes were used. Now 
we venture to say that with the ordinary Westing- 
house brake, or any of the other existing brakes, 
vacuum or otherwise, it would be quite impossible to 
perform an emergency stop on a train consisting of 
fifty carriages and running at a speed of 36 miles 
per hour, in the short space of time of about | 
16 seconds, without throwing passengers and 
goods about to such a degree, that the effect 
would be little short of that of an accident, while 
with this new quick-acting brake there was| 
neither shock nor oscillation, and the train running 
at 36 miles per hour was in stop No. 18 brought to 
a standstill in 15.5 seconds, travelling only 154 
yards after the application of the brake. In column 
18 of our Table above, under the heading of 
‘* Remarks,” it will be noticed that in case of the 





last two stops, Nos. 17 and 18, the train was pulled 
asunder ; in the former case a coupling link and in! 





tof application of brake. 





the latter case an eye-bar gave way, but in the 
case of the eye-bar there was an old flaw in the 
bar, which gave way after the bar had drawn the 
train sucessfully four times and had been subjected 
to the strain of three previous brake applications. 
The circumstances of the fractures are given in the 
‘* Remarks” column of the Table. In experiment 
No. 17 the link broke between carriages 28 and 29, 
while in No. 18 the break occurred between car- 
riages 30 and 31, that is, between the old and the 
new part of the train, the previous trial train of 
thirty carriages having been made up to fifty by an 
additional twenty carriages, and it is supposed that 
the screw coupling was not tight. 

The object of the Carlsruhe trials was, in the first 
place, to ascertain the action of the new brake on 
a train of fifty carriages, and for such length of 
train a leverage giving a brake-block pressure of 
about 60 per cent. of the weight braked, was found 
in the United States to give the most satisfactory 
results in regard to the smoothness of the stops. 
It was therefore decided to keep the leverage 
low, and, as is shown in the Tables, the average 
brake-block pressure on the train of fifty carriages 
was 56.8 per cent. of the weight of the train. 
The trials, however, were also extended to trains 
of eighteen and thirty carriages, with the old and 
the new brake ; and, in order not to introduce new 
elements into the comparison, the leverage and 
pressure was practically kept uniform through- 
out the trials. On the trains of eighteen and 
thirty carriages, which a frequently occur 
in passenger traffic, a much higher brake-block 
pressure might have been used, as has already been 
done in many brake trials in this country, and it 
would have been interesting to ascertain the supe- 
riority of the yg sy brake when working 
under such conditions, in ane with results 
obtained with the ordinary Westinghouse brake. 
We understand that M. Bissinger intends to 
out sume further experiments in this direction. 

To ascertain the capacity of this brake in regu- 
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varying, and to run down this incline with eighteen | this may be accounted for in two ways, either the 
carriages at a mean speed of 31 miles per hour re- | springs used were not absolutely correct, or what is 
quires the brake to be taken off and applied at in- | more likely the reading of the gauges from which 
tervals. | these figures were taken, would not be obtained with 


A complete diagram of the action of the brake sufficient accuracy during the brief time allowed for 











lating the speed of a train running down an incline, 
on which the brake had to be applied for a consider- 
able period, an experiment was made on the line 
between Pforzheim and Wilferdingen, of which we 
publish asection in Fig. 1, below. The average in- 


Fig.1. KARLSRUHE ro PFORZHEIM. 
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of fractures were shown which were in direct opposi- 
tion to established laws and apparently unaccount- 
able. It is now in order for men holding opposite 
views to bring in their samples and show that things 
alluded to could never have happened, and yet there 
they are. If they are in opposition to practice and 
to theory, so much the worse for both. 

On the evening now being dealt with, the dis- 
cussion might almost have been called Inter- 
national, since the first paper was by Mr. C. P. 
Sandberg, of London, ‘‘On Rail Sections.” He 
attacked the evil of wide thin flanges so pre- 
valent in America, and hoped engineers would 
design sections which could be made of harder steel, 
and thus, as he expressed it, regain the ‘‘ lost art,” 
that of railmaking. In regard to inspection, he 
believed in the bending test, with sample ingots to 
detect brittleness, but did not believe in cutting off 
blooms 12 in. from the top end. It entailed too 
much loss to the maker and failed in its object, since 
hollow sinkings could not always be detected. He 
thought a solid top to the ingot could be more readily 
obtained through attention to the quality of the 
steel, and to this end would allow more silicon, which 
makes the steel quiet in casting and permits hardly 
any gases to escape. He had found with 0.1 per 
cent. of silicon a more solid top obtained with no 
loss of physical qualities. His difficulty was to 
obtain the silicon in uniform proportions. Regu- 
larity in pig iron, as to its contents of silicon, as 
well as its heat, would rectify this. He thought the 
modern practice of railmaking was far too rapid. 
Sufficient time was not given to insure proper 
chemical action, nor was the rolling done at a low 
enough temperature. In the old days rails were 
rolled at a brown heat, giving a close grain, and a 
physically hard ral; now the rails are spun out at 
such speeds, that the only cool part is the thin 
flange, while the head is red-hot. A return to thick 
flanges would check this somewhat. 

Mr. Frederick Delano, of the Chicago, Burling- 
ton and Quincy Railway, read a paper on the 
same subject. He condemned the practice of 

utting so much metal in the head of the rail. 

e also thought the elastic limit of rail steel was 
frequently exceeded in practice, the result being 
a flow of metal and a subsequent abrasion by the 
wheel. His remedy was to increase the bearing 
surface of wheels, and raise the elastic limit of the 
rail. He approved of a large output and general 
smoothness in mill operations, as he thought it indi- 
cated uniform product, but he did not approve of 
rapid rolling, and particularly objected to rapid 
blowing. He objected to arail with a deep massive 
head, a wide thin base, and athin web connected to 
the head and base by small fillets only, for the fol- 
lowing reasons: 

a. Such a form necessitates rolling at a higher 
temperature, and, what is of more importance, 
finishing at a higher temperature than permits the 
output of a well-forged, compact rail. 

b. This type of section probably encourages the 
use of a higher percentage of manganese, to reduce 
the number of second quality rails; and this pro- 
duction of second quality rails, as well as the addi- 
tional manganese, figure in the cost of the rails to 
the consumer. 

c. Rails with heads out of proportion to the rest 
of the section require a great deal more of cold- 
straightening, because it is impossible to know how 
much bending or cambering such a rail needs in its 
hot state in order that it shall cool straight. This 
is certainly a very important consideration. 

d, The same sort of disproportion must produce 
corresponding disproportions in the rate of cooling, 
causing internal strains, which are only partly 
dispersed or effaced by the small connecting fillets. 

e. A section having these internal strains ex- 
aggerates the effect of any impurity which may 
chance to have segregated in she ingot, while a 
section not liable to these strains would safely admit 
of a genera!ly higher carbon steel, as well as a con- 
siderable latitute in composition. 

f. It is not economical to provide for an abrasion 
of some gin., or even more from the top of 
the rail, if it is found that rails have failed long 
before this amount has been abraded. Instead of 
providing more height to wear away, we can do 
better by providing more breadth of bearing sur- 
face, and metal of a higher resistance within the 
elastic limit. 

g. Inasmuch as the funnel-shaped cavity, dis- 
persed blowholes, and possible impurities exist in 
the ingot in the axis of its length, it follows that 
these defects will exist (especially in rails made 








from the upper part of the ingot) on an axial line 
which passes through the rail section. It follows 
that if the rail section has 50 to 55 per cent. of its 
metal in the head, the poorest metal is inclosed in 
the head, where it receives the least amount of 
forging ; whereas, if the amount of metal in the 
head does not exceed 40 to 45 per cent., this poor 
metal occurs in the thoroughly worked web por- 
tions. 

Mr. Delano then presented the following specifi- 
cations for steel rails as a summation of his ideas: 


Proposed Specifications for Steel Rails. 

1. The steel used in rails shall be made by the 
Bessemer or by the open-hearth process, and shall 
not contain more than jf of 1 per cent. of phos- 
phorus, as determined by an analysis made from a 
boring into the centre of metal of the rail section 
of any rail. 

2. The ingots shall be poured with care, and the 
moulds filled at one pouring, without undue spatter- 
ing of the sides. No sand or water shall be thrown 
upon the ingots after pouring ; but, on the con- 
trary, coke or charcoal dust shall be used. In no 
case shall rails made from a chilled heat or a bled 
ingot be accepted as first quality rails. 

3. Cold moulds or moulds in such a shape as to 
require more than a hand sledge to free them from 
the ingot shall not be used. 

4, It is preferable that ingots, when taken from 
the pit, should be kept erect and be so heated ; but if 
this is not the practice of the rolling mill company 
the ingot shall not be laid on its side until it is cer- 
tain that the central part has solidified. 

5. Blooming rolls of 40 in. from centre to centre 
shall not be driven at a speed exceeding 30 revolu- 
tions per minute, and larger or smaller rolls shall 
not be driven at a speed exceeding this in linear 
velocity. (The linear velocity of an ingot going 
through the first or 13 in. pass of a pair of 40 in. 
rolls, driven at a speed of 30 revolutions per 
minute, would be about 205 feet per minute. ) 

6. No metal shall be cut from that end of the 
bloom which corresponds to the ‘‘ butt” end of the 
ingot. 

7. From that part of the bloom which corresponds 
to the top of the ingot an amount shall be cut 
equalling in pounds the area of the mean cross-sec- 
tion of the ingot in inches, or as much more as is 
necessary to secure a sound pipe-free bloom. 

8. The number of the charge shall be stamped 
distinctly on each rail, and the place and date of 
manufacture rolled on. 

9. The section of rail rolled shall conform to the 
template, and a variation of more than a scant 
3 in. over or under the template height shall not 
be allowed, and the rail must be made close enough 
to template to fit properly in the splice. 

10. The weight of the rails per yard shall be kept 
as close to the standard weight per yard as can be, 
after complying with the conditions of Clause 9. 

11. The rails shall be drilled for the bolts of the 
splice-bar, or, if necessary, notched in the flange, in 
accordance with the templates and diagrams fur- 
nished by the railroad company. 

12. The rails shall be cut at right angles to their 
length, and be, at 60 deg. to 70 deg. Fahr., within 
} in. of the standard length of 30 ft. No shorter 
length rails shall be accepted by the railroad com- 
pany, except under special provisions of this con- 
tract for such acceptance. 

13. Rails shall be perfectly straightened in both 
surface and line, and without any twists, waves, or 
kinks. Particular attention shall be given to having 
the rails free from ‘‘ camber,” in which the ends 
droop, and also free from any flaws, cracks, or ex- 
cessive roughness. 

14. The rails shall be finished at such a tempera- 
ture that it will not be necessary to allow more than 
4 in. for contraction on every 30-ft. rail sawed im- 
mediately after coming from the finishing pass in 
the rolls. 

15. One rail-end, which must correspond to what 
has been the ingot top, shall be tested for each heat 
or charge by a drop weight of one gross ton falling 
10 ft. on the rail head, midway between the sup- 
ports, 3 ft. apart. (The bearings are to be of iron 
or steel, fastened firmly to oak framing constructed 
of oak timbers bolted together into a solid floor, 
and this supported on masonry foundations not less 
than 4 ft. deep. The guides are to be smooth, 
straight, and farallel.) Should one rail-end be 
broken by the above test, two similar rail-ends 
must succeed in enduring the shock, or else cause 
the rejection of all rails in that same heat. It is 





expressly desired that the rail steel shall contain as 
high a percentage of carbon as the maker is willing 
to put in and still produce a rail which shall endure 
this drop test. 

16. The representative of the railroad company 
shall at all times be allowed, on request, to see the 
bond fide analyses and carbon determinations, as 
made by the rolling mill company, of the steel used 
in making these rails. 

Probably no one in this country knows more 
about steel rails than the genial and modest Mr. 
R. W. Hunt, of Chicago, and his remarks were 
listened to with great interest. He claimed that high 
heat during manufacture and good product are not 
coincident, and his method of solution would be in 
designing rails which could be successfully made at 
a lower temperature. The early rails for which so 
much was claimed, were light and rolled at low 
temperatures. Their durability had been popularly 
supposed to result from their chemical constitution, 
and this Mr. Hunt showed to be a fallacy by 
analyses submitted. Thus was another popular idol 
shattered, and the pieces delegated to the shelf, 
which contains Wellington’s remarks at Waterloo, 
George Washington’s little hatchet, Lincoln’s letter 
about General Grant, &c. There must soon be 
constructed a museum, and it will be a tremendous 
one for all the things which never happened, but 
were supposed to. Having demolished the idol, 
Mr. Hunt prepared his remedy, which was a rail 
section of relatively shallow head and thicker web 
and flange, the distribution of the metal being as 
shown below : 


Distribution of Metal. 
Head. Web. Flange. 
1.—60 lb. 41.67 21.11 37.22 
2.—65 ,, 41.60 21.40 27.90 
3.—70 ,, 41.62 20.55 37.83 
5.—75 ,, 41.72 20.96 37.32 
6.—80 ,, 41.95 21.21 3634 
7.—80 ,, 40.00 21,22 38.78 
8.—85 ,, ~ 43.43 21.29 38.38 


No. 1 was specially designed with the idea of 
making it so that the rail will require the least 
amount of cold straightening. No. 7 is arail greater 
in height than usual. No. 8 is what Mr. Hunt 
would suggest as the future rail. Any of the sec- 
tions can be rolled on existing mills without unduly 
heating the steel. 

The discussion on those papers which followed, 
drifted away from the shape, to the chemical con- 
stituents of the rail, and on the latter point every 
one had his own ideas, so it would be impossible to 
give any condensation of the remarks. Mr. Hunt's 
summary was that the purer the iron, the better it 
is, the nearer it comes to pure iron and carbon. 


Om as Fuet ror METALLURGICAL PURPOSES. 


The next series of papers was on the use of oil as 
a metallurgical fuel. r. G. W. Billings gave the 
following as his experience. It took 3518 lb. of oil 
to heat the furnace to a point suitable for charging. 
The company used 8437 lb. of oil then to produce 
13,340 lb. of puddled blooms. The expense of 
using oil for one ton of blooms was 10 dols., or per 
day, the oil cost 62.18 dols., as against 41.68 dols. per 
day for coal. The total saving in favour of coal for 
one year was found to be 9040 dols., about one- 
third more than the daily record showed. In 
another puddling furnace they obtain a saving in 
favour of coal of 12,065.04 dols. per annum. In 
steam boilers at the same place they obtained a 
saving of 40,307.40 dols. in favour of coal. ; 

Mr. E. C. Porter, of the North Chicago Rolling 
Mill, gave as his experience that the use of fuel oil 
enabled his company to dispense with the services 
of a number of men, that the efficiency of the 
boilers was somewhat increased, and the repairs 
materially lessened. The cleanliness of the fuel 
and the ease of regulation, and the uniformity of 
supply, made it to his mind a desirable substitute. 
The battery of boilers tested consisted of twenty- 
six, and he saved the employment of thirty-eight 
men in twenty-four hours, which he considered to 
mean 76 dols. per day. : ; 

There were other views given showing both sides 
of the question, The whole problem centres on 
the relative prices of coal and oil at the point of 
trial, and these were so varied that the question failed 
of a satisfactory solution. Enough was developed, 
however, to warrant the belief that oil will be found 
cheaper for some processes, but that the present 
method of application has not obtained the best 
results. | 

MIscELLANEOUS PaPERs. ; 
In these daysof coppertrusts and panics onthe Paris 
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Bourse, it was gratifying to learn from Professor 
Y. P. Blake, of Newhaven, that there were copper 
deposits near Prescott, Arizona. The percentage 
of copper is from 5 to 20 per cent. The copper 
occurs chiefly as malachite or azurite in sandstone 
belts. The high silica contents, the absence of 

roper fluxing material, and the high price of fuel, 
foes led to a temporary abandonment of smelting 
at the district. He suggested the extraction by 
dilute sulphuric acid and precipitation electrolytic- 
ally. He would obtain the acid from auriferous 
pyrites and chlorinate the residues after burning 
for the extraction of gold. 

Mr. H. J. Williams, of Pittsburg, read a paper 
on ‘‘ The Determination of Silicon in Ferro-Silicons 
and a Study of its Reactions with Alkaline Car- 
bonates.” The discussion took up the graphitoidal 
form of silicon, and that the aluminium of com- 
merce contained 2 to 3 per cent. of silicon. 

(To be continued). 


NOTES. 
Tue Repusiic or Urvucuay. 

A GREAT wave of commercial prosperity appears 
to be flowing over the little republic of Uruguay. 
Wedged in between its prosperous neighbours— 
Brazil and the Argentine Republic—it is a wonder 
that it has so long remained in a state of lethargy. 
Had it not been for the almost irremediable incapa- 
city for self-government of the mixed Spanish races 
which form the population of this country, its great 
natural resources must have commanded apprecia- 
tion long ago. Since the fall of the Santos adminis- 
tration, however, public confidence has grown 
apace, and now a tremendous ‘‘ boom” is in pro- 
gress. The following railways are already opened : 
The Central Uruguay, 190 miles ; the North-Eastern 
of Uruguay, 80 miles; the North-Western, 
112 miles ; and the Northern Railway and Tramway, 
25 miles. The Midland Railway, 174 miles, is in 
course of construction. At Monte Video there is 
great activity in building. Among new or enlarged 
structures are the Grand Hotel, the Hydropathic 
Establishment, the New Exchange Buildings, the 
English Bank of River Plate, the Franco- Uruguayan 
Bank, the Grand Central Station, the Produce 
Market, the Electric Light Works, two large 
Saladeros (slaughter houses), the Grand National 
Theatre, the Grand Boulevard Maillart. Among 
the public works which are being pushed on are the 
Gomez Palace, the public gardens, the drainage of 
the Arroyo Seco, and several new railway enter- 
prises. The whole country is full of hope and 
activity, and if matters are not overdone a fresh 
field appears to be opening for European capital. 


Cross-RivER CoMMUNICATION AT GLASGOW. 

A Committee of the House of Lords has sanc- 
tioned the construction of a tunnel under the River 
Clyde at Glasgow Harbour to afford cross-river 
communication for passengers and vehicles, not- 
withstanding that the Bill, promoted by a private 
company, was opposed by the City Corporation and 
the Clyde Navigation Trust. The grounds of 
oppositicn were various, and arose out of a combina- 
tion of circumstances. For years the problem has 
engaged the attention of the Clyde Trust, and other 
public bodies ; but great difficulty was experienced 
in establishing an adequate means of communication 
without interfering with the river traffic, which is 
very great. We have lately described various 
schemes, but each had its objection. The Bill for 
the proposed tunnel had doubtless the effect of re- 
awakening public attention, and the Clyde Trust 
the other day agreed to have a patent elevating 
ferry steamer constructed by Messrs. Simons and 
Co., Renfrew, at a cost of 14,5001. This vessel is 
to be 70 ft. long and 43 ft. broad, with twin screws 
at either end. Extending the whole length of the 
vessel, and about three-fourths her breadth, is an 
elevating deck or platform, to be raised and lowered 
at the end of the run across the river to suit the tide 
by the working of vertical screws of steel driven by 
worm gearing. The screws are fitted to uprights of 
box form, bound together by stays. The sides of 
the platform are to be of ordinary girder work 
and the flooring of steel fixed to cross-beams. 
Part of the platform outside the uprights on each 
side is to be covered in for passengers, and the 
centre part used for vehicles. The vessel is to 
carry 120 passengers and eight carts and horses. 
The propelling machinery is fitted under the 
elevating deck. Naturally the Clyde Trust con- 
tended before the Committee that having thus, in 
their opinion, satisfactorily met the need for com- 








munication, a tunnel as proposed was unnecessary. 
Lord Belper, who presided, however, practically 
put this argument ‘‘ out of court” on hearing that 
the Trust had power to build the boat more than ten 
years ago. The question as to whether the tunnel 
would prove a barrier to the further deepening of 
the river was the subject of conflicting evidence. 
The engineer, Mr. Alexander Simpson, C.E., 
Glasgow, stated that the top of the tunnel would be 
15 ft. below the bed of the river. On the point of 
such property being owned by a private company, 


the promoters, it is said, agree to sell the tunnel to 


the corporation after it is constructed. Then there 
is the question of loss of revenue to the Clyde 
Trustee. The present passenger ferries carry 
4,000,000 yearly, or 11,000 daily, and the revenue 
last year was 55891. , expense 22441., leaving a surplus 
of 33451. ; but the fact that the Clyde Trust had not 
met the necessities of the case earlier weighed heavily 
with the Committee, and they declared the preamble 
proved, but stated that they were prepared, if 
asked, to give clauses containing powers to the cor- 

oration, to purchase the scheme on fair terms. 

he scheme, it is estimated, will cost 128,7001., and 
the capital of the company is put at 180,000I. 
Taking the horses and carts at 4d. each, and pas- 
sengers at $d., the gross revenue will, it is expected, 
be 115,000/., and the cost of management 2500/., 
giving 6 per cent. on the outlay. There are to be 
three tunnels, two of 16 ft. in diameter for vehicles, 
and one in the centre 10 ft. in diameter for pas- 
sengers. The tunnels will be reached by a circular 
shaft on either side of the harbour, one being 
72 ft. 6 in., and the other 75 ft. Gin. In the wells 
will be two lifts, each capable of raising 10 tons, for 
vehicles, and two of 5-ton capacity for passengers. 
These lifts will be worked by hydraulic power, 
and the speed will be 3 ft. a second. An agent of 
the American Elevator Company stated that the 
cost would be 16,000). Sir F. Bramwell appeared 
before the Committee to testify to the practicability 
of hydraulic lifts, and Mr. J. Greathead, C.E., well 
known in connection with the Southwark Subway, 
was also examined. The City Corporation and 
Clyde Trust have carried their opposition to the 
other House. 








THE CRUISER ‘‘ PIEMONTE.” 

In the latter part of 1884 the performance of the 
Chilian cruiser Esmeralda, constructed by Sir W. G. 
Armstrong, Mitchell, and Co., attracted general atten- 
tion. She was a vessel of 3000 tons displacement, 
carried as armament two 25-ton guns, six 6-in. guns, 
and a number of Hotchkiss and Gatling guns, and she 
attained the then unprecedented speed of 18} knots. 
Her steam trials were attended by Mr. George Rendel, 
by whom she had been designed, but who had recently 
severed his connection with Sir W. G. Armstrong, 
Mitchell, and Co., and had become a Civil Lord of the 
Admiralty, by Admiral Brandreth (Controller of the 
Navy), and Admiral Sir Frederick Richards, who also 
were members of the Board of Admiralty ; by Captain 
Hopkins (Director of Naval Ordnance), and by several 
members of the constructive and engineering staff of 
the Admiralty. Since this period numerous vessels of 
the class have been added to our own and other navies, 
and great advances have been made, but none com- 
parable with that now achieved in the Italian cruiser 
Piemonte, also constructed by Sir W. G. Armstrong, 
Mitchell, and Co. This vessel was described a few 
weeks back at the meetings of the Institution of Naval 
Architects by her designer, Mr. P. Watts, and the 
bulk of his paper and the discussion which took place 
thereon were published in our issue of April 26. When 
this paper was read, however, the steam trials had not 
been completed, and the results given were based upon 
a single preliminary run, at which the full power of the 
machinery had not been developed. The official trials 
have now been completed and the results are before us, 
During a natural draught trial of four hours’ dura- 
tion a mean speed of 20.4 knots was attained with 
about 7000 indicated horse-power, and during a forced 
draught trial of one and a half hours’ duration a 
measured mile speed of 22.3 knots was attained with 
a mean power of 12,700 horses, the maximum power 
which was maintained for a considerable time exceed- 
ing 13,000 horse-power. The displacement of this vessel 
is only 2500 tons, yet she carries six 6-in. quick-firing 
guns, six 4-in. quick-firing guns, and a large number 
of smaller guns. She is protected by a strong armour 
deck with sloping sides, and she has attained a greater 
speed than that contemplated in the Blenheim. At 
the present moment she is by a great deal the 
fastest cruiser afloat. She is, we believe, 2 knots 
faster than any of the cruisers built by our own 
Admiralty. Moreover, she is specially designed for 
steaming with open stokeholds, and she can attain a 
speed of 203 knots with natural draught, or with a 








pressure in the stokeholds not exceeding half an inch 
of water, the pressure allowed by the Admiralty for 
developing the natural power draught power when the 
wind is not sufficiently favourable for the purpose; 
203 knots may be regarded as her ocean-going speed. 

The — importance of this high performance with 
natural draught will be understood by those conver- 
sant with the effect of forced draught upon ordinary 
marine boilers, and will be fully appreciated when it 
is remembered that the Admiralty in a recently issued 
circular directs that forced draught appliances are not 
to be used at their full power, or in other words, with 
above 4 in. of pressure, except in circumstances of 
emergency, and then only for short periods when the 
maintenance of the highest possible speed for three or 
four hours may be of great advantage. The Piemonte 
can steam continuously across the ocean a knot faster 
than any of the Admiralty cruisers can steam with 
forced draught, which they can only maintain on an 
emergency for three or four hours, 

The armour deck of the Piemonte has sloping sides 
3in. thick as in the Admiralty cruisers ; upon these 
coal can be carried, and in this condition it is claimed 
that the deck is proof against the attack of modern 
shell guns up to guns of 6 in. calibre. 

This ship is the first to be fitted with the new quick- 
firing guns. Speaking of her armament on a recent 
occasion, Lord Arinstrong said, ‘‘ She will be capable 
of discharging against an adversary, in a given time, 
twice the weight of shot and shell that could be fired 
by the largest war vessel now afloat, not excluding the 
leviathan battle-ships of five or six times her size, 
which could ill withstand the torrent of shell which 
the Piemonte could pour into the large unarmoured 
portions of their structure.” 

The machinery of the Piemonte is wholly below the 
water line; it has been constructed by Messrs. 
Humphrys, Tennant, and Co., Deptford. There are 
two sets of vertical triple-expansion engines, in each 
of which there are two low-pressure cylinders, so that 
there are in each four cranks operated upon. Ample 
distilling apparatus is provided for making fresh water 
for the boilers. At full speed with forced draught, 
although the enormous power of 13,000 horses is de- 
a a the vibration at the extreme after end of the 
ship never exceeds .12 in. in amplitude. 

The vessel can carry 600 tons of coal, which will 
enable her to steam at full speed a distance of 1950 
knots, but she will be able to maintain a cruising speed 
of from 10 to 12 knots for from 50 to 60 days, during 
which she could cover a distance of 13,500 knots. 

— arrangements have been made for securing 
good turning power in the ship, a large balance 
rudder is provided, and much of the after deadwood 
is removed, and at the trials made it was shown that 
the ship could manceuvre exceedingly well, complet- 
ing a circle of 508 yards in 3 minutes 24 seconds. 

Lord Armstrong, probably the strongest advocate 
for the construction of this type of vessel, has enume- 
rated as their chief features, ‘‘(Gireat speed and 
nimbleness of movement combined with great offen- 
sive power,” and ‘little or no side armour, but other- 
wise constructed to minimise the effect of projectiles,” 
and in the Piemonte all of these features have been 
secured in the very highest degree, and there can be 
no question that for her size she is the most formidable 
cruiser afloat. We are very glad that she has fallen 
into the hands of such a friendly Government as that 
of Italy. 





New Sout Watss Coab.—The output of coal in the 
Newcastle district of New South Wales in January was 
212,000 tons. This is the largest total yet attained in any 
one month. 





Water WorkKS AT THE HaGuE—ERRAtTUM.—In connec- 
tion with our description of these works in our issue of 
March 15th last, page 249, we are informed that we 
were in error in attributing the design of them to Mr. 
Waldorp, who, it is stated, has had no connection with 
them for some years past. The credit, by right it ap- 
pears, belongs to Mr. Theodore Stang, the engineer 
to the corporation. 





BRIDGE OVER THE RIVER AIRE, IDLE.—For many years 
there has been but the most imperfect means of ccmmu- 
nication between the districts of I¢le and Baildon, which 
are situated on opposite sides of the River Aire, but it 
was only in 1888 that the two Local Government Boards 
came to an agreement for the purpose of erecting a foot 
bridge over this stream. As the funds at the disposal of 
the two were not large a cheap structure was necessary, 
and this requirement has been fulfilled by Messrs. Ken- 
dall and Bakes, architects, who have designed a ver 
cheap bridge, which has been constructed by Messrs. J. 
Bagshaw and Sons, engineers, Batley, Yorkshire, and has 
recently been opened. Though 264 ft. long, the tender 
of the contractors was only 770/. As erected the bridge 
is divided into three spans of 88 ft. each from centre to 
centre, the girders of wrought iron being of the single- 
lattice type 7 ft. high and 6 ft. apart from centre to centre. 
The two river piers have been made of ashlar masonry, 
founded on a bed of cement concrete sunk 4 ft. below the 
bed of the river. The roadway over the bridge has been 
made of 3-in. planking. 
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PARIS EXHIBITION NOTES. 

On the 25th inst. the pavilion devoted to the ex- 
hibits of the French Government tobacco industry was 
open to the public; this pavilion, which is under the 
charge of M. Laurent, chief engineer of the depart- 
ment, is extremely interesting. Around the walls are 
arranged statistical tables and maps illustrating the 
culture and consumption of tobacco, the revenues 
obtained, &c. In the hall are arranged models of 
tobacco factories and plant, as well as a number of 
standard machines in operation, and around the walls 
are cases filled with all the varieties of finished pro- 
ducts, 

* * * 

In consequence of the delay that attended the com- 
pletion of the golden trophy that was to have formed 
the entrance to the Victoria Court, it has been found 
necessary to remove the incompleted work and to sub- 
stitute a modified design ; in the mean time the portal 
is draped with cloth and decorated with flags. 


* * * 


On Saturday last the Pavilion of the Argentine 
Republic was formally opened with considerable cere- 
mony, M. Carnot being present on the occasion. 
This large building, which is very gorgeous and 
fantastic in design, is to be taken down at the close 
of the Exhibition, and re-erected in South America. 
One of the novel features introduced into the decora- 
tion of the facade is that of a large number of coloured 
glass prisms, behind each of which is placed an in- 
candescence lamp ; the effect of this method of illumi- 
nation is very striking. The pavilion is well filled 
with the natural and manufactured products of the 
country ; one of the largest exhibits illustrates the 
process of preserving beef and mutton by refrigeration. 

* * * 


One of the great financial successes of the Exhibi- 
tion is undoubtedly the small-gauge Decauville Rail- 
way; the long and frequent trains which run from the 
Esplanade des Invalides towards the Machinery Hall 
are crowded with passengers after mid-day, and it is 
certain that whatever may be the effect on other con- 
cessionaires, of the depreciated value of entrance 
tickets, M. Decauville will derive a large benefit from 
the issue of the lottery bonds. 

* * 


* 


The price of admission tickets to the Exhibition 
varies considerably, according to the briskness of the 
competition and thé extent of local demand. The sale 
at the kiosks and other official agencies is not incon- 
siderable at a franc ; at numerous shops in the streets 
leading towards the Exhibition they can be purchased 
at prices ranging from 60 to 75 centimes. Outside the 
entrance gates a brisk trade is driven by itinerant 
vendors at prices dependent on the haste or innocence 
of the buyer. At the Magazins du Printemps the 
figure falls as low as 55 centimes, whilst purchasers of 
goods above a certain amount are presented, upon their 
buying tickets, with a bond giving them a proportionate 
chance in the lottery drawings. Near the Bourse 
parcels of tickets are sold for 48 centimes, with a con- 
siderable discount on purchases of a thousand tickets 
and upwards, 

~ * 

In the British Industrial Section very little more 
remains to be done, and it is reasonable to hope that 
before another week every exhibitor will be com- 
pletely installed. Our section in the Machinery Hall 
is not quite so far advanced ; fortunately the great 
= lathe of Messrs. Greenwood and Batley is now 

eing erected ; a short time since fears were enter- 
tained that the section would be deprived of this, its 
most striking exhibit, which, it may be mentioned, is 
in the hands of the exhibitors’ Paris agents, and notin 
charge of the British Executive Committee. 

* * * 


The experience of the last few days of warm 
weather has proved only too clearly that the provisions 
for ventilating the Exhibition buildings are wholly in- 
adequate ; this is especially the case in the Machinery 
Hall, which during several days was almost intolerable. 
Experiments that seem likely to prove successful have 
been made in two directions ; by ‘he erection of an air 
shaft placed in communication with the subways under 
the floor, and by the introduction of a number of slid- 
ing panels in the roof. 

* * * 


A considerable portion of the Esplanade des Inva- 
lides will be open to the public at night; about 200 
horse-power is already in operation for lighting the 
central avenue, the Colonial Fxhibition, andthe various 
foreign cafés; the gates of the Agricultural Galleries 
are closed at 6 o’clock. 

* * * 


The number of visitors to the Exhibition has been, 
up to the present time, about double that in 1878. 
Up to the 19th inst. more than one million of persons 
had ed through the gates, as against 512,000 at 
the last Exhibition; the actual number of tickets 
collected from the 6th to the 19th of May was 1,335,348, 








the excess of tickets over visitors representing the 
number of people who had passed in after six o’clock 
in the evening, or before ten in the morning, when 
two tickets are required to obtain admission. The 
greatest total on record was on Sunday, the 19th, when 
234,727 persons passed through the gates. 


7 * * 


To-morrow a great féte will be held at the Exhibi- 
tion, the price of entry being 5 francs; the special 
occasion for this féte is to celebrate the inauguration 
of the Eiffel Tower. For several days past the elevators 
have been carrying passengers ; on Sunday last the 
Combaluzier lift was working ng ary 6 and on that 
day it took 5000 people to the first story ; the Otis 
elevator has also been working without any difficulty 
as far as the second story. The ascent to the top of 
the tower, which will be effected by means of the Edoux 
lift, will commence from to-morrow ; this elevator has 
been working experimentally for several days, and 
has been officially sanctioned by the Exhibition 
authorities. 

* * * 

The French Institution of Civil Engineers have a 
busy time before them this summer, on account of the 
number of organised visits from foreign technical 
societies to the Exhibition. In order to provide the 
funds necessary for extending hospitality to these 
bodies, M. Eiffel, who is the president of the Institu- 
tion this year, has issued a circular to all the members 
announcing the issue of 1500 bonds at the ome of 
50 francs each ; these bonds, it is hoped, will be taken 
up among the members, and by this means a sum of 
3000/, can be raised to defray expenses. 


* * * 


The Goliath rail of Mr, C. P. Sandberg is now ex- 
hibited for the first time at Paris. It was shown 
at the recent Melbourne Exhibition, with the result that 
the Victoria Government gave a comparatively large 
order for rails of this section, weighing 100 lb. to 
the yard; these have recently been made at the 
Barrow Steel Works and are now on their way to Aus- 
tralia. Messrs. Cockerill and Co., of Seraing, who have 
already delivered some 1000 tons for the Belgian 
State Railways, exhibit the rails and sleepers in the 
section devoted to railway material, and samples of 
complete rails will also be shown at their stand in 
the Machinery Hall. The Sandberg rails of 100 lb. 
to the yard are also shown amongst the collective iron 
industries of France in the Miscellaneous Industries 
Court, while Victoria, which can take the credit of 
being the first country after Belgium to adopt this 
massive and secure type of permanent way, will ex- 
hibit a specimen of the rail and a rail joint which have 
been made at Barrow. 

* * * 


Probably for the first time in the annals of Inter- 
national Exhibitions, nuggets and specimens of gold- 
bearing quartz produced bom a British mine, will be 
seen at the Champ de Mars next week. These speci- 
mens are sent by Mr. Pritchard Morgan from the 
Welsh goldfield, of which he is the enthusiastic 
champion, and which appears to be giving very fair 
returns. At all events the glass case containing these 
specimens will be examined with interest. 

* *~ * 


The wine-producing industry in Australia is making 
gigantic and very rapid progress, and the samples sent 
over to the Exhibition cause considerable astonish- 
ment, both on account of their variety and the degree 
to which some of them approximate to sound French 
vintages. English manufacturers in search of a 
speciality might do far worse than study the most 
advanced practice in wine presses and other appa- 
ratus connected with this industry. Unless they 
do so French makers will undoubtedly get a monopoly 
of the business for Australia, and a very good business 
it seems certain to prove. 

* * * 


In about a fortnight the two Edison phonograph 
pavilions will be completely installed ; one of these is 
in the Machinery Hall and the other in the American 
Industrial Court. About twenty-five instruments will 
be available for semi-public demonstrations, and the 
two pavilions will be connected by telegraph wires, so 
that the interesting experiment made by , Hammer 
(who represents Mr. Edison in Paris) some months 
since, and reported in our columns, will be repeated 
daily. In this experiment the sounds engraved upon 
the phonograph at one end of the line, are engraved in 
duplicate upon the wax cylinder of the phonograph at 
the other end, the intermediate instruments employed 
being all of Edison’s invention. A large number of 
cylinders are also being prepared in various languages 
for these demonstrations. 

* * * 


The unforeseen rush of visitors to the Exhibition, 
which has far exceeded the most sanguine hopes of the 
Administration, has already demonstrated the inade- 
quacy of the accommodation afforded by the various 
bridges that have been built across the streets not 


closed to public traffic upon the Quai d’Orsay, between 
the Esplanade des Invalides and the Champ de Mars. 
Unless these bridges are widened, which could be only 
done now at considerable inconvenience, it will be 
found necessary to provide additional means for facili- 
tating the movement of the crowd. Asa preliminary 
measure it is intended that on Sundays, féte days, and 
on any other occasion when the influx of visitors de- 
mands it, that the crowd should be allowed to cross 
the streets upon the level, from one part of the inclo- 
sure to another; this will involve some modifications 
in existing arrangements and a large addition to the 
— force, but it is evidently a difficulty which must 
e faced, 
* * * 

Up to the present time 25,615 free season tickets 
have been issued by the Administration, not counting 
those for senators, deputies, and some other officials. 
Of these 15,558 have been issued to French exhibitors; 
3741 to foreign exhibitors ; and 119 to various conces- 
sionaires ; 1437 have been granted to officials connected 
with the French sections, and 996 to the members of 
foreign committees; only 134] tickets have been 
allotted to the representatives of the French and foreign 
press. 

* * * 

It having been found impossible to hold the cattle 
show in July next within the precincts of the Exhibi- 
tion, extensive preparations are being made to inclose 
a suitable space in the Champs Elysées. The length 
of this inclosure will be about 2000 ft. and will extend 
from the Avenue d’Antin towards the Place de la 
Concorde ; it will occupy nearly the whole width 
between the Quai and the Palais de l’Industrie, 

* * * 


To accommodate the movement to and from the 
Exhibition, a new street car service has been opened 
from the station of the Avenue du Trocadero to the 
Place du Trocadero, running over the tramway lines 
from Muette to the Rue Taitbout; the service will 
be worked by compressed air engines hauling two 
cars, each capable of holding 100 persons. 


* * * 


Naturally the public would be disappointed if the 
Exhibition were not celebrated by a colossal lottery. 
Accordingly, a decree has been issued by the President 
of the Republic authorising such a scheme, the objects 
of which are certainly excellent, as a part of the pro- 
ceeds are to be devoted towards paying the expenses 
of persons who would not otherwise be able to visit 
the Exhibition. The prizes consist of articles pur- 
chased in the Exhibition by a selecting committee ; 
one-third of the total receipts is to be devoted to the 
former object and to the paying the expenses of the 
undertaking ; the other two-thirds will be spent in the 
purchase of prizes chosen from among the exhibits. 
The price of the tickets will be one franc, and not 
more than 15 millions are to be issued. The details 
of the lottery are not yet settled, but no doubt the 
tickets will soon be offered to the public. 


* * * 


The Exhibition authorities profess to be still hopeful 
that the various international juries will commence 
their labours at the beginning of next week ; these 
hopes, however, we are bound to consider somewhat 
ill-founded, as it is only a few days since the Adminis- 
tration expressed its approval of the arrangements 
made by the foreign sections regarding the juries, and 
the work of getting these various bodies organised must 
of necessity be somewhat slow. For our part we do 
not expect to see the juries seriously at work before 
the end of June. 

* * * 

Amongst the many separate buildings on the Champ 
de Mars one of considerable interest is that of Hawaii, 
situated near the Guatemala building between the 
Avenue de Suffren and the Liberal Arts Palace. It is 
supposed to represent the perfected type of a Sand- 
wich Island house, but doubtless the original model 
has been greatly improved upon ; it is timber framed, 
the open spaces being filled in with parti-coloured 
bricks, painted tiles, and terra-cotta, and it is sur- 
rounded on three sides with wide verandahs, which, 
like the roof, are covered with heavy thatch. Against 
the walls are hung a good collection of pictures and 
photographs, illustrative of the country and the 
people. The king is the principal exhibitor, and be- 
sides many curiosities, has sent a considerable number 
of specimens, illustrating the primitive industries of 
the islands, such as carving, weaving, and feather 
work, 








Catvert’s CaTaLocur or Booxs.—We have received 
from Mr. John Calvert, 99, Great Jackson-street, Man- 
chester, a catalogue of __— and scientific books, 
selected from the kets of all publishers, In some branches 
this catalogue is very full and complete, while in others 
it betrays both want of care and knowledge in its com- 
pilation. In spite of its defects it will prove useful to 
many persons, and we trust the omissions will be remedied 





in a future edition. 
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GEAR OF VERTICAL COMPOUND ENGINE. 
BY MESSRS, RUSTON, PROCTOR, AND CO.,” ENGINEERS, LINCOLN. 
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THE vertical compound condensing engine illus- 
trated on page 618 was constructed by Messrs. 
Ruston, Proctor, and Co., of Lincoln, for use in their 
new sawmill, This type of engine was adopted in the 
first instance to save ground space, but principally 
that the crankshaft centre might be kept low down. 
The engine-house floor is sunk about 2 ft. below the 
ground level, and a layshaft is coupled on to the crank- 
shaft, and drives all the transmissions in the mill 
basement. This shaft passes under two lines of rails, 
the engine-house being therefore about 30 ft. from the 
nearest wall of the mill. 

Adjoining the engine are the boilers, of the vertical 
type, and specially designed, the firegrate being in an 
upright circular flue, having cross-tubes opening into a 
combustion chamber, from which the gases are led by 
small tubes downwards through the water space into a 
flue under the floor of the bui ding. By adopting this 
arrangement a short steam pipe was obtained, and on 
account of the distance between the engine and boiler- 
house and the mill, the risk from fire is reduced to a 









































minimum, which is a most important advantage in 
these installations. ; : 6 

The cylinders are 14in, and» 22}in.; in diameter 
respectively, with a stroke of 24 in... The barrels are 
formed of hard metal liners forced into the main cast- 
ing, the space round each forming the steam jacket. 
These cylinders are supported by four hollow columns 
of the marine type ; these carry the slide bars, and are 
bolted down on the box: pattern foundation,plate, on 


which are cast the main bearings. The crossheads are 


of box pattern, fitted with cast-iron jaws, and the con- 
necting-rods are of the marine pattern. The crank- 
shaft is of steel having both throws forged upon it, and 
is 64 in. in diameter in the journals. 

The high-pressure cylinder is fitted with automatic 
expansion gear of special desi; The main valve has 
through ports, and at the back there is a fixed plate in" 
which are the two déuble-beat cut-off valves (see Fig, 2 
above). These are actuated by vertical spindles passing 
through to the top.of the steam cheat, where each is‘ 


valve with adjustable spring above ; the lower ends of 
the spindles are screwed into bored sockets which reci- 
peoeen in guides. Below is a rocking double-armed 
ever driven by a link from a convenient point on the 
main eccentric strap, in such a manner as to get the re- 
quired lead. This link actuatea two vertical rods which 
pass into the sockets just mentioned,’ On the latter are 
small bell-cranks forming the trips 5, Hens. dre prensed 
b springs at the back, so as to engage with the ends 
of the vertical rods, The tripping levers are: centred 
on the same pins as these enki , their other ends 
being carried by a lever connected to the governor. 
As either expansion-rod rises, it carries up the socket 
of the valve spindle and valve connected with it, until 
the trip lever, by pressing on the horizontal arm of 
the ouabelail trip, throws the latter out of gear, 
when the socket drops smartly, carrying of course the» 
valve with it. 

According to the position of the governor lever, the 
tripping levers act sooner or later, but wherever the 
steam may be cut off, the actual 
taken up in releasing the trip is always the same, 

the range of expansion is from nil to $ stroke, The 
governor is driven direct from the crankshaft by bevel 
wheel and pinion, and is itself of a special design. 
The arms are bell-cranks carried by a slide, the ful- 
crums being in short rocking links centred on a fixed 
driver. A spring supplies the resistance, which can 
be adjusted by a nut in the usual manner. The slide 
is connected to the governor lever by a small spindle, 
the governor main spindle being bored at the upper 
end to receive it. The low-pressure valve is of the 
ordinary ‘‘ D” type, and the steam is exhausted at 
the side into a 7 piece, having seats at both its lower 
and upper ends, and a piston valve. The lower end 
of the + piece is connected to one of the columns of 
the engine which forms the condenser. According, 
therefore, to the position of the piston, the steam may 
either be turned downwards to the condenser or up- 
wards into the nee The piston is actuated b 
a screw and handwheel; the air pump is nro 
driven by wrought-iron levers. It has a foot valve, 
bucket valve, and head valves, all of Muntz sheet 
metal, with brass seats. 

A very high vacuum is maintained, the spray pipe 
is placed in the column referred to, and the feed pump 
is bolted to the side of the air pump and driven by 
one of the levers. Wearing surfaces throughout of 
extra size and large guides are provided for the valve 
spindles, 





AUTOMATIC TUBE VICE. 
On the present page we illustrate an automatic tube 
vice, manufactu y Messrs. Bauer and Son, of the 
Brockley Tool Works, Kent. As our engraving shows, 
it is of extremely simple construction, being made on 
the same principle as the common pipe wrench, one of 





the two jaws shown holding the pipe when a twisting 
moment is applied to it in one direction, and the other 
jaw. holding it when the Pipe has a tendency to turn 
in the opposite direction. .The grip is very firm, and 
there is no danger of deforming the pipe. 





INDUSTRIAL NOTES. - 

Tue monthly report of the Associated Blacksmiths 
of Scotland brings its information down to nearly the 
middle of, May. In 27. places, out of a total of 41 
‘places, trade is said.to be ‘‘good,” in many places 
‘very good..’, In all the other places it is stated to be 
fair, moderate, or steady ; in none is it said to be either 
bad or. declining. . The total number ‘on “idle benefit 
was only 25, costing 13/. 11s. for the whole month. 
The total number of members is 1752, showing an in- 
crease of 24 in the four weeks. 





keyed to the piston of its own dashpot, having an air! 


A demand for an advance in wages of one-halfpengy 


of the net 
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per hour in the Greenock district has been met by the 
employers with an offer of an immediate advance of a 
farthing per hour, and a further advance of another 
farthing on July 2, At Dumbarton a request was 
made for a 10 per cent. advance; 74 has been con- 
ceded to the men. Similar requests have been made 
at Paisley, Edinburgh, and Leith. At Edinburgh the 
men have been met half-way, as at Greenock. An 
advance of Is, per week has been given at Dundee, 
except by one firm. An advance of a farthing per 
hour, with a further advance of another farthing in 
July, has been granted at Govan and the upper reaches 
of the Clyde district. Only one firm refused, and at 
this the men struck work. At Barrow the men have 
received an advance of 1s. 6d. per week. 

The accountant’s report as to the average selling 
prices of iron for the first three months of the year, in 
the district covered by the Midland Iron and Steel 
Wages Board, has been followed by a conference of 
employers and the workmen’s representatives. The 
explanation given was that the prices realised had 
been influenced by old contracts, It was promised 
that the rates for the current three months should be 
reported to the Board early in July next. There was 
not complete unanimity as to the present condition of 
things, and the men’s representatives pressed for some 
amendment of the scale. It is possible, however, that 
no sudden action will be taken by the operatives. 

At Leeds the ironmoulders have been granted an 
advance of 2s. per week—from 303. to 323.—by most 
of the firms ; those who will not concede the advance 
will be struck against, it is expected, at an early date. 

The steelworkers employed at the West Cumberland 
Tron and Steel Works, at Workington, have accepted 
the offer of 7 per cent. advance in wages, in lieu of the 
10 per cent. requested. At the Mossbay Iron and Steel 
Works the masters have offered 5 per cent. in lieu of 
10 per cent; the men have agreed to accept 74 per 
cent., which compromise, after consideration, was 
agreed to for four months. The men employed in the 
Bessemer department at Barrow are not quite satisfied 
with the 7 per cent. advance, 

On Saturday last, May 25, the rivet makers in the 
Staffordshire and East Worcestershire districts, 
numbering between 2000 and 3000 men, gave their 
employers notice of a demand for an advance of 10 
per cent. average in wages, the notice to expire on 
June 8. 

A meeting of railway signalmen was held at Leeds 
on Friday lest the 24th inst., at which the whole 
district was represented. It was resolved to agitate 
for an increase in wages, a reduction of hours to 
eight per day, six days to constitute a week, and 
the wages to be paid as follows: First-class men 5s. 
per day ; second-class 4s, 6d. per day ; and third-class 
4s. per day. The fourth-class distinction to be 
abolished, 

The Council of the Railway Servants’ Society have 
determined to take a vote on the eight hours’ question. 
The Council also agreed to support the goods guards 
of the Great Western Railway in their efforts to 
obtain a reduction of working hours. They also 
passed a resolution in support of the Parliamentary 
candidature of their president for the Doncaster division 
of Yorkshire. 

The Bill for the Sheffield Ship Canal was passed 
unanimously by the House of Lords Select Committee 
on Friday last, the 24thinstant. The promotors have 
had a successful beginning, compared with the Man- 
chester scheme. 

The iron trade of North Staffordshire is still declared 
to be in a flourishing condition, Orders keep coming in, 
and the majority of the mills are running regularly. 
The excessive heat, however, caused some stoppages, 
and produced a diminution in the supply of sealed 
bars. The men declare that five days a week at such 
work is enough for any man; more they cannot stand, 

In this district, the report of the accountants, as to 
the selling price of iron, is still causing some feeling. 
The men cannot, they say, understand the statements. 
In their opinion ‘‘something is wrong.” But there 
does not appear to be any effort at present to dis- 
pute the result of the investigations, or to make an 
immediate demand for the increase of wages whic 
they had expected. 

he discharge of the labourers at the Hanley Iron 
Works, referred to last week, is much discussed by 
the men generally, The way in which the eight men 
were picked out and discharged is described as ‘‘ paltry 
and mean.” The labourers are organising themselves, 
in consequence of this action of their doggie, or 
foreman. 

The colliery enginemen are seeking an advance of 
wages and a reduction of working os and they 
complain that the miners do not take them into their 
confidence when appealing for advances in wages or 
shorter hours. In their opinion all workers at col- 
lieries should act together for a common object. 

At a special meeting of the West Yorkshire Miners’ 
Association, held at Barnsley on Saturday last, the 


Council resolved to advise the men to accept the offer 
of the coalowners of an advance of 5 per cent. from 
July 1, and a further advance of 5 per cent, on Oc- 


tober 1, provided that the conditions laid down, that no 
further advance be asked for before July 1, 1890, be 
abandoned by the masters. Whether this compromise 
will be ultimately accepted, or the full 10 per cent. 
demanded, will depend upon the attitude of the masters, 
and the decisions of the Manchester conference. 

On Saturday last the return of Mr. Waterhouse, the 
accountant to the Board of Arbitration of the northern 
manufactured iron trade, was issued. It states that 
the average selling price for rails, plates, bars, and 
angles in March and April was 5/. 4s. 5d. per ton; 
showing an advance of 5s, 5d. per ton from January. 
This is the highest average for five years. The total 
production of the associated firms is given at 57,000 
tons, an increase of 3000 tons. This return indicates 
a probable rise in the wages scale, on the next return 
—should the men conseut to wait so long. 

Several miners employed at the New Oaks Colliery 
have been prosecuted under the Masters and Servants 
Act for absenting themselves from work, and fines 
have been inflicted of 4s. per day for the time they 
were absent, together with lls. 6d. each as costs. It 
appears that the Miners’ Union and the men’s own 
lodges had tried to induce them to keep at work, but 
without avail. The absence of these men caused loss 
both to the mineowners and to the other men 
employed. 

he miners’ strike in the Westphalian coal districts 
broke out afresh in consequence of the masters refusing 
to take back some of their old hands, the leaders in the 
strike, contrary to their promise. Otherwise most of 
the points in dispute were settled satisfactorily. These 
strikes recall the miners’ disputes of a past generation 
in this country, when the military used to be called out 
very frequently, often disastrously. 

The German strike has resulted in an increased de- 
mand for coal in this country for export purposes, and 
prices have advanced from 3d. to 6d. per ton. It is 
said that orders are more abundant than the supply, 
but this probably refers only to a few special districts. 
The miners in England express sympathy with the 
Westphalian miners, but the coalowners send out sup- 
plies of coal to make up the deficiency in Germany. 

At Mr. Andrew Carnegie’s Homestead Steel Mill, 
near Pittsburg, it is stated that a new scale of wages 
has been ogee which, on the average. means a re- 
duction of 20 per cent. This reduction will affect some 
2500 men, and they threaten to resist the reduction, if 
insisted on, by a strike. 

A strike has taken place in the Walsall bit trade for 
15 per cent. advance in wages. Some of the masters, 
it is stated, were not averse to the increase, but others 
stood out, a strike being the result. The feeling 
appears to be in favour of a uniform rate, for hitherto 
the low-wage masters have been able to undersell the 
masters who paid higher rates, 

The London School Board have determined that in 
accepting all future contracts, the contractors shall 
declare that they pay the full maximum rate of wages 
in the trade in the district. 

Practically, it is said, the same rule will apply in 
connection with the London County Council in all 
contracts. These regulations, if carried out, will pre- 
vent the acceptance of tenders based upon a lower rate 
of wages than that prevailing in the district. The 
principle is being recognised in some Government 
contracts, as recent declarations will testify. 





NOTES FROM THE SOUTH-WEST. 

Cardif’.—The demand for all descriptions of steam coal 
has continued active, and prices have ruled firm. The 
best qualities have made 13s. 6d. ; good dry coal, 12s. 3d.; 
and Monmouthshire, 1ls. per ton. House coal has been 
in limited demand, and prices have been tending down- 
wards. The inquiry for patent fuel has continued good. 
Spanish iron ore has been inactive, and prices have shown 
some weakness. The manufactured iron and steel trades 
have exhibited little change. The local works have, upon 
the whole, continued active. 


_ The Tin-Plate Trade.—Mr. Whymper, superintending 
inspector of factories of the south and south-west of Eng- 
land, estimates the production of tin plates in England 
and Wales last year at 11,000,000 boxes, weighing 1 cwt. 
each. The corresponding production in 1878 was 4,600,000 
boxes ; and in 1868, 2,768,000 boxes. 


The Bristol Channel.—Amongst the new companies 
registered last week was the Bristol Channel Passenger 
Service, Limited. The proposed capital of the company 
is 30,000/. in shares of 101. each. The objects are to 
acquire the business of excursion ts and passenger- 
steamer proprietors now carried on by Messrs. Edwards, 
Robertson, and Co., at the Bute Docks, Cardiff. It is 
provided that the firm of Messrs. Edwards, Robertson 
and Co., and their successors, shall be the managers and 
directors of the company so long as they are able and 
willing to act as such. It is further provided that the 
managers and directors shall be paid for their services out 
of the funds of the company 15/. per cent. on the gross 
earnings of the company, for which they shall provide 
and pay for suitable offices, clerks, and accountants, but 
not for any out-door staff, 

Rhymney Iron Company (Limited).—A meeting of share- 
holders in this company was held on Thursday at Merthyr. 





Mr. D. Davies, of the Glebeland, Merthyr, presided, and 





in opening the proceedings said that he thought the time 
had arrived when the shareholders should consider their 
present position. He believed that with better manage- 
ment the concern might be made remunerative. No de- 
finite course of action was determined on by the meeting. 


A Four-Master at Newport.—The four-masted ship Win- 
dermere, one of the largest ever berthed at Newport, 
entered the Alexandra Dock on Monday night's tide. 
Her registered burthen is 2767tons. The vessel will take 
out a cargo for Monte Video. 


Briton Ferry Iron Works.—Mr. C. Horsey, of Messrs. 
Fuller, Horsey, Sons, and Cassell, offered these works for 
sale at the auction mart on Wednesday. The works have 
a frontage of about 750 ft. to the Neath, and occupy an 
area of over 17 acres. The auctioneer, in submittiog the 
property to the very limited company present, described 
it as being in direct communication with Newport, 
Cardiff, and Swansea. Besides the buildings, plant, 
machinery, tools, &c., sixty-five workmen’s cottages, five 
shops, and a ground rent of 32/. per annum derived from 
the Vernon Arms Hotel, were included in the Property, 
which is held on three leases for an unexpired term of 
about 56} years at rents amounting to515/, No bids being 
forthcoming, the auctioneer withdrew the property. 


Sewage at Pontypridd.—On Thursday the Rev. D. W. 
Williams laid the first brick in ccnnection with a new 
sewerage system at Pontypridd. The works contem- 
plated will carry the drainage of the Rhondda Valley to 
the sea. Messrs. W. H. Parker and Co., the contractors, 
entertained a large ccmpany at luncheon upon the occa- 
sion. 


Burry Port.—The corner stone of the Ashburnham Tin- 
plate Works at Burry Port was laid on Saturday. The 
works will be situated close to the docks, will have a 
splendid water supply, and will possess other facilities. 
The chief shareholder is Mr. W. J. Buckley, of Llanelly, 
by whom the corner stone was laid on Saturday. 


Cardiff Shipbuilding.—The Bute Dry Dock and Engi- 
neering Works, Cardiff, are building a large steamer for 
Meesrs. Morel Brothers, 


Brean Down Harbour and Railway.—This Bill came on 
Tuesday before the Earl of Morley, chairman of Com- 
mittees of the House of Lords, as an unopposed measure. 
The object of the Bill is to obtain the sanction of legisla- 
ture to the construction of a harbour on the Somersetshire 
coast, near Weston-super-Mare, and also of a railway, 44 
miles in length, giving a connection with the Great 
Western system. ‘The capital of the somes is 250,000/., 
with the usual borrowing powers. His lordship, after the 
customary formal proofs had been tendered, declared the 
preamble of the Bill proved. He, however, intimated 
that the report would be deferred for the purpose of 
enabling further consideration to be given to the clause, 
fixirg the maximum toll to be allowed in the case of 
vessels towed into the harbour in distress, with a view to 
amendment. Oa this point the Bill will consequently 
have again to come before the Unopposed Committee, and 
when the terms of the clause have been definitely settled 
the measure wil be duly reported to the Upper House. 


The South Wales Coal Trade.—A meeting of delegates 
from the South Wales and Monmouthshire Collieries 
Association, with those from the Ocean and Ferndale 
Collieries, where separate sliding scale arrangements are 
entered into, was held on Saturday at Cardiff, the object 
being to bring about a similarity in the various scales 
now in operation in South Wales. It is thought that one 
uniform basis will be adopted by all the mines, The 
meeting was adjourned. 
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Nova Scotian Coat.—Mr. J. H. Bartlett, of Montreal, 
well known in connection with the Canadian iron trade, 
has visited Pictou (Nova Scotia), in the interest of the 
Pictou Coal and Iron Company, of Montreal, and has 
obtained from the County Council a cash subsidy of 
4000/., as well as remission of all taxes for twenty years. 
Mr. Bartlett concluded a contract with Mr. R. G. Reid, 
of Montreal, for the construction of a branch railway 
10 miles long, leading to the iron mines, and the Dominion 
Government has arran to work the branch as a part 
of the Intercolonial ilway, and to provide all the 
rolling stock. It is estimated that iron ore can be raised 
easily and cheaply from the Pictou Coal and Iron Com- 
pany’s mines, which are only seven miles from the Pictou 
coal mines and 10 miles from Atlantic tide water. 


Otaco Harsourn.—At the annual meeting of the Otago 
Harbour Board, the chairman, Mr. J. B. Thomson, gave 
some interesting information with reference to the position 
and prospects of the Board. He said in 1876 the Board 
started with an income which had increased within 
eighteen months from 9000. to 14,500/., without any in- 
crease of dues, and borrowed 25,000/. Its indebtedness 
now was 680,100/,, and its revenue 40,000/. In 1874 the 
depth of water at the entrance to the harbour at low 
water was 18 ft. Gin. ; now it was 22ft.6in. In the 
former year, vessels drawing more than 8 ft. or 9 ft. could 
not reach Dunedin ; now they can, and have evencome in 
drawing over 19ft. Formerly railway or lighter freight 
cost some 5s. or 6s. per ton; now goods from the 
ship’s slings into the merchant’s stores, relieved not only 
of this charge, but also of the risk consequent on extra 
handling. Kents were at first nil ; now they amount to 
over 7 per annum, and on several of the Board’s 
leases some of the best buildings in Dunedin have been 
erected. The have also about 50 acres ready for 





leasing, and a considerable area oe sata but little outlay 
to make it available when required, 
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RECORD. 
OCompitep sy W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 


The number of views given in the Acation Drawings is stated 
in each after the price ; none mentioned, the 
Specification is not iludtrated. il 


Where Inventions are communicated from abroad, the Names, 
éc., of the Communicators are given in italics. 
at 88, Cursitor-street, 


ay = of Specifications may be obtained 

hancery-Lane, E.C., either personally, or by letter, enclosing 
amount F pe and postage, addressed to H. mR Lack, Esq. 

The date z advertisement of the acceptance of a complete spe- 
ctfication is, 


SS may at any time within two 
advertisement of the acceptance of a com: 
notioe at the Patent Office o, iti 
‘atent on any of the grounds mentioned in the 


FURNACES, &c, 


562. R. Free, Mistley, Essex. Improvements in 
Kilns for Drying Malt, Hops, Grain, and other Pro- 
auce. (8d. 7 Figs.) January 13, 1888.—A shaft b is built in 
the centre of the kiln a, c being the furnace, b! a flue leading into 
the hot-air chamber d, and g the drying floor. The hot-air chamber 
dis divided into separate chambers by walls or plates d! interme- 
diate of the air distributing flues ¢, and extending to or near the 
underside of floor g ; d2 isa deflector over the dome b2 of shaft 
b. The roof h is made air-tight, and to it is connected an exhaust 
fan ¢ whereby the moisture from the produce is carried off to the 
exterior, whilst it maintains a strong current of air through the 
furnace and the produce. The air is thoroughly heated by passing 











ua 


through tubes f entering the shaft above the furnace, and for the 
thorough heating of the tubes, deflectors b3 are placed in the flue. 
The flue is divided into two parts by a plate b* exterding from 
just below the tubes / to their upper ends, and 06 isa baffle which, 
when lowered into the position shown in Fig. 2, causes the pro- 
ducts of combustion to pass up around the tubes 7, but when in 
the other position a considerable portion will pass up the flue free 
from tubes. By these means, combined with dampers or stoppers 
to the tubes /, the heat acting upon, and the amount of air passing 
through, the produce under treatment, are regulated. (Sealed 
February 1, 1889). 

2607. C.J. Dobbs, Middlesbrough. Improvements 
in Annealing Kilns for Slag Blocks. (8d. 2 Figs.) 
February 21, 1888.—This invention consists in aggre a certain 

t of ext heating to the floor of the kiln to prevent 
any chilling of the lowest layer of slag blocks in contact there- 
with. For this purpose, below the floor of the kiln, which is made 
loose, a pit is provided, filled with a layer of fuel, inclosed against 
the entrance of air. The heat conducted from the blocks sets up 
a very slow combustion in the layer of fuel beneath, preventing 
any chilling of the bottom slag blocks, and the floor being loose 








at the sides will gradually sink down as the fuel is consumed and 
prevent the entrance of air beyond a very small quantity required 
to keep up the heat. A is the floor, loose from the sides B, B, and 
having below it a pit or recess C, which is filled with coal or other 
suitable fuel, the floor A, formed of loose bricks or slabs, being re- 
moved for the introduction of the fuel, and then replaced and 
grouted so as to exclude the air as much as ible. The slow 
rate at which the combustion takes place enables the layer of fuel 
to last a long time, so that a number of charges of slag blocks can 
be treated in the kiln before the layer will require renewing. 
(Sealed July 27, 1888). 


4402. W. P. Thompson, Liverpool. (The Porcelain 
Dental Art Company, Detroit, Michigan, U.S.A.) Improve- 
ments in or relating to Hydro-Carbon Furnaces. 
(8d. 6 Figs.) March 22, 1888.—The invention relates to a com- 
eo mig hydro-carbon furnace adapted for using liquid or gaseous 
uels, either separately or in combination. A is the combustion 





chamber, and B inclosing walls consisting of a base B! and hinged 
cover B*, 53 are escape flues. B* is an exterior packing, and b? 
king between the base and cover, to prevent entrance of air. 

is a muffle or oven in the busti hamber, having orifices 

d at the top, through which the bustion may enter 
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the muffle. E is a burner communicating with A through orifices, 
and E' an air blast pipe connected therewith ; E? is a hydro- 
carbon pipe. It is preferable to lead the pipes E', E? through the 
base, connecting the mains with the burners. Their contents 
thus become heated. An air blast pipe communicates with 
a heavy hydro-carbon receptacle. The hydro-carbon supply is 
divided, and passes in both directions from its admission into one 
main, thence through the base B', becoming heated thereby, and 
through pipes E' to the burner, The hot air blast passes 
the other main, and in both directions therethrough, Nee 
base B', becoming heated thereby, and through pipes E! to 
burner. Combustion takes place beneath and about the muffle, 
carbon monoxide being formed around the base of muffle, ani 
carbon dioxide around its upper part. The dioxide heing heavier, 
descends into the muffle by orifices d, the monoxide disappearing. 
The blast, which forces the dioxide into the muffle, affords effective 
resistance to the entrance of air therein, excluding oxygen and 
overcoming all liability of oxidation. (Accepted March 27, 1889). 


9253. E. Walsh. Jun., St. Louis, U.S.A. Improve- 
ments in Blast Furnaces. (8d. 4 Figs.) June 25, 1888. 
—In this furnace the sectional area at the upper limit of the bosh 
or fusion zone C, is made three times the area at the hearth G, 
and about five to seven times the area of the throat or tunnel at 
the top. From the upper limit of bosh C the walls curve 
gradually downwards and inwards to the top of the hearth, and 
slope upwards and inwards to the tunnel head. By this arrange- 
ment a stronger imping t of gases at greater density and 
velocity is obtained, and the materials in the upper portions of 
furnace are more thoroughly prepared. Fig. 2 represents a charg- 
ing apparatus in which a is the charging hopper, combined with 
which is a conical chamber ¢ for containing several charges at a 
time. Within the upper end of c is inserted a frame d supporting 
a conical shaped annular ring or collar e, having a supply open- 
ing, which is closed or opencd to the chamber ec, by the bell ¢. 
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Chains g, secured to the bell, pass upwards over pulleys, and 
carry at their other ends counterbalance weights i, For charging 
the furnace, motive fluid is admitted to a cylinder m above its 
piston, by means of a three-way cock o worked by a pulley and 
endless rope. The bell / is attached to a rod j extending upwards 
through a hollow piston-rod fixed to the aforesaid piston, and 
as the motive fluid forces the piston down it lowers the bell f 
and uncloses the supply opening. The materials are then dumped 
in regular charges through d, e into the furnace and chamber c 
until the latter is filled to the desired level, when the motive 
fluid is exhausted from above, and admitted below the piston ; 
which thereby raises the bell so as to close the supply. When the 
materials in c have fallen below a lever w, the latter becomes 
free and is attracted by a magnet y, whereby a bell is sounded to 
notify that a fresh supply of materials is required. (Sealed 
October 5, 1888). 


18,414. C. A. Piat, Paris. Improvementsin Crucible 
Furnaces. (8d. 2 Figs.) December 17, 1888.—The object of 
this invention is to utilise the fuel in the best manner by causing 
the furnace gases to effect a preliminary heating of the charge of 
metal in aspecial crucible or heater. In the opening of the upper 
refractory plate of the furnace is arranged, during the process of 
melting, a special crucible G, entering slightly the crucible A, and 
constituting a “heater.” D isan opening in the base of G, and 
F holes in its periphery. The discharge hole d and all holes by 
which the gases might escape, are slightly luted. The furnace, 
being filled with coke, is blown at V until crucible A is very hot, 
and at this moment the materials to be melted are charged into 








the heater, and the furnace gases pass through the holes F and 

lay about these materials, which soon melt. The materials then 

low through the hole D into A, where they are maintained at the 
desired temperature. When crucible A is full the heater is with- 
drawn, and the discharge hole d having been cleared, the furnace 
may be tilted and emptied. In some cases it may be advisable to 
dispense with the stand or bed of graphite on which crucible A 
rests, for which purpose the bed is replaced by four —— Bof 
refractory material shaped to fit the crucible, and built together 
with the inner lining of the furnace. They are thin enough not to 
interfere with the descent of the coke around thecrucible A. The 


rd be fixed or mounted on a carriage. (Accepted March 


TREATING ORES, &c, 


4480, G. J. Atkins, London, Improvem 
Treatment of Metallic Ores and in Ap tus 
Employed therein. (8d. 3 Figs.] March 22, 1888.—The 
objects of this invention are to effect the removal of sulphur, the 
intimate contact of the chlorine or other substance with the 
ticles of metal, and the separation of the gold, silver, or other 
metal from their chlorides, bromides, iodides, cyanides, or other 
combinations in a more perfect and quicker manner than hereto- 
fore. A jet of steam entering through a nozzle A, Fig. 1, is com- 
bined with chlorine or other suitable gas SoteaSueel through B. 
Finely divided ore, introduced at C, is driven along a pipe D by 
the steam jet, and becomes heated while every particle thereof is 
surrounded by the steam and gas, so that the sulphur, if there be 
any, is liberated, and the gas or vapour combines with the metal or 
its compounds contained in or attached to the particles of ore. 
The powdered ore is forced into a chamber E, where it is collected 
for treatment, and which may contain water or a solvent of the | 


ents in the 











salt of the metal it is desired to recover. The contents of chamber 
E are then passed through a filter. E' is a condenser for condens- 
ing vapour that may escape from E. Fig. 2 shows a carbon filter 
formed of a funnel-shaped vessel] A communicating with a receiver 
B, and C is a porous vessel contsining a positive electrode D anda 
suitable solution. Eis carbon filtering material. The vessel A is con- 
nected to the negative, and the electrode D to the positive end of the 
electric source. As the material containing the metal to be sepa- 
rated through the filtering material it is acted on by the 
electric current, and the metal deposited on to the surfaces of the 
particles of carbon while the solution passes into B. Fig. 3 shows 
another filter in which Band D are layersof carbon connected to 
negative and positive electric poles, and C is non-conductive filter- 
ing material, such as sand, which acts the part of a poreus plate 
between the electrodes D and B. As the solution passes down the 
metal is deposited on to the particles of carbon forming the nega- 
tive poleB. (Sealed April 9, 1889). 


10,588. F. Fenton, Batley, Yorks., and R. J. Par- 
triage, Grasmere, Westmoreland. (J. Woolford, Brionde, 
France.) Improvements in Extracting Gold from 
Simple, Compound, and Refractory Ores, or Slags, 
or Wastes, or Cinders of Ores or Metals Containing 
Gold or Gold Blends by m with Antimoniac 
Compounds. (8d. 6 Figs.) July 30, 1887.—The following pro- 
portions of the substances used to charge the furnace and produce 
the flux when operated upon by heat along with the gold-bearing 
substances, are found preferable. To each ton of auriferous 
material are added 2 cwt. of iron or iron ore containing at least 
metal equivalent to that amount, 10 lb. of carbonate of soda, and 
2 ewt. of sulphate or oxide of antimony or antimony ores contain- 
ing metal equivalent or in excess of that amount. The process of 
fusion and release of the gold from or by the above compound 
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charge can be effected in any suitable furnace such as that shown 
in the figure, where D represents a tower closed at the top by 
means of a movable shutter. 1, 2, 3, &€., represent eight affiliated 
furnaces attached to the base of the tower. D, D represent nine 
movable covers closing the upper surface of the eight retort fur- 
naces, which contain the crucibles in which the ores are smelted. 
C, C are doors in front of each of the furnaces, whose fronts do not 
appear to view. The upper of these doors closes the adit for ex- 
tracting the molten metal, and the lower is the stokehole for the 
fire. The retorts are opened at the top, but the furnaces in which 
they stand are c’ , for the escape of the gases into the tower D, 
where the products of combustion are mixed with them along 
with a powerful current of air, drawn down the tower by the 
action of fans. E represents draught holes, Further details are also 
described and shown. (Sealed January 11, 1889), 


17,033. A. Parkes, Dulwich, Surrey. Improve- 
ments in the ion of Gold and Silver from 


Ores or Compounds taining the same and in 
Solvents for such Metals. {6d.) December 10, 1887.—In 
treating ores containing gold or both gold and silver, the ore is 
crushed and submitted to the action of a solvent, which consists, 
amongst others, of a mixture of bromine, cyanide of potassium, 
and dilute chromic acid. Whilst the ore is in the presence of the 
solvent the mixture is subjected to the action of steam under 
pressure for expediting the solution of the precious metals, the 
mixture being maintained in a state of agitation. The solvent 
containing the precious metals is then washed out of the ore, and 
treated by any known method for the 
the gold and silver held in solution in 





tion and ery of 
the solvent. (Sealed Feb- 





ruary 22, 1889). 
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“MISCELLANEOUS. - 


2003. F. Lee and J. Bradshaw, Wakefield, and F. 
Lee, Manchester. An Improved Method of and 
A for, Dyeing Wool, Cotton, and other 

‘brous Substances. (8d. 6 Figs.) February 11, 1888.— 
According to this invention a is the dye liquor cistern, b the vat, 
and.cacirculating pump. The vat is provided with six cans d in 
which the materials are placed. Each can is cylindrical, and has 
a perforated bottom; it may also be provided with a pervious 
cover, and is formed with a flange which rests upon the bottom of 
the vat, being secured thereto so as to check the leakage of liquor. 
The dye liquor is lifted from the lower cistern by pump ¢ and 
delivered into a strainer /, which also acts as a distributor. 
liquor in a is heated by a steam pipe g ; there is also a pipe A for 
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nesting the liquorin 6, The vat b is provided with an overflow 
ipe disch: 


pipe arging into cistern a; it also has a discharge valve mm 
or emptying the vat. Upon the materials to be dyed ‘being put 
into the cans d and the can covers placed in position, the cistern a 


is rp ag with dye liquor and the —_ put to work, whereby 
the liquor is lifted into’ vat b, where it accumulates and flows 
through the mass of materials in the cans, and thus returns to the 
cistern a. The liquor is thus kept in circulation until the dyeing 
operation is completed, the constant agitation and circulation of 
the liquor Prhey of the cans and apparatus tending to secure great 
evenness of tint in the dyed materials, When the materials are 
sufficiently treated the valve m is ——- to empty the vat and 


the cans are removed or emptied. ( August 10, 1888.) 
2511. A. Chapman, Liverpool. Improvements in 
Saccharine or other 


Sopnretns for Evaporating 

Solutions or Liquids, (8d. 2 Figs.) February 20, 1888.— 
This invention refers to ng ge for evaporating saccharine or 
other solutions by double, triple, or multiple effect. The exit of 
the condensation waters from each drum is made regular and self- 
adjusting without the aid of valves, pumps, or steam traps, whilst 
all the heat contained therein can be utilised, and a free circula- 
tion of the solution is maintained. a', a*, a* are the three pans, 
and b', b?, b® their three steam drums fitted with tubes c', c*, c*, 
through which the solution flows. Steam is supplied to the first 
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pan by pipe d', and d?, d° are pipes conveying vapour from the 
tops of the first and second pans to the steam drums of the second 
and third pans. The condensation waters from drum b! are dis- 
charged into drum b?, and part with their extra heat by means of 
a pipe e!. A similar pipe e* connects drums b? and b', and a Pipe 
at the bottom of c® leads toa condenser. /! is the inlet for the 
solution to be treated. The solution circulates from pan to pan by 
means of pipes g', g?, and a pipe 93 carries it from the third pan 
toa reservoir, An qeagd is also described in which the solu- 
tion enters each pan below the drum instead of above, and in which 
there is only one pipe for the downward flow of the solution after 
it has flowed up the tubes cl,'c?, c*. (Sealed February 8, 1889). 


3967, Brin, London. An Apparatus for the Ex- 
traction of Oxygen and Nitrogen from the Atmo- 
spheric Air. (Sd. 3 Figs.) March 14, 1888.—The drawings 
show transverse and longitudinal sections of one of the end por- 
tions of the retort forming the subject of this invention. The 
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retort a is cylindrical in shape, and formed of iron, each end being 
closed by a head b, to which is connected an inlet or outlet pipe e 
for the The exterior of the cover and flange runs upon rollers 


The | pose 


with a number of compartments, the lower and upper part of each 
alternate partition being pierced with holes to allow air to enter 
under pressure, and re ide for the rapid production of vacuum 
upon each particle of barium tai in the partments. By 
this means the air will traverse all the compartments during the 
peroxidation, and the time of the rotation, from top to bottom, 
all the portions of barium being presented to the current of air or 
vacuum. . The retort is protected by_a coating of asbestos and 
silicate of potass or soda, and is heated by burners arranged at 
the base of furnace, which operate by means of the oxide of 
carbon and of air heated beforehand. In the extraction by 
vacuum of the oxygen fixed in the barium, the increase ‘of tem- 
perature over 800 deg. Cent. should be arrested, for which pur- 
a self-acting contrivance is put in action by the coefficient 
of dilatation of the retort, which causes the arrest of the oxide of 
carbon, and the heated air in the burners. This consists of a 
stop valve f controlled by a lever g, one end of which bears against 
the head of retort, whose expansion operates the valve. (Accepted 


March 20, 1889). 

5881. A. McAra, G ow. Improvements in 
Cement, in “Cooling” or Maturing the same, and in 
Apparatus therefor. (8d. 2 Figs.) April.20, 1888.—The 
invention has for its object to hasten the ‘“‘airslaking” and ‘‘ cool- 
ing,” or maturing process, and consists in the use of a cylinder or 
trunk A within which are placed shelves B, inclined downwards 
from the sides of the trunk A towards the centre, and so arranged 
in series that the shelf above, and secured to one side of the 
trunk, projects partly across the shelf immediately below, and 








secured at rigs angles to it, to another side of the trunk, eac 
alternate shelf having a slot or slots C in it. Linn wy the centre 
of the trunk passes a pipe D perforated throughout or partially 
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throughout its length, and connected by a branch E toa fan for 
producing a current of air. The cement to be treated is filled in 
at the upper end of trunk A, and falling down from shelf to shelf 
is acted upon by the air currents issuing from the pipe D, whereby 
it is ‘air slaked” and rendered fit for use in a shorttime. The 
shelves may be connected to the pipe D after the manner of an 
archimedian screw, in which case the pipe is rotated so as to 
deliver the t at the opposite end of the trunk from that at 
which it is fed in. During hot weather a jet of water or steam 
may be injected into the air current. The cement may during, 
before, or after treatment have added to it a p rtion of car- 
im of lime to improve its setting qualities. (Sealed May 7, 





7773. R.R, Gubbins, New Cross, Kent. Improve. 
ments in Piling Wrought “Scrap Iron.” (6d. 3 Figs.) 
May 28, 1888.—This invention relates to a method of preparing 
wrought scrap iron for the heating furnace, and consists in con- 
densing or omy oy scrap iron in masses, bales, piles, or the 
like, in such wise that they resist the wasting action of the fire 
to which they are exposed during the preliminary process.: The 
te | iron having been first sorted and cut to a suitable size, and 
freed from rust, zinc, or tin coating, &c., is placed in. the furnace 
A, where it is brought to a dull red heat; it is then drawn out of 
the furnace by the door a?, and by means of the shoot or trough 
B, directed into the mould C, which is secured on an anvil block, 
and as soon as the mould is full a drop-hammer D! is allowed to 
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fall on it, and the blows thereof force the scrap tightly into the 
mould C. The operation is repeated until the mould is full. Ties 
or bands c! are first placed in ves in the mould, and are bent 
over so as to meet on top of the bale, thus securing it firmly 

ogether. The front of mould C is then removed and the finished 
pile easily discharged therefrom ; it is then ready to be heated 
and rolled in the usual manner. Two or more furnaces may be 
connected to the mould C, so that as_the contents of one furnace 
are — packed, those of the other are becoming heated. The 
furnace is constructed with a door in each side, through one of 
which the material is charged, being discharged through the 
other one down the shoot B. (Sealed tember 8, 1888). 


11,620. M. F. H. Lintz, Paris. : ents re- 
lating to the Manufacture of Tin and Terne Plates 
and to — atus therefor. |8d. 2 Figs.). August 11 
1888.—The plates to be coated are first pickled and scoured, ani 
then passed through a vessel containing a suitable flux, then alon; 
or between curved guides through molten tin or alloy contain 
in the coating trough, and next between two rolls which rotate’ in 


grease or oil, thus removing the excess of 2. Upon 
the sides of the pot A are fixed cross-pieces & to are secured 
the rear ends of the upper guide bars B and. lower guide bars B'. 


The bars B are conn: to a crossbar C, while. B' are fixed toa 
crossbar D. E is the entrance fiux-box or hopper, which is open 
at the topand bottom, and contains’a suitable flux or composition 
for the pickled and rinsed plates to pass through before passin 

into the bath of molten tin. The rolls F revolve in or.oil, 
and their bearings are provided with caps G fixed by bolts. [are 





gas. 
d to permit the retort to turn upon itself. The retort is formed 


springs which each bear against a bearing of one of the rolls F, 


h | 4 Figs.) November 20, 1888.—The 


and are fitted at the end of a screw K,s0 asto vary the pressure of 
the rolls against each other. For introducing the plates into the 
nip of the rolls; pivotted arms M are provided between the guides 
B, B!, which push against the rear end of the plate. The axis of 
these arms can be oscillated by means ofa handle L. A partition 








O keeps the greasy substance from the front part of the trough. 
The plates introduced into the hopper E are conducted between 
the guide bars B, B', through the bath of molten metal or alloy, 
until reaching the cross-pieces @, which reach nearly up to the 
rolls F. (Si February 8, 1889). 


16,848. A. Gutensohn and J. M. James, London. 
An Improved Apparatus for ey I or Cleaning 
the Surface of Iron and other Metal to Prepare 
same for Tin or other Metal. (6d. 
oe is constructedin a 


similar manner to and on the eee of the ordinary secondary 
et, wherein the metal to be pickled or cleaned forms one of 
the P ncipal factors of the battery, the other being formed in and 
by the apparatus. A isthe bath and B partitions of non-conduct- 
ing material, which slide in guides C. On the inner side of one 
end of bath A, and on the corresponding side of each partition B, 
are placed sheets of lead D, secured by battens E. e bath is 





it 





filled with an acid or alkaline solution, and the desired number of 
plates K to be pickled or cleaned placed between the partitions B, 
their lower cages resting on stripsG. The electric current is then 
ed by conductor L to the sheet D, from which there is no direct 
communication by metallic contact, as sheet D does not reach 
down to or touch the strips G, while the plates K are prevented 
touching sheet D ~4 the battens E. The current therefore passes 
through the pickling liquid to the plates K, thence through 
strips G to the insulated wire H, by which it is led to sheet 
D on the other side of partition B in the next compartment, 
where the aforesaid action is repeated, and so on through all the 
compartments, until it finally passes away through the conductor 
M. (Sealed March 1, 1889). 


17,532. H. H. Lake, London. 
Dresden, Germany.) Improvementsin the Manufacture 
of Aluminium, and Apparatustherefor. [lld. 4 Figs.] 
December 20, 1887.—Thie invention consists in improvements in 
the process described in former Letters Patent No. 4228 of 1887. 
The aluminium compound is first melted or fused, together with 
the necessary flux, in a crucible A, Fig. 1; the crucible is then 
removed from the furnace, and closed with a well-fitting cover B, 
which, by means of pins arranged on its underside, carries a 
sodium disc c, and which is firmly secured to the crucible by tongs 
d, one claw d! of which embraces the lower part of crucible, and 
the other d2 the cylindrical head of cover B. The crucible 
being repeatedly inverted, any metallic sodium present, by reason 
of its smaller specific gravity, willascend again and again through 
the molten mass, until all the sodium is combined or used up. An 
apparatus similar to Bessemer’s converter can also be used, in 


(Professor C. Netto, 





which liquid sodium is introduced near the bottom by bert geal 
cation of pressure. A, Fig. 2, is the converter suppor on 
trunnions B, and C is the sodium inlet pipe passing through a 
stuffing-box in one of the trunnions, H is a tank, I a motor, 
and K a regulator, contained in a heating chamber. The stop- 
cock D being closed, the molten aluminium compound is poured 
into the heated converter A; cock D is then opened, and the 
molten sodium forced into the converter, by means of a pump G, 
through the finely perforated plate F, and by reason of the differ- 
ence of — gravity of the two substances, rises through the 
molten aluminium bath, decomposing the aluminium compound 
in its passage through the same. When any undecomposed 
sodium arrives at the top of the bath, the operation is complete, 
whereupon cock D is closed, the pump G mapoes. and the con- 
verter tipped to empty its contents intoa receiver. (Sealed March 
1, 1889). 


NITED STAT TENTS TENT PRACTICE. 
bite 3. 7 a at Invention patented in the 





United of America from 1 i: Go pes Som, ont 
reports of trials of t:law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford 
street, Strand. , 
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THE LUMINOUS FOUNTAINS ON THE 
CHAMP DE MARS. 

Amone the attractions of the Paris Exhibition 

which are absolutely novel to the Parisian public, 

and which already are drawing large crowds to the 





Champ de Mars in the evening, the most sought | 


after is certainly the spectacle presented by the 


central garden, when it is made resplendent by | 
thousands of electric lights. Without such illumi- | 


nation no féte, worthy of the name, can be held 


to-day, and it attracts and fascinates the crowd just 


as it attracts and fascinates the insects and butter- 
flies. On the Champ de Mars the effect is 
heightened by the splendour of the architectural 
setting that surrounds the illuminations, and it is 
further increased by the ingenious combinations 


effect can be prolonged for any desired time. 


luminous ray itself within the liquid jet, and 
that so perfectly that each particle of water be- 
comes, as it were, incandescent, whilst the whole 
stream is transformed into a brilliant mass of 
molten gold or silver, of any colour that it 
might be desired to impart. Before the eyes of the 
astonished spectator the jets of water suddenly 
change in the intensity of their light and colour ; 
luminous in themselves and sparkling like a display 
of fireworks in the darkness, they throw innumer- 
able sparks in all directions, but unlike a display 
of fireworks which only lasts for an instant, = 

e 
English public is sufficiently familiar with these 


displays, though not on so large a scale as has been 
developed in Paris, and the principle on which the 


‘numerous fountains are produced, dates back for 


that the engineers in charge of the work have many years; it was in fact devised by the Swiss 
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devised, both for the arc lights and the incan-| physicist, Colladon, in 1841. In theside of a vessel 
descence lamps. Amongst these combinations the filled with water, Colladon made a small opening 
most astonishing—at all events to the native|from which he allowed the water to issue in a 
visitors—is that of the luminous fountains, which | parabolic jet ; on the opposite side of the vessel 
alone are sufliciently attractive to assure the success | 


of the Exhibition during the summer evenings. The 
centres of brilliant light amongst the moving water 
lend themselves admirably to ornamental effect of 
the highest character, and especially this is the 
case with the brilliant white rays of the arc lamps, 
which impart to the fountains all the brightness of 
melted silver. For quite a long time the illumina- 
tion of cascades by the electric light has proved a 
never-failing source of pleasure to the public; the 
lighting up of the Falls of Niagara in this way is 
one of the most beautiful spectacles that can be 
wellimagined. But this method of illuminating fall- 
ing water has lost its novelty, anda new idea, which 
was put into practice in London a few years since, 
has taken its place. 


This is to imprison the| 





just facing the opening, he placed a glass lens 
behind which he set an oil lamp at such a distance 
as suited the focus of thelens. The light thus led to 
the origin of the liquid jet becameimprisoned by means 
of a series of total reflections, which prevented it 
from escaping, and the apparatus placed in the 
darkness produced the effect of a luminous liquid 
parabola. This historic experiment was, of course, 
only very rudimentary, and no practical use was 
made of it until it was developed in 1884 by Colonel 
Bolton, who, it is not too much to say, assured the 
success of the series of Exhibitions in London that 
commenced in 1884, and which were further de- 
veloped in Manchester in 1887, and last year at 
Glasgow. But those successful efforts have been 
surpassed now, and nothing has ever been seen to 











compare with the volume of water and the power of 
the lighting now nightly displayed on the Champ de 
Mars. The engineer, who has had charge of this 
really marvellous undertaking, is M. Bechmann, 
engineer-in-chief of Ponts et Chaussées, and who 
belongs to the same school of science and artistic 
taste as M. Alphand, who has so skilfully directed 
all the work of the Exhibition. M. Bechmann went 
to Glasgow last year, accompanied by M. Formigé, 
the architect intrusted with the arrangement of the 
gardens, and the result of their combined work, and 
of a series of experiments conducted by them, has 
recently been communicated to the Academy of 
Sciences by M. Bechmann. The complete installa- 


tion, of which we now propose to give a detailed 
description, is due to these two gentlemen in com- 
bination with Messrs. Galloway and Sons. 

In that part of the gardens, which is comprised 





between the Palais des Beaux Arts and the Palais 
des Arts Libéraux, extends a large sheet of water 
rectangular in form, and terminating on the side 
nearest the central dome by a great fountain that 
was designed by M. Coutan. This fountain occu- 
pies the middle of au upper basin, from which the 
water flows in a wide sheet into the lower and 
larger one. The design forms an allegorical 
group representing a ship, in the forward part 
of which France, surrounded by Science, Industry, 
Agriculture, and the Fine Arts, illumines the world 
with a torch ; on the stern of the vessel is engraved 
the word ‘‘ Progress,” and a woman representing 
the Republic is steering the ship. The whole com- 
position is a very remarkable one and gains special 
force and vigour at night, when the brilliant rays of 
light from the Eiffel Tower are thrown upon it, and 
bring out all the details with startling clearness. 
It is inthe midst of this artistic work that the 
luminous fountains are installed; there was an 
intention of perfecting a similar organisation at the 
second fountain that was designed by M. Saint 
Vidal, and which is placed beneath the Eiffel Tower. 
Up to the present time this fountain has not been 
illuminated, indeed the works connected with its 
construction are not yet completed. Collectively, 
the luminous part of the great fountains comprises 
forty-eight distinct groups, formed of about 300 
jets. discharging 45,000 cube feet per hour; the 
electricity employed for lighting this mass of 
water absorbs nearly 300 horse-power ; the water 
is taken from the Seine, being stored up in the 
reservoir of Viilejuif, whence it flows with a dif- 
ference in height of 292 ft. Fig. 1 shows the 
general form of the great basin; on the side 
towards the central dome is the most elevated 
portion, the centre of which is occupied by the 
monumental fountain. The water flows from a 
series of cornucopiz placed around the symbolic 
ship, and from a series of figures representing 
dolphins, forming together groups of parabolic 
jets. From the upper basin the water falls over 
a length of 130 ft. into the lower one, to the 
narrower portion of which are fourteen jets grou 

in two parallel lines; from the middle of the 
octagonal part which forms the end basin spring 
great vertical jets. M. Bechmann and his collabo- 
rators of the Ville de Paris water supply, MM. 
Richard and Meker, arranged all details for bring- 
ing the water to the Champ de Mars and its dis- 
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tribution there. 
the great fountains in the octagonal basin were 
intrusted to Messrs. Galloway and Sons, of Man- 
chester ; the electrical and optical apparatus of the 
central portion were supplied and fixed by MM. 
Sautter, Lemonnier, and Co. 

In principle, the general arrangement adopted 
consists in the construction, below the bottom of 
the basins, of underground chambers in which are 
placed the luminous sources of light, the rays from 
which, directed, as we shall explain presently, strike 
against plates of glass which close the passages 
through which the water is projected. A series of 
coloured glasses, operated by hand, can be inter- 
posed at will across the beams of light, colouring 
them, and therefore colouring the jets of water 
above. It was M. Bechmann who worked out the 
special arrangement that has been adopted for the 
illumination of the great parabolic jets that are dis- 
charged from the principal motors of the fountain. 
He imparted the results of the experiments which 
led him to adopt the combination carried out, in a 
paper communicated to the Academy of Sciences by 


‘does not exceed ;}; in. ; in this way jets 9 in. in 
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last. This arrangement consists in replacing the | 
solid jet, employed by Collacon in his elementary | 
experiment, by an annular jet such as is indicated | 
in Fig. 2. The luminous beam passes into the 
interior of this liquid tube from which it cannot 
escape, although the thickness of the water envelope 


diameter and 16 ft. in height can be perfectly illumi- 
nated. But it is not by means of a direct beam of 
light that the parabolic jets in the display on the 
Champ de Marsare lighted up. Perpendicular to 
the axis of the fountain, and below the upper basin, 
is formed a chamber, in the ceiling of which are 
made as many vertical openings as there are jets to 
be illuminated, and a hand-regulated electric lamp 
is placed below each one of them. The rays pro- 
jected vertically by means of a reflecting mirror, 
strike against another mirror set at an angle of 
45 deg., and converge upon the openings before 
mentioned. In this way the source of light is) 
wholly concealed and the difficulty avoided of 
employing somewhat bulky apparatus about the 





All the details of the lighting of |M. Troost, at a meeting held on the 18th of March | fountain. The arrangement will be understood 


from the diagram, Fig. 3. , 

’ The installation of Messrs. Galloway and Sons is, 
so far as regards the volume of water and the 
number and arrangement of jets, the most impor- 
tant and most interesting of the whole display ; it 
is this part which, every evening from nine till 
eleven, attracts the greatest number of spectators, 
and commands the most enthusiastic applause. 
The variations in the luminous intensity as well as 
in the power and heights of the jets, combine to 
give a special charm to the effects produced ; some- 
times a great central jet shoots upwards, sur- 
rounded by a number of smaller ones, then 
suddenly these latter swell to larger proportions 
in their turn, while the central jet, diminish- 
ing in height, loses itself under the dome formed 
by the graceful curves of the streams of water 
that surround it. Added to this are the sudden 
changes of colouring and the blending of varied 
tints of extraordinary brilliancy which light 
up the same jet with many different colours. The 
spectacle is truly marvellous and difficult to describe 
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Fig. 1. 


to any one who has not seen it, though it will be 
familiar to most of our readers. The lighting appa- 
ratus, employed by Messrs. Galloway, consists of a 
parabolic mirror, with a vertical axis, made of 
polished metal, the bottom of which has been re- 
moved to allow burning fragments of the carbons 
to fall through ; in the focus of this mirror is placed 
an arc lamp with the carbons set almost horizontal. 
This lamp is worked by hand, and its arrangement 
is indicated in Fig. 4; in this way the jets are 
lighted direct, an arrangement which allows the use 
of lamps of a power considerably inferior to those 
employed in the French installation. It should be 
added that the luminous jets are arranged in sucha 
way that a part of the light passing through the 
transparent ceiling of the underground chamber is 
able to illuminate the summit of an adjacent jet ; it 
is in this way that the variations of colour in the 
same column of water are produced. 

The management of the luminous fountains in 
the central part of the basin is quite different ; 
there the problem to be solved was to direct a 
vertical luminous beam across an opening 24 in. 
wide placed at the bottom of the basin and beneath 
each of the jets. The arrangement employed is as 
follows: An automatic arc lamp, with a fixed 
luminous point and with inclined carbons, is placed 
in front of a spherical concave mirror of polished 
and silvered glass, the centre of light being in the 
focus. The beam reflected by the mirror is made up 
of rays parallel to its axis, and these are reflected 
a second time upon a mirrcr placed at an angle of 
45 deg., and which directs them vertically upwards. 
The lamp and the two mirrors are connected 
by a rigid iron frame, and the relative positions of 
the different parts can be adjusted by regulating 
screws. The inclined section of the horizontal 





VIEW LOOKING WEST THROUGH GATEWAY OF CASTLE POINT GROUNDS. 


cylindrical beam being an ellipse, the plain mirror | lamp horizontal, and placing a simple reflector—that 


has been made in the form of an elongated octagon, 
so that all the rays falling upon it are utilised 
without its surface being unnecessarily large. The 
sketches, Figs. 5, 6, and 7, show the apparatus as it 
is installed in one of the galleries formed beneath 
the basin ; the opening through which the beam is 
thrown is hermetically closed by means of thick 
glass as transparent and polished as it could be 
obtained; this glass was manufactured at St, 
Gobain. The optical arrangement adopted by MM, 
Sautter, Lemonnier, and Co., permits of consider- 
able range combined with great precision, in the 
angle opening of the luminous beam. Instead 
of leaving the rays parallel and of such dimen- 
sions as to fill the width of the opening, diver- 
gence can be given them up to an angle of 10 deg., 
so that in spreading in all directions from the axis 
of the jet, they are able to illuminate over a larger 
area all the drops of water which form the crown of 
the fountain. In order to obtain this divergence 
the distance between the lamp and the concave 
mirror can be adjusted; the dimensions and the 
distances of the different optical parts are such that 
the beam opens immediately, the conjugate focus of 
the lamp being virtually at f, that is to say behind 
the mirror (see Fig. 8). 

If instead of this arrangement the luminous 
point had been placed farther away from the con- 
cave mirror, the conjugate axis would have been in 
front of it, and the rays would have crossed ; the 
result would have been that the beam would 
have closed at first and would afterwards have 





opened ; that is to say, that in order to light the jet | 


properly with a divergent ray, there would have 


been a period of obscurity. The alternative would | of colour. 


is to say, a concave or parabolic mirror—below ; 
by this arrangement the use of a plain reflector 
and some complications in the apparatus would have 
been avoided. This is the arrangement, in fact, 
adopted by Messrs. Galloway, but it was not ap- 
proved of by MM. Sautter, Lemonnier, and Co. 
on account of the danger of damaging the mirror 
by the falling of burning pieces of carbon, an in- 
convenience which is only partially avoided by 
cutting away the centre of the reflector, and which is 
also attended by the disadvantage that a part of 
the reflecting surface is lost and the intensity of 
light is therefore reduced. A current of 60 ampéres 
is used in each lamp; they are arranged in groups 
of three and receive their current from the Gramme 
station. 

A few words remain to be said upon the arrange- 
ments employed for regulating the power and play of 
the jets, aswell as the manner in which the variations 
of colour are obtained. The manipulation is effected 
partly from the exterior, and partly within the 
underground chambers. At a short distance from 
the fountains and basins is placed a small glazed 
structure, somewhat like a railway signal box, 
which is occupied by the person in charge of the 
manceuvres. In front of him are a number of 
levers very similar to those in use at a public house 
bar; they are connected to taps controlling the 
pipes of the fountains, and these can be opened 
more or less at will ; in this way the strength of 
the jets can be regulated. Close beside him also 
is an electric keyboard, by which he signals instruc- 
tions to the men in the underground chambers, 
and whose duty it is to produce the different effects 
This part of the display depends upon 


have been possible of setting the carbons of the/the use of stained glass slides, which are moved in 
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and out of position by means of levers that are 
placed side by side in two groups, one of which 
affects the jets in the upper basin, and the other 
the principal fountain. One man is employed for 
each group which comprises five series of five 
coloured glass slides, or twenty-five levers in all. 
A well-arranged system of electric signals enables 
the director of the display to transmit his orders 
with great simplicity, and the whole staff is so well 
drilled that the work is carried on without any 
irregularity. 

Such are the luminous fountains of the present 
Exhibition ; they have already proved objects of 
surprise and admiration to the Parisians, and one 
cannot but regard, with certain feelings of trepida- 
tion, the prospect of the enormous crowds that will 
collect nightly on the Champ de Mars, as the warm 
weather shall commence, and the flow of visitors 
sets in. The appearance of the Exhibition and 
grounds on Sundays at the present time, when two 
or three hundred thousand people pass the barriers, 
give an idea of what may be expected when the 
holiday season arrives. 





THE AMERICAN INSTITUTE OF 
MINING ENGINEERS. 


(From our New York CorRESPONDENT.) 
(Concluded from page 625.) 

THE next morning the Institute held a session at 
the Stevens Institute, Hoboken. The papers con- 
sisted of an interesting account of the storage of 
water in Arizona, by Professor W. P. Blake. Just 
at this time, apropos of this, a suit has been com- 
menced against one of these water companies by an 
owner who claims they give him too much water. 
And this in a country which a short time ago was 
an alkali plain ! 

After Professor Blake came Mr. Spilsbury, who 
described a new locked wire rope, an invention from 
England, lately introduced here by the Trenton 
Iron Company. Then came Oberlin Smith on the 
‘* Genesis of a Nail,” tracing its construction from 
a tin nail, made from scrap tin, to a machine turning 
out thirty to ninety nails per minute. After this 
‘* genesis” there was naturally an ‘‘exodus,” for 
the Institute had been invited to lunch at Dr. 
Martin’s house. The writer is ignorant of the 
number of scientific societies to which this pleasant 
and hospitable gentleman, President of the Stevens 
Institute, belongs, but having the honour to belong 
to three of them with bim, he can testify that the 
President never misses the chance of a meeting in 
New York to invite them to his house, and as they 
always enjoy it the invitation is neverdeclined. If 
the doctor belongs to many societies it must keep 
him in aconstant state of reception. Still he seems 
untiring, and if he has as good a time as his guests, 
it is to be hoped he will continue this delightful 
practice. 

An account was read at this time of quite a re- 
markable engineering performance. The paper was 
by Mr. F. H. McDowell, and entitled the ‘‘ Reopen- 
ing of the Tilly Foster Mine.” To get at a body of 
iron ore successfully and safely, it was necessary to 
remove 200,000 cubic yards of solid granite. The 
paper showed the method pursued, and also gave 
stereoptic views of the progress of the work. 

Professor J. E. Denton followed with a paper on 
‘*The Comparative Economy of Air Compressors.” 
This, like all his papers, was clear, elaborate, and 
exhaustive. Numerous indicator cards were thrown 
on the screen by the stereopticon as the lecturer 
proceeded, also tables and other interesting data, 
so that the engineer who reads the paper hereafter 
will readily follow the reasoning, and will find the 
information of great value. 


Tue Stevens Instirure. 

After this the party wandered through the 
Institute and examined the various laboratory 
buildings. A short description of this Institute 
and its aims seems to be worthy of a place in this 
article, since there is little doubt but that its 
graduates, already widely known, will be an im- 
portant body in the mechanical engineering of the 
future. 

The foundation of this Institute was laid by a 
bequest in the will of Edwin A. Stevens, dated 
April 15, 1867, in which he devised a certain block 
of land in trust and 150,000 dols. to erect on the 
land a building suitable for an ‘Institution of 
Learning,” and within five years after his death, 
500,000 dols. was to be paid, if the trustees thought 
the sum was needed, for the maintenance. The 





trustees decided, as Mr. Stevens had been specially 
interested in mechanical engineering, to devote this 
Institution particularly to that study. The buildings 
were not constructed at one time, but the main 
structure has been added to from time to time 
as the Institution by its rapid growth has demanded 
additional accommodation. The design being to 
inculcate practical as well as theoretical knowledge, 
boilers were put in and machinery set up, as well 
as various metallurgical furnaces. A chemical 
laboratory and lecture room are also conveniently 
arranged, and a fine physical laboratory, an interior 
view of which is given in Fig. 2, page 636. Thereis 
also an excellent lecture room in connection with 
this. There are many fine pieces of apparatus in 
the physical department, and among them a 
metrical linear dividing engine by Salleron, and 
one by Hawkins and Wale dividing 2 ft. tozgy, in.; 
there is a comparator of yard and metre constructed 
by the United States Coast Survey, and many 
standards, such as the Brown and Sharp scales, 
squares, gauges, micrometer screw, &c. An electro- 
magnet weighing a ton, containing on its spools 
2000 ft. of wire }in. in diameter is here, also many 
instruments for electrical measurement. 

The Institution also possesses a fine library, which 
contains many useful and standard works, as well 
as a reading-room, where files of the technical 
journals are to be seen. There has been conducted 
in this Institution much original research by its 
various officers and under their direction. The list of 
reports is too long for insertion here. 

To give an idea of the practical side of the in- 
struction afforded, the course in ‘‘ Experimental 
Mechanics and Shop Work,” conducted by Pro- 
fessor J. E. Denton, whose articles have attracted 
much attention here and in England, may be taken 
as a sample : 

‘¢ The course, as a whole, is divided into two main 
sections, viz. : 

‘¢1, Carpenter work and wood-turning, mill- 
wrighting and steam fitting, which are pursued by 
the Freshman class during the three regular terms 
of the college year, and during the preliminary 
term. 

‘*2. Machinist work, blacksmithing, moulding 
and founding, and pattern making, which are 
pursued by the Sophomore class during the pre- 
liminary term and three regular terms, and by the 
junior class during a portion of the regular terms. 

‘¢ A part of one of these sub-courses—lathe work 
-—and the blacksmith course are detailed below, the 
list printed being a copy of that which is used by 
the instructing mechanic in the assignment of exer- 
cises. Space will not permit a similarly detailed 


presentation of the other sub-courses, and they are! 


therefore described in general outline only.” 

In regard to the lathe course, it consists in belt 
shifting, computing from the observed speed of the 
engine, the speed of the lathe spindle ; plain feed- 
ing, cross feeding, screw feeding, &c., together 
with the manufacture of certain parts of machinery, 
and the running of the lathe at various speeds. 
The exercises extend over some ten pages of the 
Institute catalogue, and the last exercise, No. 36, is 
as follows: ‘‘ Brass circular arc, 120 deg., } in. thick 
and +# in. wide ; to turn and polish to gin. wide, 
#, in. thick. This are is subsequently used in the 
milling machine course, one side being graduated 
to degrees and the other in natural cosines.” 

‘*A valuable and necessary supplement to these 
exercises is now under consideration in the form 
of a series of exercises, which shall provide the 
student with an opportunity to witness and 
thoroughly appreciate the phenomena attending 
the use of cutting speed and tool angles, widely 
different from those which he is directed to use in 
the lathe work course. The subject of cutting or 
dressing hardened metal is also to be included.” 

The above was the arrangement in 1882, and 
since then the course has been decidedly advanced. 
The students are taken on a tour of considerable 
extent, perhaps one or two thousand miles in all, 
and various standard machine shops are visited, and 
their workings explained by the professor in charge. 
In the senior year the students are expected to 
construct some machine in the workshops, and in 
1880 the class made a 3$ horse-power compound- 
condensing engine, modelled after the engines of 
the White Star steamer Britannic. In the black- 
smith course we will select one example, it is a part 
of exercise 18 : 

‘¢(b.) Given a cast-iron crank and a shaft to fit. 
The student will note the size of the bore of crank 
and diameter of shaft, and then shrink the crank 





on the shaft so as to make it impossible to drive 
crank off. He will then reheat and remove crank. 
Supplementing this comes a course in pattern- 
making, in millwrighting, and in steam fitting. 

The several illustrations we publish on pages 633, 
636, and 637, give a good idea of some of the in- 
ternal arrangements of the Stevens Institute. 

On May 14, 1881, President Morton enjoyed that 
satisfaction which comes from a generous and self- 
denying act ; on that day he presented to the 
Stevens Institute a building fitted up with me- 
chanical appliances and tools at an expense of 
10,000 dols., which he had generously donated 
for the purpose of a workshop. This was most 
timely, for the magnificent course at Stevens had 
attracted so many students that the accommoda- 
tions were utterly inadequate. Professor Morton, 
as a practical as well as a scientific man, recognised 
this at once, and as no funds were available from 
the original bequest, supplied them from his own 
fortune. Such a distribution of means at once 
commends itself to the thinking man. Instead of 
holding on to money till almost in the grasp of death, 
and then making a will over which lawyers and 
presumptive heirs may fight for years, this gentle- 
man, although a young man, gives the money, sees 
it wisely expended, and has the pleasure during his 
life of enjoying the great good it has accomplished. 
Nor was this all, having arranged the shop to his 
taste, President next desired to endow a Chair of 
Mechanical Engineering to which that distinguished 
engineer, Mr. Coleman Sellers, had been called, and 
for this purpose he has recently placed 10,000 dols. 
in the hands of the trustees as a first instalment. 
Is it any wonder, then, that your correspondent is 
glad to chronicle these examples of liberality, to 
set them forth somewhat in detail, and also to show 
what the Institution is accomplishing in mechanical 
training, and why it has been able to do so much ? 

During the course of the meeting the members 
were entertained by a reception given at the elegant 
residence of Mayor Abram. 8. Hewitt, of New 
York City. Music of a high order was rendered 
throughout the evening in the music room, and 
many distinguished guests were invited to meet 
the Society. This residence contains many works 
of art, and is beautifully decorated. The ceiling of 
the dining-room is said to have come from the 
palace of the Borgias ; it looked down this even- 
ing on no poisoned cup, but on a delighted and 
genial assemblage. The carving in the room, it 
was alleged, once graced a Venetian church, and it 
surely never smiled on a happier company. Every 
one regretted to go, for the evening had been so 
pleasant, the time was passed with a magic 
swiftness. 

EXcuRSIONS. 

The next day the party took the steamer for an 
excursion; it had been intended to visit the Con- 
tinental Iron Works at Green Point, and to touch 
at the Government Dock at Whitestone Landing at 
lla.m. Your correspondent being unable to go to 
the Continental Works, and, moreover, having seen 
them before, took considerable pains to ride fifteen 
miles by train and walk half a mile over a rough 
country to reach Whitestone Dock at 10.30, only to 
learn that the boat had been gone fifteen minutes, 
having omitted also the Continental trip. It was a 
cold day and he found himself with the thermometer 
at about 12 deg., and with a walk of three miles in 
prospect, while the boat lay in an inlet so near that 
a rifle would have reached her. But the conforma- 
tion of the country was such that it was necessary to 
make a wide detour, so there was nothing to do but 
to foot it. This he did, warming up the air en route 
by expressions of unfavourable opinions of the 
future destiny of the parties responsible for the 
change of programme, although in that state of the 
weather such destination had no special terrors, but 
rather the reverse. 

The inspection of the laboratories and the 
museums at Willett’s Point was extremely interest- 
ing, and the writer found some torpedoes which 
had a familiar look, and soon recognised them as old 
friends, strewn in front of his battery by some 
disinterested (?) rebels. Then the torpedo practice 
was explained to the visitors, and subsequently 
several mines were fired in the bay. It may not be 
generally known, but it is a fact, that the United 
States Government has the finest torpedo service in 
the world, and any hostile fleet that may presume 
on the apparently unprotected condition of our 
harbours, will doubtless bear full testimony to the 
truth of the foregoing statement. The torpedo 
school established here has accomplished great 
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results, and our officers are well trained in the use 
of these deadly weapons. 

Naturally, after showing the submarine defences 
of the harbours, the next step was to see other 
appliances for the same useful purpose, so the 
steamer started for New York Harbour to permit 
the engineers to witness the firing of Captain 
Zalinski’s dynamite gun. As this gun has already 
been described in ENGINEERING, it is only necessary 
to say that Captain Zalinski, with his usual gal- 
lantry, permitted one of the ladies of the party 
to fire the shot, which she did with great success, 
the projectile going about 14 miles, and if the 
enemy’s ironclad had happened to be there, the 
place that then knew it would have known it no 
more. The trip to New York City completed the 
programme, and the writer would have added that 
all enjoyed themselves if he had not been one of 
the hosts, but he knows they did just the same. 





THE RAILWAY WORKS OF PETIT- 
BOURG. 

In a recent issue (see page 477 ante) we illustrated 
and described the narrow-gauge railway which runs 
around two sides of the Champ de Mars, and pass- 
ing along the Quai d'Orsay, connects the Esplanade 
des Invalides with the rest of the Exhibition. The 
works at which the permanent way and rolling 
stock of this railway were constructed, are full of 
very special features, and as they will be visited by 
the Institution of Mechanical Engineers during the 
July meeting at Paris, we propose to describe them 
with some little detail. The history of these works 
is very peculiar, and forms a good illustration of 
how a great and prosperous business may be created 
out of a failing industry, provided that the one 
necessary condition exists, of energy and judgment 
being in control. 

Petit-Bourg is a conservative commune that will 
probably remain unaffected for many years to come 
by the radical influences of the busy town of Corbeil, 
which is about three miles from it, and is the chief 
town of the arrondissement. The district is famous 
in the agricultural records of France, and the name 
of Décauville justly takes a first rank in those 
annals ; in spite of the depreciation in agricultural 
industry, the farms are rich and the farmers well to 
do ; the Seine winds peacefully along the valley and 
on either side, upon the gentle slopes, chateaux, 
half-hidden by the trees of the surrounding parks, 
indicate the residences of many who have grown 
rich by trade in Paris. The most famous building 
in the neighbourhood is the Chateau of Petit-Bourg 
that stands upon a height overlooking the river, 
down to the edge of which the splendid grounds 
extend ; it was built by Louis XIV. for Madame 
de Montespan, and its dependencies extend for a 
considerable distance. Like most of the chateaux 
of its kind in France it has had a very varied history; 
afterthe death of its first owner it came into the pos- 
session of herson, the Duc d’Antin, who entertained 
Peter the Great there ; after him of the Duchesse de 
Bourbon, and then to Aguado, Marquis of Las 
Marismas. In 1840, when railway construction had 
commenced in France, a line running towards 
Orleans was so laid out that it passed through the 
lower part of the park. This desecration so affected 
the owner that he sold the whole of the domain, 
after having cut down the magnificent timber that 
grew upon it, including the great avenues of elms 
that stretched away as far as the royal road to 
Fontainebleau. With this destruction the historical 
associations of the place were shattered, and the 
chateau soon after was transformed into a peni- 
tentiary. 

Long before the famous mistress of Louis XIV. 
had seen the foundations laid for her magnificent 
dwelling, the Décauville family were the recognised 
authorities in the district, partly on account of their 
having held large properties there for more than a 
century before, but chiefly because of the important 
position which the head of each generation occupied 
in relation to the smaller owners in the neighbour- 
hood, and towards the labourers who chiefly 
depended upon them for a means of existence. 
The far older, but less extensive, estate of the 
Décauville family was that of Bois-Briard ; it had 
long been famous in the district for the perfection 
to which its owners had carried their agricultural 
processes, exercising a talent which would seem to 
have been hereditary from the time when a branch 
of the family came from Normandy to settle in the 
Seine et Oise. The agricultural instinct appears to 
have culminated with the last Décauville, who was 





one of the founders of the French Agricultural 
Society, and under whose auspices the first inter- 
national steam cultivating trials were carried out 
in 1867. These trials took place upon the farm 
of Petit-Bourg, which had been acquired by 
the grandfather of the present Décauville for 
the use of his eldest son. This son, Amand 
Décauville — better known in the agricultural 
world as Décauville Ainé—was born in 1821, and 
although intended from his earliest youth to follow 
the family calling, he received what was for that 
period, a very extensive and varied education. The 
Bois-Briard estate being reserved for the benefit of 
the youngest son of the family, Amand Décauville 
was, as we have seen, installed in the adjacent 
farm of Petit-Bourg, an estate of 550 acres. He 
appears to have entered on his career with an ex- 
traordinary amount of enterprise and energy, which 
were further stimulated by the varied and liberal 
education he had received ; gradually he increased 
the size and number of his holdings, until he had 
about 1500 acres in a state of cultivation that made 
Petit-Bourg famous. In 1854 a new industry 
sprang into existence; M.Champonnois had de- 
monstrated the benefits which would arise from the 
distillation of the beetroot, and he urged his views 
persistently upon the French farmers. Needless to 
say that M. Décauville was among the first to turn 
his attention in this new direction, and that he lost 
no time in establishing his first distillery. This was 
the commencement of the engineering worksat Petit- 
Bourg. At the same time, and for this special pur- 
pose, M. Décauville associated himself with an 
Englishman named Davy ; the first distillery was 
supplied with the necessary plant purchased from 
manufacturers, but the prices they charged were too 
high to satisfy M. Décauville and his associate, who 
turned some of the farm buildings into a workshop, 
and, employing mechanics and buying material, 
started on the construction of distilleries. The 
initiative taken by M. Décauville soon spread in 
the neighbourhood, and he was beset with orders 
from the surrounding farmers for similar apparatus. 
The factory thus started, increased and flourished, 
and before seven years had passed forty-three of the 
principal distilleries of the district had been erected 
by M. Décauville, who kept abreast with every im- 
provement introduced. But the continuous labours 
of the founder of Petit-Bourg were rapidly wearing 
him out, and in 1864 he was struck down with the 
first illness, which was to terminate his short, 
brilliant career, seven years later. In some direc- 
tions the family characteristics survived him in his 
four sons, of whom the eldest, M. Paul Décauville 
Ainé, also inherited a heavy burden of responsi- 
bilities from his father. The present head of 
Petit-Bourg commenced his active career in 1864, 
and, with the exception of the war period of 1871, 
has carried on his work continuously there. Natu- 
rally with his aid, the works at Petit-Bourg, as 
well as the farm, continued to develop, but as these 
cares did not afford sufficient occupation for the 
younger man, he opened extensive quarries in the 
neighbourhood, whichhe worked for many yearswith 
much profit and success, and from which, as a natural 
development, came the first idea of constructing 
portable railways for the transport of the stone ex- 
cavated. This undertaking also proved a good 
school in another direction ; the conditions of the 
district forced upon him many serious questions 
connected with the well-being and social economy of 
his workmen, of whom there were 400. The village 
of Evry, which was the only convenient place where 
food and shelter for those in his employ could be 
found, was already overcrowded with its 600 in- 
habitants, and the necessity was forced upon M. 
Décauville of building workmen’s dwellings, esta- 
blishing cheap shops for supplying their require- 
ments, setting up a restaurant, providiug medical 
attendance, and in short organising a complete ser- 
vice to provide for the wants of a large body of 
men, many of whom were married and had 
children. But although so closely occupied with 
this undertaking, the cultivation of the large 
estate and the distillery works of Petit-Bourg 
were not neglected ; on the contrary, still aided by 
the diminished energy, but great experience of his 
father, M. Décauville lost no opportunity of putting 
into practice all well-established improvements 
that came under his notice, and it was thus 
that he introduced, with his father, the system 
of steam cultivation in France, in connection 
with which the great international trials, before re- 
ferred to, were held at Petit-Bourg in 1867. Asa 
natural consequence, M. Décauville became the 





representative in France of Messrs. John Fowler 
and Co., of Leeds, and it was largely by his energy 
and connection that this firm grew so famous 
in France. The year before M. Décauville, then 
only twenty-one years of age, had received con- 
siderable distinctions for so young a man, but he 
had even at that age carried out more useful work 
than most have done in twice the same number of 
years. When the war broke out the younger 
Décauville served as a soldier from its commence- 
ment to its close, and he returned, as soon as his 
duties permitted, to Petit-Bourg, to find his father, 
who had remained behind to bear responsibilities 
for which he was then unequal, failing fast ; he died 
on the 1st of November, 1871, at the age of fifty, 
leaving his eldest son, then twenty-five years of 
age, and three other sons. Until these latter should 
have finished their education and became qualified 
to work with him, the whole weight of the large 
and miscellaneous business fell upon M. Paul Dé- 
cauville, who showed at once that he was equal to 
the task. He found himself at the head of four 
distinct industries ; the extensive farm and steam 
ploughing business, the beetroot distilleries, the 
quarries, and the Petit-Bourg factory. Placing a 
competent director at the head of each department, 
and organising a system of almost military precision 
and control, M. Décauville assumed command of 
the Petit-Bourg industries, which as events showed 
were to be gradually effaced one by one, and to give 
place to a new and far more extensive occupation— 
the construction of the railway system which was 
so soon to be known by his name all over the 
world. 

The inherited talent for agriculture, which had so 
long been handed down to succeeding generations, 
appears to have died with the elder Décauville, but 
the son was far too shrewd a man of business to 
abandon an undertaking which had been prosperous 
during so many years, and which still yielded large 
revenues. On the contrary, he sought in many 
ways to introduce improvements into the system of 
cultivation, altering the system of rotation of his 
crop, developing new methods of cultivation, and 
when the downward course of the agricultural 
markets, and foreign competition, rendered some 
radical change imperatively necessary, he com- 
menced the culture of hops on a large scale, and 
for some time with considerable success. But 
every year brought with it the conviction that the 
career of the Décauville family as farmers upon a 
large scale, was drawing to a close, and anticipat- 
ing what was inevitable, M. Paul Décauville lost no 
time in reducing the number of his farms; a little 
later the time arrived when he abandoned the 
family calling altogether, having satisfied himself 
that he had discovered a more profitable and more 
congenial occupation. The workshops of Petit- 
Bourg, which had been established in 1854 for the 
construction of distilleries, had always found plenty 
of occupation ; naturally in the course of time the 
class of work turned out from them had undergone 
change and developments; the conditions of the 
distilling industry had altered, and it was no 
longer so profitable an occupation for small farmers 
to distil their own crops. Allsorts of miscellaneous 
mechanical work was done at the Petit-Bourg 
factory, portable engines, pumps, agricultural im- 

lements, andso forth, When M. Paul Décauville 

ecame the head of the house in 1871, hesucceeded 
in giving to these works still greater importance, 
and with more or less success executed orders for 
some of the great railway companies of France. 
The works of Petit-Bourg are closed now, but they 
were not abandoned until increasing business made 
it absolutely necessary. In 1875, M. Décauville had 
some 400 acres of beetroot under cultivation, and as 
@ necessary consequence there were some 9000 tons 
of roots to be handled, during the shortest time and 
in the most economical manner. ‘The experience 
which he had gained when directing his large 
quarrying operations was now to be turned to 
account, for a somewhat disastrous experience had 
taught him that unless he could effect a marked 
economy before the next season’s crops had to be 
gathered, a heavy loss would only too likely be the 
result. Accordingly, he had manufactured at the 
works a sufficient length of extremely light portable 
railway and of wagons, the former so arranged that 
it could be laid down upon the fields rapidly and 
shifted from one part of his farm to another with 
great facility. Rudimentary as this first experi- 
ment was, it answered far beyond his expectations, 
and the story of twenty years before was repeated ; 
just as the father had then commenced the opera- 
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tion of beetroot distilling for his own benefit, and 
had found himself forced to supply the demands of 
the neighbouring farmers, so now the son found 
himself beset with orders from all sides as soon as 
the success of his first season’s operations became 
known. This was in 1876, when the total number 
of workmen employed at Petit-Bourg only numbered 
thirty-two, a force which had to be increased very 
largely, and to be occupied solely on the manufacture 
of these light agricultural railways to fill the local 
demand. In 1878, the year of the last great Paris 
Exhibition, M. Décauville executed orders to the 
extent of 20,000/., and in that year he exhibited 
his system for the first time ; needless to say that 
during the two years that had elapsed when he 
made his first successful experiment he had gone 
on perfecting and developing this system, until he 
was able to present at the Exhibition what was a 
striking and attractive novelty, and for which he 
was awarded four gold and silver medals. 

The 1878 Exhibition decided M. Décauville’s 
fortunes, and what until that year had been a mode- 
rate though promising business, dependent upon 
local support, developed almost suddenly and to an 
extraordinary degree. Before the close of the 
Exhibition, orders poured in to Petit-Bourg from 
all directions, and it soon became evident that not 
only would the works soon become entirely in- 
adequate, but that it was necessary for M. Décauville 
to abandon his farming and all other occupations, 
and to devote himself exclusively to his newly- 
discovered industry. About the progress of his 
works since that time little need be said except 
that they developed steadily until his annual out- 
put has reached 400,000/. a year, and the thirty- 
five workmen of 1876 have swelled their numbers 
to 800. Whether the present Exhibition will have 
such important consequences as the last one remains 
to be seen, but it is certain that, apart from his 
numerous and very interesting exhibits on the 
Champ de Mars, his system of light railways will 
be popularised to an extraordinary degree on account 
of the railway which carries so many thousands of 
persons daily from one part of the Exhibition to 
another. The railway works at Petit-Bourg are 
full of an exceptional interest, not so much on 
account of any great perfection in mechanical 
appliances, or means for doing work which are to 
be found there, but by reason of the admirable 
system which has been elaborated by M. Décauville, 
and of the economical aspect which this great in- 
dustry presents, and which possesses features that 
would probably be difficult to find in any other 
industrial establishment in France. 

(To be continued.) 





THE TRANSMISSION OF ENERGY BY 
COMPRESSED ATR. 

One of the problems attending the conditions 
of life in large cities, is that of the economical pro- 
duction aud distribution of certain requirements 
common to every individual, and which serve either 
as strict necessities or as luxuries, according to the 
extent to which they are used, or the purposes to 
which they are devoted. The most universal of 
these requirements are, of course, gas and water, 
for it is evident that if these necessities of every- 
day life— necessities for every one, whatever his 
station and means—were not ready to our hand 
in sutlicient quantities and at any moment, life in 
cities would become practically impossible ; a full 
appreciation of this fact is now and then forced 
upon us, when, from some accident or other, 
the flow of gas through the mains in a district or 
street is stopped, or the water supply is temporarily 
suspended. But these absolute necessities of life 
would be withheld from us were it not for the system 
of centralisation and distribution which is universal 
in almost all towns. More resent illustrations of 
the same thing are to be found in the telegraph and 
the telephone ; in London the general distribution 
of these means of communication have become an 
absolute necessity, at all events amongst business 
men, whilst in the United States, where somewhat 
different social conditions prevail, they are almost of 
equal importance in private life. With us the prob- 
lem of electric lighting of streets and private houses 
from central stations, has made but comparatively 
little progress, but if we again turn to the United 
States we find that this mode of illumination has 
developed into one of the every-day requirements of 


domestic as well as of public life. There, too, 


where the price of labour is high, and every prac- | h 


tical means of replacing it by mechanical appliances 





are eagerly sought for, electricity as a means of 
distributing motive power has proved to be a 
profitable and reliable servant. In another di- 
rection the system of centralisation and distribu- 
tion has found a valuable application in the genera- 
tion of steam, and large stations exist for its 
production and transmission to private consumers 
for the purposes of warming and cooking. In 
Pittsburg, where nature has provided an apparently 
inexhaustible supply of gas under high pressure, a 
great system of mains have been laid down from the 
natural reservoirs to factories and dwellings, which 
have converted the foulest into one of the cleanest 
cities in the United States, and the change has 
entirely revolutionised all the economical conditions 
connected with heating and the supply of power. 
In London the wonderful success that has followed 
the labours of the Hydraulic Power Company, 
which delivers water under pressure from central 
stations through mains, to hundreds of subscribers 
in the City, for working motors, elevators, cranes, 
and so forth, attests the usefulness of a centralisa- 
tion system, and the demands that follow its estab- 
lishment. Is appears quite clear that the time is 
close at hand when by some means or other, power 
generated under the most economical conditions 
and on a large scale, in central stations, shall be 
distributed through suitable mains, if not from 
house to house, at all events to thousands of small 
industrials in great cities, who now have to depend 
upon their own laborious and intermittent labours 
for producing the small power they require in 
following their various callings, as well as to those 
users of energy on a somewhat larger scale who are 
now compelled to employ steam or gas motors at 
considerable cost ; to such the advantage of having 
always at hand a reliable and cheap source of power 
which can be utilised at will, and shut off when not 
required, can scarcely be over-estimated. Many 
people are working earnestly on the solution of this 
problem, and one of the most interesting visits that 
will be made by the Institution of Mechanical 
Engineers during their approaching session in Paris 
will be to the installation of the Paris Compressed 
Air Company, which transmits through some 
thirty miles of mains, air at a pressure of from 
80 1b. to 901b. per square inch, and which is utilised 
to the extent of nearly 2000 horse-power, among 
small industrials and consumers of power on a larger 
scale. 

The history of the transmission of power by com- 
pressed air in Paris, commences in September, 1881, 
when the Municipality granted a concession to M. 
Victor Popp, which gave him the privilege of estab- 
lishing one or more céntral stations for the installa- 
tion of the necessary machinery, and of laying down 
mains in the first, second, third, fourth, eleventh, 
and nineteenth arrondissements of Paris. The 
special object of this concession was, in the first 
instance, to establish and maintain a system of 
pneumatic clocks in the streets. The first station 
was completed in 1881 ; this was naturally upon a 
small scale, but with a hopefulness common to most 
promoters, which in this case has been justified be- 
yond his most sanguine expectations, Mr. Popp 
decided upon selecting such a location as would 
enable him to extend gradually so as to meet the 
increased demand for power which he felt confident 
would be created as soon as the benefit to be obtained 
from his system should be understood. Practically 
it was impossible to obtain such a site in Paris, on 
account of costliness of land and of various difficul- 
ties of working a large amount of heavy machinery 
in a crowded part of the city ; therefore he acquired 
sufficient ground upon the heights of Belleville, 
where he proceeded to lay out a plant of sufticient 
capacity to maintain a number of stations from each 
of which a separate quarter could be served. The 
works are situated in the Rue St. Fargeau, close to 
the Buttes Chaumont of sinister memory, and now 
converted into a beautiful park ; they have an extent 
of several acres, which are now for the most part 
covered with buildings containing the engines and 
compressors, boiler houses, workshops, workmen’s 
dwellings, offices, &c. Ofcourse the present aspect 
of the place is very different to that which it pre- 
sented on the completion of the first station in 1881; 
that station was, however, laid out so that it might 
form asymmetrical portion of the anticipated exten- 
sions, and though it now is an integral part of 
the whole installation, it is still known as the old 
station. When completed in 1881, it contained 
compressing machinery driven by engines of 80 
orse-power in all, together with the necessary 
reservoirs, mains, &c. 





The organisation under which this work was carried 
out, was entitled the Compagnie Parisienne de ]’Air 
Comprimé (Procédés Victor Popp), under a treaty 
signed on the 14th of September, 1881, by the 
Prefect of the Seine on behalf of the Ville de Paris. 
This concession was for a period of fifty years, and 
empowered the company to lay down and to main- 
tain under the public streets, whatever system of 
mains might be found necessary for distributing 
compressed air to the various clocks which it was 
proposed should be established. The company on 
its part undertook to establish a complete system 
of public clocks in the various arrondissements to 
which the concession referred, and to maintain these 
in working order at a specially reduced tariff, vary- 
ing from 5.50 fr. to 50 fr. a year for each clock. The 
principal object which the company had in view 
was naturally to extend their system of pneumati- 
cally controlled clocks, from the public service, which 
was carried on upon terms which could not prove 
remunerative, to private users upon such a basis as 
should make the undertaking a profitable one. As 
regards the charges made to such subscribers, the 
company had only to consult their own interests and 
to establish such rates as should be fairly profitable 
and at the same time not so high as to discourage 
the public from adopting the new system; they had 
however to pay to the Municipality a certain fixed 
proportion of their net revenues in consideration of 
the privilege they enjoyed in the use of the streets 
and subways, and the power of disturbing the sur- 
face and laying down new mains and service pipes. 
We shall refer later on to the actual operations of 
the company, both with regard to the results they 
have obtained in the distribution of compressed air 
for working clocks and for the supply of power; mean- 
while we may state that for the former purpose their 
mains are laid over a considerable part of Paris, as is 
shown in the plan, Fig. 1, page 640. The meansem- 
ployed for working the large number of clocks now in 
use are very simple; they comprise acentral station, 
the neccssary mains and service pipes, and the clock 
dials with the special mechanism employed. At the 
central station a clock giving standard time operates, 
at intervals of a minute, a valve connected with the 
reservoir charged with compressed air; during the 
first 20 seconds of each period, this valve allows the 
air to pass from the reservoir into the mains, and 
during the succeeding 20 seconds, it permits it to 
escape into the air. Various devices are employed 
to control and regulate the apparatus so as to make 
it independent of any changes in temperature, and 
to provide against accidents that may be caused to 
the mains, &c. The canalisation consists of several 
circuits of pipes laid from the central station and 
connected together at frequent intervals, in order 
to multiply the means of supplying any given point 
by several different ways. These pipes, which are 
of iron or lead, vary in diameter from 1.06in. to 
.39 in., and are fitted at short intervals with three- 
way valves, accessible from the street surface, in 
order to divide the system into small sections without 
interfering with the service; the small surface pipes 
leading from the mains into the houses of the sub- 
scribere, are of lead, and vary from .16 in. to .39 in. 

The special device attached to each clock consists 
of a small air receiver, which is in fact a bellows, 
the successive expansions and contractions of which 
impart a regular movement to a small connecting 
rod carrying a pawl at one end working into 
a wheel cut with sixty teeth, and which is fast 
to the minute hand; a second pawl prevents the 
backward movement of this wheel. The hour hand 
is driven by a train of ordinary gearing. Some of 
these clocks are fitted with a bell for striking the 
hours, the mechanism being wound up gradually 
with each stroke of the bellows. It will thus be 
seen that the controlling clock at each station acts 
as the heart of the system of which the station is 
the centre, opening and closing, at regular intervals, 
the valve by which air impulses are transmitted to 
the pipes at the various points of service, and again 
at equal intervals opening another valve by which 
the air in the pipes is allowed to escape and restore 
the whole system to its normal condition. _ 

A total force of 120 horse-power, including a re- 
serve engine, is in constant service at the St. Fargeau 
station for supplying the compressed air necessary 
for working the pneumatic clock system of Paris ; 
this power is divided between two horizontal Farcot 
engines (Corliss type). 

It was not long, however, before the company 
opened anew field for its operations, the distribution 
of compressed air upon a much larger scale, for the 
transmission of power to various parts of Paris, and 
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for all sorts of purposes, ranging from the com- 
paratively slight energy required for working a 
sewing machine, to the force necessary for driving 
printing machinery, electric light installations, 
elevators, and so forth. This development was 
commenced as soon as it was found that the 
power produced was in excess of that required 
for working the clocks. A long series of interesting 
experiments was carried out with air at high pres- 
sure between the main station at St. Fargeau and 
some of the smaller centres; these experiments, 
completed in November, 1885, before the Municipal 
Council of Paris, led to the granting of a second 
and much more important concession to the 
Popp Company, and which was concluded on 
the 30th of July, 1886. This concession has a 
duration of forty years, and confers upon the com- 
pany the right of laying and maintaining a system 
of pipes for the distribution of compressed air suit- 
able for the transmission of motive power to any 
point within the boundary of Paris. The com- 
pany, however, has a right of monopoly only 
during the period of five years, but judging 
from the energy of its director M. Popp, this 
period will be ample for the association so to 
cover the ground as to prevent all chance of suc- 
cessful opposition. The company has the privilege 
of delivering at its works all coal, oil, and other 
materials required free of octroi duty, and the 
Ville de Paris interferes only to the extent of 
claiming 30 per cent. of the net profits that shall 
remain after all working and administrative expenses 
have been paid, after 5 per cent. of total revenue 
has been placed to a reserve account, 10 per cent. 
set aside for redemption of capital, and 6 per cent. 
has been paid to shareholders. On the other hand the 
Ville de Paris reserves to itself the rightof purchasing 
the entire system after it has been at work for fifteen 
years, under certain conditions which are favourable 
to the company, or of acquiring at the expiry of the 
concession, the stations, mains, &c., belonging to 
the company upon a valuation. 

A few months after thesigning of this treaty theex- 
tension of the works at St. Fargeau was commenced ; 
these were completed towards the middle of 1887, 
when they presented the appearance shown in the 
plan Fig. 2, p. 641 ; at the present time, however, 
considerable extensions are in progress which will be 
completed towards the end of this year. Fig. 2 shows 
the complete installation as it will then exist, but its 
successive growths will be readily recognised. As 
completed in 1887, the building containing the en- 
gines and compressors was one great rectangular 
structure open from end to end, 328 ft. in length, 
and 66 ft. wide ; adjoining, but separate from the 
engine-room was the boiler-house, 36 ft. wide, and 
66 ft. long. The structure is entirely of iron, 
the spaces between the standards being filled 
in with brickwork ; large windows extend down the 
sides of the building, and a part of the roof is glazed, 
so that the whole of the interior is well lighted. The 
floor of the older portion of the works stands at a 
higher level than the extensions, so that the latter 
is reached by a range of steps from the former. 
The first engine erected was a vibrating beam 
engine of 350 horse-power, built by MM. Casse et 
Cie., of Lille, and the works, as completed in 1887, 
contain a long range of horizontal compound en- 
gines, six in all, which were furnished by Messrs. 
Davey, Paxman and Co.; each of these is able to 
develop, when working at a speed of 50 revolutions 
per minute and at their normal steam pressure, 400 
horse-power, so that the total force in this part of 
the installation is no less than 2400 horse-power. 

The air compressors are placed on the same bed- 
plates as the engine, each one being driven from 
the piston-rod of the latter; they were furnished by 
Messrs. Davey, Paxman, and Co., who had them 
constructed by M. Blanchot, of Vevey, and at the 
time of their construction they gave the best results 
that were then obtainable; however, as we shall see 
later, their efficiency has been exceeded by the 
new machines made by the Cockerill Company, who 
are now carrying out the present extensions. The 
air passes from the compressors into the receivers, 
of which there are seven ranged along the side of 
the wall opposite the compressors; these reservoirs 
are cvlindrical in form, about 6 ft. 6in. in diameter 
and 41 ft. i1 length, they are placed end to end, and 
are connected together by pipes which are controlled 
by valves and bye-passes in such a way that 
any of the reservoirs can be thrown out of the 
circuit; by this arrangement.any one receiver can 
be isolated for repairs or other purposes. The dia- 
meter of the connecting pipes is about 12in., and 





they are so arranged that, if it is found desirable, 
the compressors can force the air direct into the 
mains. 

The boiler-house contains thirteen steam gene- 
rators, the flues from which are connected with a 
chimney 147 ft. in height and 16 ft. 6 in. in diameter 
at the base. Each boiler has about 1100 square feet 
of heating surface, representing a total of over 
14,000 square feet. When the installation is in full 
working order, about 50 tons of coal are consumed 
per day, representing the total annual consumption 
of nearly 20,000 tons, so that the exemption, con- 
ferred on the company by their concession, from 
paying any octroi duty on raw material, is of con- 
siderable importance. The cost of water is sufli- 
ciently large in Paris to render it desirable that as 
much economy as possible should be effected in this 
direction. Accordingly, the condensing water from 
the engines is collected and flows through a conduit 
to a pump placed within the engine-house ; this 
pump delivers the water to the top of a large rect- 
angular structure shown on the plan, Fig. 2, and 
which is provided with seven stages, having a total 
surface of about 32,000 square feet; the water is 
cooled in flowing over this large surface on its way 
to the reservoir in which this great refrigerator is 
placed, and whence it is brought back to the en- 
gines to be used over again ; such water as is required 
to make up the loss due to evaporation is supplied 
by the city mains. The plan shows the extensions 
of the engine-house now in progress, and the posi- 
tions which the five new powerful engines and 
compressors will occupy; it will also be seen that 
the new boiler-house occupies the full length of the 
extension, and contains ten generators. The rest 
of the available space in this interesting installation 
is occupied by offices, repairing shops on a small 
scale, and a laboratory, in which a variety of experi- 
ments are conducted, but which are used chiefly for 
testing the meters that are supplied to each sub- 
scriber and from the readings of which he is charged. 
The mode of testing these meters is by comparing 
them with the readings of a large-sized standard gas 
meter, the air pressure being previously reduced to 
a convenient extent. The remainder of the works 
is utilised for coal stores, it being found expedient 
always to keep a very large stock on hand to pro- 
vide against the contingency of the supply being 
interrupted, through stress of weather or from other 
causes. In the plan, Fig.2, A A represent a Farcot 
engine of 80 horse-power, and two compressors 
made by MM. Sautter-Lemonnier; BB is the 
second Farcot engine actuating two similar com- 
pressors. This is the plant laid down for working 
the pneumatic clock system, and which is still 
wholly employed for that purpose, as well as a 
number of small motors; C is the air compressing 
engine made in 1887 by MM. Casse and Co., of 
Lille, and the six engines constructed by Messrs. 
Davey, Paxman, and Co., are shown at DD; 
E E are the five new compressors and engines 
completed, or in course of eonstruction by the 
Société Cockerill, and which it is intended shall be 
in operation during the next few months, The 
boilers which supply steam to the two first-named 
engines are shown at F; HH is the range for 
working the Davy-Paxman engines, and K K are 
those for the new Cockerill engines; the pump 
which raises the condensing water to the refrige- 
rator I is shown at L. The whole of the installa- 
tion is lighted by electricity, generated by Houston- 
Thompson dynamos, in which system the company 
is interested. Before the compressed air passes into 
the mains it is admitted into a reservoir specially 
arranged to separate as far as possible the moisture 
which it may contain; we shall make further 
reference to this detail presently. A subway leading 
from the works gives access to the great system of 
underground tunnels that traverse Paris, and in 
which the mains as far as possible, are laid. The 
pipes are of cast-iron, about 12 in. internal diameter, 
and are laid in duplicate. The first line follows the 
streetsof St. Fargeau, Menilmontant, Pyrénées, Belle- 
ville, and the Faubourg du Temple ; it then crosses 
the Place de la Républic and follows one side of the 
main Boulevards as far as the Madeleine ; in the Rue 
Royale it is connected to the end of the second 
line. This latter after leaving the works, runs 
parallel to the first main as far as the Rue Pyrénées; 
then going down the Rue Menilmontant it follows 
the Rue des Amandiers, the Chemin-Vert, the 
Boulevard Richard- Lenoir, the Place de la Bastille, 
the Rue St. Antoine, and the Rue de Rivoli, as far 
as the Place de la Concorde, and the Rue Royale. 


As in the case of the smaller system for working | 





the pneumatic clocks, these two mains are connected 
at short intervals by cross-pipes, 12 in. in diameter, 
so as to divide up the system into as many distinct 
sections as possible, and therefore to render the 
district supplied, as free from the dangers of inter- 
ruption as is possible. From the main lines are 
taken, where they were required, the branch or 
service pipes into the houses of the subscribers ; 
these pipes vary from 1.5 in. indiameter to 4 in., 
according to the importance of the work which is 
required. In order to keep the section as far as 
possible under control, and to prevent interruption to 
the service during periods of repair or the addition 
of new branch lines, a large number of valves are 
placed upon the mains so as to isolate any particular 
lengths and to turn the flow of compressed air into 
special directions. Although before leaving the 
works the water contained in the air is removed in 
a separating reservoir, a certain quantity passes 
into the mains, and unless means were taken to 
remove this, considerable trouble might result, 
especially in the smaller sizes of service pipes. 
Accordingly, at intervals, and especially at the 
lowest parts of the lines, separating syphons are 
introduced which are automatic in their action and 
which appear to be practically efficient. Every 
precaution is taken to prevent the escape of air 
from the main when the latter is pierced to 
make a new service connection ; the drill is passed 
through the union, which can be screwed into the 
main without any escape taking place, and after 
this is done, the drill is withdrawn far enough to 
allow the tap, which forms part of the union, to be 
closed ; the rest of the service can then be completed. 

The size of the branch pipe depends of course 
upon the amount of power which is required. Be- 
fore being conducted to a motor, or distributed 
throughout a building by branch pipes, the air flows 
into a pressure regulator, the function of which is 
to reduce the pressure to a certain extent, and to 
maintain it at a uniform point, so that none of the 
slight variations which might exist from time to time 
in the mains should be transmitted to the motors. 
From the regulator the air flows through the counter 
which marks the amount consumed by each sub- 
scriber, and after passing through a heating chamber 
it is delivered direct to the motor. Engines of 
special form, designed and supplied by the com- 
pany, are employed for the conversion of energy 
in the compressed air into useful work; they vary 
in power, from motors adapted for running a sew- 
ing machine, up to engines of 100 horse-power. 
The motors are supplied to subscribers either by pur- 
chase outright, or by twenty-four deferred monthly 
payments, or simply on hire. The subscriber has 
to defray all charges connected with laying the 
service pipes, fixing the motor, &c., and the air is 
supplied to him at a mean pressure of from 465 lb. 
to 701b. per square inch, and at the rate of 1.5 
centimes per cube metre reduced to atmospheric 
pressure. The plan, Fig. 3, p. 640, shows the ex- 
tent to which the system of canalisation has been 
carried, the full lines indicating those mains which 
are placed in the subways, and the dotted lines 
those which are laid in the ground ; in these mains 
the pressure varies from 80 lb. to 901b. per square 
inch. Experience has shown that the industrial 
purposes for which the compressed air is used, can 
be divided into three distinct classes during the 
twenty-four hours, as follows: First, during the 
day, for the distribution of motive power amongst 
small and large industrials; second, at night, for 
the production of electricity for lighting purposes ; 
third, continuously during the twenty-four hours, 
for the control of the pneumatic clock system. 
The first service lasts for about ten hours, from 
eight in the morning till six in the evening; the 
second of course is of variable duration according to 
the season; in summer it commences about six 
o’clock in. the evening and lasts till five the follow- 
ing morning ; in the winter it is continued from 
four o’clock in the evening till about two the fol- 
lowing morning, although some establishments 
remain at work until daylight. It will thus be seen 
that though the conditions of demand change con- 
siderably during each day, and that the call upon 
the central station, except of course for the pneu- 
matic clocks, is very variable, the work imposed 
upon the condensers and air compressors is con- 
tinuous, and the variations and requirements are 
sufficiently regular to enable the company to estab- 
lish within comparatively narrow limits, the quantity 
of reserve power it is necessary to provide, 

In our next article we shall illustrate and describe 
in detail the more important portion of the plant at 
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pumping engines as in use by the London Hydraulic 
Power Company at their main pumping stations at 
Falcon Wharf and Millbank-steet, and the Liverpool 
Power Company’s pumping station at Athol-street, all 
of which, however, are surface-condensing, and were 
built and fixed in place by the Hydraulic Engineering 
Company, Limited. 

The accumulator working in connection with the 
small engines above named has a ram 44 in. in dia- 
meter by 8 ft. stroke, with a moving cylinder arranged 
to carry the cast-iron loading weights, which are 
adjusted to produce the required pressure. 

When the accumulator is fully charged the steam 
to the pumping engines is vciioag cut off by 
means of a suitable tappet gear acting on a throttle 
valve fixed in the steam supply pipe. On water being 
drawn for any purpose the accumulator commences 
to descend, when steam is again admitted to the 
engines, and the supply of pressure water is thus main- 
tained. 

An hydraulic passenger lift is shown, which is capable 
of raising four or five persons to a height of 20 ft.; 
it is fitted with one of Ellington’s hydraulic balances 
of the latest and most improved type. The advantages 
of this balance are manifold. the consumption of 
water is reduced toa minimum, and all the dead-weight 
of the moving parts, less an allowance to overcome 
friction, are halanced without the usual counter- 
balance weights, chains, and overhead sheaves and 
gear which are necessarily a source of danger and in- 
convenience as well as being costly to maintain. The 
whole weight of the lift, including load, is borne 
directly on the solid foundations. 

The lift is controlled by a hand-rope passing through 
the cage actuating a working valve fixed in the machi- 
nery pit. This valve, which is of the slide type, is 
constructed entirely of gun-metal with specially hard 
face. A locking gear is also provided so that the gates 
at the lift inclosure can only be opened when the cage 
is opposite them, and the lift cannot be started until 
the gates are again closed, 

An hydraulic punching machine is connected with 
the accumulator, so that this also may be seen at work. 
It is capable of punching gin. diameter holes in }-in. 
iron or steel plates, and of shearing }-in. plates at 12 in. 
from the edge of plate. This machine is on Tweddell’s 
system. The ram, to which the upper tool is fixed, 
is a prolongation of the main piston on which it is 
arranged eccentrically, thus forming a guide and 
preventing any twisting or side play in the tool. 
The cylinder is lined with gun-metal, the working valve 
of the slide type is also of gun-metal, and is controlled 
by the wrought-iron hand lever. To prevent waste of 
water the stroke of the piston can be regulated, by 
means of tappets, to suit the thickness of the material 
to be punched or sheared. 

The hydraulic intensifier shown by Fig. 4 on page 
644 has been largely adopted for working in con- 
nection with hydraulic presses where water power, 
such as supplied by the public supply companies, is 
available, The apparatus consists of a cylinder pro- 
vided with a ram, which, in turn, acts as a cylinder 
to a smaller fixed ram held in position by a crosshead 
and steel tension bars. On admitting the 700 lb. 
water through the working valve into the bottom 
cylinder the moving ram is forced upwards and the 
water displaced by the fixed ram is intensified in pres- 
sure in proportion to the areas of the moving and fixed 
rams. This apparatus is also largely used for testing 
purposes instead of the usual hand pumps. 





THE INSTITUTION OF CIVIL ENGINEERS. 

THE annual general meeting to consider the report of 
the Council and the annual statement of the accounts, 
and to elect the Council and officers for the ensuing year, 
was held on Tuesday, the 28th inst., Sir George B. Bruce, 
the President, being in the chair. 

The report stated that the Institution included within 
it civil engineers of every denomination ; but, at the same 
time, the Council made a rigid inquiry into the qualifica- 
tions of all candidates seeking membership, while no 
person was admitted a student unless he could produce 
evidence of a competent knowledge of certain elementary 
subjects of general education. 

Considerable attention had been devoted by the Council 
to the composition of its own body, it having been thought 
that a more rapid change would be ,eneficial to the 
interests of the Inetitution ; but the Council had been un- 
able to take any decided steps in the matter. On the 
other hand, it was considered advisable that the president- 
ship should be held by the same person for two successive 
years, instead of one year, as had generally been the case 
recently. 

The number of members of all classes on the roll of the 
Institution on the 3lst of March was 4739, being an in- 
crease of 4 per cent. in the twelve months. The numbers 
were thus distributed : Honorary members, 19; members, 
1657 ; associate members, 2613; associates, 450. At the 
same date there were 989 students on the register. 

There had been twenty-five ordinary meetings, but 
only fourteen papers had been read and discuased, for 
some of which the Council had made the following 
awards: A Telford Medal and Telford Premium to Mr. 
G. Kapp; Watt Medals and Telford Premiums to Mr. 
W. H. Greenwood and Dr. C. E. Emery; a George 





Stephenson Medal and a Telford Premium to Mr. E. 
Worthington ; and Telford Premiums to Messrs. J. A. F. 
Aspinall and J. O. Arnold; and for papers to be printed 
in the Proceedings without being discussed: A Watt 
Medal and a Telford Premium to Mr. R. Runeberg ; and 
Telford Premiums to Messrs. B. Donkin, Jun., Professor 
V. A. D. Dery, R. H. Smith, L. F. Vernon-Harcourt, G. 
Lopes, and N, Kennedy. 

welve supplemental meetings for students had been 
held, which had been well attended, and thirteen papers 
had been read and discussed. A Miller Scholarship had 
been assigned to Mr. E. C. de Segundo, and Miller Prizes 
to Messrs. H, B. Ransom, W. W. F. Pullen, J. D. Twin- 
berrow, S. Joyce, R. J. Durley, J. King-Salter, C. H. 
Gale, and V. W. Delves-Broughton. 

The late Mr. T. R. Crampton had bequeathed 500/. in 
trust to the Institution, the interest to be devoted 
annually to the purchase of a medal or books, to be called 
the ‘‘ Crampton Prize,” for the best paper on ‘‘ The Con- 
struction, Ventilation, and Working of Tunnels of con- 
siderable Length,” or failing such a paper, for a communi- 
cation on any other subject that the Council might select. 

The gross receipts for the year had amounted to 21,7631. 
18s. 4d., including income, 17,4001. 133. 3d.; capital, 
3840/. 18s. : and trust funds, 522/. 7s. 1d. The total ex- 
penditure had been 18,226/. 6s. 4d., including income, 
13,972/. 8s. 9d. ; capital investment, 3901/. 93. 3d.; and 
trust funds, 352/. 8s. 4d. The difference between the re- 
ceipts and payments was accounted for by the larger 
balance at the bankers at the close of the last financial 
year. The total investments amounted to 98,042/, 
13s. 10d. 

The promoters of the Westminster (Parliament street, 
&c.) Improvement Act had not yet carried out the stipu- 
lations in the Act for the protection of the interests of the 
Institution, and had asked for an extension of the period 
for doing so, which the Council had granted. 

At the instigation of the Council, Her Majesty’s Office 
of Works had undertaken to record the name of the en- 
gineer, Thomas Telford, first President of the Institution, 
on the structure of the Menai Suspension Bridge. 

In conclusion, the Council referred to the Exhibition 
which had been opened under the auspices of the French 
Government, and which could not fail to attract all 
who were interested in engineering progress. The 
projected visit to France of many American engineers, 
who had promised to accept on their way the hospitality 
of their professional brethren here, would add greatly to 
the interest of the season. The establishment, in con- 
nection with the Exhibition, of a series of congresses on 
scientific subjects, was likely to be productive of much 
good, by developing new and valuable views on the sub- 
jects treated. Many of the leading members of the 
engineering profession had been invited to take part in 
these meetings, and the Conncil was sure that the Institu- 
tion of Civil Engineers would meet there with due re- 
cognition, 

he adoption of the report was moved, seconded, and 
carried, and it was ordered to be printed in the Minutes 
of Proceedings. Hearty votes of thanks were then passed 
to the President, to the vice-presidents, and other mem- 
bers of the Council, to the auditors, to the secretaries and 
staff, and to the scrutineers. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The depression in the pig- 
iron warrant market continued last Thursday, and a 
further decline in prices tcok place—2d. per ton all 
round. At the close the settlement prices were—Scotch 
iron, 42s, 6d. per ton; Cleveland, 37s. 6d.; hematite 
warrants, 47s, 6d. per ton. There was a smart recovery 
in prices on Friday, which was partly due to some large 
buying orders for hematite iron, but it was no doubt 
greatly accentuated by uneasiness on the part of the 
“ bears,” and the rapidity of the advance seemed to prove 
the existence of a very large ‘‘bear” account. here 
was some good and influential buying for cash. Some of 
the ‘* bears” became a little alarmed in the afternoon, and 
in their endeavour to cover prices of hematite iron were 
forced up to the extent of 11d. per ton above the lowest 
point touched on the preceding Tuesday. Scotch and 
Cleveland iron followed up the same distance, the rise 
on the former being 114d. and on the latter 7d. per ton. 
The settlement prices at the close were—Scotch iron, 
43s. 3d.; Cleveland, 38s. 3d.; hematite iron, 493. per 
ton. Early in the day Monday’s market was firm 
in tone, but sellers became more numerous, with the 
result that prices eased off. Scotch iron went up in price 
1d. per ton further, to 43s. 4d., then went down 44d., and 
34d. per ton under last week’s finish. Cleveland iron 
opened 34d. per ton dearer, but lost that gain and 1d. 
more. ematite iron closed 3d. to 4d. per ton lower. 
The closing settlement prices were—Scotch iron, 43s. per 
ton ; Cleveland, 38s. 3d. ; hematite iron, 42s. 9d. per ton. 
The tone of the market yesterday was marked by un- 
certainty, the prices of warrant iron being irregular. 
Scotch iron was held very firm, but closed 1d. per ton 
cheaper than on Monday. Cleveland iron, which was 
firm in price on Monday, suffered a drop of 5d. per ton 
Fmor mel ; and hematite iron, which fell 4d. per ton on 

fonday, lost 3d. more yesterday. At the close the 
settlement prices were—Scotch iron, 42s. 104d. per ton ; 
Cleveland, 37s. 9d. ; hematite iron, 48s. 6d. per ton. The 
local strikes seem now to be influencing the pig-iron 
market, which was heavy this forenoon, when there was 
a drop of 5d. per ton on the price of Scotch and hematite 
iron, and 4d. on the price of Cleveland. Inthe afternoon 
42s. 54d. per ton cash was paid for Scotch iron, but at the 
close there were buyers at 42s. 6d. Business was done in 
Cleveland warrants at 37s. 34d. to 37s. 4d. per ton cash, 
and in hematite iron at 48s. 7d. cash per ton. There is 





not much business doing in Scotch special brands, and 
prices remain practically a he following are a 
few of the current quotations : Coltness No. 1, 55s. per ton ; 
Summerlee, 533. 9d. ; Langloan, 53s. 6d. ; Calder, 52s. 6d. ; 
Gartsherrie, 51s. 94.—all fo.b. at Glasgow; Carron (at 
Grangemouth), 53s. 6d. ; Shotts (at Leith), 52s. 6d. per 
ton. Scotch iron is now being delivered in many cf the 
Scotch foundries and forges in place of Cleveland iron 
more freely than was the case not long ago. Last week’s 
shipments of pig iron from all Scotch ports amounted to 
9343 tons, as compared with 7027 tons in the correspond- 
ing week of last year. They included 650 tons for the 
United States, 515 tons for Canada, 100 tons for India, 
630 tuns for Australia, 910 tons for Germany, 550 tons for 
Holland, 112 tons for Belgium, 315 tons for Spain and 
Portugal, smaller quantities for other countries, and 4616 
tons coastwise. There are still 82 blast furnaces in actual 
operation, against 87 at the same time last year—28 
making hematite iron, 7 cape | basic iron, and the re- 
maining 47 being engaged in making ordinary Scotch iron, 
The stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores stood at 1,028,413 tons yesterday after- 
noon, as compared with 1,028,633 tons yesterday week, 
thus showing for the week a decrease of 220 tons. 


Forei,n and Colonial Shipments of Machinery, &c., from 
the Clyde.—There were reported last week the following 
shipments of machinery, &c., for foreign and colonial 
ports: Marine engines, sugar crushing, and other ma- 
chinery, of the value of 73007. ; sewing machines, chiefly 
for Bordeaux, Rouen, and Calcutta, valued at 6649/7 ; 
blooms, plates, bars, and other steel manufactures, of the 
value of 7400/.; pipes and other castings, plates, tubes, 
og sheets, and misceilaneous iron goods, valued at 

New Shipbuilding Contracts.—The directors of the 
Larne and Stranraer Steamboat Company have just 

laced a contract with Messrs. William Denny and 

rothers, Dumbarton, for a magnificent paddle steamer, 
which is expected to make the passage from port to port 
in two hours. She will be fitted with all the latest im- 
—— and conveniences for passengers, and will be 
ighted by electricity. It is expected that the new steamer 
will be ready to take up her station by next January. 
Messrs. Scott and Co., Greenock, have contracted with 
Messrs. Swive, shipowners, London, to build for them 
two steel screw steamers of 1500 tons each. 


Clyde Shipbuilding Trade—Launches during May.— 
The shipbuilding industry on the Clyde continues to be 
— and the output of new vessels for the month 
of May was the largest for any corresponding month 
since 1883. Twenty-six vessels were launched, having an 
aggregate of 34,975 tons, being 20,182 tons over the total 
output during May of last year, and only 460 tons under 
that of May, 1883. Over the five months of this year the 
output amounts to 119,147 tons, being 42,129 tons over 
that of the corresponding period of last year, and 52,891 
tons in excess of that for the same five months of 1886, 
but 31,413 tons under the output of the same period in 
1883. The vessels launched last month were much above 
the average size, as they ran up to 1345 tons overhead, as 
against an average of 548 tons in May of last year. The 
following vessels were included in the month’s output: 
Magdalena, 5300 tons, built for the Royal Mail Steam 
Packet Company, by Messrs. Robert Napier and Sons; 
the Jehmga, 5200 tons, built by Messrs. William Denny 
and Brothers for the Eastern trade ; the Scotia, 3300 tons, 
built for the Anchor Line by Messrs, D. and W. Hender- 
son and Co.; the Helen Rickmers, 3200 tons, built by 
Messrs. Russell and Co. fora Bremen firm. The other 
steamers were under 2000 tons. Several sailing vessels 
were included in the month’s output which ranged from 
1700 tons up to 2500 tons. 


Triple-Expansion Engines.—Messrs. Alley and Mac- 
lellan, engineers, Glasgow, have in hand, or contracts 
closed for, no fewer than sixteen sets of triple-expansion 
engines, one set being calculated to indicate up to 1250 
horse-power. The same firm have in hand four paddle 
steamers of light draught for river service in India, each 
of 240 ft. by 28 ft., and to be supplied by the builders 
with engines (of the diagonal compound type) and boilers 
complete. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change was fairly large, but the market was flat and 
very little business was transacted. Inquiries were few 
and quotations were rather weaker than when we last 
reported. There were sellers who asked 38s, 6d. per ton 
for No. 3 g.m.b. Cleveland pig iron, but the general quota- 
tion was from 38s. 14d. to 38s. 3d., and in some cases 38s. 
was accepted. Middlesbrough No. 3 warrants were as low 
as 37s. 94d. cash, and consequently most of the business 
done was in warrants. Makers are still well supplied 
with orders, and the majority of them positively refuse to 
do business at anything like the quotations ruling at pre- 
sent. Stocks continue to decrease rapidly and shipments of 
pig iron from Middlesbrough are fairly good. Grey forge 
pig iron isin fair demand at 37s. 3d. to 37s. 6d. per ton. 

ematite pig iron is easy. For Nos. 1,2, and 3 east coast 
brands 50s. 6d. is the price. Gellivara foundry mixed 
numbers is 47s. Iron and steel manufacturers complain 
of the dearth of fresh orders, but they are fairly well sup- 
plied with work for the present. Iron ship-plates are 
now 61. per ton; and angles and common bars dl. 10s. all 
less the usual discount. Steel plates are 7/. There is a 
poor demand for steel rails and 4/. 10s. per ton would be 
accepted. Coke continues very scarce. 


The Darlington Steel Works.—The arnual report of the 
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Darlington Steel and Iron Works Company states that 
the past year has been an exceptional one in some re- 
spects, for, while all other branches of the steel trade had 
been in a fairly prosperous condition, the price of rails, 
sleepers and billets in-which they were chiefly interested, 
was comparatively low until the close of the year. There 
had been a profit on the year of 74227. Two thousand 
pounds had been written off for special alterations to 
plant, and with the balance of 25531. 93. 5d. brought for- 
ward from last year, there was a sum of 7975/. 11s. 2d. to 
be distributed, and the directors proposed a dividend on 
preference shares of 7 per cent. and on ordinary shares of 
3s. per share, leaving 21791. to becarriedforward. There 
being a tendency on the part of railway companies to use 
heavier rails, it was decided to substitute a cogging 
mill of greater power and capacity, for the present one, 
which would enable them to take in hand any rails likely 
to be asked for, and effect a saving in the cost of manu- 
facture. The alterations are estimated to cost about 
10,000/., and it is proposed to write off 2000/. a year from 
revenue for the next five years. 


The Make and Disposal of Pig Iron in Cleveland.—The 
Cleveland Ironmasters’ Association issued from their 
offices at Middlesbrough, yesterday, their customary 
monthly returns showing the make and disposal of pig 
iron in the Cleveland district during the month of May. 
The statistics are highly satisfactory, and should have a 
beneficial effect upon the iron market. Of 155 blast fur- 
naces built, 104 have been in operation, and have produced 
242,416 tons of pig iron, or an increase of 8494 tons as com- 
pared with April. There is a substantial reduction in 
stocks, the total amount of iron in store at the end of May 
being 369,357 tons, a decrease of no less than 21,921 tons 
on the previous month. Shipments of pig iron, although 
not equal to those of April, have been fairly heavy, being 
89,938. This is a decrease on the previous month of 14,511 
tons, and on May last year of 17,888 tons. 


New Rolling Mills for Middlesbrough.—We understand 
that some new rolling mills are about to be started at 
Middlesbrough under the title of Messrs. Cooke and 
Co. Mr. Cooke, of Middlesbrough, will undertake the 
management of the firm. The machinery is to be on an 
extensive scale, and when the establishment is in full 
swing employment will be afforded to a large number of 
men, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

New Colliery at Conisbrough.—The new colliery at Conis- 
brough projected by the Denaby Main Colliery Company 
is making satisfactory progress. The foundations for 
the permanent engines are nearly completed. Two shafts 
will be sunk—the upcast and the downcast shaft— 
and it is anticipated that they will 600 yards 
deep. Coal is now reached at Denaby, two miles 
away, at the depth of 450 yards, but the coal measure 
from there, east to west, dips at the rate of 100 yards 
— mile. The Copley field, which becomes the prin- 
cipal field of the new operations, contains some 4000 acres 
of coal, and it is stated that another colliery will be esta- 
blished on the other side of the estate, so that the coal- 
field can ba worked from the two extreme points. It will 
be nearly 24 years before coal is reached and some five 
years before the place is in thorough-going order, capable 
of turning out 2000 tons of coal a day at each shaft. 


Increase in Price of Iron.—The principal makers of 
Derbyshire manufactured irons, who have a great market 
in this district, have to-day notified their customers of an 
advance of 10s. per ton on the prices of May 1, making 
bars at works 6/. 5s. and sheets 7/. 15s. There is an in- 
creased volume of trade in all departments, and iron and 
steel houses have not been so busy for seven years. There 
is every indication of further increases in prices. Common 
forge iron is selling at 42s., hematite at 60s. to 62s. 6d. for 
prompt deliveries. Coke is becoming dearer and some 
qualities are realising 14s, per ton at the ovens. The 
houses turning out railway material are all booked for- 
ward and orders are still coming in. Bessemer billets 
have gone up 2s. 6d. during the week. All the engineer- 
ing houses are well employed. 


Water Gas.—Mr. S. Jefferson, F.C.S., has addressed a 
large meeting at Halifax on the subject of “‘ Water Gas.” 
By the courtesy of Mr. W. L. Wildy, the chief engineer 
of the Leeds Forge, the flame of water gas was exhibited 
and its high calorific power rendered evident by quickly 
fusing a piece of thick copper wire. The flamealone is non- 
luminous, but as soon as the lamp, consisting of a comb of 
thin magnesia rods, was placed in situ, its value as an 
illuminant was clearly seen. The water gas plant was 
sketched, and the modus operandi, with the chemical 
principles involved, fully explained. 








a MISCELLANEA. 

THE municipality of Shanghai are asking for tenders 
= ae eee br pag or will remain open until 

ecem ber and the lighting is to 
ee A q ghting is to commence on 

The new magazine rifle will, it is said, not be issued 
generally till next year. The rifles now being tried are 
on the whole very satisfactory, but it is thought that im- 
provements can be made in some minor details, 


Six torpedo boats to be worked with petroleum fuel are 
to be immediately commenced for the Russian Govern- 
ment. Four will be added to the Baltic fleet and the 
other two will be sent to the Black Sea. 


The Natal Council has agreed to offer to construct, 
equip, and work, on conditions to be settled hereafter, a 
ailway from the Free State border to Harrismith, and it 





is proposed to reduce the ad valorem custom duty 5 per 
— The expected loss is to be made good by increased 
trade. 


The town of Segorbe, in Spain, is shortly to be lighted 
by electricity, at least in so far as two hundred 16 candle 
power, ten 150 candle-power, and twu of 300 candle-power 
lamps will do it. Power will be obtained from a fall of 
water situated at a distance of about a mile from the 
town, 


It is said that some conductors are now being laid 
underground insulated in the following manner: The 
bare wires are placed in glass tubes, which are protected 
by a layer of cement, outside which again is an iron pipe. 
The method is said to be very cheap, to givea high degree 
of insulation, and to be impervious to water. 


A very successful trial was made at S 
29, of the Italian ironclad Ruggiero di Lauria, a mean 
speed of 17 knots being maintained. The ship carries 
four 110-ton guns, and is fitted with engines, which, at 
one time during the run, indicated 11,000 horse-power. 


The South Boston Iron Works have delivered a cast- 
iron mortar at the United States Ordnance Proving 
Ground at Sandy Hook, which is to be tested in competi- 
tion with a steel-hooped mortar, which has already fired 
225 reunds without any sign of deterioration, though it is 
stated that one or two shells have broken up inside it. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom for the week ending May 26, 
amounted, on 16,023 miles, to 1,267,066/., and for the 
corresponding period of 1888, on 15,9524 miles, to 
1,314,786/., an increase of 704 miles, or 0.4 per cent., and 
a decrease of 47,720/., or 3.6 per cent., comparison being 
anes with the period which included the Whitsuntide 
traffic. 


On Monday evening a meeting of the Institute of 
Marine Engineers was held at the Langthorne Rooms, 
Broadway, Stratford, presided over by Mr. J. McFarlane 
Gray (vice-president), chief examiner of engineers to the 
Board of Trade. A paper ‘‘ On Shafting in the Mercan- 
tile Marine” was read by Mr. G. W. Manuel (vice-presi- 
dent), superintendent-engineer Peninsular and Oriental 
Steam Navigation Company. 


Engineering News gives the following extract from a 
private letter written by Mr. B. Baker: ‘It is clearly 
necessary to provide for the contingency of a train acci- 
dent on a bridge. What would be said of shipbuilders if 
they allowed a little extra expense to stand in the way of 
water-tight bulkheads.” Our American contemporary 
goes on to state that one of the great railroads of the 
United States is already taking steps in this direction by 
increasing the assumed loads, specifying 10 tons per wheel 
as the typical load for Consolidation engines. 


The Mannesmann process of manufacturing steel tubes 
by rolling is now pretty well known in this country, and 
by it, it is easy to form a cylinder closed at both ends, in 
which case the interior of the tube, on cutting into it, is 
found to be full of some gas. This gas has recently been 
analysed, with the result that it was found to consist of 
99 per cent. of hydrogen and 1 per cent. of nitrogen. The 
steel which was made was found to have the following 
composition in parts per 100: Carbon, .46; silicon, .25 ; 
phosphorus, .022; sulphur, .01; manganese, .23; with 
traces of copper. 


Their Royal Highnesses Prince George of Greece and 
Prince Carl of Denmark, accompanied by Lieutenant 
Anderson, visited Messrs. Yarrow and Co.’s shipbuilding 
works at Poplar on Friday last. They inspected a 
number of torpedo boats, of which there are sixteen in the 
course of construction for Her Majesty’s Government, 
and after seeing the various departments of the works 
they had a short trip in one of. the torpedo boats. Their 
Royal Highnesses were specially interested in the 
ae ” launches, of which a large number are being 

uilt. 


The total traffic receipts of the railways and canals 
(exclusive of joint lines) of the Manchester, Sheffield, and 
Lincolnshire Railway Company from January 1 to May 
19, 1889, amounted to" 654,734/., as compared with 
624,155/. from January 1 to May 20, 1888. The total 
expenses, including rents, toll, duty, &c. (exclusive of 
joint lines), from January 1 to May 19, 1889, were 
411,854l., as against 393,138/. from January 1 to May 20, 
1888. The receipts and expenses for the corresponding 
period of 1888 include two days more than the current 
period. In order to make a correct comparison for an 
equal number of days, the figures for the two days named 
should be added to those above shown tor 1889, which 
may be estimated at 6000/. for receipts and 3000/. for 
expenses, 


The Suez Canal report, which was read at the annual 
meeting of the company last Thursday, states that the 
receipts for 1888 were 67,000,000 fr. and the expenses 
7,748,000 fr., or only 114 per cent., though including 
400,000 fr. for the working of the night service. The 
expenses, indeed, have only increased by 2,500,000 fr. 
since the opening of the canal, for canals, unlike railways, 
do not use up rails or coal, and increasing traffic requires 
but a very slight increase of the staff. The dividend, includ- 
ing the sum paid on account, will be 84fr. The reserve being 
already above the obligatory amount, will not be increased, 
but 300,000 fr. is allotted towards the new works; 3440 
vessels used the canal last year, the passengers number- 
ing 183,000; 1608 vessels passed through by night. The 
average durationof the transit was 30? hours, which shows 
a steady reduction of time. 


The new railway from Putney to Wimbledon was 
opened for public traffic on Monday morning by the 
Metropolitan District Railway Company, the first train 


zzia, on April 





leaving the Wimbledon terminus at 5.38 a.m. The new 
line, which has been constructed at the cost of the London 
and South-Western Railway Company, commences by a 
junction with the Metropolitan District Railway at their 
Putney Bridge Station. Thence it crosses the river to 
Putney, passes through the western part of Wandsworth 
known as Southfields, and crossing the Wimbledon Park 
estate, terminates at Wimbledon at a special terminal 
station that has been erected at the side of the existing 
station of the South Western Railway. The main object 
of this line, which was originally promoted by the owners 
of the Wimbledon Park estate in the face of strong oppo- 
sition from the South- Western Company, is to give direct 
access from Wimbledon to the City and West-end vid the 
District Railway. The connection with the South- 
Western line is at East Putney; but this company will 
not, it is understood, take part in working the new rail- 
way until some time next month. 


The naval review, to be held at Spithead early ia 
August, promises to totally eclipse that of the Jubilee 
year. It is expected that three sovereigns will witness 
the spectacle, and that a greater number of warships will 
be gathered together than have been seen since the time 
of the Spanish Armada. On or about August 3 over 100 
vessels will be drawn up in four lines stretching from 
Spithead to the Solent. The two inner lines will be com- 
posed of ironclads, battle-ships, and protected cruisers, 
and the outer lines of swift cruisers and torpedo boats, 
All the ironclads at home ready for sea, including the 
Channel Squadron, will be there. Every ship of the 
‘** Admiral” class will be in the lines, and nearly all the 
new cruisers of the ‘‘M” class. The Victory, fresh and 
spruce from her recent docking, will be at the head of the 
line, and every sailor still alive inthe country who fought 
under Nelson has been asked to take his place on board 
on the day of the review. The German Emperor intends 
to be present on the great occasion, and ten or twelve of 
his warships will join in a friendly way in the demon- 
stration. 


From a report published by the United States Consul- 
General, it appears that the British Australasian colonies 
are better provided with railroads in proportion to popu- 
lation than any country in the world, the States alone 
excepted. The total mileage here was 9305 miles in 1887, 
whilst in 1870 they only, it appears, possessed 948 miles, 
and 20,972 miles more were under construction at the 
date of the report. The mileage was divided as follows: 














Miles Open | Miles Open Under Con- 

Colonies. in 18iv. | in 1887. struction. 
New South Wales .. 835 | 1924 367 
Victoria : 274 | 1888 316 
Queensland .. 206 1655 637 
South Australia 133 1572 } 417 
Western ,, od 154 | 46 
New Zealand 1809 171 
Tasmania 303 137 


The population per mile of railroad was 380 at the end of 
1887, as against 1895 in Great Britain. 





LAUNCHES AND TRIAL TRIPS. 

THERE was launched from the yard of Messrs. Craig, 
Taylor, and Co., Stockton-on-Tees, on May 29th, an iron 
steanier, the Reindeer, which has been built to the order 
of Jackson Brothers and Cory, London. The dimensions 
of the vessel are: Length, 270ft. over all: breadth, 37 ft.; 
depth, 19 ft. 8in. moulded ; deadweight capacity, 2650 
tons. Her engines are of the triple-expansion type, by 
Messrs. Westgarth, English, and Co., Middlesbrough, 
the cylinders Tater 20 in., 33 in., and 54 in., by 36 in. 
stroke, with two large steam boilers, working at a pres- 
sure of 160 lb. 


On Thursday, the 30th ult., there was launched from 
Messrs. Ramage and Ferguson’s yard at Leith a steam 
yacht, built of steel, for Mr. John Lysaght, Bristol. The 
dimensions are as follows: Length between perpen- 
diculars, 197 ft. 6in.; breadth, 27 ft. ; depth moulded, 
16 ft.; and 650 tons yacht measurement. The engines 
are of the triple-expansion type, with cylinders 18 in., 
29 in., and 47 in. in diameter respectively, with a piston 
stroke of 33 in. The speed expected is 124 knots, The 
vessel has been fitted with steam steering gear and wind- 
lass, electric light, and her cabin and ae furnishings 
and decorations are of themost sumptuous character. The 
designer was Mr. Alfred M. Brown, naval architect, Lon- 
don. The yacht is named Semiramis, and is the third 
built by the firm for Mr. Lysaght. 

The s.s. Pocasset, built and engined by Messrs. Robert 
Stephenson and Co., Limited, of Newcastle, was taken on 
her trial trip on the 1st inst. Her principal dimensions are 
300 ft. between perpendiculars, 39 ft. breadth, and 
27 ft. 6 in. depth moulded, with a carrying capacity of 
3750 tons. She has been built under the superintendence 
of Mr. George Hepburn, of Liverpool, for the Mediter- 
ranean and New York Steamship Company, Limited, 
for whom Messrs. Phelps Brothers and Co., of Liverpool, 
are the managers, and is intended for the Mediterranean 
and New York trade. She is fitted with triple-expansion 
engines of the latest type, having cylinders 25 in., 39 in., 
and 62 in. in diameter, with a stroke of 42 in., and 
supplied with steam from two extra large steel boilers 
working at a pressure of 155 1b. per square inch. Four 
runs were made on the measured mile, when a mean speed 
of 124 knots was attained ; the engines worked without a 
hitch, and the owners’ representatives on board expressed 
themselves as highly satisfied with the ship’s performance 
throughout. 
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HYDRAULIC MACHINERY AT THE PARIS EXHIBTION. 


CONSTRUCTED BY THE HYDRAULIC ENGINEERING COMPANY, LIMITED, ENGINEERS, CHESTER. 
(For Description, see Page 641.) 
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NOTICE OF MEETING. 

GEoLoGists’ Association, Lonpon.—Friday, June 7th, at Uni- 
versity College, Gower-street, W.C., when the following papers 
will be read: ‘* Notes on the Artificial Unmaking of Flints,” by 
Mr, T, Hay Wilson. ‘The Geology of Upton and Chilton in 
Berks,” by Mr. A. J. Jukes-Browne, B.A., F.G.S. The chair will 
be taken at 8 p.m. 
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THE BRITISH RAILWAYS AND 
BRITISH TRADE. 

On Monday last the Board of Trade received the 
last of the objections, made by the traders of the 
United Kingdom, and by the chambers and associa- 
tions that represent their collective interests, to 
the new classifications and schedules of maximum 
rates and charges submitted by the railway com- 
panies, in accordance with the requirements of the 
Railway and Canal Traftic Act of 1888, There 
probably never was a subject before the traders of 
this country in reference to which they have exhi- 
bited so much earnestness and so much unanimity. 
Nor has there ever been a time, in the history of 
the railway system of this country, when it stood 
so much upon its trial, and was so strongly opposed 
by the mercantile and manufacturing classes. It 
is, indeed, a time of anxiety, of agitation, almost 
of crisis in the relations of the railways and those 
whom they serve. The events of the next few 
months are likely to determine whether the rail- 
ways or the traders are to be the ultimate gainers 
by the Act of 1888 ; whether the spirit and aim of 
that Act will be realised in giving to traders con- 
cessions and rights that have hitherto been more or 
less withheld, or allowed only asa matter of favour, 
or whether the railways will succeed in their 
attempt to defeat the manifest and declared objects 


a be| Of that Act, and to bring traders into a worse case 


than they were in before. 

The struggle which is now impending between 
the trading and the transportation interests of the 
United Kingdom, has been entailed by the require- 
ments of Section 24 of the Act of last year, which 
required every railway company to ‘‘ submit to the 
Board of Trade a revised classification and schedule 
of maximum rates and charges.” No conditions 
were laid down in the Act as to the lines within 
which these requirements were to be met. The 
railways were quite unfettered as to the amount of 
their maxima as to terminal charges, or as the basis 
and order of their classification. The result, as 
might have been expected, has been that all three 
have been made as unfavourable for traders as they 
possibly could be. Inthe majority of cases, the 
railway companies have left the old land-marks of 
the rates authorised by their private Acts, and have 
proposed maxima not only largely, but even ridi- 
culously in excess of those authorised by Parliament. 
The proposals made as to terminal charges, for the 
first time in the history of those charges, assume a 
precise, definite, and coherent form, and if they 
were to go unchallenged would leave the traders 
at the mercy of the railway companies to an extent 
that is really alarming, and would probably be 
found to be destructive to both. Finally, as regards 
their new classification, the railway companies have 
cast adrift the clearing house classification, which, 
although it left a good deal to be desired, was yet 
in the main fairly intelligible, and have adopted a 
new classification that seems to have been drawn 
up in accordance with no principle or plan except 


® | that of confusing traders, and leaving railway officials 


a vast amount of discretionary power that would be 


9) exercised as circumstances prescribed. 


The question that now presents itself for solution 
is, in what way can the claims of the railway com- 
panies, and the just requirements of the trading 
community, be met? No attempt has been made 
to reconcile them up to the present time. On the 
contrary, every public body in the country, and a 
large number of the more important trading cor- 
porations, have sent into the Board of Trade state- 
ments of objections which it is quite impossible to 
bring into harmony with the demands made on 
behalf of the railway interest. During the re- 
mainder of the present session, it will be the duty 
of the Board of Trade, as prescribed by Section 24 
of the Act of 1888, to seek to reconcile the diffe- 
rences that exist. Traders and public bodies will 
be called upon to support by facts and arguments 
the objections that they have sent in. The railway 
companies, in their turn, will be called on to answer 
those facts and arguments. Should the parties, after 
‘* having it out” in this way, fail to understand each 
other, the Board of Trade will be called upon to ‘‘ de- 
termine the classification of traffic which, in the 
opinion of the Board of Trade, ought to be adopted 





by the railway company, and the schedule of maxi- 





mum rates and charges, including all terminal 
charges proposed to be authorised, applicable to 
such classification, which would in the opinion of 
the Board be just and reasonable.” This report will 


_|afterwards be submitted to and discussed by Par- 


liament, which evidently must, in the long run, 
become the final arbiter of the case as between the 
railways and the public. We are thus likely to see 
the whole of the more important issues involved in 
the Act of 1888 once more brought on to the Parlia- 
mentary carpet, and weeks or even months bestowed 
upon their determination. But whether the time 
necessary to end the matter be long or short, it will 
not be ill spent if it enable an arrangement to be 
arrived at that will make the railways and the 
traders better satisfied with each other than they 
are at present, and have been for the last few years. 

There is probably only one point in dispute that 
will tax all the resources of Parliament, and of the 
parties to the controversy, to settle satisfactorily. 
That pcint isthe complicated and indeterminate one 
of the payment of terminal charges, in additicn to 
maximum rates and short haul allowances. The 
traders, generally, do not offer any serious objection 
to the payment of a certain allowance for services 
actually rendered by railway companies, other than 
those that are incidental to the duty of a carrier. 
When a railway company collects goods and delivers 
goods at some distance from their stations, or when 
it performs some kindred service, it has a right to 
make an extra charge, and no honest trader would 
grudge it. But it is quite otherwise when they 
propose to make a charge of unknown and unde- 
fined limits for the use of stations, for clerkage, 
and for other matters that are clearly necessary to 
their business as common carriers. The traders, as 
a body, have risen in arms against this demand. 
Most of the Chambers of Commerce and trading 
associations have denounced so - called station 
terminals as quite an innovation, unauthorised by 
Parliament, and unjust to the trader, the more so 
that the railway companies propose to reserve the 
right to charge ‘‘a reasonable sum,” varying 
according to the accommodation provided at each 
station, and do not content themselves with naming 
a fixed and unvarying sum for all stations alike. 
It is undoutedly true, as the railway companies 
maintain, that station charges are an exceedingly 
variable item ; but that does not seem a sufticient 
reason for charging a station terminal of 6d. fora 
ton of coal delivered to Mr. Jones at Warwick, and 
only charging 3d. a ton at the adjoining station of 
Leamington to Mr. Brown. In some of the new 
schedules it is proposed to charge 8d. per ton at 
large towns, and 6d. per ton at any other station, 
for the delivery of coals. It is true that large 
stations cost more money ; but for the purposes of 
the delivery of a ton of coals they need not do so, 
and thus it seems unjust to the dweller in the 
large town, who has absolutely no control over the 
matter, and to whom no correspondingly greater 
service is rendered. But the station terminal 
is, in any case, a serious matter for traflic 
so invariably low-priced, and therefore so incapable 
of bearing any additional charge, as coals or other 
minerals. The total tonnage of minerals raised in 
the United Kingdom in 1888 was close on 190 
millions, of which about 170 millions took the form 
of coals. The total value of this mineral at the 
place of production was probably not more than 45 
millions sterling. But in respect of the transport 
of mineral traffic alone, the railway companies now 
earn some 16 millions annually, or more than 35 
per cent. of its original value. This large propor- 
tion of the value of the mineral traffic carried would 
be increased by over eight millions, if the claim 
made by some of the leading railways, including 
the London and North-Western, to charge a terminal 
of 6d. at each end, were to beallowed. The charge 
is, indeed, one that the traffic simply could not bear, 
so that the answer of the traders, apart from the 
law and equity of the matter, must be a non 
possums. 

So far as classification is concerned, it is an open 
secret that the Board of Trade, having in view the im- 
probability of anamicablearrangement being effected 
in any other way, have already determined what 
course they ought to pursue with a view to drawing 
up a classification that would really be reasonable, 
and, as far as possible, scientific. They will pro- 
bably in such a case appoint assessors or advisers 
to represent the different interests chiefly concerned, 
and to prepare lists in accordance with the special 
needs of those interests. This is a course that was 
recommended some years ago by Lord Henniker’s 
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Committee, and it is one that has much to recom- 
mend it. Clearly an expert in such an industry, 
say, as the iron trade, the products of which are 
legion, is better able to say what traffic can be 
carried cheaply, and what traffic can afford to pay, 
and should be made to pay, higher rates, than the 
average railway manager. The classification which 
has been drawn up by the British Iron Trade and 
other kindred associations, differs in more than 
eighty particulars, affecting the iron trade alone, 
from that of the railway companies, which is de- 
clared to be unworkable and in every way ill- 
adapted to the needs of that industry. 

The natural and reasonable lines of division for a 
proper classification of railway traffic are by no 
means complex or difficult of ascertainment. There 
are three classes that must always in practice be 
adopted. The first of these is mineral traffic, 
which, for the most part, the railway companies 
have placed in the lowest class (A). Obviously, 
traffic of this description being carried in full train 
loads, and involving little or no trouble in the 
handling, should always be treated exceptionally. 
But this has not been done consistently in the new 
railway classification, for it appears that such 
minerals as iron pyrites, of which some 700,000 tons 
are annually imported into this country from Spain 
and Portugal ; limestone, of which probably fully 
3,000,000 tons a year are used in the manufac- 
ture of pig iron; lime, which is at once a raw 
material, and an exceedingly low-priced com- 
modity ; and common sand, which, like lime 
is largely employed for building purposes, are all 
placed in Class B, and are therefore subject to the 
payment of higher rates than the raw materials in 
the lower class. The next line of demarcation 
which should roughly guide the classification is to 


separate damageable from undamageable commo- | }, 


dities, and place the latter in a lower class. In the 
railway companies’ new classification this obvious 
distinction has not been carried out, except to a 
very moderate extent. Finally, the classification 
should be so complete that it should not omit any 
article of traflic that is liable to be carried in any- 
thing like bulk, otherwise the excepted commodity 
will be liable to be charged for at the highest rate 
permitted under the Acts of the different companies, 
whereas it should probably, judged according to its 
kind, be placed in one of the lowest classes. It 
is, for this reason, that the London Chamber 
of Commerce and other bodies have proposed to 
abandon the provision which leaves the companies 
at liberty to charge their highest rates for unclas- 
sified traflic and substitute a clause that orders all 
unclassified merchandise to be charged at the same 
rates as other traflic of a kindred character. This 
is, indeed, in some cases a matter of life or death to 
a new industry. In a manufacturing country like 
our own, new industrial products are continually 
being brought up, which cannot immediately find 
their way into a working classification. As an 
example of such products we may quote basic slag, 
a residual product of the basic process of steel manu- 
facture, now used for manurial purposes to the extent 
of some hundreds of thousands of tons a year, but 
only soemployed within the last few years. Sucha 
product, being invariably carried in bulk, being quite 
undamageable, being a crude material, and finally, 
having a low intrinsic value, should manifestly be 
placed in a low class, and yet under the powers de- 
manded by the companies, it would have been 
placed in the highest class, and charged for at the 
rate of perhaps 3d. per ton per mile instead of 
only a ld. ; : 

The proposals made by the railway companies as 
to maximum rates raise the whole question of the 
powers conferred by Parliament upon the various 
companies, as regards their relations with the 
public. The majority of the private Acts under 
which the companies exercise their special 
powers, allow rates to be charged varying from 
3d. per ton per mile for mineral traffic when carried 
twenty miles or more to 4d. per ton per mile for 
merchandise carried in Class 5. There is thus a very 
wide latitude of charge allowed to the companies. 
In practice, many of the companies do not impose 
their maximum rates, not probably because they 
would not like to do so, but because there are 
circumstances in operation which make it im- 
possible. Perhaps the most potent of these circum- 
stances is sea competition, which, however, does 
not exist at probably three-fourths of the 6000 
stations in the United Kingdom. The fact of two 
railways running between the same points does not 
always insure lower rates, inasmuch as the com- 





panies generally arrange with each other to charge 
the same rates, whether high or low. There is, 
besides, the question of how much the traffic will 
bear. Railway managers profess that this is, and 
ought to be, the only true basis of railway rates, 
and they do not hesitate to admit that it is the 
first rule of their conduct in reference thereto. 
It would just be as reasonable to charge for 
groceries, milk, or butcher’s meat according 
to what the seller thought the buyer could 
afford to pay; but passing from that point for 
the moment, there is this virtue in the principle of 
rate adjustment just laid down, that if it is strictly 
adhered to, the railway managers will take some 
sort of care that the traflic is not seriously jeopar- 
dised. That said, we have said all that can be put 
forward for the system, which has been found by 
traders to be very irksome, uncertain, and inju- 
rious to their business. It is, moreover, a flagrant 
violation of the provision in the Act of 1888, which 
requires that there shall be no discrimination or 
undue preference as between one trader and another. 
What traders now desire is that if the new schedules 
of maximum rates are not to be lower than those 
adopted when the companies got their private Acts, 
they shall not, at any rate, be increased. On the 
other hand, the railways may perhaps fairly claim, 
as they have often done, that none of the powers 
and provisions, upon the faith of which their capital 
was subscribed, shall be taken from them without 
compensation. 








THE WEATHER OF MAY, 1889. 

THE weather during May has varied very much 
in different parts of the United Kingdom, and at 
different intervals ; for while one district has been 
enjoying brilliant sunshine and clear skies, another 
as been experiencing sharp thunderstorms; then 
in a few days conditions would be reversed, so that 
all parts have had a variety of weather. Neverthe- 
less, much fine weather has been general, agricul- 
tural interests are favourable, and people have been 
able to get about and appreciate the emerald 
beauties of the foliage, the varied splendour of the 
flowers, and to feel that ‘‘ May, thy very name is 
sweet.” A temperate, though long and late depart- 
ing winter, attended with little severity either of 
cold or storm, has assisted spring to make the 
country look its very best. The mean pressure and 
temperature of the atmosphere at extreme posi- 
tions, to which the Isle of Man is central, were as 
follows : 

















| 
Mean i 
Mean Difference Difference 

Positions. | Pressure. |from Normal. ey al from Normal. 

| in. in. | deg. deg. 
North -.| 29.81 below 0.10 49 above 2 
South 29.82 9 18 | 5t nil 
West 29.73 os .22 53 above 2 
East ..| 29.85 5 lt | oes sat ee 
Central .. | 29.79 99 16 | 53 28 2 


The distribution of rain in amount and frequency 
may be inferred from the following results, though 
the numerous thunderstorms which occurred on at 
least seventeen days in various parts, chiefly in Eng- 
land, will probably have caused very marked ano- 
malies in the distribution of the amount of rain : 











| 
Difference 
Places. Rainy Days. | Amount. from Normal. 
| in. in, 
Sumburgh .. 10 0.67 1.04 less 
Scilly .. os 17 | 2.10 0.44 more 
Valencia 25 6 02 3.13 ,, 
Yarmouth .. 17 3.0 TAS: 





The daily general directions of the winds over 
these islands give aresultant from S. by E., whereas 
the normal resultant for the month is from 
W.S.W. The winds have been more Continental 
than usual, uncommonly frequent from §8.E., of 
the character of light airs and gentle breezes. 
Atmospherical pressure has been below the normal 
and most so on the west of Ireland. The mean 
temperature has exceeded the normal by 2 deg., 
except in the south-west of England, where it 
was seasonable. Rainy days were very frequent 
on the west of Ireland, remarkably few in the 
Shetlands. On the west of Ireland the rainfall 
was double the usual amount, on the east of Eng- 
land a third more, on the north of Scotland much 
below the normal. Rainfalls exceeding lin. in 
twenty-four hours, were measured at 8 a.m. on the 
8th at Valentia 1.04 in., and on the 27th at Hurst- 
castle 1.65 in. At Kew, the 26th, the sky was entirely 





overcast and the thermometer was more than 20 deg. 
lower than on the 24th ; light rain fell during the 
greater part of the day, and at night to a heavier 
extent, and on the following morning it came down 
in torrents, the gauge recording in one hour, be- 
tween 6.50 a.m. and 7.50 a.M., as much as 0.65 in. 
The total for the day was 1.50, which is the hea- 
viest fall experienced there since May, 1879. This 
is a specimen of the great heat and heavy rains or 
thunderstorms which occurred alternately about 
this time. The highest temperature, 82 deg., was 
reported at Loughborough on the 22nd ; the lowest, 
34 deg., at Llandovery on the 7th. At Kew, on 
the 2nd, thé weather was very changeable, heavy 
rain and hail showers with bright intervals; 
between noon and 5 p.m. the thermal curve 
exhibited three maxima, the highest being the 
latest, and the wind veered from E. to S.W. ; on 
the 4th the weather became quite summerlike, and 
until the 10th the temperature rose to a good maxi- 
mum with a drying air each day. At Greenwich, 
the 4th, 5th, 6th, 9th, 22nd, 23rd, 24th were 
splendid days, the mean daily temperature ranging 
from 10 deg. to 12 deg. above the normals, while 
the duration of sunshine recorded was from nine to 
thirteen hours daily. The greatest atmospherical 
pressure, 30.1, occurred on the 21st ; the least, 
29.4 in., on the 3rd, 10th, and 28th. These values 
show a very small range, the pressure having, in 
fact, been remarkably steady and the changes slight 
and gradual ; on some days, indeed, it was very 
uniform all over these islands; and it was also 
remarked that the temperature at the same time 
was almost identically the same from north to 
south and from east to west ; especially so was this 
the case on the 6th and 27th, although the wind on 
these days was N.E. light. Estimating by the 
weather notations clear fine days varied between 
four in the west and seven in the north ; overcast, 
from eighteen in the east to eleven in the central 
district. Fog was noted at an unusual number of 
times and places, and very fairly distributed as to 
frequency, although it was never general at one 
time. 

According to weather wisdom, alternate warmth 
and rain in May are favourable to the on-coming 
crops. ‘‘ A dry May makes a poor year.” ‘The 
warmth of May makes the wealth of the whole 


year.” ‘May fresh and breezy makes the year 
plentiful.” ‘‘Fine Rogation days denote fine 
crops.” As results of averages, the mean daily 


range of temperature is greatest in May ; the varia- 
bility of atmospherical pressure is least in May ; 
the sunniest month of the year is May, and it is 
also the month of greatest intensity of solar radia- 
tion. 

During the five weeks ending June 3, the dura- 
tion of bright sunshine, estimated in percentage of 
its possible amount, was for the United Kingdom 
33, Channel Isles 41, east England 39, south-west 
England 36, south and north-west England and east 
Scotland 34, west Scotland 33, south Ireland 31, 
north-east England 30, central England 29, north 
Treland 26, north Scotland 25. 

‘*The local meteorological conditions of a country 
is often of great practical as well as scientific 
importance, and the difference of climate frequently 
experienced within a few miles, whilst it shows the 
embarrassing effects of local causes, and the danger 
of drawing general conclusions from insulated or 
imperfect registers, is itself a curious subject of re- 
search.” So wrote J. D. Forbes, in 1840, in his 
report to the British Association. In these monthly 
notes it has often been regretted that daily weather 
reports are not published from the Ise of Man. 
This is certainly not for want of observers, as 
witness the discussion of the Manx climate, lately 
published in the Journal of the Scottish Meteoro- 
logical Society, by A. W. Moore, to which the 
attention of those interested in local climate should 
be directed. It may be summarised as follows: 
The temperature of the Isle of Man is more equable 
than that of the surrounding coast, being somewhat 
higher in autumn and winter, similar in spring, and 
lower in summer. There is comparatively little 
frost and snow, but a considerable amount of raw 
damp weather, which to certain constitutions is 
more trying than a lower temperature in combina- 
tion with adrier atmosphere. Its sunshine is much 
greater than in any surrounding district. Its winds 
appear to be much the same in strength and fre- 
quency ; but as the island is more exposed, the 
are felt more than on the mainland. The rainf 
varies considerably in different parts of the isle. 
Generally speaking, however, the rainfall is rather 
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greater and more freyuent than on the adjacent 
coasts, but much less than in the mountainous 
districts beyond these coasts. Its humidity is 
rather in excess. It thus appears that the Manx 
climate is equable and sunny, and, though humid, 
decidedly invigorating; that its rainfall, though 
never excessive, varies considerably in different 
localities, and that it is much exposed to winds 
which are for the most part mild and damp. Tourists, 
in June, find the weather changes frequent and 
sudden, and the face of the sky to display the 
utmost versatility. Now the distant mountains 
rear themselves up bodily and distinctly against a 
clear blue sky ; anon they have vanished like a dis- 
solving view behind sheets of white mist or rolls of 
black clouds. If it were not for the thorough 
drenching one might enjoy the atmospheric 
variety. A pelting shower soon flows or soaks away 
and a sunlit scene supervenes, but gingham and 
mackintosh must be accompaniments on all occa- 
sions. 








THE PARIS EXHIBITION. 
THE Swiss SEcTION. 


Asovut 800 exhibitors from Switzerland are pre- 
sent atthe Paris Exhibition ; they are chiefly dis- 
tributed between the Machinery Hall, the Industrial 
Galleries on the side adjoining the Avenue du 
Suffren, and the Quai d’Orsay ; there are in addi- 
tion a considerable number on the ground floor and 
in the gallery of the Liberal Arts building. 

The space occupied by this country in the Machi- 
nery Hall adjoins that allotted to Belgium, and is 
filled by nearly 100 exhibitors, amongst whom are to 
be found the principal manufacturers of Switzerland, 
such as the Oerlikon Company, MM. Escher Wyss 
and Co., of Zurich, MM. Rieder and Co., of Winter- 
thur, MM. Sulzer Fréres, the Société Industrielle 
Suisse, of Neuhausen, and many others. Switzer- 
land makes a good show in the section devoted to 
railway material (Class 61), especially in different 
forms of mountain railway construction and rolling 
stock. The St. Gothard Railway Company exhibits 
a finely executed relief map to a scale of 1 in 25,000 
of its line and the adjoining country. This map 
was constructed by MM. Imfeld and Becker, of 
Zurich, from the topographical surveys of the 
Federal Government. The Société Industrielle 
Suisse, of Neuhausen, near Schaffhausen, exhibit 
railway carriages, one of which has been built for 
the Brunig rack railway of a metre gauge ; they 
also make a joint exhibit of a locomotive and car- 
riage 31.50 in. gauge for the new railway which 
climbs Mount Pilate, near Lucerne, and a large 
collection of photographs. The works of this com- 
pany are of long standing, having been established 
in 1853; they employ from 600 to 809 workmen 
and make a speciality of narrow-gauge rolling 
stock ; their average output is about 250 carriages 
and 1200 wagons a year. Besides rolling stock they 
manufacture small arms for the Swiss Government, 
and produce a certain amount of textile machinery. 
The exhibit of the company is associated with that of 
the Swiss Locomotive and Machine Works, of Win- 
terthur, the director of which is M. Jules Webber. 
M. A. Millet, of Zurich, makes a conspicuous dis- 
play in the Machinery Hall of milling appliances, 
but the finest exhibit is, as may be supposed, 
that of MM. Escher Wyss and Co., of Zurich ; 
in Class 50 this eminent firm shows milling machi- 
nery, comprising mills with cast-iron rolls and 
machines for polishing and grooving the latter; 
in Class 52 they show several steam engines, one 
of 150 horse-power fitted with Frikart valve gear, 
another of 25 horse-power, and a small engine 
driving a dynamo ; a horizontal turbine of 140 
horse-power also forms a conspicuous object on 
their stand. In Class 58—material and processes 
connected with papermaking—MM. Escher Wyss 
and Co., shows several machines, the largest of 
which is a papermaking plant working up toa width 
of 86 in.; they also have some fine calender rolls 
and a number of other machines for paper manu- 
facture. In Class 65 they exhibit a naphtha launch. 

MM. Sulzer Fréres, of Winterthur, show in Class 
27 several low-pressure heating apparatus and an 
automatic boiler pressure regulator; in Class 50 
they have a good collection of refrigerating ma- 
chinery mostly on the Linde system ; one of these 
machines has a capacity of about 550 Ib. an hour. 
They also exhibit refrigerating chambers for pre- 
serving perishable objects. In Class 52 the prin- 
cipal object on their stand isa horizontal compound 
condensing engine of 400 indicated horse-power, 





working at a normal pressure of 1201b. and 70 
revolutions ; another condensing horizontal engine 
shown by the same firm works with an initial pres- 
sure of 150 1b., and at a speed of 80 revolutions ; 
this is a tripleccompound condensing engine, all 
three cylinders driving the same shaft. A vertical 
triple-compound condensing engine of 300 horse- 
power completes the large objects shown by the 
firm in this class. 

There are nine exhibits in Class 62 devoted to 
electricity, the Oerlikon Company being one of the 
principal contributors ; amongst the others we may 
mention the Telephone Society, of Zurich, the 
Telegraph and Electrical Apparatus Factory, at 
Neuchatel, and M. Alioth, of Bale. 

Class 16, devoted to mapsand appliances connected 
with the sciences of geography, cosmography, and 
topography, is extremely well represented in the 
Liberal Arts building by Switzerland. The Federal 
Topographical Bureau of Berne makes a very 
splendid contribution illustrating the work of the 
State survey. It comprises a collection of all the 
principal maps, documents, and plans prepared by 
the office. Amongst them is a geological map of 
Switzerland in twenty-five sheets prepared by the 
Swiss Geological Commission between the years 
1859 and 1887, the work being founded on the 
topographical map of Switzerland which is engraved 
to a scale of lin 100,000. Thereis also a very fine 
atlas in which the mountains are laid down to a 
scale of 1 in 50,000, and the level parts of the 
country to twice that scale. The famous Dufour 
map of Switzerland, to a scale of 1 in 100,000 is 
shown mounted on one sheet and stretched against 
the wall. M. Imfeld, who has been already referred 
to, exhibits some fine reliefs of Monte Rosa and of 
the lake of the four cantons as specimens of a great 
relief map of the whole of Switzerland ; the relief 
of the Jungfrau, toa scale of 1 in 10,000, is also ex- 
tremely well executed. 

The catalogue of the Swiss Section which has 
just been issued, contains a variety of informa- 
tion which it may be interesting to summarise. 
The Republican Federation is composed of twenty- 
five cantons and demi-cantons which have the power 
of government invested in them according to the 
articles of the constitution framed in 1874; they 
elect the members of the National Council in pro- 
portion to their population, that is to say, there is 
one deputy to each 20,000 persons, as well as two 
deputies to the States Council for each canton. 
These two authorities together form the Federal 
Assembly which nominates the two supreme execu- 
tive and judicial powers, the Federal Council 
which sits at Berne and the Federal tribunal at 
Lausanne. The Federal Council consists of seven 
members, and the Federal Assembly elects from their 
number annually the president of the confederation. 
Each canton has its own independent administra- 
tion. The total population of Switzerland in 1888 
was 2,934,057, the proportion of the sexes being 
almost equal; the most populous city in Switzer- 
land is Zurich with 90,111 inhabitants, then follows 
Geneva with about 72,000 ; the number of foreigners 
in the whole of Switzerland was last year 238,313. 
The language chiefly spoken is German, no less 
than 2,092,530 persons using that tongue ; 637,972 
people speak French, 156,606 speak Italian, and 
the remainder of the population make use of various 
languages. The Protestants and Catholics are not 
equally divided, there being about half a million 
more of the former than of the latter ; there are 
some 8000 Jews resident in the country, and 10,000 
of the population profess other religions. Agricul- 
ture is the principal pursuit of the population, 41 
per cent. being thus occupied ; 37 per cent. pursue 
various industrial callings, 7 per cent. are com- 
mercial, and 4 per cent. follow administrative and 
scientific pursuits. Public instruction is carried to 
a high stage of development in Switzerland ; the 
country contains about 3800 scholastic communes, 
in which are 544 infant schools, 7180 primary 
schools, and 452 secondary schools; these give 
employment to nearly 11,000 teachers, who are 
occupied nearly all the time with over half a million 
of pupils. The system of superior teaching includes 
normal schools, colleges, industrial and commercial 
schools, and agricultural and technical schools ; the 
total number of pupils in these establishments is 
about 16,000. 

There are several well-known polytechnics and 
universities, of which those of Zurich, Berne, Bale, 
Geneva, Lausanne, Neuchatel, Lucerne, Fribourg, 
and Sion are the principal ones. In 1887 there 
were 2300 students in these universities, besides 





138 women ; 753 of the total number were foreigners. 
The cost of conducting the primary schools is about 
700,0007. per annum. The total value of the exports 
from Switzerland is now about 26,800,000/., of 
which the most important items are those of silk 
(385 millions of francs), and watches and musical 
boxes (85 millions of francs). Machinery is exported 
to the value of about 800,000/., and cheese and 
preserved milk for two millions sterling ; other im- 
portant objects exported are cattle, skins, chemicals, 
and scientific apparatus. The export silk industry 
amounts to about 8,000,000/. ,embroidery is exported 
to the annual value of nearly four millions sterling, 
and cotton goods for over one million sterling. The 
value of goods imported into Switzerland is 
33,000,000/. About 28.3 per cent. of the total area 
of the country is unproductive, and the total esti- 
mated value of real estate in the country is 136 
millions sterling ; the revenue obtained from agri- 
cultural operations is about 16,000,000/. ; the cereals 
produced supply one-half of the requirements of the 
population ; the value of the wine industry is nearly 
2,000,000/. per annum, and wine to about half that 
valueisimported. The fruit crops produce a revenue 
of nearly one million a year. The most important 
agricultural industry of Switzerland is that of dairy 
farming, the annual value of milk produced being 
at least eight millions sterling ; of this one-fourth 
is exported in the shape of cheese and compressed 
milk. The actual value of livestock in the country 
is estimated at nearly eight millions, cattle of course 
forming the larger part of this amount. The gross 
estimated value of the forests of Switzerland is 
57,600,000/., and the revenue annually produced is 
1,600,000/. 

In 1887 there were 1850 miles of railway in Switzer- 
land, and in this length are included some of the 
most difficult examples of railroad engineering that 
have ever been accomplished. In the year named, 
25,762,822 persons were carried on the Swiss rail- 
ways, and 8,096,558 tons of merchandise. The 
total receipts amounted to 3,160,000/., and the 
expenses to 1,688,000/. ; the capital expended in 
railroad construction was about 40,000,000/., and 
the average interest paid on capital was 3.45 per 
cent. A total of 213 accidents of every kind are 
reported to have occurred on the system in 1887. 
Working to a large extent with the railways is the 
lake navigation, which in 1887 occupied sixty-eight 
large passenger steam vessels. The construction 
of tramways has made but little progress in Switzer- 
land, there being less than 20 milesin work ; these, 
however, carried in 1887 nearly 6,000,000 of pas- 
sengers, with a profit of about 200,000 francs. 

Last year there were 3077 post offices in the con- 
federation employing 6639 assistants ; the number 
of letters and postal cards delivered for the home 
service was over 71,000,000, the number of news- 
papers circulated being about the same ; the money 
transmitted by postal orders was 11,760,000/. The 
international transmission of mails was considerably 
less than half of the figures just given. 

There are no less than 17,341 kilometres of tele- 
graph lines connected with 1325 offices, and employ- 
ing 1826 clerks; the total number of messages 
despatched last year was about 3,000,000, and the 
receipts of the administration showed an excess of 
about 500,000 francs over the expenditure. There 
are 11,812 kilometres of telephone lines in service, 
with 7946 receiving and transmitting apparatus, and 
6881 subscribers. There isno Government bank in 
Switzerland, but by a federal law thirty-four diffe- 
rent banks are authorised to issue their own notes ; 
in 1888 the actual number of these notes in circula- 
tion was 153,000,000 francs, which represented 
almost the maximum authorised emission. The 
collective capital of the Swiss banks exceeds 
22,000,000/. sterling. 








THE SOUTH FORK RESERVOIR 
DISASTER. 

THE most appalling calamity that has ever arisen 
from the failure of an engineering work is that 
which has just occurred in America. So far as loss 
of life is concerned it probably fell short of the 
disaster due to the failure of the embankments 
along the Yellow River in China. But its awful 
suddenness invests it with a horror which has never 
yet been equalled from a similar cause. It is the 
boast of the civil engineer that he bends the forces 
of nature to be the servant of man, but when he 
holds them with a slack hand they often revenge 
themselves fearfully for their enforced servitude. 
The most serious accidents arising from the collapse 
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of engineering works have always been connected | 
with reservoir dams. Of previous reservoir dam 
failures the best known in this country are those 
of Holmfirth and Dale Dyke, which were of earth, 
and of only a moderate height—from 30 ft. to 40 ft., 
we believe. In Algiers there have been several 
. failures of masonry dams. One of these, the Habra, 
had atotal length of 1476ft., with a height, not count- 
ing the foundations, of 110 ft., and impounded 
22,800,000 gallons of water. This failed in 1873 
after standing eight years, causing the loss of 209 
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lives. This failure seems to bear some resemblance 
to that of the South Fork dam, for like it, plenty 
of warning was given by excessive leakage that the 
masonry was not in a fit condition to resist the 
heavy pressure upon it, and also, like the American 
case, the actual catastrophe was caused by heavy 
floods. 

One of the most remarkable features of the| 
disaster in the Conemaugh Valley is the indifference 
of the inhabitants to repeated warnings. Even 
when the actual occurrence of the failure was tele- | 
graphed nearly an hour before the water reached 
Johnstown, the importance of the news does not 
appear to have been apprehended, and but few took 
the trouble to leave the town. 

The sketch map of the district, which we have 
succeeded in obtaining and which we publish on the | 
present page, gives a very good idea of the valley. | 
The dam itself was constructed on the South Fork, 
a tributary of the Little Conemaugh River, being 
situated about 18 miles from Johnstown and on a| 
level about 250 ft. higher. The reservoir wall was | 
of masonry 700 ft. long, 100 ft. high, impounding a 
body of water 3} miles long, and upwards of a mile 
across in its widest part. Originally intended to 
supply a canal, it had, on the supplanting of the 
water communications by railroads, been purchased 
for use as a fishing preserve by some capitalists of 
Pittsburg. It is now stated that one of their em- 
ployés had repeatedly informed them that the dam 
was in so leaky a condition as to be unsafe, and 
only desisted from his warnings when threatened 
with dismissal. Nevertheless he, about a month 
ago, warned the mayor of Johnstown, a town 
of some 30,000 inhabitants, who promised to send 
an inspector and complain to the governors, but | 
never did either. For three days before Friday | 
last the whole front was leaking in an alarming 
manner, jets of water spripging out, it is said, 
several feet. Writing to the Standard a ‘ Civil 
Engineer” suggests that the dimensions of the 
dam were insuflicient, stating that in this country 
a dam of the same height would have been 530 ft. 
wide at the bottom at least. This statement, 
however, is evidently written under the impres- 
sion that the dam was of earth. The true cause 
seems to be indicated by the leakage, which points 
to the failure being, as in the Habra dam, due to | 


between Stony Creek and the Little Conemaugh 
River. Both these rivers have very steep banks, 
that portion where the contour lines are dotted 
being exceptionally so; many of the lines at this 
point have had to be omitted in our sketch, as on 
the small scale of our drawing they could not be 
distinguished from each other. 

The bridge above which the wreckage piled is at 
the spot where the Pennsylvania Railroad crosses 
the stream, at which place the valley is compara- 
tively narrow. The wreckage here formed in a 
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Iron and Steel Company’s Works, the largest in 
America, and of these the flood, it appears, has 
made a clean sweep, resulting in a loss to the com- 
pany estimated at not less than 2,000,000 dols. A 
short distance up the river towards the reservoir is 
Woodvale, which is practically a suburb of Johns- 
town, and three miles from Johnstown in the same 
direction is Conemaugh, where the large repair 
shops of the Pennsylvania Railroad are situated. 
South Fork, where the South Fork River joins the 
Conemaugh, is ten miles from Johnstown, Mineral 
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PLAN OF JOHNSTOWN AND CAMBRIA CITY. 


deterioration of the mortar, a fault not very un-| way anew dam, to a considerable extent banking | Point being between the former and Conemaugh. 

common with poor grades of hydraulic limes ; but | the waters up over Johnstown, but not sufliciently | The whole of these places were destroyed. 

an opinion can be more safely arrived at when fuller so to protect Cambria City, situated on the other} The following account of the actual bursting of 

details are to hand. Sie et lth |side of the Conemaugh River (see engraving).|the dam by an eye-witness, the landlord of the 
Returning to the map of the district it will be In a nearly direct line between the centre of | South Fork Hotel, appeared in Tuesday’s Times : 

seen that Johnstown is situated, on low-lying land, | Cambria City and Johnstown are the Cambria} When the dam broke the water seemed to leap, scarcely 
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touching the ground, and bounding down the valley. Its 
front was like a solid wall, 20 ft. high, crashing, roaring, 
and carrying everything before it. The torrent in front 
looked dusty; that must have been spray. The houses 
went down before it, tottered for a moment, and then 
rose, crushing against one another like eggshells. It 
flowed 18 miles to Johnstown, through narrow crooked 
valleys, in less than an hour. The Conemaugh, which 
was already flooded, rose 36 ft. in five minutes, 

The lives lost have been estimated as high as 
15,000, not all by drowning, for as always seems to 
happen in some inexplicable way in accidents occur- 
ring in the States, the wreckage which collected 
above the Pennsylvania Railroad Company’s bridge 
took fire, and the horrors of a conflagration were 
added to those of the inundation. Altogether the 
calamity is a most terrible one, and it is, moreover, 
one which, from the site of its occurrence, will 
evoke the special sympathies of our profession, 








NOTES. 
ConTRACT FOR SPANISH CRUISERS. 

THE formal contract for the construction of three 
Spanish cruisers of 7000 tons displacement and 20 
knots speed was duly signed on the Ist inst. by the 
minister and Sefior Martinez de las Rivas for the 
contractors— Martinez Rivas Palmer, of which firm 
Sir Charles Palmer is the managing partner, while 
Mr. J. P. Wilson, well known in British shipbuild- 
ing circles, is manager. Much satisfaction, says 
our Bilbao correspondent, has been felt at the 
favourable and satisfactory conclusion of this 
matter, which has, owing to the many technicalities 
necessary in all Government matters, been a source 
of delay to the contractors, as the yard has been 
completely established and the machinery in motion 
for some time. A number of English workmen 
have arrived in Bilbao, and the work of construction 
will be pushed forward rapidly. In connection with 
the yard a large graving dock has been commenced, 
and it is the intention to have it completed in time 
to accommodate the cruisers when »uilt. 


THe Russian KEROSENE Pipe LINE. 

Private letters from the Caucasus state that the 
arrangements are almost complete for the inaugura- 
tion of the new kerosene pipe line over the 
Suram Pass. The works in connection with the 
undertaking have been in hand for several months 
past, and have involved the laying down of 34 miles 
of 4-in. oil piping. The pipe line starts from the 
Suram Station of the Transcaucasian Railway, and 
traversing the ridge of the Lesser Caucasus at a 
height of 5200 ft. above the sea level, terminates at 
Quirill Station, on the Black Sea side of the moun- 
tains. The pipe can hold at one time over 100,000 
gallons of kerosene, which, reckoning 300 days to 
the year, implies an annual capacity of 60,000,000 
gallons. Thanks to the pipe line, which has been 
constructed by the Nobel firm, the export of kero- 
sene from Batoum will be considerably increased, 
and the Nobels have already chartered three tank 
steamers to convey the oil thence to Europe. The 
kerosene pipeline, which has cost about 70,000/. to 
lay down, must not be confused with the larger crude 
oil pipe-line scheme. While the former simply 
carries the kerosene over the Suram Pass to ease 
the traffic on the railway, the oil, both before 
reaching Suram and after leaving Quirill, being 
conveyed in tank cars, the latter provides for the 
conveyance of the crude article the whole distance 
from Baku to Batoum. A concession for this was 
granted some time ago by the Russian Govern- 
ment, and is now being revised to meet the require- 
ments of foreign capitalists. Meanwhile, the 
petroleum season at Baku has opened under very 
favourable circumstances, the refineries are all fully 
employed in manufacturing oil for the European 
market. Several vessels are constantly employed 
conveying liquid fuel from Baku across the Caspian 
to Azoun Ada, for the use of the Transcaspian 
Railway, oil fuel alone being employed on the 
locomotives running from the Caspian to Samacand, 
a distance of 1000 miles. As yet the Russian 
authorities have done very little to open up the 
Transcaspian oil deposits. 


Tue Steam Borters BI. 

A Bill is before Parliament to amend the law re- 
lating to steam boilers, and to provide for their com- 
pulsory examination at certain intervals. It was 
prepared ani brought in by Mr. Provand, Mr. O. 
\ Morgan, Mr. W. Abraham, and Mr. Howell, 
and is conceived in a very moderate spirit. Its 
main provisions are that every boiler shall be re- 
gistered and numbered, and that each year it shall 





be inspected, and ifin good condition, certificated 
by a competent engineer. No unregistered or un- 
certificated boiler may be worked. The boiler owner 
or user is to be responsible to any person injured 
or suffering damage by an explosion of a boiler, 
due to the negligence or incompetence in failing to 
report defects on the part of any inspecting society 
or certifying engineer he may employ for the 
examination and certification of his boiler, as if 
such person or society were in his permanent 
employment. However, if, on inquiry, the ex- 
plosion is found to be due to defective con- 
struction or condition of the boiler or of its fittings, 
which ought to have been detected by the certifying 
society or engineer, such society or engineer shall 
be liable to the boiler user to the extent of 1501. 
Should an explosion take place a preliminary in- 
quiry will be held before a court consisting of one 
or more engineers, and if necessary this will be 
supplemented by a formal investigation. The cost, 
up to 500/., may be charged to any certifying engi- 
neer who may be proved to be in fault, in addition 
to the 150/. for which he is liable asdamages. In 
order to relieve from the payment of costs the 
certifying engineer, or his society, it will be neces- 
sary to prove his competence, and if the costs can- 
not be recovered from him on account of his insol- 
vency, then the boiler owner or user will be made 
responsible. It will thus be seen that the Bill 
introduces no unreasonable red tape conditions. 
The only rigid rule is that no boiler can be worked 
after its certificate, which cannot be for more than 
eighteen months, has run out. The choice of the 
engineer is optional, and the only condition 
attached to it is that reasonable diligence must be 
used in selecting a capable man. The engineer 
himself has to back up his opinion to the extent of 
150/., and therefore might be expected to exercise a 
wise judgment, were not the action of some insur- 
ance companies before us to the contrary. Alto- 
gether a possible fine of 650/. hangs over the boiler 
owner or user, if his engineer is both incom- 
petent and insolvent. The immediate good of the 
Bill if passed will be the registration of all boilers, 
with their history, and an account of their condition. 
Responsibility will be fixed upon some one, and that 
responsibility will be so heavy that hundreds of 
existing boilers will get no certificate, and hence will 
be broken up. The Bill does not apply to the 
boilers of locomotives belonging to railway com- 
panies, nor to some classes of marine boilers. 





PARIS EXHIBITION NOTES. 

TuHE Exhibition Electric Lighting Syndicate supply 
light to exhibitors, concessionaires, and other private 
users on the Champ de Mars at the rate of 60 francs 
for each incandescence lamp installed, and for the 
whole period of the Exhibition. This price includes 
the supply of fifteen candle lamps, laying wires, making 
connections, &c., but, of course, does not include the 
supply or fixing of chandeliers and brackets. 

* * * 

The numerous bridges by which public communica- 
tion is maintained between different parts of the Exhi- 
bition grounds not only continue to cause much incon- 
venience, but are beginning to be the source of general 
uneasiness. The light structures which span the Quai 
du Passy and thus connect the Pont de Jena with the 
Trocadéro, sway alarmingly under the load of closely 
packed visitors which crowd them at different times of 
the day ; the steep flights of steps giving access to the 
bridge over the approach to the Pont de l’Alma are at 
all times inconvenient, and when crowded with pas- 
sengers are positively dangerous. No doubt the Exhi- 
bition authorities will see to these important matters 
in good time before the rush to the Exhibition sets in 
in good earnest. 

* * * 

It will be remembered that the various concessions 
for restaurants, &c., were granted on the basis of the 
concessionaires paying to the authorities a certain sum 
per square metre of floor area occupied, multiplied by 
the number of millions of visitors passing through the 
gates, this calculation being based on an assumed 
maximum of 13,000,000 visitors. When, however, 
the great lottery coup was so brilliantly made and 
30,000,000 tickets were thrown upon the market at a 
depreciated price, the situation became somewhat com- 
plicated. On the one hand, the number of visitors 
would certainly be doubled and probably trebled, 
thereby largely increasing the liabilities of the restau- 
rateurs ; on the other hand, a public gaining admission 
for 50 centimes is evidently not so desirable to the 
concessionaire as one obliged to pay a franc for admis- 
sion. Fortunately this complication has been ad- 
justed and the original maximum basis of 13,000,000 
has been accepted by the Exhibition authorities and 
the concessionaires, 





—_ 


The great electric beam from the Eiffel Tower was 
turned to a good purpose the other evening; a large 
barge loaded with about 400 tons of sand struck one 
of the piers of the Pont de Grenelle in passing under 
the bridge and was seriously damaged. A force of 
men was immediately put on to unload the barge and 
prevent it from sinking in the channel: but as the 
work was not finished at nightfall a message was sent 
to M. Compagnion, who was in charge of the light 
installation, begging him to direct a beam towards the 
site of the accident about 1500 yards away ; this was 
done and the illumination was so successful that the 
work was carried on without interruption, and much 
inconvenience was saved to the traffic on the Seine by 
preventing the barge from settling down in the 
channel. 

* * * 

The rain and wind that rendered Paris so uncomfort- 
able last week did considerable damage to the beautiful 
awnings that have been so profusely erected over the 
Exhibition grounds, and the delicate colours have 
suffered considerably, while the canvas was torn in 
many places ; if the misfortune of a wet summer is 
before us the maintenance of the awnings will be 
quite an important item. 


* * * 


A few hours’ rain suffices to turn the garden walks 
into a sea of mud, and numbers of workmen have to 
be kept employed in removing it, greatly to the de- 
terioration of the paths themselves, the slight surface 
covering of which would speedily disappear during a 
wet season. Fortunately the porous soilof the Champ 
de Mars absorbs the water rapidly. -The services of a 
steam roller are badly needed over the broad expanse 
of shingly gravel in front of the Kiffel Tower. 


* 


Visitors leaving the Exhibition in the afternoon are 
much puzzled, and not infrequently irritated, by find- 
ing many of the large gates labelled ‘‘ portes de sortie,” 
closed against them, so that they are obliged to make a 
more or less wide detour before they can quit the 
building. Why they should be thus inconvenienced is 
not apparent. 

+ * 

Vague rumours are afloat that some effort will be 
made to keep the Exhibition open for some months 
after the appointed time ; of course there is no sound 
foundation for such rumours, which are always set 
going whenever a great exhibitionisheld. Six months 
mark the extreme limit of time which exhibitors can 
spare, and with bad weather and shortening days the 
— interest flags rapidly. Moreover, most of the 

uildings which contribute so largely to the bright- 
ness of the Champ de Mars are of quite a tempo- 
rary character, and will lose all their freshness by the 
end of October. Of course this does not apply to the 
principal structures, some of which will certainly 
remain, while others are far too beautiful, and of too 
permanent a character, to have been erected only for 
au ephemeral existence, 


” a * 


Machinery in the British Section has been in motion 
regularly for the last ten days, and in spite of the 
various incidents inseparable from Exhibition expe- 
rience, matters are working very steadily. Now that 
Messrs. Smith and Coventry, Messrs. Hulse and Co., 
Messrs. Selig, Sonnenthal, and Co., and others have 
got their collection of machine tools in order, the dis- 
play in this class is far from beinginsignificant; theheavy 
work of erecting Messrs. Greenwood and Batley’s great 
gun lathe is proceeding as rapidly as could be expected 
under considerable difficulties; already its gigantic pro- 
portions attract the attention of crowds of visitors. A 
curious accident occurred the other day to the 13-in. 
exhaust main laid in the trench under the flooring in 
the British Section ; one of the pipes burst and a large 
piece was torn away. Of course there was no steam 
pressure in the pipe, and the accident must have been 
caused by local strains in the casting. 

* 7 * 


On the 30th of May and the Ist of June two very 
successful ‘* At homes” were given in the offices of the 
British Section by Sir Polydore and Lady de Keyser 
and the members of the Executive. At least six hun- 
dred people accepted the invitations issued, and the 
spacious offices of the Committee were crowded on 
each occasion. The idea was a good one, and was 
admirably carried out by Sir Polydore de Keyser, 
whose genial and generous characteristics have made 
him a special favourite in Paris,. At the same time as 
chairman of the Executive he continues to exert the 
administrative capability upon which the success of 
the section so largely depends. 

* + 


* 


Bearing upon what we said a few lines above, the 
question of preserving the main buildings of the Exhi- 
bition as permanent structures, is to receive the atten- 
tion of the Legislature, M. Frébault, deputy of the 
Seine, having recently laid before the Chambers the 
proposition for a law bearing on the subject. This 
proposition is to the effect that the Machinery Hall, 
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the Liberal Arts, and the Fine Arts buildings, the 
Central Dome, the Central Gallery, and Vestibule shall 
be preserved, and that the vacant space upon the 
Champ de Mars shall be converted into a public 
garden. Ons objection to this project lies of course in 
the fact that the Champ de Mars is a State territory 
affected to military purposes ; but, as a matter of fact, 
it is but little used in this way, moreover it will be 
easy to find plenty of other localities near Paris 
equally suitable. The first step has been taken in this 
direction in the session by the State of a part of the 
ground on which the Eitfel Tower stands; we think 
the proposition is eminently a wise one, it would be a 
great misfortune for the buildings named to disappear 
after a few months’ occupation ; such triumphs of con- 
struction should rather be preserved as monuments, 
for which ample uses would be found, than be destroyed 
and forgotten, because they stand upon State property. 


* * * 


Mr. Yarrow’s latest speciality—a spirit laanch—has 
made its appearance in the dock outside the navigation 
pavilion this week. It is but a small specimen being 
only 21 ft. long and 5 ft. beam, but it will be sufficient 
to illustrate this new departure in boat propulsion, 
which Mr. Yarrow has made his own in England, and 
which he appears to be pushing with very considerable 
success. We notice that in the Machinery Hall MM, 
Escher Wyss et Cie., of Zurich, show a very neatly 
finished boat of about the same size fitted with a 
naphtha engine apparently built from the American 
design, in which Mr. Yarrow has made many modifi- 


cations, 
ia oa * 


Among the sober bateaux-mouches that ply so use- 
fully upon the Seine, there skim to and fro some 
gorgeous gilded butterflies; these form the latest 
advertising device of the Magasins du Louvre, the 
enterprising proprietors of which have established a 
landing stage near their establishment, and another 
close to the Champ de Mars. Purchasers at the Louvre 
are presented with tickets which bestow the privilege 
of a journey to the Exhibition and back upon these 


boats, 
+ * * 


A number of the ordinary express boats running on 
the Seine to the Exhibition are now supplied with the 
electric light by means of asmall 5 horse-power engine 
and a continuous current Breguet dynamo ; the current 

roduced is sufficient to maintain 17 incandescence 
amps, which are distributed in the engine-room, the 
cabins, and at the head and stern of the boat for the 
service signal lights, 


* + * 


The Ville de Paris decided some time since upon 
lighting the great line of boulevards electrically, and 
the work of laying the necessary mains and erecting 
the lamps in the centre of the roadway caused for a 
long time a considerable inconvenience to the traffic. 
This important work was divided between three com- 
panies ; MM. Popp and Co., the Continental Edison 
Company, and the Electrical Society for the Trans- 
mission of Power. The contract allotted to the Popp 
Company includes the streets between the Place de la 
Concorde and the Opera. Over this distance are dis- 
tributed 44 arc lamps, on the Thomson - Houston 
system, supplied by continuous high-tension currents 
produced from Thomson dynamos with Gramme ex- 
citers. The current is 30 ampéres and 2500 volts. 
The Edison Company lights the boulevards from the 
Opera to the Porte St. Denis by means of 38 Pilsen 
arc lamps fed by Edison dynamos which are driven by 
engines of 1300 horse-power ; steam is supplied from 
four Babcock and Wilcox boilers and by four Belle- 
ville generators. The cables, which are made of 
from 30 to 40 wires, are of Lazare-Weiller silicious 
bronze, The Electrical Society for the Transmission 
of Power completes the lighting of the boulevard from 
the Porte St. Denis to the Place de la Républic; they 
have established a station with four 200 horse-power 
engines that feed 25 arc lamps ; the cables are similar 
to those employed by the Edison Company, but con- 
tain from 50 to 60 wires. 


* * * 


Mr. Thomas Tagg has within the last few days 
moored a steam launch in the Exhibition dock on the 
Seine. This boat, which is 55 ft. long by 8 ft. beam, is 
fitted with compound condensing engines, the con- 
densers being tubular and placed outside the boat. 
Special interest attaches to this launch from the fact 
that the exhibitor steamed in it from Hampton Court 
to the Havre, and thence took her by river and canal 
across France to the Mediterranean, returning by the 
same way to the Seine after a trip of 3000 miles ; this 
journey was commenced on the 3rd of January and 
was finished about the end of April. We shall have 
more to say about this boat on another occasion, 


* * * 


The offices of the British Section on the Champ de 
Mars are contained in a building which is conspicuous 





for its ungraceful appearance, amongst the numerous 
pavilions adjoining it. The Executive Committee have 
done their best to improve its external unsightliness 
by hiding the ungainly expanse of corrugated iron 
sheets, so far as the roof is concerned, with thatch, 
while the central turret and the gables over the 
windows have been clothed with imitation tiles; in a 
few weeks the walls will be further screened with 
creepers, so that in the end the building will not look 
so bad after all. Within the appearance is very diffe- 
rent, for the really spacious rooms which the house 
contains have been luxuriously furnished for the use 
of the Executive by different exhibitors. The council 
room especially, which is the work of Mr. Armytage, 
of Altrincham, has been justly praised in the English 
and foreign press, 


* * * 


The separate pavilions on the Champ de Mars are, 
many of them, still uncompleted, and a large number 
are yet closed to the public; those of Brazil, Vene- 
zuela, Bolivia, Salvador, Chili, Uruguay, Egypt, and 
Mexico, are amongst those not ready; as it is pro- 
bable that the opening of each will be attended by an 
inaugural ceremony, there will be a good many such 
functions held during the coming month. A small 
building recently ge contains a model of the 
terrestrial globe by MM. Cotard and Viiard shown to 
a scale of one-millionth; a movement of rotation can 
be given to this globe. The sides of the pavilion are 
hung with maps and charts giving a large amount of 
geographical information that seems to be appreciated 
by the public. The exhibit is an interesting one, and 
we shall refer to it in detail on an early occasion. 


* * * 


The exhibitors in the British Section, desirous of 
showing their appreciation of the efforts made by the 
Executive Committee, have invited such of the mem- 
bers as will be present in Paris to a banquet, followed 
by a ball, to be held this evening at the Hétel Con- 
tinental. The chairman of the committee is Sir 
George Hayter Chubb, and Mr. Alderman Savory 
and Mr. James Paxman are deputy chairmen. This 
entertainment is likely to be a brilliant one, but de- 
cidedly the great banquet of the Exhibition is that to 
be held at the same hotel on the 13th inst., and which 
will be given by the foreign committees to the French 
Administration of the Exhibition. There will be 
altogether 400 guests, and the banquet will be followed 
by a reception; a committee has been appointed to 
complete all the arrangements of this important func- 
tion, of which General Franklin is president, and Sir 
Polydore de Keyser, MM. Carlier and Diaz Mimiaga, 
vice-presidents ; MM. Gentilli di Giuseppe and Duplan 
act as secretaries. 


* * * 


On the same evening that this banquet will be held, 
another one of great importance will take place at the 
Guildhall—that offered by the Institution of Civil 
Engineers to their American guests, now assembled 
at Liverpool. That the success of the American 
visit was assured from the moment the Civil Engi- 
neers took it in hand there could be no doubt, and 
it is certain that the coming ten days will always 
be remembered with pleasure by our visitors. But 
doubts were felt whether, after the London, Chat- 
ham, and Dover Railway Company had landed 
them at Calais, that the same amount of success 
would attend them in France. There seems every 
prospect, however, that the efforts made by the French 
engineers to receive and entertain the Americaus will 
be very successful. It is intended that an hour and a 
half or two hours should be spent in Calais to examine 
the new harbour works there, and the special train 
which the Northern Railway of France has so liberally 
placed at their disposal will make a detour and stop 
near St. Omer, to give the engineers an opportunity 
of inspecting the great hydraulic canal lifts. On the 
day after their arrival in Paris nothing official will be 
Jone, but on the following morning a formal reception 
will be held at the offices of the French Society of 
Civil Engineers ; the party will then breakfast with 
M. Eiffel on the first story of the tower and will after- 
wards ascend to the top in detachments. A part of 
this day will also be spent in an organised visit to the 
Exhibition. The Ville de Paris has made arrange- 
ments for an excursion through the Paris sewers, and 
further visits to the Exhibition and elsewhere will be 
paid ; one of the most interesting of the latter will be 
the compressed air installations of the Popp Company. 
Altogether, though the Paris programme is not yet 
complete, itis certain to be a very full, hospitable, and 
attractive one. 

* * 

The crowds at the Exhibition continue to patronise 
the Décauville Railway, the numerous trains on which 
are always filled. The expense of working this line is 
120/. a day, of which 40/. goes to pay wages, fuel, oil, 
and stores; 40/. represents the daily depreciation of 
permanent way and rolling stock, and interest on 
capital; and 40/. a day will just cover the expense 
later on of closing the tunnels and restoring the sur- 





face. Besides this amount there is of course the tax 
to pay to the French Administration for every thousand 
visitors carried ; but making the amplest allowance for 
all these outlays, it is obvious that the balance at the 
end of each day’s work must be a very large one, and 
the speculation highly profitable. 


* * * 


Many persons complain that the classification of the 
contents of the Exhibition by nationalities, and not by 
similar objects, is a great mistake. We do not share 
this opinion, for although the wide separation of ex- 
hibits of the same kind makes comparison more diffi- 
cuit and involves a greater amount of fatigue, the 
division by nationalities possesses the great advantage 
that the visitor is able to appreciate easily the strong 
and weak points of each national collection. Of course 
it was in all respects desirable that railway material 
should be grouped together, and this has been done, 
but it is certain that if the exhibits generally had been 
distributed in their respective classes all over the Ex- 
hibition the importance of the foreign exhibits would 
have been wholly destroyed; moreover, the archi- 
tectural features of the buildings did not lend themselves 
to such an arrangement, especially as the system of 
isolated pavilions has been so largely carried out. 
Three-fourths of the space in the Machinery Hall is 
occupied by France, and an excellent classification is 
made of the machinery shown there. 


* * * 


The first party of artisan reporters who are being 
sent over here by the Committee which the Lord Mayor 
has organised for the purpose, arrived here at the be- 
ginning of the week, and were with his usual hospi- 
tality entertained by Sir Polydore de Keyser at one of 
restaurants on the Kiffel Tower. The men seemed to 
be delighted with their reception. 1t may be a question 
whether their reports will be of more permanent value 
than those prepared in 1867 and 1878; but at all 
events these visits of British workmen to the great 
foreign exhibitions cannot fail to be of service in open- 
ing their eyes to the progress in their own special 
trades which is being made on the Continent. 





INDUSTRIAL NOTES. 


Tue British Government have consented to take part 
in the International Labour Conference, to be held at 
Berne, in Switzerland, this year, but the instructions 
to the English representatives will limit their action 
as regards the limitation of production, and the fixing 
of the hours of labour of adult males, neither of which 
questions having been matters of legislation in the 
United Kingdom. 

A temporary arrangement has been effected by 
which the Mariadorf colliers, who have been on strike, 
returned to work on Monday, June 3, pending nego- 
tiations for a settlement of the dispute. A period of 
two months is allowed for settling the terms of the 
compromise, so that unless some satisfactory arrange- 
ment is arrived at the men will again turn out in 
August next. 

The strike in the bridle-bit trade at Walsall con- 
tinues, for an advance of 15 per cent. in wages, and 
for some concessions as regard methods of work. It 
appears that some years ago the men obtained an ad- 
vance of 15 per cent. on best work, and 25 per cent. 
on common work, The latter is now done by the day, 
in consequence of the changes in methods of produc- 
tion, the wages being on the average about 1/. per 
week. ‘Ihe 15 per cent. advance now being contended 
for was, the men allege, taken off during the slackness 
in trade, but the advance is asked for all round. Some 
of the employers have conceded the amount asked for. 

The ironworkers’ dispute at Askam and Millom is 
not yet settled. The efforts to obtain non-union men 
to take the places of those on strike seem io have 
failed. The ironworkers generally are preparing for 
the great conference to be held in Manchester in Whit 
week, when the various questions affecting wages, 
hours of labour, conditions of employment, &c., will 
be discussed. 

It appears that the effect of the circular recently 
issued by the Northern Arbitration Board will be to 
add a further advance in the wages of the northern 
ironworkers to the extent of 24 per cent., to commence 
from the 30th of this month. The wages of iron- 
workers in the district covered by the Board will be 
equal to the Midland rate, plus the extras, to the 
extent of about Gd. per ton. Naturally the Midland 
men will claim an advance of 6d. per ton, so as to be 
on equal terms with those in the North. There is not 
any probability of this being resisted, as the one rate 
usually rules the other in this matter. . 

The strike of the iron pipemakers at Alfreton, in 
Derbyshire, is a strike of non-union men. Without a 
union, and with no funds, they resolved todemand an 
advance of wages, and on being refused they left work. 
The miners of the district have been aiding them with 
funds, and now the iron pipemakers are asking for 
permission to join the Miners’ Union. They do not 
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seem to be aware that the National Association of 
Ironworkers is in existence, but doubtless the fact will 
be made known to the men ere the strike ends, In 
any case, the men at Alfreton are now combining and 
endeavouring to form a union, whether the Miners’ 
Association decides to accept them or not. 

The largest strike now on hand is that of the 
rivetters in the Clyde district, in connection with the 
boilermakers and iron shipbuilders, the numbers 
engaged in which are variously stated, some reports 
asserting that 5000 persons are engaged in the strike. 
But the more accurate figures seem to be about 2800, 
of which 2100 are men and about 700 lads. Of course 
many others are idle in consequence of the dispute. 

The steelworkers of South Wales and Monmouth- 
shire are not quite satisfied with the advance of 5 per 
cent. recently given, as they allege that the advance is 
withheld from a portion of the men. They, moreover, 
assert that according to the selling price they are 
entitled to an advance of 15 per cent., or 10 per cent. 
more than has been — given. Another district 
meeting is to be held on the 15th instant at Blaenavon 
to consider these and other matters. 

A good deal of interest centres just now upon the 
action of the various miners’ associations throughout 
the country, as regards the advance of wages recently 
demanded. At the special conference held in Man- 
chester last week the total number of miners repre- 
sented was 220,000 men; Northumberland, with 
26,000, not being represented. The conference decided 
that the offer of the Yorkshire coalowners of 5 per 
cent. advance in July, and a further 5 per cent. in 
October be accepted, provided that the conditions 
annexed thereto are withdrawn. Failing that, the 
men decided to demand the full 10 per cent. advance 
on July 1. 

On Saturday last, the Ist instant, the Northumber- 
land Miners’ Association, consisting of 26,000 members, 
sent a deputation to the masters to request a 10 per 
cent. advance in wages. The meeting was courteous 
on both sides, but the masters postponed their decision 
for a fortnight. 

If the offer of the Yorkshire coalowners is reduced 
to the bare question of the 10 per cent. in two instal- 
ments of 5 per cent. each, on July Ist and October Ist 
respectively, the miners generally will accept the 
arrangement in all other districts, if the coalowners 
agree thereto, Meanwhile steps are being taken to 
prepare for a struggle by providing the sinews of war— 
a levy upon all the men, in or out of union, being de- 
cided upon. 

The Midland miners have practically agreed to a 
new basis, or amended sliding scale, whereby the 
wages are advanced 2d. per day to the thick seam 
miners, and ]}d. per day to the thin seam men. This 
is about 5 per cent. in lieu of the 10 per cent. previously 
demanded. By the new scale the minimum wages are 
fixed at 3s. 4d. per day for the thick seam miners, and 
2s, 8d. per day for the thin seam men. The chairman 
of the Wages Board, in the course of the discussion, 
said that he believed the new scale would result in an 
advance of 15 per cent. in the course of a twelvemonth. 

The coal trade in Derbyshire is said to be rather 
stagnant and large quantities are in stock. The men, 
however, regard the statement as exaggerated, and as 
being circulated with the view of affecting the deter- 
mination of the men to demand the 10 per cent. ad- 
vance. Meanwhile, it is agreed on both sides that a 
fortnight’s notice shall suffice in the event of a turn- 
out, 

There is also a lull in the Lancashire coal trade, 
some of the larger collieries only working four days a 
week, The men, however, still adhere to their demand 
of the full 10 per cent. advance in July next, unless 
the Yorkshire offer is accepted, and the terms thereof 
are generally conceded in all districts. 

In Nottinghamshire the miners are disposed to agree 
to the ‘‘ Yorkshire compromise,” if the conditions as 
to nofurther demand for a twelvemonth is withdrawn. 
A considerable section, however, urge the full 10 per 
cent, in July, but they will be governed by the cooler 
heads upon whom the responsibility of a strike will 
ultimately rest. 

In the Forest of Dean district there is a lull in the 
coal trade, the men working only four days per week. 
But the merchants, it is said, have no stocks to fall 
hack upon, so that it would seem as if the coalowners 
did not desire to hold stocks in view of a probable ad- 
vance in prices. 

The Somersetshire and Bristol miners are firm in 
their demand for the 10 per cent, advance, although 
probably they will agree to the Yorkshire compromise. 
They have resolved to give in their notices to expire 
on the 22nd of June. 

The Pontypridd miners have re:olved to build a 
public hall and library at a cost of 1000/., and they 
are busy raising subscriptions to carry out their de- 
termination. The public spirit of these Welsh miners 
ought to serve as an example to workmen in other 
centres of industry. 

The last report of the factories’ inspectors gives 
some figures relating to the price paid in the chain- 
making districts. A girl of eighteen years of age 





earned 3s. only for a full week’s work. A man in 
making pipe-hooks earned 10s. per week. One man 
worked sixty-six hours before a hot fire for 12s. Yet 
it is asserted that the colliers of the district, after 
leaving work early in the afternoon, make common 
chains at the low prices given, and thus prevent a rise 
of wages among the chain workers. 

Ata meeting of the Yorkshire coalowners held in 
Leeds on Tuesday last, the previously made condition 
attached to their offer of 5 per cent. advance on July 
Ist, and a further advance of 5 per cent. on October 
the Ist, that these rates should not be disturbed for 
twelve months, was withdrawn. It is now expected 
that the offer will be generally accepted, and that a 
strike will be thus averted. 





INSPECTING ENGINEERS. 
To THE EpiToR OF ENGINEERING. 

Srr,—Through the medium of your widely circulating 
and valuable journal, would you kindly permit some ex- 
pression of opinion as to the necessity for the formation of 
an association for the protection of civil engineers, con- 
tractors, foreign and colonial governments, and in fact 
the entire civilised populace from the consequences result- 
ing from the employment of an illiterate and unscrupulous 
class of men, masquerading under the above—and even 
more pretentious titles—who flood the market with every 
revival of trade, quoting ridiculous and impossible prices 
for services they have neither the intention or ability to 
perform, thus taking an honourable means of livelihood 
from really trained engineers ? 

Should not inspectors be divided into two classes: (1) the 
practical specialist, who may be a working man, requiring 
no great education, who would be employed merely in his 
own capacity ; (2) the man with education who has re- 
ceived a thorough training in every branch, to the pro- 
fession of a civil and mechanical ergineer, and who by 
virtue of the advantages afforded by his social position, 
has since, or previously, qualified hims.lf in uther respects 
to efficiently represent the same ? 

The association might have for its chief objects the 
guaranteering to engineers and contractors the wnaley- 
ment only of men who ‘‘ know their business,” and the 
stamping out of the abominable practices of extortion to 
which many contractors can bear painful testimony. 

Some of the effects of the Association would be to put 
into proper employment to-day hundreds of competent 
men obliged to take berths’in very subordinate capacities, 
whose legitimate places have been usurped by their 
inferiors ; to give a sense of satisfaction to the public 
mind that important structures and machines upon which 
scores of lives are dependent have been carried out in 
accordance with the best intentions and designs of modern 
engineering practice; to free the contractor from that 
unknown quantity in his estimate, the inspector’s bribes, 
and the consequent scamping of work, engendering in the 
minds of the working men a lower standard of workman- 
ship than his naturally better nature would ordinarily 
inspire him to turn out; the equalisation of supervision, 
which would tend to stay the many evils of too keen com- 
petition, providing at same time a basis upon which con- 
tractors could tender on equal terms; and lastly, and 
perhaps most important of all, insuring the competence 
of the inspector to such an extent as to entitle him to 
absolute discretionary power, the absence of which I 
believe most contractors will agree is a very serious draw- 
back to them by reason of the delay it occasions. 

If a man has been to college and subsequently through 
the workshops, for no other purpose than to walk about 
for the rest of his days with a specification, or written 
instructions in his hand, by which he is absolutely bound, 
then I fear his trainirg has been no use to him; his 
friends might have applied the money expended upon him 
toa better use. The engineer whom he represents (?) 
might save his salary, for any one of his clerks could as 
well perform these duties. 

Ask the contractor which he would prefer—the thorough 
practical man, who knows his business well and is able to 
assist in difficulties, who has discretion to discriminate 
between practicable and impracticable hay x nang who 
can put a workman right when he sees him doing wrong ; 
or the highly polished young gentleman from school or 
‘* the office,” armed with the specification aforesaid, from 
which he dare not, and could not if he would, depart. 

Till some such association as I have very inadequately 
endeavoured to outline has been established, so long shall 
we occasionally meet such absurdities as labourers from 
the rail mill inspecting (?) locomotives, and men impu- 
cently styling themselves civil engineers undertaking to 
inspect rails at 2d. per ton, free of expense, when actually 
resident over 100 miles from the work. Of course men of 
experience do not require to be told that such a price is 
impossible, and the man who quotes it himself knows 
this; but then he also knows that he can screw the 
balance out of the contractor, and moreover, that he does 
not intend to look at the work at all. 

Trusting that some of your readers may find time to 
take the matter up by suggesting preliminaries for the 
formation of an association, and thanking you, Sir, by 
anticipation, 

I am, obediently yours, 

Stockton-on-Tees, May 29, 1889. ENGINEER, 





THE ‘“*STRONG’ LOCOMOTIVE. 
To THE EpiToR OF ENGINEERING. 

Srr,—As having been intimately connected with the 
Strong locomotive during my twelve months’ residence in 
America, and knowing more of the engine than any one 
here, perhaps I may be allowed to discuss it in your 





columns, especially as it appears likely to become a sub- 
ject of controversy. 

The remarkable run to Buffalo may be chiefly credited 
to the boiler. Wisely, as I think, Mr. Strong has adopted 
a modification of English stationary boiler practice, for he 
has in his boiler secured the double furnace of the Lanca- 
shire boiler with a rear combustion chamber, and it is, 
after all, not to be wondered at that with a grate area of 
52 square feet the engine has been able to run 423 miles in 
asingle run. As regards grate surface the boileris in fact 
the equivalent or nearly so of two 7 ft. Lancashire boilers, 
which, with fairly good factory engines, can easily be 
drawn on for 600 horse-power. Now the locomotive with 
its steam blast has a far greater rate of combustion than 
20 1b. or 25 Ib. per square foot, and as the Strong engine 
has both rocking grate bars and drop plates, and can 
clean her fires and ashpits readily while running, it is not 
too much to expect one grate of 26 ft. area to keep the 
engine going during the cleaning of the other fire. The 
chief advantage, to my mind, in Strong’s boiler is the 
total elimination of the rattletrap stays which locomotive 
men have clung to so obstinately and so long for no better 
reason than precedent, and it is curious that you should 
illustrate Mr, Webb’s excellent new boilersimultaneously 
with the Strong engine. 

Possibly you have observed the immense length of the 
Strong boiler. This is, if my memory serves me, 31 ft. 6 in. 
over all, a wilful and unnecessary length, which might 
have been curtailed —aa but that Mr. Strong 
still is unable to shake off the fallacy of long tubes. This 
excessive length of boiler renders necessary the trailing 
truck, and adds needlessly to the cost of the engine. In 
an early engine of the Strong type the furnaces gave out, 
and gave rise to a deal of unfavourable comment. As I 
have seen these old furnaces, I can state that not only 
were the joints plain lap joints (exposed to the fire!), but 
the whole of the rivetting was very badly executed 
indeed. In the present boiler all rivetting where pos- 
sible was carried out by hydraulic power, even in such 
peculiarly shaped portions as could only be reached by 
attaching specially formed extension castings to the jaws 
of the portable rivetter employed. Further, the only 
seam now exposed to the action of fire is the connection 
of the back tube-plate to the combustion chamber, the 
plate being flanged inside the chamber. All other seams 
are Adamson’s, and their only fault is that they were 
drilled for 1,’: in. closed rivets, and the rivets are thus too 
heavy for the ,; in. flanges, the heads almost touching. 
At the flanges the maximum rivet should have been 1 in. 
closed, which would have secured a more uniformly elastic 
joint. 

Now, as to the Strong valve gear. When in New York 
I was informed that Mr. Joy claimed the Strong gear as 
his own. In your latest issue Mr. Bremme seems toclaim 
some of it as his. I am not at all concerned personally in 
the ownership of what is always known as the Strong 
gear, though I believe I know as much about it as any one 
and have thoroughly investigated all its phases, mecha- 
nically or otherwise. Any one may claim it who desires, 
if he can substantiate his claim. My own careful inves- 
tigation has satisfied me as to its merits and demerits, 
and I am fully convinced that one of the great merits of 
the whole combination, from the single eccentric to the 
gridiron valve, is the great length of the port edge opening. 
This is over 46 in., cr about threefold the port edge of the 
regular slide valve employed in engines of similar dimen- 
sions. 

As regards the very excellent running of the ergine as 
a machine for so great a distance without heating, credit 
should certainly be awarded to Mr. W. F. Dixon, who is 
practically responsible for the proportioning of parts and 
wearing surfaces, and who is one »f many English ergineers 
who have built and who are building locomotives ajl over 
America, proving that the differences in their practice 
are really due to climatic reasons and other questions of 
environment which seem to be wholly lost sight of by 
many of your correspondents both pro and con. either 
type usually discussed. : 

he Strong combination locomotive ought to be 
studied by all locomotive engineers. High - pressure 
steam demands something different from a flat-sided 
water tank to contain it, however well re:nforced and 
studded. 

Mr. Webb seems to be now of the same opinion. I have 
long advocated a radical change in locomotive boilers, and 
my connection with the Strong engine has not lessened 
my opinion of its necessity.. At the same time it does not 
seem requisite in general practice to adopt a double fur- 
nace. The prime necessities are rational forms to with- 
stand pressure, both bursting and collapsing, an entire 
abolition of stud stays connecting parts of different expan- 
sibility, and some further evidence than we now posters 
that there is any virtue in the whole cf the quarter mile 
of small tubes now used in each boiler. 

The Strong engine has firebrick bridges, and may there- 
fore be expected to be smokeless. We know in England 
that to render a locomotive smokeless something requires 
adding in the firebox to obtain an action such as is 
obtained in every well designed firebridge beiler, 

American engineers are very slow in taking up this idea, 
but will have to come to it unless Nature will obligingly 
alter a few laws, which at present seem to require them 
to follow Englizh practice as regards smokeless coal com- 
bustion in locomotives. Of course euch arches are not 
required where anthracite is burned to prevent visible 
smoke, but it is exceedingly probable that they would be 
an economical adjunct even then. 

Apologising for the length of my letter, 

I am yours, &c., 
Wituiam Hy. Booru, 
Formerly of the Manchester Steam 
Users’ Association, 
4, Fenchurch Avenue, E.C., May 25, 1889, 





652 


ENGINEERING. 





[JUNE 7, 1889. 








THE VALVE GEAR OF THE “STRONG” 
LOCOMOTIVE. 
To THE Epitor oF ENGINEERING. 

Siz,—In your last week’s issue I notice a letter in which 
Mr. Bremme claims to be the inventor of the valve gear 
used in the Strong locomotive illustrated by you in your 
previous number, and in the interest of fair play I ask 
you to allow me to make some remarks having reference 
to that claim. 

Personally I know nothing of any one who has had to 
do with the locomotive in question, or of Mr. Bremme, 
but I do know of the specification of a patent for a valve 
gear for locomotive, marine, and other engines granted to 
John Westley Hackworth, October 26, 1859, and I would 
ask Mr. Bremme to state as publicly as he has made 
the claim alluded to in what single particular the Strong 
valve gear, or any other modification of it ever put forward 
by him, as his differs from the valve gear described in the 
text and illustrated by Figs. 1 and 2, sheet 1 of that speci- 
cation, 

As gears of this kind are now coming into use it is to 
be presumed there is merit in them, and if it was Mr. 
Hackworth’s misfortune that he brought them forward 
too svon to profit by them, the credit of the invention at 
least is his, and not Mr. Bremme’s. Any one doubting 
this has only to refer to Hackworth’s specification and 
compare its illustrations with the Strong gear, the 
Bremme gear, Marshall’s gear, and several others more 
recently put forward as new inventions. 

The sling link, exactly as depicted in Hackworth’s draw- 
ings (Figs, 1 and 2, sheet 1), has also been used by Mr. 
David 5, and it now figures as not only a part, but as 
the greater part of what is called Joy’s valve gear. 

OF course Mr. Joy is, in common with all others, quite 
at liberty now to use Hackworth’s sling link or the curved 
slide, which is but an obvious modification of it, but he is 
not entitled to claim such things as his, as he did in the 
most unmistakable manner in a letter to your contem- 
porary of the 10th inst., the ‘‘ my sling link plan” men- 
tioned by him in that letter being neither more nor less 
than the identical sling link of Hackworth’s drawings 
published thirty years ago. 

Mr. Hackworth is now a very old manif alive (of which 
T am not certain), and it must bea painful thing to him 
to see 80 many not only benefitting in pocket by ideas 
which brought no profit to him, but, utterly regardless 
of palpable facts, attaching their names to and claiming 
to be the originators of his inventions and the rightful 
possessors of whatever credit belongs to them. 


Tam, &e., 
Larkfield, Richmond. WALTER Payton, 








THE SOCIETY OF ARTS ENGINE TRIALS. 
To THE EpiTor OF ENGINEERING. 

S1r,—-I was one of your subscribers who waited very 
patiently for the results of the motor trials at the Society 
of Arts, and as stated in ENGINEERING of February 22, 
this year, that it was not too much to say that as regards 
gas engines, the experiments would be the only thoroughly 
independent comparative tests of different engines that 
have been made with any approach to completeness over 
such long runs and with such elaborate measurements. 
With these sentiments I thoroughly agreed, but with the 
trials and the subsequent discussions that have taken 
place in your columns I am rather disappointed. 

I fully expected that these trials would be of great 
assistance to individuals like myself, who wanted reliable 
information for workshop practice. Scarcely aday passes 
but I am called out as a working engineer to some one or 
other of the different makers of gas engines to do small 
repairs, many of these are simple enough but others are 
not so. The loss of power in a gas engine after it has been 
working six or eight months, and an increase in the con- 
sumption of gas, or in other words, less effective work 
and the consumption of gas remaining a constant, is one of 
my difficulties, more especially if the engine is working 
up to its maximum power. 

The recent trials disclosed one thing which I have not 

et found in any engine, even fresh from the maker’s 
ands, viz., the very high initial pressure above the atmo- 
sphere. 
Pounds per Square Inch. 
The Atkinson ot pe 166 
oo SOGRO.... 196 
» Griffin 132 


Now the question 1 wish most respectfully to ask is, are 
these the pressures to be found in the various engines in 
use at present? Another point that considerably reduces 
the value of the trials in my estimation is that the water 
for cooling the cylinders was allowed to run freely through 
the jackets. What would the result have been had the 
engines been connected to the ordinary water tanks, is a 
question worthy of consideration. Again, no information 
is given about the exhaust, how was ‘t carried away, what 
length had it to travel before getting into the open air. 

I ask your indulgence in this matter in consequence of 
Crossley Brothers, Limited, having opened up the ques- 
tion in another light ; from the tone of their letter in your 
issue of May 10, they are not satisfied with the trials 
nor with the discussion now going on in your columns ; it 
seems that some of the best points in their engine has 
been overlooked ; they claim superiority for the *‘ Otto” 
over all others when running light. I would like to 
know how many gas engines are purchased to run 
light to do no work. Again, at half-load the ‘‘ Otto” 


is held td be equal or superior to its competitors. 

I have often heard it asserted that the ‘‘ Otto” was 
most economical when not fully loaded. Well, the trials 
have exploded that idea, still say Crossley Brothers (it is 
well known that as a rule small engines seldom run 
beyond an average of half their maximum power), ‘“‘One 





reads something between the lineshere.” Are the repairs 
more heavy when working full power than when only half- 
load? Does the increase of gas at half-load more than 
compensate for the trouble and expense caused when 
working full? With sixteen years’ experience among gas 
engines, I have never found one doing no work. An engine 
working not fully loaded iscommon enough, but the prac- 
tice now generally followed is to take full power out of 
them (hence the difficulty I have stated). Messrs. Crossley 
Brothers may leave the question of levers and toggle 
links to the purchasers of gas engines ; they will very soon 
find out what suits them best. Will they be as candid 
and give the initial pressure in the cylinders of the 4 horse- 
power, 7 horse-power, and 9 horse-power that consumes 
24 ft. of gas per brake horse-power per hour, and if it is 
the regular working pressure? These, no doubt, are ver 
pertinent questions, but they areinteresting, and of muc 
value from a practical point of view, more so at least than 
levers and toggle links are to 
Yours respectfully, 
May 11, 1889, An OLD MILLWRIGHT, 








THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society, held on May 25, 
Professor Reinold, President, in the chair, Mr. T, A. 
Lawson was electeda member. The thanks of the Society 
were given to Mr. T. H. Blakesley for presenting to the 
library a copy of the second edition of his work on 
‘* Alternate Currents.” 

The following papers were read : 

“Ona Relation Existing between the Density and Refrac- 
tion of Gaseous Elements and some of their Compounds,” by 
Rev. T. Pelham Dale. In a previous communication the 
author pointed out a relation between the specific refrac- 
tive energies of sulphur and selenium, and the present 
paper deals with similar relations in gaseous bodies. On 


calculating out the values of u-1 for the elements H, O, 


N, Cl, S, P, it was noticed that the logarithms were nearly 
integral multiples of half the logarithm for H, those for 
N, Cl, and P being double, and S and O three times that 
number. The value of «—1 for different elements is com- 
pared with the “—1 for H, the resulting numbers being 
for oxygen 2, mercury 7, arsenic 8, and sulphur 12 nearly, 
Similar calculations are made for the compounds N20, 
NO, CO, SQ, Cy, NH;, HCl, H,S, CH,, and C2H,, 
but as the data obtainable are very rough, the numbers 
are not so closely integral. The author hopes that better 
data will be furnished by persons having greater facilities 
than himself for experimental research. 

Professor Rucker thought the results obtained pointed 
towards some relation between the volumes of the mole- 
cules of different elements, and at the close of the meeting 
announced that on working out the relation he found the 
relative volumes to be a series of numbers in geometrical 
progression. 

“On a Water Spray Influence Machine,” by Mr. 
George Fuller. The apparatus is made up of four similar 
sections, each consisting of a nozzle, a metal ring, and a 
metal dish or receiver, arranged about a vertical axis. 
Pressure water issues from perforations ;}5 in. in dia- 
meter in the nozzles, and passes through the rings into 
the insulated receiver below. ‘The rings are placed at 
such a distance below the nozzles as to be about the 
point where the streams break into spray, and the re- 
ceivers empty themselves automatically. Calling the 
consecutive sections 1, 2, 3, 4, respectively, the rings of 
land 3 are connected to the receiver of 4, and those of 
2and 4 to the receiver of 1. The discharge points are 
connected with the receivers 2 and 3, and a rapid succes- 
sion of sparks passes when the water is turned on. Pro- 
fessor S. P. Thompson inquired whether the length of the 
spark was limited by leakage along the glass rods or by the 
spray passing between the receivers, and in reply Mr. 

uller said he thought the former leakage the most im- 
portant. 

** Notes on Polarised Light: (a) On the Transition Tints 
of Various Orders ; (b) Lecture Illustrations of the Rotation 
of Circularly Polarised Light; (c) On the Rotation of 
Circularly Polarised and Non-Polarised Light,” by Pro- 
fessor S. P. Thompson. The first note described an 
inquiry as to what thickness of quartz gives the best 
‘*sensitive tint” for polarimetric work. Biot gave the 
name to the tint produced by a quartz 3? mm. thick in 
a bright field, whereas in most modern polarimeters the 
name is om to that produced by 74 mm. quartz in a 
dark field. 

The transition tints of various orders were exhibited on 
a diagram of Newton’s scale of colours and by a wedge of 
selenite: Experiments were made on quartzes of 3? mm. 
and 11} mm., giving tints of the first and second order re- 
spectively in the bright field, and with a 74 mm. quartz 
ina dark field. The 3? mm. was more sensitive than the 
11} mm. to small rotations, but the 74 mm. seemed the 
best of the three. Prismatic analysis of the light trans- 
mitted by each led to the same conclusion ; a new square- 
ended direct vision prism built up of a glass prism 
(angle 140) immersed in cinnamic ether, being used for 
that purpose. The author pointed out that the “‘ sensitive 
tints” of German opticians are decidedly redder than 
Biot’s and those generally used in England. 

In the first apparatus described under (b) the ray of 
light is represented by a stretched cord thrown into pro- 
miscuous vibration by a tuning-fork ; and the polariser 
and analyser are each represented by two plates of glass 
mounted parallel to each other about a millimetre apart, 
between which the cord passes, Between the polariser 
and analyser the vibrations are in one plane, and they are 
transmitted or cut off by the analyser according as its 
plates are parallel or perpendicular to those of the polariser. 
By blowing across one side of the spindle-shaped vibrating 
segment between the crossed plates the plane of vibration 





is slightly rotated, and part is transmitted through the 
analyser. Other experiments illustrating rotation of the 
plane of polarisation were shown or described, the most 
conclusive being a bar of heavy glass placed along with a 
fish-eye lens between crossed Nicols. On starting a 
current in a helix surrounding the glass, the black cross 
formed by the fish lens is seen to turn round ually as 
the current grows. Another piece of apparatus, to illus- 
trate Fresnel’s view of the circularly polarised waves in 
quartz, consists of two equal eoplanar discs rotating in 
opposite directions, and carrying pins on which the ex- 
tremities of a double pantograph arrangement are pivotted, 
The middle point of the linkwork describes a line perpen- 
dicular or inclined to the line of centres of the discs 
according as the phases of the pins are the same or 
different. 

Note (c). In speaking of rotary polarisation, it: is cus- 
tomary to say that the plane of polarisation is rotated, but 
the author thinks it is equally correct to say that the 
light itself is rotated. Professor Stefans’ and Professor 
Abbes’ experiments bearing on the subject were de 
scribed, and to demonstrate that ordinary light may be 
rotated, a biquartz was placed between a Fresnel biprism 
and the screen on which the interference fringes were 
formed. By using quartzes of thickness sufficient to rotate 
each beam 45 deg., the interference fringes are caused to 
disappear, and on inserting a bar of heavy glass in each of 
the pencils and magnetising one of them, the fringes re- 


appear. 

Mr. Glazebrook thought the reason why 3¢ mm. quartzes 
were more sensitive than 11} mm. might be seen by con- 
sidering the sector-shaped spectrum in which the rays are 
spread out by the quartz, for with the thick piece the 
angle of the sector will be three times that in the thin one, 
and hence in the latter case a greater change of colour is 
produced by a given small rotation. 

Mr. Ward strongly condemned the use of biquartzes 
for rotation measurements, for he found it impossible to 
get them cut with such accuracy as to give a uniform tint, 
and if the light be slightly elliptically polarised consider- 
able error may be introduced. Speaking of magnetic 
rotation, he thought Fresnel’s explanation unsatisfactory, 
and considered it probable that the rotary character of 
the magnetic field increases the period of one and decreases 
that of the other circular wave, their velocities remaining 
the same. As regards quartz, he believed the rotary 
action due to the light itself (probably an effect of the 
longitudinal wave), and not to any peculiar crystalline 
structure of the quartz, for liquids exhibit similar phe- 
nomena, 

Dr. Thompson, in reply, said Mr. Glazebrook’s explana- 
tion of the difference in sensibility of the quartzes of 
various thicknesses was not quite satisfactory, for the 
reasoning would lead one to expect the 3? mm. to be most 
sensitive, whereas experiment showed that the 74 mm. 
was best. 

He quite agreed with Mr. Ward about the defects of 
the biquartz, and thought the shadow method preferable 
in many cases. On the other hand, he was disposed to 
believe that the rotary power of quartz was a result of its 
crystalline structure, for fused quartz possessed no such 
property. As regards liquids, Dr. Thompson thought the 
rotation due to some kind of skew symmetry possessed 
by the molecules, the average effect of which is observed. 

*©On the Molecular Weight of Caoutchouc and other 
Colloid Bodies,” by Dr. J. H. Gladstone, F.R.S., and 
Mr. W. Hibbert, F.I.C. This paper gives the results of 
determinations made by Raoult’s method, the reliability 
of which was first tested by preliminary experirents on 
substances of known molecular weights, and found to be 
fairly satisfactory. The experiments on caoutchouc give 
a very high value (about 6000), thus confirming the 
authors’ previous impression that it wasacolloid. Similar 
experiments were made on gum-arabic, caramel, albumen, 
and ferric, and aluminic hydrates, all of which were 
found to have high molecular weights. All the ex- 
periments confirm the belief that the molecule of a 
colloidal substance is an aggregate of a very great number 
of atoms, 





ErratTuM.—In our article on the Paris Exhibition pub- 
lished on page 564 ante, the address of the Credenda 
Seamless Steel Tube Company, Limited, was inad- 
vertently given as Durham. The only works of the com- 
pany at present are in Birmingham. 


RAISING THE “‘ SULTAN” —ERRATUM.—In a paragraph in 
“€ Miscellanea” last week on this subject, the name of the 
firm who have contracted with the Admiralty to raise 
the Sultan was incorrectly given; it should have been 
Messrs. G, Baghino and Co., 39, Lombard-street, Lon- 
don, E.C. 





GERMAN Coat Mininc.— Germany produced 65,322,000 
tons of coal last year, of the estimated value of 7,052,150/. 
The principal shares in last year’s output were sustained 
as follows: Prussia, 59,472,500 tons, and Saxony 4,297,649 
tons. Inthe Prussian production Westphalia figured for 
33,223,614 tons, and Silesia for 17,042,284 tons. Notwith- 
standing the great progress made by German coalmining, 
Germany is still a considerable importer of coal, and last 

ear the imports exceeded the exports by 6,207,357 tons. 

his somewhat remarkable result is due to the marked 
increase in the consumption of coal in Germany pense | 
the last ten years. In 1880, the consumption amounte 
to about 17 cwt. per head cf the population ; in 1888, it 
had risen to about 25 cwt. per head. Industries of all 
kinds have multiplied in Germany since 18§0, ard Ger- 
man coal mining, although greatly increasing in import- 
ance, is still unable to fully keep pace with the coal 
requirements of Germany. 
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THE TABOR INDICATOR. 


CONSTRUOTED BY MESSRS. JOHN MUSGRAVE AND SONS, LIMITED, 
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THE DYNAMITE GUN 

















OvrR two-page plate gives very complete views of | 
the United States pneumatic dynamite gun cruiser 
Vesuvius. This remarkable vessel, which has lately 
attained the enormous mean speed of 21.646 knots on 
the measured mile, has called forth the greatest 
enthusiasm in America, The entire press unite in 
extolling it, feeling a just pride that such an entirely 
novel and formidable vessel should have been produced 
in a country which has but little experience in naval 
matters. The laudation often takes for granted in 
the future performances of the Vesuvius a good deal 
which yet awaits demonstration, but we should be the 
last to decry popular enthusiasm regarding a navy, 
since it is only when the public interest is aroused 
that legislators will relax the purse strings to a suffi- 
cient extent to meet the national needs. Stripped of 
all exaggeration the Vesuvius represents a new and 
formidable element in warfare, and one which cannot 
be disposed of by airy criticism. No reasonable person 
expects that she is going to create an immediate revo- 
lution in tactics, or that she will be in all respects suc- 
cessful, but all must admit that she is the precursor of 
@ new order of naval affairs. In the battle of the 








CRUISER “VESUVIUS.” 








The 


future high explosives must play a great part. 
following are the chief dimensions : 


Length ... 246} ft. 
Breadth ... 264 ,,; 
Depth eee oce eee 14;'5 ” 
Mean draught ... Per a Oy 55 
Displacement at this draught 810 tons 


Tons per inch at luad line... «so ee ke 
Midship section Per 177.5 sq. ft. 
The armament consists of three pneumatic dynamite 
guns 15 in. in diameter and 54 ft. long (Fig. 6). Each 
gun will throw a shell charged with 200 lb. of dynamite 
a distance of a mile once every two minutes. Two 
revolvers, one for storage and one for firing, and each 
carrying five projectiles, are placed directly in the 
front of the breech-piece of each gun. The revolvers 
are turned, when lowered to load, by an hydraulic 
motor. The projectile is moved from the firing re- 
volver into the breech by an hydraulic ram, and the 
breech-piece is raised and lowered by the same means. 
The guns, with the exception of the a Ee ean are 
built into the ship, and can only be trained by moving 


| the vessel. The range is varied by the amount of air 
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which is admitted to the barrel, the limits being 200 
yards and one mile. This air is compressed to about 
1000 lb. pressure, by two machines in the main engine- 
room, and is stored in reservoirs close to the bottom of 
the vessel. The shells are launched through the air, 
and are dropped, if possible, into the sea alongside the 
enemy’s vessel. They are fired by electric fuzes which 
are rendered active by the water ; percussion fuzes are 
also provided. There is a secondary armament con- 
sisting of two 3-pounders, one l-pounder, two 37-mm. 
revolving cannons, and two Gatlings. 


Shoal Water— Full Speed 









Speed Curve 


US P.D. Gunboat “Vesuvius 
Jan 1o™ & Ii 1889 


indicased HP, 
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The motive power of the vessel is provided by two 
vertical triple-expansion engines with four cylinders 
each. These measure respectively in diameter 21} in., 
31 in., and 34 in., there being two of the latter size. 
The stroke is 20 in. in each case. The valve gear is 
of an improved Marshall type and the valves are all 
of the piston class. Each engine has two single-acting 
air pumps worked by beams from the low-pressure 
cylinder crosshead. There are four cylindrical loco- 
motive boilers 9 ft. in diameter and 194 ft, long, with 
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a total grate surface of 200 square feet. Each boiler 
is in a separate stokehold with its own fan. 

The trial took place on January 12, 1889, when, 
with a steam pressure of 1601b., the engines developed 
4366 horse-power at 278.8 revolutions. The measured 
course was 2.543 knots, and was laid off outside the 
Delaware breakwater. Going with the wind and tide 
the boat made a speed of 22.94 knots, and on the 
return trip a speed of 20.34 knots, or a mean speed of 
21.64 knots per hour. On the previous day progressive 
speed trials had been made. In the first run the engines 
made 125.3 revolutions per minute, and the speed was 
10.6 knots; in the second run the revolutions were 
175.75 per minute, and the mean speed was 14.88 
knots. In the third run the revolutions were 230.6 
and the speed 18.94 knots. A speed curve and a wave 
line diagram are given on the preceding page. 

The following comparative Table is extracted from 
a pamphlet published by the William Cramp and Sons 
Ship and Engine Building Company, of Philadelphia, 
the constructors of the Vesuvius. It gives the perform- 
ances of the leading torpedo cruisers of the world. 











| 
Vessel. | ae 1.H.P Speed. "| Nature of Trial. 
tons. knots.” | 
Vesuvius es 811 4366 21.65 | 2.64-knot run. 
Ijin ..  ..| 600 3550 20.10 | 1-knot run. 
Tripoli .. ..| 860 3016 19.80 * 
(4040 21.00 | Unofhcial.) 
Destructor* ..| 858 8829 22.68(?) | o. 
(light draught) | 
Destructor* .. 458 “ 20.2 | ‘i 
(normal drght) | 
Sharpshooter .. 735 4500 (t) (+) 
Rattlesnake .. 550 2869 19.50 (1 knot run. 
Bombe .. ° 320 2000 19.50 ns 


* Performance of this vessel reported by builders only; no 
official report b peer by - one Government. 
t Estimated ; not yet tried. 


The Vesuvius carries thirty torpedoes, each loaded 
with a much larger charge than the locomotive torpe- 
does of her rivals. She has thus not only an advan- 
tage in the number of her projectiles, but also in their 

ower, The machinery of the Vesuvius was designed 
y Mr. Horace See, of Philadelphia. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 24, 1889. 

Tue effort of the American steel rail syndicate to 
establish harmony in production and prices has not 
been attended by good results. Three or four mills 
will make their own terms, and sell steel rails at prices 
that the rest cannot touch. The lowest reliable figures 
at which business was done at mills was 26dols. The 
business for the past week was 20,000 tons. Several 
railroad companies have reduced freight rates on coke 
ore and pig iron. Consumers are looking for further 
concessions by these and other roads, and until they 
are made it is impossible to say much about prices. 
No. 1 foundry iron is selling at tidewater points at 
17 dols., No. 2 at 16 dols., and mill irons at 15 dols, 
Alabama iron has been offered in this market a little 
below these figures. It was expected a month ago 
that by this time summer and autumn requirements 
would be covered, but buyers have been rather alarmed 
by recent reductions, and the railroad companies will 
be obliged to do something better. The best offers 
this week for southern forge irons have been at 
14.50 dols. The entire market is unsettled. 

The iron and steel manufacturers are moving south- 
ward. Many deposits of valuable ore are being con- 
stantly found in localities adjacent to cheap fuel, and 
such discoveries are naturally attracting the interest 
of capitalists and ironmakerr, and they recognise that 
it is only a question of time when furnaces and 
mills will be erected in the mountain regions of the 
south. A recent projector in Polk County, Ten- 
nessee, has found some of the largest deposits of brown 
hematite that have ever been examined. This ore 
crops out in some places 175 ft. long. In thickness 
it is not less than 125 ft. Nearly all ore of fine quality 
is found near the top of the mountain ranges. These 
deposits extend for 30 miles with scarcely a break. 
One prospector state: that there is an unbroken bed 
of brown hematite of from 12 to 15 miles. In many 
places it is 100 ft. thick. G, D, Fitz, of Birmingham, 
Alabama, who is an expert of wide reputation, has 
opened a vein 85 ft. thick, and declares it the most 
valuable he has ever examined, Chemists and assayists 
assert over their own signatures that the ore consists 
of 85 to 88 per cent. oxide of iron. Tennessee is 
certainly a State rich in possibilities. Heretofore 
Alabama has been attracting most attention to the 
abundant supplies of ore and the short distance 
to furnaces. A manganese ore deposit has been 
found in Shady Valley in Tennessee. The place 
has been called Purgatory. The chemists of one 
of the leading American steel rail establishments 
analysed the ore with the following results : 53 per 
cent. metallurgical manganese, phosphorus .134, 





A mining engineer, who opened thirty drilled 
pits in this deposit, found a continuous bed of man- 
_— ore ranging from 18 in, to 7 ft. in thickness. 
Many of the bars taken out weighed from 300 lb. 
to 400 1b. The southern ironmakers are shipping iron 
into northern markets and selling it at 14.50 dols. for 
forge. Recently No. 1 foundry has been offered at 
16.50 dols. Six new furnaces will blow in within 
the next ninety days. It is a question among Ameri- 
can ironmakers how many Pennsylvania and Ohio and 
other northern furnaces can stand out against the 
southern products. 





THE TABOR INDICATOR. 

On the preceding page will be found engravings of 
a steam engine indicator, invented by Mr. Tabor, of 
New York, and adopted by Messrs. John Musgrave 
and Sons, Limited, of Bolton, Lancashire, who have 
found it very well adapted for use with high-speed 
engines. The most original feature in the Tabor in- 
dicator is the device employed to obtain a straight 
line movement of the pencil. This device comprises a 
small roller on the pencil bar and a curved slot in an 
upright stationary plate fixed to the cover of the steam 
cylinder. The pencil bar is thus guided at three 
points ; at its end it is connected by a short link to a 
fixed point on the cylinder cover; a second link at- 
taches it to the piston-rod, while the roller forms the 
third guide. The curve of the slot is so shaped, and 
the pin attached at such a spot, that the end of the 
pencil bar moves up and down in a straight line, when 
the roller is moved from one end of the slot to the other. 
The two links are a with each other in every 
position, while the lower pivots of the links and the 
pencil point are always in the same straight line. 

The steam cylinder and the base of the paper drum 
form one casting. Inside the steam po is a 
movable casing in which the piston works. The pencil 
mechanism is carried by the cover of the outside 
cylinder. The cover proper is stationary, but over it 
there fits a swivel plate, to which the plate and links 
are connected. The connection between the piston- 
rod and the pencil mechanism is made by means of a 
steel piston-rod, hollow at its upper end. It connects 
with the piston through a ball-and-socket joint, as 
shown in the section. 

The paper drum turns on a vertical steel spindle, 
and is supported at the bottom by a carriage. 
are provided inside the drum at the bottom, with open- 
ings in the outside of the carriage to correspond. These 


are so placed that the position of the drum may be | go 


changed so as to take diagrams in the reverse position 
of the pencil mechanism when so desired. The drum 
spring is of the watch-spring type, and its tension can 
be adjusted by winding or unwinding it. By means of 
a pawl and ratchet the motion of the drum can be 
stopped without unhooking the cord. 

In a late report of a test of indicators at the Brooklyn 
Navy Yard, it is stated that the Tabor indicator has 
30 per cent. less weight of moving parts, and 24.3 per 
cent. less friction than any other tested. 





THERMAL CHEMISTRY. 


The Apptication of Thermal Chemistry to Metallurgical 
Reactions.* 
By Mr. A. Pourcet. 


In his book on the subject, Mr. Pattison Muir defines 
thermal chemistry as the science that ‘‘treats of the 
mutual relations between chemical and thermal pheno- 
mena.” ‘‘It is still in its infancy,” he remarks, ‘‘and 
the facts amassed are not very numerous, nor sufficiently 
clearly interpreted, to render their application pro- 
ductive.” r. Pattison Muir’s opinion is slightly pessi- 
mistic, and is hardly justified, more especially in the field 
of organic chemistry. If thermal chemistry is still poor 
in results, work should be done with a view to add to 
their number, instead of their value being questioned. 

The fundamental principles of thermal chemistry 
consist of a small number of theorems, of which the two 
principal ones are the following : 

1. The heat absorbed in the decomposition of a sub- 
stance is exactly equal to the heat disengaged at the 
time of the formation of the same compound. This fact 
was shown by Laplace and Lavoisier as far back as 1780, 

2. Every chemical change effected without the inter- 
vention of an extraneous force, tends to produce the body 
or system of bodies that disengages the most heat. 

ith the aid of these two theorems, it is possible to 
satisfactorily explain the reactions occurring in industrial 
chemistry. For this purpose numerical data are at our 
disposal. These data, published in Mr. Pattison Muir’s 
elementary work and in Berthelot’s ‘‘ Essaisde Mécanique 
Chimique,” express the amount of calories disengaged 
or absorbed in the combinations of elements or compounds, 
in the state of gas, liquid, or solid. All these numerical 
data have been determined by the authorities on thermal 
chemistry: Dulong, Hesse, Graham, Andrew, Fabre an 
Silberman, Thomsen (one of the most productive writers), 
Troost, Hautefeuille, &c., and lastly by Berthelot, who 
has collated all the papers bearing on thermal chemistry 
with a view to place them on record in his admirable 


* Paper read before the Iron and Steel Institute, 
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tables, ps the quantities of heat calculated in ordinary, 
or small, calories, in proportion to the equivalents of the 
elements, that of hydrogen being taken as unity. The 
small calorie c is the amount of heat required to raise 1 
gramme of water from 0 deg. to 1 deg. C. The large 
calorie, C, is a thousand times greater. 

The numerical data I employ are either extracted from 
Berthelot’s ‘‘ Mécanique Chimique” or calculated from 
the figures supplied in his tables. The first example 
relates to the manufacture of ammonia-soda. 

Ammonia-Soda.—The two bodies that unite to form 
this substance are sodium chloride, NaCl, and ammonium 
bicarbonate, C,0,NH;.2HO; the two new compounds 
being ammonium chloride, NH;HCl, and sodium bicar- 
bonate, C.,0,.NaO.HO. The elements forming these two 
bodies have been supplied by the decomposition of the 
sodium chloride and the ammonium bicarbonate. This 
phenomenon of a has absorbed a certain 
quantity of heat equal (Theorem No. 1) to that which 
was disengaged on the formation of these bodies. 

Thus NaCl in being decomposed into Na+Cl absorbed 
96.2 calories; C,0s;NH3.2HO in being decomposed into 
©,0,NH, and 2HO absorbed 38.4 calories; total = 126.6 
calories. 

To this figure 126.6, there remains to be added the 
number of calories absorbed by the decomposition of an 
equivalent of water, HO, into H+O; namely, 34.5 
calories, in order to supply the oxygen and hydrogen 
necessary for the formation of NaO and HCl that enter 
into the composition of the ammonium chloride and of 
the sodium bicarbonate. The total is then 126.6 + 34.5= 
161.1 calories. The two last-mentioned substances have, 
on their formation, disengaged a number of calories 
greater than 161.1; for if that had not been the case, 
they could not have been produced. The following are 
the details given for the liquid or crystallised compounds : 


work. The figures, which are there shown por we in 


Calories. 
H+Cl=HCl, disengaging 39.3 
NaO0+O=Na0, disengaging _... 77.6 
HCl+NH;=HCINHsg, disengaging... 38.5 
Na0HO+C,0,=N: a0HOC,O,, disengag- 
ing ... aes ee We ae xe 30.8 
Total number of calories disengaged ... 186.2 


This number is greater than the preceding one by 
186.2—161.1=25.1 calories. It may be considered as the 
coefficient of affinity that has determined the formation 
of these new compounds, for the work of affinity is 
measured by the quantity of heat disengaged by chemical 
transformations effected during the act of combination. 

These reactions may be followed more readily if the 
sodium chloride in solution is considered as a chlorosalt, 
Cl.NaO, which, on being decomposed into HCl+NaQ, 
absorbs 13.7 calories. The ammonium bicarbonate, on 
being split up into its elements, C,0,NH,HO, absorbs 
.4 calories. The total amount of heat absorbed thus 
amounts to 13.7+30.4=44.1 calories. Ammonium chloride 
and sodium bicarbonate, as stated above, disengage during 
their formation 38.5+30.8=68,.3 calories. The difference, 
68.3—44.1=24.2, gives practically the same figure aa that 
obtained above, as coefficient of affinity having deter- 
mined the reaction. 

The manufacture of ammonia soda gives a by-product, 
calcium chloride, which is not utilised because the chloride 
cannot be extracted on an industrial scale. The CaCl, 
having become anhydrous and heated in contact with 
silica in a current of air, gives up its chlorine. This is, 
however, not an economical method of utilising this by- 
product. Submitted to the action of a current of hot air, 
calcium chloride remains unaltered, for the combination 
of Ca with Cl having disengaged 85 calories, the chlorine 
cannot be displaced from its combination with calcium 
by the oxygen whose coefficient of affinity with calcium 
is only 66 calories. Magnesium chloride, on the other 
hand, gives up its chlorine on ite conversion into MgO, 
when submitted to the action of a current of hot air. 
The number of calories disengaged by the combination of 
Mg with O is practically equal to that of the calories 
disengaged by the decomposition of MgCl into Mg+Cl. 
These two figures are somewhere near 75. In the 
ammonia soda industry, too, lime has, for some time past, 
been replaced by magnesia for regenerating the ammonia, 
in cases when there occurred a difficulty which has now 
been overcome and which was to obtain anhydrous mag- 
nesium chloride, that is to say, to evaporate its solution 
to dryness without decomposing it into MgO and HCl. 

he data relating to the combinations of the substances 
met with in organic chemistry are still more abundant, 
since it is more specially in researches in that branch of 
chemistry that attention has been directed by the chemists 
who have studied thermal chemistry, and notably by 
Berthelot. On the other hand, numerical data relating 
to metallurgical reactions are still very sparse. Most of 
them have been furnished by Thomsen, the distinguished 
Danish professor. To Messrs. Troost and Hautefeuille 
are due the experiments establishing the heats of chlori- 
nation, and of oxidation of boron and of silicon. 

Their calorimetrical investigation of the carbides, sili- 
cides, phosphides, and sulphides of iron and of manganese, 
published in the ‘‘ Annales de Chimie et de Physique” 
more than ten years ago, present the greatest interest. 
The conclusions they arrived at I quote below, without 
entering into experimental details :* 

1. Iron carbides are formed with absorption of heat 


d | from their elements. Thus, 1.04 gramme of grey pig iron, 





* The substances, filed or pulverised immediately before 
the experiment, were attacked by forty times their weight 
of mercury-bichloride, with the addition of 10 cubic centi- 
metres of water, in the platinum muffle of Favre’s calori- 
meter maintained at a constant temperature. 
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containing 1 gramme of iron, disengages 879 calories. Of 
white pig iron, 1.041 gramme, containing 1 gramme of 
iron, disengages 896 calories. Whereas 1 gramme of iron, 
with traces of carbon, diseng only 827 calories. 

Consequently, Jike all bodies formed with absorption 
of heat, pig irons are somewhat unstable compounds which 
dissociate at high temperatures. By slow cooling a pig 
iron abandons its carbon, disengaging the quantity of heat 
that it had absorbed in dissolving it. If, by an artifice 
that accelerates the cooling, this heat of solution is suc- 
cessfully absorbed, the carbide does not dissociate, the 
compound remains fixed, and white pig iron is formed. 
This phenomenon is produced by “‘chilling ” the pig iron. 

2. Manganese and carbon unite and disengage a quan- 
tity of heat. 

Thus, a carbide of manganese containing 5.8 per cent. 
of carbon disengages on chlorination 1010 calories.* The 
definite carbide Mn,C, containing 6.7 per cent. of carbon, 
does not disengage more than 386 calories per gramme. 
It may therefore be considered as one of the most stable 
compounds met with in mineral chemistry. As such, it 
is very probable that this compound is formed at the high 
temperatures of the blast furnace, and that manganese is 
present in pig iron, as in steel, in the state Mn,C. On 
account of its stability it is one of the last substances to 
be consumed by intermolecular combustion in the Bes- 
semer converter. 

3. Silicide of Iron.—On attacking a silicide of iron by 
liquid mercury bichloride, iron chloride and silica are 
formed. 

Thus 1 gramme of a silicide, containing 3,5 per cent. of 
silicon and 0.6 per cent. of carbon, disengages 970 calories. 
The heat disengaged by the chlorination of the iron and 
the oxidation of the silicon of this compound is also equal 
to 970 calories; and 1 gramme of a silicide containing 
14 per cent. of silicon and 0.04 per cent. of carbon disen- 
gages 1270 calories ; whilst the heat disengaged by the 
elements taken separately is equal to 1425 calories. The 
difference 1425-—1270=155 calories gives the heat of for- 
mation of the silicide containing 14 per cent. of silicon. 
The silicides of iron are, therefore, not very stable com- 
pounds, and consequently their oxidation by intermole- 
cular combustion is easily effected, and under the same 
conditions as if their elements existed separately in the 
pig iron, that is to say, with the disengagement of a quan- 
tity of heat. 

4, Silicide of Manganese.—Unlike the preceding case, 
silicon and manganese give very stable compounds, which 
are formed with a disengagement of heat. 

Thus, 1 gramme of silicide, containing 12 per cent. of 
silicon and 1 per cent. of carbon, disengages by chlorina- 
tion 1250 calories. The elements taken separately and 
transformed into chloride of manganese and silica, dis- 
engage 2280 calories. Consequently the elements of this 
silicide of manganese, containing 12 per cent. of silicon, 
have lost half the heat that they would have disengaged 
if they had been free. It should be noted that the carbide 
of manganese of the definite composition Mn,C, contain- 
ing 6.7 per cent, of carbon, is more stable than the 
silicide of iron containing 12 per cent. of silicon, and pro- 
bably more stable than the silicide Mn;Si, containing 
14.5 per cent. of silicon. Consequently, in the inter- 
molecular combustion of the Bessemer process, the oxida- 
tion of the silicide of manganese follows that of the 
silicide of iron; whilst the carbide of manganese is the 
last to be oxidised, after the carbide of iron and even 
the phosphide, in the basic converter, 

5. Phosphide of Ivon.—Phosphorus forms with iron 
compounds of a very stable character. In treating two 
phosphides of iron containing 5 per cent. and 9.5 per cent. 
of phosphorus respectively, Messrs. Troost and Haute- 
feuille obtained 790 and 488 calories per gramme. The 
heat disengaged by the oxidation A the phosphorus, 
although considerable, did not hide the loss of heat. 
may therefore be concluded that phosphate of iron is 
formed with a large disengagement of heat, and that it 
consequently is a stable compound. Manganese phos- 
om are attacked with difficulty by liquid mercur 

ichloride, and this is the only certain indication avail- 
able of their stability, and a of their forma- 
tion with a large disengagement of heat. 

6. Sulphides v Iron and of Manganese.—Thomsen has 
determined the heats of combination of sulphur with iron 
and of sulphur with pa gy the results being 12 
calories in the first case, FeS, and 23 calories in the 
second, MnS. It has also been shown by Messrs. Troost 
and Hautefeuille that a sulphide of iron, containing 5.4 per 
cent. of sulphur, disengages more heat on chlorination 
than does the iron it contains. It is thus a compound 
formed with absorption of heat, and consequently it is but 
slightly stable. I shall now show why it cannot be 
eliminated from the basic converter, and why this elimina- 
tion is so difficult in the basic converter. The sulphide of 
manganese, a more stable compound, in the presence of a 
basic slag, combines with it because it forms, like calcium 
sulphide, sul pho-salts, sulpho-silicates. I have provedt hat 
in the ferro-manganese slags the sulphur combined with 
the manganese is about one-third of that which is in combi- 
nation with calcium. Ca+S=CaS disengaging 46 calories. 

Before giving some example of the application of 
thermal-chemical data to metallurgical reactions, I must 
enumerate the third theorem that is required in the calcu- 
lation of combustions. It is as follows: 

In order to calculate the heat of combustion of a com- 
— it is merely necessary to subtract its heat of 

ormation from the heat of combustion of its elements, 


INTERMOLECULAR COMBUSTIONS. 
In the intermolecutor combustions of the Bessemer 
process, the oxygen is supplied by the conversion of Fe30, 


* Metallic manganese is stated by Thomsen to disen- 
gage 2040 calories per gramme, 








into FeO, Consequently each constituent of the pigiron, 
whether simple or compound, silicide of iron or of man- 
ganeze, phosphide of iron, carbide of manganese, carbon, 
&c., in order to take its share of oxygen for its combus- 
tion, must supply by its oxidation a quantity of heat at 
least equal to the number of calories absorbed by the 
decomposition of the sesquioxide of iron into protoxide. 

For the formation of FeO, I take 34 calories, and for 
that of Fe,0,, 44.6 calories, this figure being the mean of 
three thermometric results. 

The difference, 44.6—34=10,6 calories, gives the amount 
of heat absorbed by the decomposition of Fe,0, into 
Fe,0, + Q, 

ComBusTION OF IRON SILICIDE. 

The silicide of iron, SiFe, which, according to the ex- 
periments of Messrs. Troost and Hautefeuille, is formed 
without any sensible disengagement of heat, disengages, 
on its oxidation, a quantity of calories equal to the sum 
supplied by the combustion of the elements of which it is 
com posed, 

Si + O, give 109.5 calories 
Fe+0O 34.0 


” ” 





SiOeFeO ,, 143.5 ,, 


From this figure, 143.5, must be subtracted the number 
of calories absorbed by the decomposition of the three 
equivalents of Fe,O, that have supplied the three equiva- 
lents of oxygen necessary for the oxidation of SiFe, 
namely, 10.5x 3=31.5calories. In total, the formation of 
SiO. FeO has supplied 143.5—31.5=112 calories. 

It may also be of interest to know the heat of direct 
combination of SiO. with FeO. This figure is wanting; 
but the following reactions give an approximation to it. 

When silicate of iron at a red heat is submitted to the 
action of a current of hydrochloric acid gas, all the iron is 
eliminated in the form of volatile chloride, whilst the 
silica remains behind as a perfectly white deposit. The 
coefficient of affinity of this reaction may be calculated 
in the following manner : 


Fe0+HCl=HO+FeCl 
—_ Sr SeSEes” ~~ 
—22 +295 +41 


The algebraical sum, 70.5 —56=14.5 calories, gives the co- 
efficient of affinity. Thus, silica in uniting with the first 
equivalent of ferrous oxide disengages at most 14.5 calories. 
Now, leaving out of consideration a few exceptions that 
belong chiefly to the combinations of organic substances, 
the heat disengaged by each equivalent of the base with 
a polybasic acid decreases from the first equivalent to the 
second, and from the second to the third. 

If 14 calories is accepted as an empirical fume for the 
heat of combustion of the first equivalent of FeO with 
8iO,, we may adopt, by analogy with other inorganic 
compounds, 14 x # as the heat of combustion of the second 
equivalent, giving S8i022FeO, and 14x4 as that of the 
third equivalent, Si0,.3FeO, This explains why, in the 
presence of an indefinite amount of silica, there is a ten- 
dency for the silicate Si0,FeO to be formed. 


Si0,.2FeO + SiO, =2(Si0, FeO) 
~. ~~ — — 


ee cay 
-144+3x14 +28 


The coefficient of affinity is 283—23,4=4.6 calories. 


CoMBUSTION OF IRON PHOSPHIDE. 


It is generally admitted that ponte of iron is not 
stable in the presence of silica, that it is decomposed into 
phosphoric acid and ferric oxide, and that the phosphoric 
acid reduced by the iron returns to the state of phosphide 
of iron. This theory is, however, not in agreement with 


t | the following reaction : 


Tribasic iron phosphate, submitted at a red heat to the 
action of a current of hydrochloric acid gas, retains one 
equivalent of base. Thus, PO;, on uniting with the first 
equivalent of FeO, disengages more than 14.5 calories, 
and forms a compound more stable than the corresponding 
silicate SiO. FeO. Consequently silica cannot act on the 
phosphate of iron so as to liberate tho phosphoric acid. I 
adopt as the coefficient of affinity of PO; with FeO the 
number 15 calories. 

The experiments of Messrs. Troost and Hautefeuille 
have proved that 1 gramme of a compound of 95 per cent. 
of iron and 5 per cent. of phosphorus, converted into dis- 
solved chlorides, eee 790 calories. Now, thechlori- 
nation of 0.95 gramme of iron disengages 1700 C, that of 
0.05 gramme of phosphorus disengages 122, giving a total 
of 1822 C. Consequently the heat of formation of this 
compound is equal to 1822 -- 790 = 1032 calories, 

On applying the same calculation to the second com- 
pound submitted to chlorination by the same observers, a 
compound containing 90.5 per cent. of iron and 9.5 per 
cent. of phosphorus, and disengaging 480 calories, whilst 
the chlorination of these elements taken separately dis- 
engages 1842 calories, we obtain a figure still higher : 
1842 — 480=1362 calories, as the heat of formation of this 
phosphide of iron. That existing in pig iron, if we regard it 
as P Fe,* or PFe, would certainly have a very consi- 
derable heat of formation, and consequently its heat of 
direct combustion would be very slight. This is a valuable 
figure, and an exact knowledge of it would be of very 
greatinterest. Not knowing it, however, we can form an 





* This phosphide of iron PFe, is formed, with disen- 
gagement of light, by the direct combination with phos- 
phorus. Heated to a high temperature, this pee 
gives up some of nod ge oon and the phosphide PFe, 
appears to be formed. is contains about 15 per cent. 
of phosphorus. But in whatever form | eyo exists 
in pig iron, whether PFe or PFes or PF;, the conditions 
of its intermolecular combustion do not vary. 





agqrenivante idea of its value by examining the conditions 
of its oxidation in the basic converter. This oxidation 
only commences after that of the iron silicide, or manga- 
nese silicide, which takes the lion’s share in these inter- 
molecular reactions, and the basic silicate of lime is formed 
which here dissolves the lime. The carbon is by that time 
three-quarters eliminated. 

Now, carbon in forming CO disengages 12.9 calories of 
which 10.6 are absorbed by the decomposition of one 
Svein of Fe,0, into Fe,0,+0. Thus, 12.9—10.6= 
23 represents the coefficient of affinity of this reaction. 
On the other hand, PFe, in order to pass to the state of 
PO;FeO, must decompose 6 equivalents of Fe,0,, or in 
other words supply 6 x 10.6=63.6 calories. 

In the presence of a basic slag containing free lime, 
PO;FeO once formed is decomposed into PO;+FeO, with 
the disengagement of at least (—15) calories, and then 
gives PO;.3CaO, or PO; 4Ca0, as found by Mr. Stead, of 
which the formation disengages slightly more than 81.6 
calories. 

As total, there is a disengagement of 81.6 -15=66.6 
calories to determine this transformation of the phosphate 
of iron into phosphate of lime dissolved in a basic silicate. 
Consequently, the oxidation of the PFe, in the basic 

semer process, is finally determined by a disengage- 
ment of heat equal to 66 6 - 63.6=8 calories. 

To sum up, these two figures 2.3 and 8 are sufficiently 
close for us to be able to conclude that itis perfectly pos- 
sible to eliminate the carbon and the phosphorus simul- 
taneously in the presence of an alkaline base or of dissolved 
lime. This was proved in practice when Mr. Richards 
rendered lime fusible by means of fluorspar in the basic 
converter. In the basic or neutral open-hearth, by a 
similar artifice, and even in the ordinary progress of the 
operation, the phosphorus and carbon are simultaneously 
oxidised. Inthe acid converter, the phosphide of iron 
cannot be oxidised because the algebraical sum of the 
calories absorbed by the decomposition of the oxidising 
body on the one hand and of the combustible body on the 
other, is negative: less than 63.6. 

In intermolecular combustion there is, so to speak, a 
struggle amongst the combustible bodies to get hold of the 
oxygen of which the source is limited. Those that dis- 
engage the most heat draw upon those that disengage the 
east. 

When, however, the oxygen is freely distributed, all the 
combustible bodies are supplied simultaneously in propor- 
tion to their calorific capacity. This is what occursin the 
processes that give refined metal or soft iron ; in the ordi- 
nary puddling furnace, and, better still, in the mechanical 
puddling furnace, as well as in Sir Lowthian Bell’s and 
Krupp’s washing process. 

The eliminationof phosphorus is thus not in direct rela- 
tion with the temperature, as has been stated, but with the 
mode of oxidation employed. 


CoMBUSTION OF [RON SULPHIDE. 


According to Messrs. Troost and Hautefeuille, iron 
sulphide is a compound but slightly stable. Berthelot 
gave 12 calories as the coefficient of affinity of the com- 

ination Fe+S=FeS. Its free combustion disengages a 
quantity of heat calculated in the following manner : 


FeS+30=Fe04-SO, 
=34+35.8 
: = 69.8 calories. 

As the combustion is accompanied by the simultaneous 
vaporisation of SC2, from this figure must be subtracted 
the 12 calories disengaged in the formation of eulphide 
of iron. The result is 69.8-12=57.8 calories; but the 
SO, gas cannot be formed in a medium where the tem- 
peratue almost attains that of its total dissociation. The 
sulphur is concentrated in the acid converter. If the 
sulphur is eliminated by a prolonged after-blow in the 
basic Bessemer process, this is effected by the decomposi 
tion of the FeS by fluid CaO. We then have: 


FeS+CaO=CaS + Feo 


=—— ~ —_ 
-12 -—66 +46 +34 
a 
—78 +80. 
The coefficient of affinity of this reaction is equal to 
80—78=2 calories, or, in other words, it is very slight. 


CoNncLUSIONS. 


The main facts are presented as conclusions of this 
hasty investigation ; the first is that silica does not de- 
compose phosphate of iron; the second is that the tem- 
perature plays only a subordinate part in the elimination 
of phosphorus. 

ese are conclusions that a priori I did not seek, for 
they completely upset the ideas I had acquired. At the 
same time, I present them with all the reserve necessary 
in substituting a new theory for an established one that 
appears to have been supported by facts. ie 
f the details of the facts submitted to your criticism 
contain any errors, the principles are correct. 

Thermal chemistry, in its applications to metallurgy 
not only may be fertile in new views of the reactions of 
which the theory is not firmly established ; not only may 
this science throw light upon unexplained facts and thus 
lead to important improvements; but it may also serve 
as a guide in the investigations of the future, 

But new numerical data are required. The most 
essential ones are still wanting. And to obtain these, we 
must apply to the distinguished chemists and investi- 
gators that the Iron and Steel Institute numbers amongst 
its members. By supplying us with these data, they will 
render an immense service to metallurgy, and at the same 
time will afford a new proof of the vitality of our In- 
stitute, to which the iron and steel industry must ascribe 
its greatest advances during the past twenty years. 
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VALVE GEAR OF COMPOUND LOCOMOTIVE; L. AND 


N. W. RAILWAY. 


CONSTRUCTED FROM THE DESIGNS OF MR. F. W. WEBB, CHIEF MECHANICAL ENGINEER, CREWE. 
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In our issue of May 24, when describing (see page 601 
ante) the new class of compound locomotives which Mr, 
Webb is now building for working fast passenger traffic 
on the London and North: Western Railway, 
tioned that the design included some improvements in 
the details of the valve gear which we should illustrate 
on a future occasion. These illustrations we now give | 
on the present page, Fig. 1 showing the valve gear for | 
the low-pressure cylinder, and Fig. 2 the gear for the | 
high-pressure cylinders, while Figs. 3 to 6 show | 
details. 

Asin Mr. Webb's former compounds, the gear is of | 
the Joy type, and the improvements which have been | 
made in applying this gear to the ‘‘ Teutonic” class 
consist in the altered proportions of the links in the 
high-pressure motion, the addition of oil-cups for 
lubricating the joints, and the position of the peg-pin | 
in those joints where the pin requires to be fixed. The 
naceanelt length, given. to the links of the high- 
pressure motion, considerably reduces the strain on 
the joints when the piston is at the end of its stroke, 
and it also improves the distribution of the steam. A 
diagram illustrating the distribution obtained appeared 
on page 601 ante. 

The addition of the oil reservoirs insures more effi- 
cient lubrication during the long continuous runs now 
so common ; as will be seen, the oi. reservoirs are made 
solid with the links. As regards the peg-pin (see 
Figs. 5 and 6), it will be seen that it is placed at the 
outer end of the link, the latter being specially shaped 
to receive it. The object of this is that if a fracture 





should take place through the peg-pin hole—a failure | 04 


which will sometimes occur—the link will still be held 
in position by the metal remaining round the joint pin, 
and will not be set free as it would be if the fracture 








took place on the inner side of that pin. This, although 
a small detail, is certainly a point of importance. 
The results of the improvement in the valve gear above | 
noticed have been found very satisfactory. 





Vancovuver.—Extensive coal veins underlie the city of | 
Vancouver, and crop out on either side. 


| Cambrian agreement with the 
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NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam coal trade has shown continued 
firmness, the best qualities making 13s. 6d. to 14s. ; good 


we men- | dry coal, 12s. 3d. to 12z, 6d. ; and Monmouthshire, 11s. 6d. | 


per ton. The house coal trade has shown little change, 
but, if anything, the demand is slightly improved. A 
steady business has been passing in patent fuel. Iron ore 
has been dull, and prices have shown some weakness. 
The manufactured iron and steel trades have exhibited 
little change. 

Railway Rates.—A Devon and Cornwall Railway Rates 


Conference agreed on Monday to a schedule of objections | 


to the proposed new rates of the Great Western and the 
London and South-Western Railway Companies, and 
the necessary steps were agreed on for opposing the rates. 
Welsh Railway Union.—The Welsh Railway Union Bill 
came before a Select Committee of the House of Commons 
on Tuesday. Ita object is to authorise eements 
between a large number of small railways in Wales and 
the Manchester, Sheffield, and Lincolnshire, the Cheshire 
Lines Committee, the Mersey, Liverpool, and Southport 
and Preston Junction and Cheshire Lines Extension, an 
other lines for the purpose of through traffic, the same to 
be managed by a joint committee. Mr. Littler, Q.C., 
for the promoters, explained that the object of the Bill 
was to enable through traffic to be carried on at a through 


rate by all the companies, which, he maintained, would | 
reatly for the public advantage, and would open the | 


be 
coalfields of Wales to the whole manufacturing districts of 
the country. The Bill was opposed by the London and 
North-Western Railway Company, the Great Western 


Railway Company, and the Rhymney Railway Company, | 


on the ground that the arrangements 
contrary to Parliamentary policy, an no 
vantage to the public. After hearing evidence the 
Committee decided that the preamble of the Bill was 
proved, but required a clause to be inserted to insure that 
competition between the railways should not be interfered 
with; that the joint committee should be bound by the 
London and_ North- 
Western ; and that there would be power to the Railway 


| Commissioners to give through rates and facilities to the 


various companies, although the railway companies might 

have parted with their powers to the joint committee. 
Milford Docks.—The dry dock at Milford is 600 ft. long 

by 70 ft. wide. 


[ge poe would be | 
ry articular | 


The area of the floating dock is 22 acres, | 













ig.5. 
Joint B. 





| and the lock entrance is 100 ft. wide, the width between 
| the gates being 70ft. Large warehouses have been 
' erected upon the dock estate for storing cargoes, 


Rhymney Railway.—The directors of the Rhymney 
Railway Company have come to the conclusion that, 
whatever clauses may be inserted in the Bute Docks and 
| Taff Vale Railway Amalgamation Bill, to protect other 
| companies, the Taff Vale Railway must be placed ina 
| position to do the Rhymney Company great injury should 
| the amalgamation take place ; and in view of the probable 
passage of the Bill through Parliament the Rhymney 
directors have been directing their attention to the de- 
sirability of possessing, not only an outlet for their coal, 
but also an import dock outside Cardiff. 


A Colliery Dispute.—A meeting of the South Wales and 
Monmouthshire Collieries Association was held at Cardiff 
on Tuesday. The principal business of the meeting was 
to consider a dispute which has led to a strike at the 
Powell Duffryn Company’s Aberaman Colliery, one of 
the most important in the Aberdare district. The ques- 
tion in dispute relates to the standing of timber and cogs 

|in the working places; and apart from its local interest 
| the controversy affects the whole mining industry of South 
Waies. The company and the workmen having failed to 
agree upon a settlement, and a reference having been 
made to Mr. J. T. Robson, one of Her Majesty’s in- 
spectors of mines. 


The Timber Trade at Cardiff.—The increase which has 
| taken place in the timber imports of Cardiff during the 
past few years, has rendered it necessary to provide an 
| additional float, and steps are omg taken by the Bute 

Docks Company for the formation of a pond, 15 acres in 
extent, on the ‘aff, at the back of Messrs. Alexanders 
| and Co.’s timber yard. 


The Electric Light at Bristol.—On Tuesday the electrical 
committee of the Bristol Town Council met at the offices 
in Prince’s-street, when or of the electric light- 
ing of the city was discu . Mr. Preece, who acts as 
adviser to the committee, stated his views in regard 
to the subject, and strong —— were expressed that 

| the electric lighting system had so far advanced that a 
trial might be made in Bristol. With that object in view 
Mr. Preece was asked to draw up an early report for 
presentation to the council. 


| 
| 
| 
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‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ComPiteD By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 

The number of views given in the —— Drawings ts stated 
in each case after the price; where none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 

— of Specifications may be obtained at 88, Cursitor-street, 

h -Lane, E.C., either personally, or by letter, enclosing 
amount of sper and postage, addressed to H. BR LACK, Eeq. 

The date of the advertisement of the acceptance of a complete spe- 
cification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two ‘alee the date of 

advertisement of the acceptance of a complete specification, 
ive notice at the Patent Office of opposition to the grant of a 
atent on any of the grounds mentioned in the Act. 
MACHINE TOOLS. 

2489. J. Walker, Beeston Hill, Leeds. A Substi- 
tute to take the Place of Step Cones in Lathes and 
other Machinery. (6d. 4 Figs.) February 20, 1888.—This 
invention consists in having a movable plate, worked by a worm 
and wheel so as to allow for different size wheels, for getting diffe- 
rent speeds, also having a wheel and socket on spindle in the 
place of a cone which can be worked on the lathe spindle, loose. 
When the back gear is in, and by having a large flange on one 
end, it can be fixed to the spindle required. The movable plate A 





has a slot in it to allow for tightening the belt by a screw which is 
fixed to astud Dinthe slot. This stud has a movable socket, so 
as to turn on the stud to which is fixed a belt pulley E and also 
the change pinion for getting the different speeds. This socket 
having a keyway double the width of key for half the length of 

inion, and the gee having a key only half its length fixed to it, 

olds itself on the socket by getting into the broad part of the 
keyway. The plate A radiates on a stud B to put in different 
size pinions, and C is the worm for moving the plate to the posi- 
tion required. (Sealed April 9, 1889), 


2928. T. H. Bell, Middiesbrough, A. L. Steavenson 
Durham, and R. Clough, Willington, Durham. Im 
rear in Rock-Drilling Apparatus. [1ld. 3 Figs.] 

ebruary 27, 1888.—In this apparatus A is an airreceiver mounted 
on wheels, which carries the mechanism and supplies it with air. 
A forked pillar B is mounted on the — of C, its stem ing 
by atrunk through the receiver. The drill may be brought to 
any position by rotating the pillar by means of a lever and ratchet 
operating a worm and wormwheel D. The pillar B carries the 
axis of a tooth arc E in which engages a worm for setting it so 
that its socket may be made to incline to any angle, A hollow 
bar F is held in the socket E, and has a screw thread so formed 
thereon that it can slide through the socket. A nut G, provided 
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with ratchet and lever, screws 7 the bar F for afcing agiew 
dinal motion to it. A wormwheel H engages with bar F by 
means of a groove and feather, being operated by a worm for 
rotating the bar to any desired position. 1 are compressed air 
engines carried by the bar F, which drive a rotating shaft passing 
through the bar. This shaft actuates the drill S, by means of 
gearing N, and a nut by which the boring bar advances. A 
circular plate M carries the drill, and can be turned to any 
desired position, and clamped by set screws to the plate K. An 

tes a 


formed in it to receive a feather g with which the pulley d is pro- 
vided. This pulley is held between a bracket A and the second 
pulley e on the rotary nut b, supported in the bearing c. In Fig. 2 
the screw is shown as applied to jacks, b is the rotary nut held 
in the body c. A ratchet-wheel 7, provided with a feather g, is 
fitted upon the screw, in which a groove f is formed. With the 
wheel ¢ engages an adjustable double pawl on a hand lever d. 
Upon the nut is fixed another ratchet-wheel k actuated through 
the medium of a second lever and pawl. When the screw and 
nut are rotated in the same direction at equal velocities, no axial 
motion will ensue ; when they are rotated in the same direction at 
different velocities, either a varying or constant differential action 
can be obtained ; when the screw or nut is turned alone the axial 
movement will be that of a screw ; and when the screw and nut 
are simultaneously turned in opposite directions, the nut, pro- 
portionately to the speed of its rotation, will accelerate the axial 
movement of the screw. (Sealed Aprit 2, 1889). 


2095. F. Rose, Bebington, Chester. Improvements 
in or Connected with Apparatus for Shearing or 
Cutting the Wool or Hair of Animals, [8d. 4 Fuge 
February 11, 1888.—The apparatus consists of an adjustable plate 
a having a curved front, and provided with teeth b in the form of 
a comb, and a rotary cutter c mounted on and free to revolve on 
the face of such comb. The cutter is actuated by means of gear 
wheels d, e and spindle A connected to a flexible shaft driven 
from a suitable motor. By making the attachment of the brackets 
a, i? to the plate @ adjustable, as well as the position of the 
spindle, the position of the cutter c can be adjusted in relation 
to the teeth 6. The spindle is provided with a spring m, press- 
ing on the “7 which holds the cutter on the face of the comb, 
the pressure being regulated by a nut. i is a handle for holding 





the instrument. The cutting edges of the plate a on the right- 
hand half are arranged at such an angle with relation to the 
angie and shape of the cutting ed of the cutter, that in 
operation the angle formed between the edges of the cutter teeth 
and the comb teeth shall be such that will cause the hair and 
wool to be sheared and not pushed away by the cutter. Con- 
versely the angle of the cutting edges of the teeth of comb a are 
so arranged on the left-hand side that in operation the teeth of 
the cutter do not push the air or wool into the recesses at the 
roots of the teeth but cut it, whilst on the edge of said comb 
teeth. The flexible shaft may be connected directly to the 
spindle of the cutter instead of using the spindle h and gear 
wheels d, e. (Sealed March 26, 1889). 


14,317. J. Frayn and G. H. Goodyear, Plymouth. 
A Pipe Wrench. [6d. 1 Fig.) October 5, 1888.—The pipe 
wrench is made of steel and in two parts. The handle or lever is 
slightly curved at the upper part in which teeth are formed to 
grip the pipe. The other part of the wrench has cheeks at the 
bottom forming a socket for the lever to work in. The top part 
A is hook-shaped, and with the lever B grips the pipe. C is the 





socket in which the lever works, D is the centre pin with nut and 
screw on which the lever moves, and E is the handle. The chief 
features of this wrench are, that it will do for all sizes of pipes 
from 4 in. to 2in, internal diameter, without disconnecting or 
as as is the 2 = Repos at —— = beg = it also 
grips the pipe on three points, preventing the pipe being pressed 
(Sealed March 26, 1889). 


ROLLING METALS. 


580. H. Sack, London. Improvements in or Con- 
nected with Machinery for Rolling Metals. [11d. 
10 Figs.) January 13, 1888.—This invention comprises apparatus 
for acting on ingots or blooms after each passage between the 
rolls of the mill, so as to turn them and move them into the re- 
quired positions for passing through the successive grooves of the 
rolls, The apparatus is arranged upon a shaft B, below the feed 
rollers Aon which the masses of metal are carried when being 

assed from the ‘‘cogging” or other rolls. The shaft B has its 

arings provided with bushes placed within the plummer- 
blocks L, wedges k being employed to prevent them turning. 
The apparatus is carried by girders M. The bushes carry toothed 


out of shape. 





endless chain T, driven from the shaft within the bar, p 

wheel fast on a bevelled pinion, which can be made to gear 
with one or other of two —_ on one of the carriage axles, by 
means of a clutch lever U. (Sealed March 26, 1889). 


SMALL TOOLS. 


1010. C. and W. Junge, London. Improvements 
in and relating to Differential Screws, Chiefly 
Designed for Presses, Stamps, Punches, Brakes, 
Steering Gear, and the like. (8d. 5 Figs.) January 23, 
1888.--The mechanism is termed a variable differential screw, and 
depends for its longitudinal or axial movement upon the rotation 








of a screw and of a nut thereon. The screw and nut are provided 
with means whereby they can be simultaneously rotated at 
variable or at constant velocities relatively to each other in the 
same or a directions, and whereby either part can be 
rotated, while the other part remains stationary. In the arrange- 
ment shown in Fig. 1, the screw a and nut b are operated by means 
Of belt pulleys d and e. The screw has a longitudinal groove f 
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wheels D, whilst boxes C are keyed on shaft B and inclose all 
the wheels of the gear. At the upper part of each box C, and 
mounted upon the wheel G, is a finger H, so arranged that it 
rotates in a positive manner by means of its indirect connection 
with the fixed wheel D, whilst shaft B oscillates, the wheel G gear- 
ing with the wheel E also mounted on the box C. The shaft B is 
driven by means of two hydraulic rams giving motion to a rack 
which gears with a pinion on the shaft, which turns half a revolu- 
tion, thus causing the boxes C to partially revolve in the spaces 
between the rollers A, whilst the fingers H at the same time rotate. 
In this way the apparatus turns over the bloom orslab, and moves 
it into the positions necessary for passing through successive 
grooves of therolls. (Sealed March 26, 1889). 





1592, O. Imray, London. (R. Mannesmann, Remscheid, 
Germany.) Improved Manufacture of Sheet Metal, 
Metal Bands. and Wire. (8d. 3 Figs.) February 2, 1888.— 
According to this invention sheet metal, metal bands, and wire 
are produced by first manufacturing solid or hollow ingots into 
comparatively thin tubes by skew rolls, and then cutting such 
tubes in a longitudinal direction at one or more points, so as, when 
opened out, to form one or more plates, or a number of bands or 
narrow strips constituting wires, which are then, if necessary, 
flattened out by passing them through cylindrical rolls or by 
pressing. (Sealed February 22, 1889). 


1595. C. pover, Bammesr, Sheffield. An Improve- 
ment in Plate lling Mills. (8d. 2 Figs.) February 2, 
1888.—The invention consists of a double set of feed rollers at 
one or both sides of the mill, the two sets, which are placed side 
by side and —— correspond in width to an ordinary single 
set, being capable of being driven conjointly or independently 
in the same or opposite directions, that is to say, for conveying 
the slab or plate to or from the rolls, the two sets would revolve 
together and act as a single set, or the rollers of one set may 
revolve in one direction, whilst the other set revolve in the 
opposite direction or remain stationary, for turning the plate 
horizontally, or to turn it and also move it sideways on the feed 
rolls. (Seated February 15, 1889). 


14,163. H. A. Williams, Taunton, Mass., U.S.A. 
Improvements in Method of and ary! for 
M Pointed Wire Articles by Cold Rolling. 
(8d. 12 Figs.] October 2, 1888.—The invention comprises an 
improved method of rolling tapers, also aut ti hani for 
feeding the wire from which the articles such as hackle pins, awls, 
lasting tacks, and the like are to be made, cutting the same to the 
required lengths, presenting the cut pieces successively to the 
several pairs of reducing rolls for gradual reduction, and dis- 
charging the pointed articles, (Sealed February 15, 1889). 


MISCELLANEOUS. 


652. F. Herbert, J. E. Jordan, and C. G. Jordan, 
Newport, Mon. Improvement in the Manufacture 
of Cast Iron, Steel, and other Spigot and Socket and 
Flange Pipes. (6d. 4 Figs.) January 16, 1888.—The mould 
may be built up in two or any number of parts, and connected 
together by cramps, hinges, &c. A is the top part of mould, B 
another part, and C hinges connecting A and B together. D are 
eccentric cramps, E external necks or bearings, F friction or rope 
pulley for driving mould, G a loose bleck which may havea cover- 
ing of loam or sand at H, and which is used for forming the socket, 
or enlarged internal diameter of socket end of pipe to be cast, 
The mould is placed in a horizontal position and fixed in bearings. 
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and whilst being revolved a sufficient weight of molten metal to 
form the required pipe is run into it through either or both ends 
at lor J. e metal is equally distributed around the walls by 
centrifugal force, and after a sufficient time has elapsed to permit 
the molten metal to solidify, according to the diameter and thick- 
ness of the pipe, the mould is stopped, opened, and the pipe, 
together with the loose block G, is extracted therefrom, the block 
G being afterwards drawn from the socket of the pipe. By means 
of duplicate loose blocks, the act of casting or running pipes may 
be carried on continuously as fast as a mould can be opened to 
discharge the pipe, and closed and secured to receive molten 
material. (Sealed April 2, 1889). 


885. J. Otter, Brightside, Sheffield. An Improved 
Crane for Lifting and Turning Over Large Ingots 
During the Process of pains ‘orged. (8d. 3 Figs.) 
January 20, 1888.—This invention relates to travelling cranes, and 
is constructed in the ordinary manner with three gearing wheels, 
two working loosely on the driving shaft, and one above working 
between them. As the gearing revolves so as to lift or lower, the end- 
less chain passes over sheaves N and M, also round the two side 
sheaves of pulley block and the sheaves of pulley O above, thus 
causing the pulley block to be lifted and lowered. When it is 
desired to turn an ingot, the clutch is put on to one of the gearing 
wheels, which keys it to the shaft, and so causes the pinion B to 
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revolve in the opposite direction to the other pinion on the same 
shaft, and the one half of the gearing to revolve in one direction 
and the other in the reverse, as shown by the arrows. As the 
sheaves N and M are revolving in different directions, the pulley 
block becomes stationary, whilst the sheaves revolve loosely on 
their axles, with the exception of the centre sheave of the block, 
which, being keyed on its axle, turns a toothed wheel on either 
side of the pulley block, which are connected by endless chains G 
to toothed wheels H keyed to their axle, which axle is also secured 
to the bottom pulley I placed between the wheels H. Over the 
toothed sheave of pulley | passes a strong endless chain J for turn- 
ing over the ingot. The operation is effected by means of an end- 
less chain, which is first passed over the centre sheave of pulley 
block and one part carried over the right-hand sheave of pulley O, 
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thence over the right-hand sheave of pulley block, and thence 
over the sheave M, whence it falls. The other half of the chain 
is carried over the left-hand sheave of pulley O, thence over 
the left-hand sheave of pulley block, and lastly over the sheave N. 
The essential feature of the invention consists in the addition to a 
travelling crane of the centre sheave of the pulley block, and the 
gearing relating thereto. (Sealed April 9, 1889). 


1575. W. P. Thompson, London. (EF. R. H. Pohi, 
Berlin.) Improvements in or ne Lifting or 
Raising Apparatus. (8d. 8 Figs.) February 2, 1888.— 
The apparatus is formed of an easily transportable loadin plat- 
form or frame, erected on the uppermost girders when the ap- 
agen is being put up, and of a peculiar winding device which 
@ also easily transportable. This winding device is the most 
essential part of the apparatus, and consists in combining an 
endless lifting chain with two chain drums constructed in such a 
manner that by shifting the chain drums towards each other, the 
working length of the chain is regulated so as to suit the height 
to which the materials have to be lifted. (Sealed February 15, 
1889). 


1763. R. Stanley, Nuneaton, Warwick. Improve- 
ments in Boring or Tunnelling Machines. [8d. 5 Figs.) 
February 6, 1888.—The machine consists in the combination of a 
threaded shaft carrying arms having cutters attached thereto, of 
a cogwheel baving a bush formed with an internal thread corre- 
sponding with that of the shaft, the eaid wheel and shaft operating 
in combination with the other parts of the machine. ( 
March 1, 1889). 


3111. G. F. Thompson, Liverpool. An Improved 
‘Machine for Washing, Drying, and oving Stones 
and other Impurities from Grain and Cereals, (8d. 
3 Figs.) March 1, 1888.—The machine consists of a tank eet J a 
sloping bottom, and divided into two compartments containing 
water, one A at a higher level than the other B. The separation 
of the stones, &c., from the wheat is effected in compartment A 
by means of two currents of water, the force and quantity of each 
of which can be varied as desired. The washing cylinder is covered 
with woven wire, and revolves in the water in compartment B. K 
is the feed hopper. The primary current rises over and flows 
down the adjustable elanting plate H, which can be raised or 
lowered by screws H'!, The secondary current rises through the 
ag between the end of plate H and plate I, adjustable by screws 

. The united currents rise up between a trough W and partition 
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C, and flow thence by shoot J into washing cylinder D. V are 
ockets for raising the wheat, &c., and delivering it to the per- 
orated trough G, whence it passes to worm L and spout M. N is 

an inner space into which air orsteam isforced down. P and Qare 

endless bands for receiving and delivering the wheat and absorb- 
ing any moisture, and for «exerting a gentle rubbing action upon 
it. R', R? are two pairs of rollers for propelling and squeezing 
the bands P,Q. The wheat is — along the cylinder D by 
means of a double helix, each thread of which terminates in the 
form of a a, to raise the wheat and deliver it into the per- 
forated cylinder G, provided with a worm which propels the wheat 
to the delivery outlet. Around cylinder D are a number of blades 
which revolve within an adjustable shoot and lift the water from 
compartment B into a small tank, from whence it flows to com- 
partment A, by which means the circulation of the water is main- 
tained. (Sealed April 2, 1889). 


3963. W. Holland, Sparkbrook, Birmingham. 
Improvements in the Method of and A ces for 
Heating, Hardening, and Tem etallic Wire 
for Various Purposes. (8d. 2 Figs.) March 14, 1888.— The 
wire to be treated is coiled on a reel a, and es between rollers 
band c, after which it is coiled on the reel ¢; fis a glass tube, 
and to the rollers b one of the poles of a dynamo or battery is 
connected, and the electricity after passing through the wire d, 
passes through the pair of rollers c to the other pole of the 
dynamo or battery. By this means the wire is hea’ to a low 
red-heat, and thereby softened or annealed. The wire is drawn 
through the apparatus and off the reel a by giving a slow motion 
to the rollers c, so that as the heated wire is coiled on the reel e it 


Fig. 1. 












is cooled with sufficient slowness to cause it to remain soft. 
When the wire is required to be flattened, the rollers c are replaced 
by flattening rolls for flattening the heated wire as it passes 
between them ; or the wire may be through troughing 
rolls. When the shaped wire issuing from the rolls is to be 
hardened and eg ee appliances, illustrated in Fig. 2, are 
combined with the heating —— The wire from the cs 
rolls ¢ passes through an oil tank g, by which it is hardened. 
After leaving this tank the wire passes through the eg | 
apperatus A, consisting of a tubular chamber containing mel 

lead, kept melted by gas jets. The wire Leyon f through the 
axial hole in h,is tempered. Instead of the oil tank g, hardening 
piates kept cool by a circulating current of cold water may be 

- used. (Sealed March 26, 1889). 

14,526. W. PB. Thompson, London. (M. Crawford, 
Brooklyn, N.Y., U.S.A.) vements in or relating 
to the Treatment of Oil- Substances during 

ofthe Oil, and in Applieable 
ving su 
, 1888. —This 


Expression 

for Recei and such bstances 
Intermission. (8d. 4 Fi October 9, 

invention relates to the application of heat to oil-bearing sub- 


without 





stances during expression of the oil, and to presses adapted to 
receive and discharge such substances without intermission. 
The press consists of a ring or hollow cylinder A, and a smaller 
cylinder or wheel B, eccentrically mounted within A. If materia 
to be pressed is fed into the space between these cylinders at its 
widest part, and if the cylinders be rotated, the material will be 
carried through the narrowest part of the space, and be subjected 
to great pressure, gradually applied and removed. The material 
is removed by scrapers C, and plates D extend nearly all round 
each side of the pr wert to prevent escape of the material, and 
are provided with channels and discharge orifice E'. The con- 
tiguous faces of the cylinders ee at intervals, and pro- 
vided with surface grooves F leading to these openings. Ducts 
G! lead from the openings G to the end faces of the cylinders, and 
open into the channels in covers D, to allow the oil toescape. Each 
pressing surface is covered with a layer of wire cloth, over which 











is placed a porous layer I'. The cylinders are provided with an 
annular heating chamber J, near the pressing surfaces, into which 
steam is introduced for raising the temperature of the material at 
the instant of compression. The cylinders being adjusted to the 
right distance apart, steam is turned on, the vacuum formed, and 
as soon as the rolls are hot enough, the feeding commences, In 
the machine shown, steam is only let into the inner roll B, but if 
desired it can be let into the outer one. The cylinder A, slowly 
revolving, draws along the material fed in between it and cylinder 
B, which begins to revolve with the friction, and as the material 
is warmed and pressed tighter between the rolls, the oil is pressed 
through the wire cloth, &c., further assisted by the rtial 
vacuum. The material, exhausted ofits oil, is scraped out by the 
scrapers C, leaving the space between the cylinders ready for fresh 
feed. (Sealed March 26, 1889). 

17,067. H. H. Lake, London. (0, B. Peck, Chicago, Iu., 
U.S.A.) Improvements in Apparatus for Se ating 
Metal and other Substances from Molten Slag. (8d. 
4 Figs.) November 23, 1888.—The slag-receiving vessel A, of a 
centrifugal separating apparatus, is provided with double walls 
with an annular space between them, so that a stream of water or 
wet steam may be directed into such space, and thus prevent the 
vessel becoming overheated. Bisa cast-iron lining fitted to the 
interior of the vessel A. The vessel and its lining are made 
separable in horizontal planes, to enable the vessel to be taken 
apart, and the solidified slag easily removed. B' is a removable 
end kept in place by keys. As there will be occasions when 
there will be an interruption of the flow of the slag from the smelt- 





ing furnaces, a pot or vessel M is adapted to contain fuel, and is 
supported on a crane so as to be turned into a position imme- 
diately over the mouth of the slag-receiving vessel. A blast pipe 
m, leading from a blower, enables a blast of air to be driven 
through the burning fuel in the pot M and into the slag receiving 
vessel, By this meane the interior of vessel A can be heated pre- 

ratory to receiving the first charge of molten slag, and prevent 
t becoming chilled or cooled when it is desirable to maintain its 
t« mperature ata high point until a second or other charge of slag 
is ready. Fig. 2 shows the slag-receiving veesel formed of parts 
which are of a greater diameter at the middle of the vessel, where 
they are fastened together, than at the ends, so that they can be 
connected at this point, and enable the cooled slag to be slid out of 
them when separated. (Sealed March 19, 1889). 


17,068. H. H. Lake, London. (0. B. Peck, Chicago, 1u., 
U.S.A.) An Improvea Process of Separating Metals 
and other Substances from Molten Slag and the 
like. (8d. 1 Fig.) November 23, 1888.—The molten slag-receiv- 
ing vessel A is revolved by means of the spindle D, supported by 
a vertically flexible box E. After causing the vessel A to revolve 
rapidly the molten slag is taken from a smelting furnace and 
poured into the vessel through a hole in the top, and as it falls to 
the bottom thereof it will be thrown to the sides by centrifugal 
force forming an annular wall H, and as it continues to flow it will 
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be driven upward and discharged at the top. When theoperation 
commences the icles of metal and matte having the grea’ 
specific gravity will be driven to the outside of the revolving mass, 
leaving the lean slag and lighter portions on the inside, but when 
the vessel has-become sufficiently filled to discharge the lean slag 
the heavier a of the newly introduced slag will tg 
rated and thrown outward while the slag is passing from the 
ical wall H. The metal thus 
th h the wall 


bottom of the vessel i 4 the verti 
the lighter slag 
4 ’ 


thrown back, being the 


into and 
and slag, and displaces an equivalent bulk of 





forcing it upward to be discharged at the top, while the heavier 
rts displacing it are retained. This operation may continue 
to be removed have filled the vessel so full that 
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| they are liable to be discharged, or have approached the lire H, 


when they must be emptied or removed, and the operation may 
be repeated. (Sealed April 2, 1889). 

18,101. P. A. Newton, London. (J. Henning and F. 
Wrede, Dresden, Saxony.) Improvements in the Process 
of Manufacturing Bottles or other Hollow Bodies of 
Glass and in Apparatus therefor, (8d. 6 Figs.) Decem- 
ber 11, 1888.— The drawings show the position of parts during the 
pressing operation, by which equal halves of a bottle are produced. 
The two moulds A, A! may be turned around the bolt B on their 
hinges, the bolt being carried by the bracket D, which can be 
shifted on a bedplate G. K, K' are resting blocks provided on 
the moulds. Behind the moulds brackets are arranged, to which 
is hinged the press head, composed of the plate Q, the counter- 
forms P, P' on the lower surface of Q, and the lever H. One 
of the moulds is surrounded, near its rim, by a perforated gas 
pipe x. The moulds and counterforms may be formed with hollow 
walls for the circulation of cold water or air. In front is a sliding 
bracket U, movable in a slot of bedplate. It carries a mandrel 
L, which is turned by a handwheel, and bored throughout, and 
provided at the end with a flexible pipe, so that cold air or gas 








may be introduced for smoothing down any seams in the bottle’s 
mouth. The liquid vitreous mass is poured into the moulds, and 
the press head, by means of its lever H, is moved downward. The 
counterforms P, P!, by entering at a constantly decreasing angle 
into the moulds, cause the liquid mass to fill up the proper space 
of the mould from top to bottom. By this means, two halves of 
one bottle are formed, the superfluous vitreous mass being re- 
moved by the rim a and by knives in front. By altering the posi- 
tion of pivot T, the bottom of the bottle may be formed more or less 
concave. After removal of the os head, the moulds are drawn 
forward with their bracket, to closed together, during which 
time jets of gas are directed from pipe r against the joining line 
of the two moulds. The closed moulds are brought intoa position 
in line with the mandrel L, which is advanced so as to enter the 
mouth of the bottle. By turning the mandrel the inner sides of 
the mouth are smoothed, and the commencement of the cooling 
down of the bottle caused by introducing a jet of air or gas into 
the bottle through the mandrel. (Sealed April 2, 1889). 


18,102. J. Kinder, Brooklyn, N.Y.,U.S.A. Improve- 
ments in the Method of Making Chains. (8d. Prtyel 
December 11, 1888.—In this process all the links of the chain are 
continuous, and formed without welding. A bar of metal is first 
subjected to the action of compressing rollers, by which it is com- 
pressed into the form shown in Fig. 1. It is then subjected to the 
action of the dies, by which depressions are formed therein as 
shown in Fig. 2, that is, the ribs are compressed at regular in- 
tervals throughout their lengths, so that indentations b are 
formed, which extend to, or somewhat inwards of the surfaces of 
the other ribs. Other indentations d are formed in these ribs, 
corresponding with those first named. The dies forming these in- 
dentations are such that the adjacent ends of the ribs are curved in 
the direction of the lengths, and also from the sides of the ribs, so 
that the bar will present the appearance of a chain, the links having 
rounded corners. The dies are constructed to cut slits ¢ in the 
bar, which will separate the side portions of the links formed in 


Fig. 2./)%. Fig.3. 
pests poser 


Fig.1. 


the first ribs from the end portions of the links formed in the second 
ribs. The next step consists in passing a former downwardly, so 
that it will pass between the ends of the links, and remove the 
portion of metal marked /, -at the same time forcing out the side 
portions of the links into the form shown in Fig. 3. The bar now 
represents a continuous chain. The links are next subjected to 
dies, which give them a rounded exterior. Thelinks arethen sepa- 
rated one from another, for which purpose the still rigid bar is 
passed through a + shaped aperture in a cutter head D, Fig. 4, 
which is fixed. Cutters h' slide in guides h, and aremoved by means 
ofa rim E, rotating in a groove in the cutterhead. Rim E is con- 
nected to the cutters by slotted links j, into which extend pins. 
As the rim is rotated the cutters are operated. The chain bar is 
passed through the aperture into such a position that when the 
cutters are moved inwardly they will .cut between the link por- 
tions of the chain at such points that, upon meeting at the 
Heo wad will sever one link from the other. (Sealed March 
6, 1 


UNITED STATES PATENTS AND PATENT PRACTIOB. 

a with illustrations of inventions patented in the 
United tes of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEBRING, 35 and 36, Bedford 
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StzamM SHIPPING ON THE YANG-TSE-K1anc. — Chung 
King, on the Yang-tse-Kiang, 1500 miles due west from 
Shanghai, is to be made a treaty port as soon as a steam- 
boat ascends the river to it. At present steamers ply no 
further on the Li eg een J than Ichang, which is 
about 1100 miles from Shanghai. Above Ichang the 
river is obstructed +d a and gorges ; but it is con- 
tended that powerful light draught steamers could sur- 
mount these obstacles. Chung-King holds a similar 

ition in Western China to that occupied by Shanghai 
in Eastern China and Hankow in Central China. It is 
the capital of the rich province of Szechuen, which has 


test | an estimated population of 70,000,000, and which already 


exports goods to the value of 10,000,000/. per annum. 
Szechuen is rich in minerals and contains one of the 
largest coalfields in the world. The coal mined in the 
province, so far as it has been at pee worked, is found 
to be of quality, a point which , of course, in 
favour of a further development of steam shipping on the 
Yang-tse-Kiang. 
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REGISTERING BRAKE DYNAMOMETER AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MR. PETER BROTHERHOOD, ENGINEER, LONDON. 


(For Description, see Page 664.) 
















































































































































SE v-: THE TRANSMISSION OF POWER BY 
7. THE EXHAUST SYSTEM. 

THE company for the house-to-house distribution 
of motive power, which is established at 41, Rue 
| Beaubourg, Paris, exhibits in the Machinery Hall 
|on the Champ de Mars, some vacuum engines of 
the type employed for the production of low powers 
for use in small industries, the energy being supplied 
from a central station connected with the various 
points of consumption. This system is in fact the 
reverse of the method of distribution by compressed 
air which is now in operation on so large a scale in 
Paris ; the proportions of the installation are very 
moderate, but are none the less interesting, and 
the works will be visited with curiosity by the In- 
stitution of Mechanical Engineers during their 
approaching visit to Paris. The system is that 
known as the Petit and Boudenoot, and the details 
have been worked out by those engineers with a 
great deal of ingenuity, and apparently with a 
certain amount of commercial success. Tle general 
principles involved will be understood by a brief 
explanation of the system, which consists in main- 
taining, by means of exhausting engines placed in 
a central station, a reduced pressure in the mains 
maintained as nearly as can be at 67 per cent. of a 
practicable vacuum ; service pipes from the mains 
pass into the houses of the subscribers, and are con- 
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nected with the motors ; useful work is thus pro- 
duced by the difference in pressure between the 
outer air and that in the mains. The central 
exhausting. engines are not connected direct to 
the mains, but maintain a partial vacuum in a 
reservoir which serves to some extent as a re- 
gulator; from this reservoir the mains are laid 
either under the streets or in the subways, and 
to start or stop the motors the subscribers have only 
to open or close a valve connected with the supply 
pipe. The engines in the central station were con- 
structed by M. Brasseur, of Lille, the mains were 
laid by MM. Fortin and Hermann, of Paris, and 
the motors were designed and are made by MM. 
Sarallier and Pradel, of Paris. 

The first experiments on a practical scale were 
made as long ago as 1882 by M. Petit and M. Bou- 
denoot, who then conceived the idea of establish- 
ing a central station for the supply of power on this 
system in the Sainte-Avoie quarter of Paris, which 
is inhabited by a very large number of makers of 
miscellaneous articles who work at their own 
homes, and to whom the supply of power at a 
moderate price would, it was considered, be of great 
value. But comparatively little progress was made 
until the end of 1885, by which time an exhausting 
engine of 90 horse-power was set to work, and 
through a limited system of mains supplied a cer- 
tain number of small industrials. Since that time 
the promotors have gradually extended their in- 
stallation, and to-day they have, in constant ser- 
vice, engines of about 300 horse-power, and a 
canalisation of a thousand yards, while the number 
of subscribers, which in 1885 did not exceed 30, 
numbers to-day 140. The central station comprises 
the building containing the exhausting engines, a 
boiler-house, offices, anda show-room wherethe small 
motors are displayed. As above stated, all the 
three exhausting engines were made by M. Bras- 
seur, of Lille; they are equal to about 90 horse- 
power ; one of them is independent, the other two 
can be coupled together. In each case the exhaust 
cylinder is in the same line with the steam cylinder, 
both pistons being on the same rod ; the air cylin- 
ders are in communication with vacuum reservoirs 
to which the mains are connected; an ingenious 
system of pressure regulators, indicators, and coun- 
ters, record continuously the reduced air-pressure 
in the mains, and the revolutions made by the 
engines, and in this way a record is obtained that 
serves as a check upon the amount of air consumed 
in each of the subscriber’s motors. 

The engines driven by this system are made in 
three sizes, of $ horse-power, 1 horse-power, and 14 
horse-power ; the latter size seems to be the maxi- 
mum that can be worked with advantage, and afew 
of the subscribers who require more power, obtain it 
by coupling two motors together. Figs. 1 to 7 on 
page 666 illustrate the special form of engine devised 
by MM. Sarallier and Pradel, and of which examples 
are exhibited in the Machinery Hall. Each engine 
comprises four principal parts, the base A, the 
cylinder B, the piston C, and the cylinder cover D, 
on which are cast brackets that carry the crank- 
shaft of the engine. The base A is divided into two 
chambers a and b, as shown in Fig. 2; the chamber 
a is in communication with the mains, and is there- 
fore kept charged with air at a reduced pressure ; 
the other chamber b is open to the air. The con- 
nection between the mains and the chamber a is 
made either at c or c! (see Figs. 1 and 3), according 
to whether the engine is to be fixed right or left- 
handed. The service pipe from the main is of lead. 
The opening which is not used for this connection 
is of course closed by a cover plate. The chamber 
a communicates with the cylinder B through the 
passages d and d', which the slide valve e places 
alternately in communication with the two faces of 
the piston C by means of the passages f and f'. 
The distribution is controlled by the eccentric G 
operating the slide valve e as follows: The outer 
air after passing through the regulating apparatus 
R (see Fig. 2) flows through the age j and fills 
the space K at the back of the slide valvee. By 
the travel of the eccentric this space is opened 
alternately to the passages fand f’. The piston is 
thus caused to rise and fall with an energy due to 
the difference in pressure on the opposite sides. The 
exhaust of course takes place through the e8 


jf and f', and- at the end of each stroke the outer 
air which has acted on one side of the piston flows 
through the inner chamber of the valve into the 
exhaust ports d and d', and thence into the chamber 
a, which is in communication with the exhaust- 
ing engines at the central station. 


The slide 





valve, as will be seen from Fig. 3, travels in guides 
formed by the cover strips h and h', and it is held 
in close contact against the valve face by the outer 
pressure of the air. It will be seen in Figs. 1 and 
3 that a number of radial webs are cast around the 
body of the cylinder ; this is done with a view of 
equalising the temperature within the cylinder, 
and for the same reason a piston presenting a large 
radiating surface has been adopted. This piston 
C, which appears rather complicated, is cast in one 
piece ; it consists of a trunk extending on each 
side of the piston itself, the outer edge of which is 
packed with leathers in the manner shown, these 
leathers being held in place by cast-iron rings bolted 
to the body of the piston ; further packings are in- 
troduced in the top of the cylinder cover and also at 
the top of the base A ; the lower head of the con- 
necting-rod is pinned to a connection cast within 
the trunk and shown in Fig. 2. 

In the same figure it will be noticed that 
chambers are formed in the upper part of the 
trunk; these are closed by studs and serve as 
oil reservoirs, horizontal openings being made in 
the body of the piston communicating with the 
chambers m and m’, the oil flowing to a groove o 
formed in the outer edge of the piston. Fig. 2 
also shows the form of the cylinder cover D which 
serves as a guide for the trunk, and on which are 
cast the two standards carrying the bearings for 
the crankshaft p; to one end of this shaft are 
secured the flywheel and driving pulley; on the 
other end is the bevel pinion s connected with a 
governor, which is secured to the standard D by 
brackets. This governor controls the piston valve 
u by means of the lever v and the rod w ; the func- 
tion of the valve u is to admit air to the space K of 
the slide valve, as will be seen from Figs. 6 and 7. 
In the plunger « three narrow openings x to «* 
are made around it; the size of these openings 
was determined by experiment. The air passing 
through these openings flows into the passage j past 
the valve y, which has been opened before starting, 
and thence it is distributed to each side of the piston 
as already described. It will be seen that by this 
arrangement the amount of air admitted into the 
cylinder at each stroke can be varied, depending 
upon the relative positions of the openings 2, 2!, 
&c., and the edge ~ of the channel leading into the 
passage f; the action of the governor, by raising 
and lowering the valve wu, automatically defines the 
amount of air admitted, according to the work re- 
quired of the motor, The air enters at the lower 
part of the cylinder in which the regulating valve is 
placed, and traverses the drum R, which is provided 
with a series of tubes (see Figs. 5 and 6); on one 
side of this drum is a small chamber and on the 
other an outlet ; a gas jet is introduced within the 
chamber in order to heat the air before it enters the 
engine. A speed counter is attached to the engine 
and is driven by a bevel wheel from the regulator 
gear; this counter can record up 10,000,000 re- 
volutions, and readings are taken every ten days 
and debited to the customer. During the early 
stages of this ingenious system, when only a very 
small number of subscribers existed, and the power 
at the central station largely exceeded the demands 
upon it, there was but little difficulty in maintain- 
ing a uniform vacuum in the mains at all times of 
the day ; but as the length of the mains increased, 
and the number of subscribers became somewhat 
greater, considerable difficulty was found in main- 
taining the necessary low pressure uniform, espe- 
cially at the points furthest away from the central 
station and during the busiest hours of the day ; 
this was the result naturally to be expected, and, 
in fact, illustrates one of the weak points of the 
system, which has, however, been practically over- 
come. 

In order to secure to the motors placed at the 
end of the circuit the amount of power which the 
company contracted to give them, it was necessary 
to maintain a uniform vacuum, not at the station, 
but at the ends of the mains, and to do this it was 
necessary to increase the vacuum at the station in 
order to compensate for the increasing losses result- 
ing from the greater demands of the subscribers ; 
and to do this the exhausting engines had to be 
driven at a higher speed. It was ascertained by 
means of experiment what degrees of vacuum were 
necessary at the station in order that, at the end of 
the circuit, the motors should work properly at 
all hours of the day, no matter what variation in 
load might be thrown upon them at different hours ; 
these variations are tolerably uniform from day to 
day and are classified by the company as ‘‘ maximum, 





great, average, small, and minimum.” A sector 
graduated in accordance with this classification 
carries a needle, which is fixed by the man in charge, 
against either of the sections which experience 
shows corresponds at the moment to the demand 
upon the exhausting engines. This needle is con- 
nected to another with two arms actuated by an 
ordinary gauge; when the system is working 
properly the fixed needle occupies a position be- 
tween these two arms. But as the work done by 
the motors of the subscribers increases or diminishes 
to a marked degree, one or other of the arms of the 
gauge comes into contact with the fixed needle of 
the sector ; this contact establishes electrical com- 
munication with a bell, the ringing of which warns 
the man in charge that the speed of the exhausting 
engine must be altered. 

Ingenious as the system is, and though its details 
have been admirably worked out, it does not seem 
probable that this method of transmitting power 
will receive any very great developement. The 
radius of the circuit from the central station appears 
to be of necessity limited, and as the working 
pressure for the motors is of necessity extremely 
low, the dimensions and, therefore, the space 
occupied by the motors must be comparatively 
great. In any case, however, it is certain that the 
installation will repay the trouble of a visit. 

In addition to the exhaust transmission plant, the 
company has a small electric light installation, com- 
prising a horizontal Corliss engine of 110 horse- 
power, driving two Gramme dynamos of 370 
amperes and 110 volts. ‘This little installation, 
which has only been established a short time, is 
supplying current regularly to 500 lamps, and it 
would seem that before long the whole capacity 
of 800 lamps will be in useful service. 





THE RAILWAY WORKS OF PETIT- 
BOURG. 
(Concluded from page 638.) 

THE old works of Petit-Bourg were on a hill, 
the accident of a disused farm and out-buildings 
having originally placed them there; the new works 
have been built in the valley about a mile nearer 
Corbeil, between a branch of the Paris, Lyons, and 
Mediterranean Railway and the Seine ; they thus 
have the advantage of railway transit on the one 
hand and of water carriage on the other. They 
are well arranged for the special work for which 
they were built, but present nothing remarkable 
either as regards size or architectural features ; 
they comprise three long ranges of low build- 
ings with plenty of uncovered space around for 
the storage of material; the offices face the 
road detached from the factory, and the works 
are inclosed by ahigh fence. Each of the three 
ranges just referred to represents a separate de- 
partment; in one the permanent way is made, in 
another the ironwork for the rolling stock is pre- 
pared, and the locomotives are built; the third is 
the carriage and wagon shop. Between these two 
latter rows of sheds, and connected with them by 
series of low pitched roofs, is a transept running 
nearly the whole length of the factory ; this covers 
a railway dock which communicates direct by a 
siding with the railway outside the works. All or 
nearly all of the manufactured products converge 
to this dock, and are there loaded into trucks for 
distribution to various parts of the world. In this 
manner about 120 tons of railway material are sent 
daily out of the works. Simple as the general 
arrangement is, it is admirably adapted for the re- 
quirements of the place ; raw material arrives upon 
the works, either from the river or the rail (prefer- 
ably the former), is distributed to whatever de- 
partment it is intended for, and as it goes through 
the different stages of manufacture, approaches 
gradually towards the central dock from which it 
is shipped. Needless to say that throughout the 
works—over the open ground and within the 
covered sheds—lines of Decauville railway extend 
in all directions, certainly for convenience of tran- 
sporting material, and possibly as an illustration 
of the admirable manner in which the system lends 
itself to factory use. Twenty acres are inclosed by 
the circumscribing fence ; the depth of the factory is 
524 ft., and the width of the two buildings con- 
nected by the central transept is also 524 ft. No 
great amount of power is required to drive the 
machinery at the works; probably all the engines 
in use do not collectively make up 500 horse-power ; 
for although there are 450 machine tools of all 
kinds constantly at work, none of them are heavy. 
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The Weyher and Richemond type of boilers is used 
throughout, and one feature of the place is the 
Creusét model of iron chimneys, with cast-iron base 
and 100 ft. in height, which has been adopted. 

We have said that 120 tons of railway material— 
permanent way, wagons, carriages, and locomotives 
—is the average weight loaded up upon the cars 
in the dock and distributed each day ; but this 
large total is made up of a great number of com- 
paratively insignificant parts, which will be readily 
understood when it is stated that the average 
weight of permanent way sent out, and which may 
be regarded as the unit governing the proportion 
of everything throughout the works, is less than 
15 Ib. per yard. From this it follows that excepting 
for a crane upon the landing stage at the water 
front, and travelling cranes over the railway 
dock, mechanical appliances, other than those sup- 
plied by the lines of miniature railway and trucks 
that intersect the works, for handling material, are 
not necessary. Most of the unmanufactured ma- 
terials, iron and timber, as well as coal, are de- 
livered by the Seine. The iron—rails, plates, and 
bars—is bought in many markets, French, Belgian, 
and English—according to the nature of the orders 
to be filled. Materials coming from abroad are of 
course subjected to a heavy duty which makes them 
unavailable for use in France; but as regards 
foreign orders, the works constitute a bonded 
warehouse, and although the duty has to be paid 
upon the materials when imported, it is refunded to 
the manufacturers upon shipment of the finished 
goods to a foreign port. It is on this account that 
it comnionly happens that the most favourable 
centres for purchase lie outside France, and we 
believe that the considerable orders executed for 
England have been completed with material sent to 
Petit-Bourg by English steelmakers. 

The works of M. Decauville being devoted 
wholly to the production of a speciality, made up, 
it is true, of many parts, the engineer will not 
find much available for imitation, either in the 
tools used or methods followed ; nearly all the ma- 
chinery at the works is either of a well-known 
character or has been adapted by the addition of 
devices or the modification of details, to the special 
purposes it has to serve. But what the visitor 
cannot fail to admire is the admirable system that 
is followed throughout the works, the means that 
have been adopted to treat every separate piece of 
iron as it advances towards completion, in such a 
way that it shall be constantly travelling forward 
towards the packing rooms and despatching dock. 
He will also admire the relations which exist 
between master and workmen, and the perfection 
with which the great social problems that always 
accompany the employment of a large number of 
men have been worked out. On these points we 
shall speak later, meantime we must turn our atten- 
tion to the products of the factory at Petit-Bourg, 
and glance at the means by which the work is 
accomplished. The Decauville Railway system has 
been classified into a certain number of fixed types, 
and though the special requirements of certain 
industries involve departures from these types, 
and the construction of a large number of varieties, 
yet a description of some of the standard forms 
adopted will give a good idea of the whole system. 

About 5000 miles of permanent way have been 
turned out of the workshops of Petit-Bourg ; the 
weights adopted for the rails are 9lb., 14 lb., 
19 lb., and 24 1b. per yard, according to the pur- 
pose for which the line is intended ; the lengths to 
which this permanent way is made up range from 
16 ft. 4 in. to 4 ft. lin., varying with the weight 
of rail employed ; the lightest sections are manu- 
factured specially for agricultural purposes, for 
shop yards, and for some class of earthworks; 
loads as high as half a ton per axle can be safely 
carried upon the 9 lb. rails. A section similar 
to that of the ordinary flat-footed rail is adopted, 
excepting that for convenience the foot is 
somewhat exaggerated in size for the purpose of 
rivetting on the sleepers. The weight of the 
built-up sections of permanent way is so slight that 
one man can easily handle a length of the lighter 
types, while for the heavier forms two men are 
necessary for the transport of a complete length. 
The width of the gauge varies from 15.75 in. to 
29.3 in., but that most usually made is 60 centi- 
metres, or nearly 2 ft., with rails weighing 14 Ib. 
per yard, and in lengths of 16 ft. 4 in. ; such 
lengths weigh less than 200 lb., and can be easily 
carried by two men. The form of sleeper which 
was at first adopted was simply that of a flat iron 





plate, rivetted to the rail by three rivets, one on 
the outer side and two on the inner side of the foot; 
this was abandoned for the form shown in Fig. 1, 
page 662, made by stamping a flat steel plate into the 
form indicated ; by this means considerably greater 
rigidity was imparted to the sleeper without in- 
creasing its weight. This type is still adopted as a 
standard for such permanent wayas is only intended 
for agricultural and other light traffic, but where 
heavier weights have to be conveyed astronger form 
of traverse isadopted. This is shown at the Exhibi- 
tion independently, as well as on the passenger rail- 
way, and was described and illustrated by us a few 
weeks since (see page 480). These latter sleepers are 
made of steel 4.9 in. wide and .2in. thick, turned 
over at the edges to a total depth of 1.14 in. ; the 
ends are turned over to the same depth and rounded. 
This form of sleeper combines considerable strength 
with lightness, and the closed ends prevent the 
ballast from spreading, when they are properly laid ; 
six such sleepers are rivetted to each 16 ft. of per- 
manent way. The sections are joined together 
by fishplates and soleplates ; one end of each rail 
on a section has a pair of fishplates rivetted to 
it, and projecting so as to clip the end of the 
rail of the adjoining section, to the underside 
of which the soleplate is fixed ; by this arrange- 
ment the sections can be turned end for end 
without interfering with the arrangements for join- 
ing together. Curved lengths are made with a 
radius varying from 7 ft. to 98 ft.; beyond this 
latter dimension curves are laid out upon the 
ground by adjusting the straight lengths. For 
level crossings and similar situations where special 
precautions against a derailment would have to be 
taken, an extra pair of rails is rivetted on to the 
sleepers, or the space between the rails is filled in 
with longitudinal timbers bolted tothe sleepers. As 
will be readily imagined, the complete systems of 
points and crossings suitable for all requirements of 
traffic can be very readily built up out of these light 
rails and sleepers ; for horse-worked lines the points 
are thrown over by the driver, but for more impor- 
tant services complete sets of signals and levers are 
— Fig. 2, page 662, is an example of a 
built-up crossing. 

Portable turntables are made of two plates set 
one above the other; in the lower one, which is of 
wrought iron, are fixed the turning pivot, stops, 
the end rails of the crossings, and the rollers upon 
which the upper plate turns. This latter, which 
is of cast iron, is mounted on the pivot in the 
lower plate (see Fig. 3, page 662). Fig. 4 is an 
illustration of a permanent turntable, in which the 
rollers supporting the platform turn on a circular 
path made in the bottom of a cast-iron box, which 
is fixed in the ground. The weight of the lighter 
turntable just referred to is about 2001b.; that 
illustrated by Fig. 4 is of course heavier. 

Tt will be understood from the foregoing descrip- 
tions that, so far as the manufacture of the perma- 
nent way is concerned, but little, if any, machinery 
of a special kind is required. Of course a con- 
siderable number of sets of machines are necessary 
to turn out the large amount of work done at Petit- 
Bourg. The rails are first cut to accurate lengths 
by cold saws, two of which are mounted in the same 
frame, so that both ends can be trimmed simul- 
taneously ; the work of punching the holes in the 
foot and flange follows, and such lengths as are re- 
quired for curves are passed through ordinary bend- 
ing rolls of light dimensions. In another part of 
the shop the sleepers are stamped; the lighter 
sections are shown in Fig. 1, while those for heavier 
work have, as just described, the edges turned over, 
and the ends afterwards formed under an inclined 
steam hammer. Multiple drills are employed for 
forming the holes in the sleepers as well as in the 
rails, and multiple rivetting machines are also used 
for fixing the different parts together. Every 
mechanical appliance, as well as great care, is 
adopted to insure accuracy of workmanship. The 
rivetting up is securely done, and a very slight 
degree of inaccuracy is sufficient to insure the 
rejection of the work by the shop inspectors. 
After the lengths are completed—either for the 
ordinary way, for curves, or for crossings—they are 
brought to the painting machines, which are very 
ingeniously constructed to cover the whole of the 
surfaces with a coat of red lead. The paint is led 
from a reservoir through a series of ducts to different 
sets of brushes, vertical, horizontal, and inclined. 
These are caused to oscillate rapidly by means of 
cams, and so to distribute the paint in profusion 
over the ironwcrk. To the brushes succeed a num- 





ber of revolving wipers that take off the superfluous 
paint, which falls into a trough below. After pass- 
ing through this machine the lengths are stacked, 
and when dry are ready for transport. 

More than a hundred types of wagons are con- 
structed at the Petit-Bourg Works for various pur- 
poses ; the system of interchangeability has been 
studied with a great deal of care, so that in spite of 
the great variety of form many of the constructive 
details are similar in each. Amongst those most 
largely in demand we may notice afew. For the 
transport of heavy blocks of stone weighing 2 tons 
or 3 tons a solid timber platform is mounted on 
four or six wheels according to requirements ; a 
modification of this is a tipping platform wagon 
which has been largely adopted for moving stone 
on marine works in France ; another moditication 
especially used in workshops has the platform placed 
on the top of two vertical latticed frames so as to in- 
crease the height from the ground. Fig. 5, page 662, 
illustrates a sugar cane truck designed by the engi- 
neer of the Australian Sugar Company, and of 
which a very large number have been sent out to 
the colonies ; it has a comparatively large capacity, 
and being framed of angle iron is extremely rigid ; 
it is fitted with spring buffers and is intended to 
work with 6-ton locomotives. Fig. 6 shows the 
wagon used by the same company for the transport 
of their waste products ; as will be seen these are 
tipping wagons. Fig. 7 is a larger and stronger 
form of tipping wagon made of plate iron; it 
holds a half cubic metre and is intended for 
the transport of coal or earthwork ; about 800 
wagons of this type are turned out each month 
from Petit- Bourg; more than 6000 of them 
were employed upon the Panama Canal works. 
Fig. 7 also shows the manner in which tipping 
wagons of this type are mounted; at each end 
two trunnions rest on suitable bearings, so that 
the contents of the wagon can be discharged either 
to the right or left, and in such a way as to fall 
clear of the track. Fig. 8 is a diagram showing a 
somewhat similar arrangement for a tipping wagon 
running on a normal gauge ; the contents of this 
truck is about two yards and a half, the height 
from the rails to the top of the body being 71 in., 
the width at the top 7 ft. 6 in., and the length of 
the body 4 ft. 7 in. ; this is the type chiefly used 
by MM. Darblay and Co. at their great paper 
factory at Essonnes. Fig. 9 is another form which 
is largely used, especially for fragile goods such as 
glass, paper, &c.; the size of the box is 6 ft. Gin. by 
39 in., and the sides can be easily removed and 
folded over on the platform of the truck. A large 
number of long-bodied open trucks, with inclined 
sides, are built for running on the lines laid down 
in connection with the cork industries in Algeria; 
the body of the wagon is about 14 ft. long and is 
mounted on two four-wheeled trucks. Another 
special type is the wagon adopted by the French 
War Department for fortress service, its special use 
being to shift heavy projectiles ; the wheels in this 
model run loose upon the axles. Figs. 10 and 11 
show a form of coal tipping wagon largely in use, 
especially for loading up large coal trucks placed 
beneath the timber stage, upon which the small 
wagons are run so that the trunnions on each side 
fall into fixed bearings on the platform and the 
whole wagon is reversed together. Fig. 12 isa tip- 
ping truck for vineyards, its special feature being 
the considerable height at which the wagon body 
is mounted, in order that the grapes may be dis- 
charged into suitable receptacles. Fig. 13 is a form 
of wagon. largely used in Java for the transport of 
sugar cane; it is comparatively of large capacity, 
being 14 ft. Gin. long over all, 4ft. 6 in. wide, and 
with sides nearly 5 ft. high ; it is mounted on two 
iron framed four-wheeled trucks (wheels 15.75 in. in 
diameter). 

Of course the foregoing are only a very small 
number of the types of wagons made at Petit- 
Bourg, and which are constantly increasing to 
meet orders for special purposes coming from all 
parts of the world. Passenger rolling stock is made 
to a much smaller extent, although large quantities 
are actually turned out every year; for these M. 
Decauville has chiefly adopted the Festiniog Rail- 
way practice ; in fact, a large number of the car- 
riages are reproductions of Mr. Spooner’s design. 
On the smaller classes of vehicles, Figs. 14 and 15, 
on page 664, illustrate a composite carriage with 
one first-class central compartment and a second- 
class compartment at each end ; the length of this 
vehicle is 12 ft. 6 in., the height from the rails to 
the roof is 7ft. 10in., and the width of carriage 
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PORTABLE RAILWAYS AND ROLLING STOCK. 
CONSTRUCTED BY M. DECAUVILLE AINE, ENGINEER, PETIT-BOURG, SEINE ET OISE. 
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body 5 ft. 7in. Figs, 16 and 17 show the standard | weighed 1} tons empty, and was shown at Com- | succeeded by more serious efforts, and a number of 
type of baggage car. : |piégne during a temporary exhibition, where it | engines were constructed weighing 5 and 6 tons, 

The construction of locomotives has only been | hauled a passenger car containing sixty persons. | with outside cylinders and four coupled wheels for 
undertaken seriously during the last few years, the |The second Decauville locomotive was not exhibited | Java and Australia. The standard type now adopted 
first one having been constructed in 1877 for asmall before 1879, when it obtained a gold medal at an|is a compound locomotive on the Mallet system, 


circular railway in Rotterdam ; this engine only | agricultural exhibition held in Lille. These were| which can pass curves of 20 metres radius and 
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ROLLING STOCK FOR PORTABLE RAILWAYS. 
CONSTRUCTED BY M. DECAUVILLE AINE, ENGINEER, PETIT-BOURG, SEINE ET OISE. 
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mount 8 per cent. gradients. 











On the level and | a few Fairlie double-bogie engines, in order to be; ject of this railway we may mention the names 


upon a straight line it can haul a load of 280 tons,|enabled to establish a comparison between their | vf those who have been specially connected with 


and on gradients of 1 in 13 it can draw 5 tons. The | efficiency and that of the compound Mallet type ;|its construction and working. 


weight of the engine in working order is 12 tons, | 
the working fressure is 180 lb., and the horse- 
power developed is 75; we recently published | 
engravings of this type of engine when describing | 
the Exhibition railway (see page 482). The annexed 
Table gives particulars of the weights and dimen- 
sions of the principal classes of engines built at 
Petit-Bourg : 
Decauville Locomotives.—Particulars of Weights and 

















Dimensions, 
| 
as Type | Type} Type | Type | Type 
No. .|No. 3.!No. 5.|No. 6.|No. 9. 
Weight of engine empty tons| 3 5 6 | 9 | 96 
” pa fully loaded | | 
tons} 3.7 | 6.25] 7.5 | 11.5 | 123 
es x in ordinary } 
work .,  .. tons} 3.5 | 56 | 7.1 | 10.8 | 11.5 
Horse-power .. os ed ee 15 28 85 85 
Number of wheels et. oth tee By 1 | 8 
Diameter of cylinders ..__in.| 6.31| 5.9 | 8.26) 6.69) 6.88 
re ee {oe vl aired See hee | 10.04 6.88 
(compound types) Qfront,,| .. ee ee -69| 6.88 
Lengthof stroke... »»| 7.87) 11.81 og -- | 9.45 
Diameter of wheels os| 17.7 | 23.6 | 27.5 | 23.6 | 25.6 
Extreme distance between 
axles é +6 ee in.| 33.5 | 39.8 | 49 88.5 (149.5 
Working steam pressure Ib.} 128 | 128 | 198 | 175 | 175 
Total heating surface .. sq. ft.| 60.2 |107.6 |161.4 }229.3 |275.5 
Minimum weight of rai! Ib.| 14 19 24 19 | 19 
aoa radiusofcurves ft.| 33 | 493/657 | 657 | 65 7 
Dimensions of locomotive : | 
Height 3 rar ft.| 8.0 84 88; 90/ 8 8 
Length »/ 910 | 115/125) 180/19 11 
Width in| 59 | 688] 78| 74.7 | 80 | 
Tractive power |. Ib.| 808 | 1223 | 2244 | 3190 | 2992 











At the present time M. Decauyille is constructing 


we propose at a later date to publish illustrations 
of these engines with particulars of their perfor- 
mance. As already stated locomotive building 
has not been actively pursued at the works of Petit- 
Bourg, only about seventy engines having been 
constructed, not including those employed for 
working the Exhibition traffic, and of which there 
are now tenat work. The names given to these 
ten engines bear reference to different specially 
interesting applications of the Decauville system. 
Amongst them we may mention the ‘‘ Turkestan,” 
refering to sixty miles of line laid down in 1882 by 
Generals Annenkoff and Skobeleff for temporary 
purposes whilst they were constructing the Trans- 
caspian Railway; the ‘‘ Afghanistan” recalls an 
interesting problem solved by the Decauville Com- 
pany, in which permanent way, rolling stock, and 
locomotives had to be transported on the backs of 
elephants; the ‘*‘ Massouah” is named after a 
large order given by the Italian Government 
during their Abyssinia expedition ; the ‘‘ Aus- 
tralia” is so named as a compliment to the 
Australian sugarmaking companies; the ‘‘ Mada- 
gascar” and the ‘‘ Handi” bear reference to the 
lines laid down by the French Government during 
their colonial enterprises. The ten engines now in 
use will not be sufficient to work the traffic when 
the line is fully opened at the Exhibition, and 
others will shortly be put in service ; they will com- 
prise eight-wheel coupled engines of the Fairlie 
type weighing 12 tons, and 6-ton engines of the 
ordinary Petit-Bourg model. While on the sub-| 





The earthworks 
and tunnels were carried out by MM. Gaillot and 
Co., under the direction of M. Lion, administrative 
engineer ; the chief control of the railway is vested 
in M. Contamin, chief engineer of buildings at the 
Exhibition, and of M. Charton, assistant engineer ; 
the general management of the line is directed by M. 
Georges Berger, director-general. During the con- 
struction of the Exhibition buildings, and the 
arrangement of the exhibits, the Decauville Railway 
found a very large and useful application ; portable 
lines were Jaid all over the grounds, and special 
rolling stock was employed for transporting heavy 
loads ; amongst others a travelling crane was found 
especially useful; the carriage of this crane is illus- 
trated by Figs. 18 to 21. The Decauville exhibits 
in the Exhibition are to be found in the Agricul- 
tural Galleries, where specimens of wagons used in 
forest industries and in beetroot and sugar planta- 
tions are shown ; close to the Eiffel Tower station is 
a collection of military wagons, amongst others two 
sixteen-wheeled trucks carrying a 48-ton gun ; the 
rest of the exhibits include rolling stock for mines 
and earthworks, together with passenger carriages 
of various kinds. 

Figs. 22 to 24 illustrate an interesting application 
of the Decauville system made by the South- 
Western Railway Company of Russia at the Birsoula 
Station. Its object is to loud up locomotive tenders 
with coal without the necessity of employing hand 
labour ; for this purpose an inclined platform was 
constructed close to a siding, and wagons are hauled 
up this incline by the locomotive and by means of a 
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cable passing round a pulley as shown. As soon as | 
a wagon is brought over the shute K it is tipped by | 
hand, and another wagon takes its place until the 
tender is loaded. 

With one exception nothing but light railway 
material is produced at Petit-Bourg ; this exception 
is the portable type of bridges designed by M. Eiffel, 
and of which a large number have been constructed 
since 1884. Seven different forms are at the out- 
side required in the construction of these bridges, 
and as the heaviest piece weighs only 300 lb. they 
are easily transported; they are designed for a 
maximum span of about 70 ft., and to carry a total 
distributed load of 16 tons ; the various elements 
being all interchangeable the work of erection is 
very simple and rapid. 

The greatest interest attaching to the Petit-. 
Bourg Works is to be found in the relations that 


exist between the master and workmen. A system | 


the charge of a superannuated employé whose duty 
it is to receive the food brought by the men and 
have it comfortably prepared when the breakfast or 
dinner hour comes. The men are paid monthly, 
and are allowed to open credits to fixed amounts 
with the restaurant and shop, the balance due to 
them being paid at each settlement. Pay-day is 
celebrated by the works being closed for three days, 
during which time the men have absolute license 
to get drunk if they feel so disposed, the fact 
being that about 1 per cent. avail themselves of this 
privilege ; drunkenness at another time is followed 
by dismissal. The married workmen are provided 
with comfortable cottages surrounded by gardens, 
and with rents varying from 6 to 12 francs a 
month according to their size and location ; a bonus 
is secured to them on each addition to their family, 
in the shape of a monthly reduction in their rent, 
and long service also secures a further reduction ; 
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of almost military discipline prevails everywhere ; 
with the exception of a small number of hands, 
all work is paid for by the piece, and everything 
that fails to pass a rigid inspection is condemned 
at the expense of the men; the hours of the work 
are long—fourteen hours a day—and Sunday is only 
observed as a holiday after two o’clock. Yet the 
men are contented and prosperous, and are the first 
to stifle and exclude the spirit of discord which 
too often prevails in the factories of adjoining 
communes. Workmen are always eager to obtain 
service at Petit-Bourg, and once there are loth to 
quit it ; the secret lies in the fact that the men like 
to be governed and that their material welfare is 
always carefully studied. Comfortably fitted up 
dwellings are provided for the unmarried men in 
which they can rent a well-furnished bedroom for 
1}d. a day, or for 24d. if two live together. Then 
a clean and attractive restaurant is close at hand, 
where well-cooked meals are furnished at prices 
just sufficient to pay expenses; married men are 
not allowed to use this restaurant, but they can 
purchase and take home with them their meals at a 
somewhat lower price, so that all the expense and 
trouble of cooking is saved them. In this restau- 
rant a separate room is provided for the use of the 
foremen, the scale of charges being the same, and 
a general shop is attached where everything can be | 
purchased at the lowest possible rate. For those 
men who wish to save the expense and trouble of 
going to the restaurant at meal times, a range of 
ovens is provided within the works and placed under 
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by this arrangement the cottages gradually fall into 
the absolute ownership of the workmen, and a most 
powerful inducement for steadiness and content is 
thus secured, The single men are also allowed to 
have a plot of garden if they desire it, and this 
is found to be a great attraction in taking and 
keeping service under M. Decauville. The result 
of this wise administration is seen in the fact 
that the Petit-Bourg colony possess savings to 
the extent of 200,000 francs, which are not in- 
vested in savings banks, but in the works themselves, 
where it receives a guaranteed interest at 6 per cent. 
Workmen are insured against all accidents by M. 
Decauville, who encourages and assists the several 
benefit societies, which are mainly supported by the 
workmen themselves. But the glory of Petit-Bourg 
is its theatre, a substantial and really elegant build- 
ing, 100 ft. long and 39 ft. wide, capable of seating 
about 500 persons ; this theatre is nicely fitted up 
and has a capacious stage with appointments that 
would do credit to many a provincial town. Here 
about four performances are given a year; not by 
third-rate actors representing sensational drama, 
but when it is determined that a performance shall 
take place, subscriptions are raised amongst the 
employers, the foremen, and the men, a committee 
is formed tonegotiate withsome good Paris company, 
and everything is arranged admirably. It may be 
mentioned in passing that the ‘‘ Maitre des Forges” 
is a never failing favourite. But besides theatrical 
performances the theatre at Petit-Bourg serves other 
purposes ; it is the gathering place on all political 





occasions, at which needless to say M. Decauville 
presides in his capacity as Monsieur le Maire ; it is 
the scene of numerous concerts given by the Petit- 
Bourg band, formed exclusively of Decauville work- 
men ; the corps of Sapeurs-Pompiers, also from the 
works, hold their meetings and celebrations here ; 
and in the theatre M. le Maire distributes prizes 
gained in the schools which he controls. 

Altogether the Petit-Bourg colony leads a happy 
and prosperous, though a laborous life, and if M. 
Decauville can succeed in the future as he has done 
in the past, in saving the district where he and his 
family have ruled forso many generations, from the 
contagion of discontent and communism, Petit- 
Bourg will continue in its prosperity and its hard- 
working population will remain contented. 








REGISTERING BRAKE DYNAMOMETER. 

On page 659 we illustrate a neatly-designed brake 
dynamometer now being exhibited by Mr. Peter 
Brotherhood, of Belvedere-road, Lambeth, at the Paris 
Exhibition, and originally designed for testing the little 
three-cylinder engines used in torpedoes. The appli- 
ance is constructed on the principle of Weston’s friction 
clutch. It consists of a number of discs on a shaft, 
some of which are feather-keyed to the shaft and rotate 
with it, whilst the alternate ones are loose on the shaft, 
but are fitted inside a hexagonal sleeve, which com- 
pletely envelopes them. By forcing the discs into 
contact, those fixed on the shaft rub against their 
fellows, and tend to carry them and the sleeve with 
them. A long lever is attached at one end to the sleeve, 
whilst at the other it is connected to a piston working 
in acylinder having a cross-section of one square inch, 
This cylinder, which is fixed to a vertical standard, is 
mounted at a distance from the centre of the shaft, 
exactly equal to the radius of a circle with a circum- 
ference of 33 ft. ; it is filled with oil.and is connected 
with a Bourdon registering pressure gauge. The brake 
shaft, which is attached to the engine to be tested 
by one of Mr. Brotherhood’s flexible couplings, is 
hollow, and perforated under the discs, so that water 
for lubrication can easily be supplied to these discs. 
A revolution counter is also supplied, and the whole 
forms a very neat and compact device. 


HYDRAULIC MACHINERY AT THE PARIS 
EXHIBITION. 
To THE EpIToR OF ENGINEERING. 

Srr,—In reference to the descriptions and illustrations 
of the hydraulic machinery exhibited by the Hydraulic 
Engineering Company at the Paris Exhibition, would you 
permit me to call attention to an interesting fact in con- 
nection with the intensifier which you refer to as being 
used in many cases for the testing of hydraulic fittings ? 
At first sight it might seem that the machine was only 
adapted for two pressures, viz., the initial pressure from the 
accumulator or mains, and this pressure intensified in 
proportion to the ratio of the two rams. By careful 
manipulation of the controlling lever, however, any final 
pressure desired, up to the maximum, can be obtained, so 
that the same intensifier is available for tests of very con- 
siderable ranges, say, from 10001b. to 5000 1b., or upwards, 
persquare inch. Mr, Ellington designed this apparatus 
some years ago with special reference to requirements of 
this nature. 

Allow me further to supplement the information given 
in your paper by stating that the capstan exhibited, of 
which over 600 are at work, is a Brotherhood, and that 
the injector hydrant was kindly lent to the company for 
the purpose of exhibition by Sir William Armstrong, 
Mitchell, and Co. Yours faithfully, 

WILLIAM CARTER, Manager. 

The Hydraulic Engineering Company, Limited, 

Chester, June 8, 1889. 








NON-CONDUCTING COVERINGS FOR 
STEAM PIPES. 
To THE EnitoR OF ENGINEERING. 

Srr,—Referring to my letter of 21st ult. which you were 
kind enough to publish in your issue of 24th of May, I 
take the liberty of handing you herewith a copy of another 
test made yesterday, and trust you may find room for it 
in your next issue. Me 

am in this case comparing the fossil meal composition 
1hin. thick on No. 1 pipe with the same covering as 
before, on No. 8 pipe, No. 2 being again bare. All sup- 
plementary surfaces have received an additional, covering 
of 4 in. of hair felt and canvas. As this day happened 
to be one of the hottest that cocur in our climate, I con- 
sider the results a good illustration to the remark which I 
often hear from steam users during the summer months : 
‘©Oh, we do not lose much heat now; we will have the 
covering done when the cold weather comes.” 

The result shows that a rise of temperature of 30 deg. 
or 40 deg. Fahr. does not reduce the loss of heat so con- 
siderably as to make it advisable to postpone covering on 
that account. Asa rule more fuel and labour is lost from 
such uncovered surfaces during the three or four summer 
months than the whole covering would cost. 

This second test shows further that the small extra 
saving effected by an additional half-inch thickness is, in 
ordinary cases, not sufficient encouragement for incurring 
greater expense by applying more than one inch thickness 
of fossil meal composition, except of course where the 
steam pressure is considerably higher, as for instance 
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in marine boilers and pipes carrying 160 lb. to 200 lb. 
pressure. 


June 7, 1889. Bright Sunshine tn Morning, very close. 
Sultry in the Afternoon, Thunder, no Wind. 
1, Thermometer outside ; 2, inside against wall; 3, inside between 
pipes ; 4, on main steam pipe ; 5, on fossil meal 14 in. thick ; 
6, on bare pipe ; 7, on No. 3 pipe. 





6. 7 Steam 


























Time.| 1 4. 5 | 7 | pressure. 
| | Ib. 
8.30; 69 | 79 | 81 102} 111] 270} 98} 652 
8.45, 70 | 79 | 82 | 103, 113! 278; 100| 60 
9.0 72 | 80 | 8 | 108) 116 | 278) 101/ 60 
9.15/ 72 | 81 84 104 116] 278/ 102; 690 
9.30 | 72 80 84 104 | 116| 278; 102} 60 
9.45| 73 | 80 | 8 | 103} 116] 279/ 102 60 
10.0 | 73 | 80 | 82 105 | 117] 279} 102 60 
10.15; 74 | 79 | 81 105 | 117] 278! 102 60 
10.30, 74 81 | 87 | 105; 118] 278| 102 60 
10.45; 74 | 81 838 | 105| 115| 278!) 108 60 
11.0 | 74 82 | 81 106 | 119| 279 104 60 
11.15; 74 | sO | 82 | 106/ 119| 278 104 59 
11.30; 76 | 82 | 87 | 106| 119! 278/ 104 60 
11.45| 76 | 8L | 86 | 107} 118] 279; 104 60 
12.0 | 76 | 80 | 86 | 106; 117] 278 104 60 
12.15! 76 | 81 | 86 | 107; 118] 278!) 104 60 
12.30; 76 | 82 | 86 | 109) 120} 280 106 60 
1245! 77 | §&2 | 86 | 110; 120! 279 105 60 
1.0 | 77 | 83 | 88 | 110] 120; 280; 106 60 
1.15; 77 | 84 | 86 | 109| 120; 279 107 60 
1.30; 77 | 85 | 86 | 110} 122! 280; 107! 60 
Las) 7 | s6 | 11L | 121; 279 106 60 
20 | 78 | st | 86 | 109! 122; 278! 106! 59 
Condensed water from No. 2 pipe weighed 30 Ib. 6 oz.* 
2.15; 76 , 82 . 86 112; 122, 282; 108, 60 
2.30| 75 | 80 | 86 | 112] 120] 279| 106| 60 
2.45| 75 | 81 8 | 111; 119, 278| 106/ 60 
8.0 | 74 | 82 | 86 | 110] 119| 278] 104] 60 
8.15| 73 | 80 | 8 | 110| 118] 277} 103; 60 
3.30/ 73 | 80 | 85 | 109| 118 | 27 | 103 | 60 
345| 73 | 78 | 84 108 | 118] 278 | 103 61 
40 | 73 | 80 | 85 108 | 116 | 280/ 103 61 
415| 72 | 80 | 85 109 | 116] 279| 10%| 6) 
4.30| 72 | 80 | 85 | 109| 119} 279! 104} 60 
4.45| 69 | 78 | 80 | 106; 114; 277| 100| 60 
5.0 | 66 | 79 | 80 | 106| 115 | 278 | 100| 60 
5.15| 66 | 78 | 82 | 106/| 116| 279] 101 €0 
5.30| 65 76 | 80 | 105| 114| 276| 100; 60 
5.45| 65 | 77 | 80 | 105| 115| 278/| 99 60 
6.0 | 65 | 76 | 78 105' 114! 276! 98 60 
Condensed water from No. 2 pipe weighed 28 Ib. 14 oz, 
615! 65 | 77 | 78 } 104, 114] 278} 99] 60 
0.90 | 65 | 74 | 78 | al 11¢ | 276 | 0 | 60 

{ ' ! 
Ib, oz. 


Ib. 02. Ib. 02. 
From No.1, 16 10 From No. 2, = 6 From No, 3,12 2 
0 6 











238 14 
85 10 
16.625 Ib. 85 625 Ib. 12.125 Ib. 
6.481 6.481 6.481 
10.144 79.144 5.644 
12.82 p.o. 100 p.c. 7.13 p.c. 
87.18 ,, saved. Nothing saved. 9287 ,, saved. 


We recommend in those cases to apply 14 in. to 2in, 
thickness, and the cool stokeholes of all the new P. and O, 
boats, beginning with s.s. Victoria, as well as a large 
number of other steamers (City of Berlin, Columbia, 
Teutonic, &c.), bear witness how very efficiently the 
covering does its work. 

I am, Sir, yours very truly, 
ALBERT HAACKE. 
Kierelguhr Wharf, Hackney Wick, London, E., 
June 8, 1889, 





TWIN LOCOMOTIVES FOR THE SIND 
PISHIN RAILWAY. 
To THE EpiTor oF ENGINRERING 
Sir,—Referring to your number, April 19, and the 
locomotives illustrated therein for the Indian State Rail- 
way, constructed by Neilson and Co., it would be interest- 
ing to know the maximum curvature which these engines 
have to contend with in the service for which they are 
designed, also the tonnage which they are intended to 
haul, and the rate of speed at which it is proposed or 
required to work them. As the grades are comparatively 
easy for mountain service, there surely must be some 
special reason which calls for a special design of this sort, 
and it would be very interesting to many of your readers, 
especially on this continent, to have this information. 
e should consider the grades as mentioned in the article 
easy to overcome by an engine of ordinary type, as de- 
signed on this side of the water. The steepest grade is 
said only to be a trifle over 2 per cent. 
Yours truly, 
Francis R. F. Brown. M.E., 
Montreal, May 1, 1889. Mechanical Superintendent. 
[Since the above letter was received we have learned that 
up to the middle of last month, the engines to which Mr. 
Brown refers had not been put into regular work. They 
were originally designed for a special service, namely, 
pushing trains on the Upper Bolan, where there is a 
any of 1 in 25 for some twenty-five miles. We hope 
ater on to receive some particulars of their performance 
on this grade. On the grade of 1 in 45 on the other part 
of the line, there are curves of 600 ft. radius, while some 
of the sidings have a radius of 450 ft.—Ep. E ] 








THE ‘*STRONG” LOCOMOTIVE. 
To THE Epiror or ENGINEERING. 
Str,—I have read with interest a letter on the above 
subject in your issue of June 7, by Mr. W. H. Booth, and 


* See engraving on page 600 ante, 





T learn from himself that he had a good deal to do with 
the engine last illustrated in your paper, and so is in a 
position to speak of it in such detail. But in regard to 
the valve gears, some little confusion seems to have arisen 
in the information given to him, and from his remarks 
it might appear as if I claimed the gear as illustrated on 
engine No. 1 in yourissue of May 17, 1889. This I cer- 
tainly do not and never did. 

The confusion arises clearly from the fact that when 
Mr. Strong designed his first engine, he proposed to 
employ my valve gear, and I furnished him with tracings 
of the gear, he returning to me blue prints of the complete 
engine with my gear worked in; this complete drawing 
was published in several of the American mechanical 
papers about 1882, This gear was recognised in the de- 
scription, and was too well known for me even to need to 
claim it. Mr. Strong afterwards modified this till he got 
away from my system altogether, and brought out the 
gear as shown on engine No. 1 in your issue of May 17, 
1889. In the other points of his description I am very 
much with Mr. Booth, and I think the very remarkable 
runs to and from Buffalo claim every attention for the 
engine. 

With regard to the remark of your second correspondent, 
I do not think it is necessary to trouble your readers with 
any comments of my own, as it is well enough known by 
all who have any interest in the matter that my gear is 
entirely different from and independent of the Hack- 
worth gear. This was settled ten years ago, and has been 
admitted ever since. 

Davip Joy. 

9, Victoria Chambers, S.W., June 13, 1889. 





To THE EprTor oF ENGINEERING. 

Sir,—Referrirg to the letter of Mr. Bremme in your 
issue of May 24, I would say that the only similarity 
between my valve gear and that claimed by Mr. Bremme 
is that they both use one eccentric and are radial gears, 
still known in England and this country amongst engi- 
neers as the Hackworth gear, but originally patented in 
France between 1840 and 1850. Bremme gear, as shown 
in his patent, is an exact copy of Hackworth’s. Mr. 
Bremme should remember that there is a great difference 
between a crude idea that is not practical and a perfected 
device worked out so as to get results, and that it is in the 
details of construction that valuable and patentable ideas 
are developed. We do not claim the single eccentric or 
the radial gear and are willing to give credit to whomever 
it is due, but we do claim to have worked out some prac- 
tical details and to have got results never obtained from 
a locomotive valve gear before. 

Yours truly, 
Gro. 8. Strone. 
45, Broadway, New York, June 4, 1889. 

[Mr. Strong,: when writing the above letter, was 
evidently unaware that Mr. Bremme’s gear is not in the 
‘**crude idea” stage, but is in regular use and giving good 
results. Several engines fitted with it have been illus- 
trated in our columns.—Ep. E.] 








THE SOCIETY OF ARTS ENGINE TRIALS. 
To THE EpIToR oF ENGINEERING. 

Srr,—Messrs. Crossley Brothers have raised one or two 
points which I should like, with your permission, to say a 
few words about. 

The gas was only analysed on the days when the full- 
power trials were made, and consequently their remarks 
about the half-power trial of my engine being made with 
better gas than theirs does not apply, as it was made on 
another day, and it is just possible that on these half- 
power trials they had better gas than we had. In the 
trials the ‘‘ Otto” engine was tested for full power before 
mine. I was told that the oil used in the cylinder would 
be noted ; I observed tha textra oil was used freely in the 
** Otto,” and my intention was to use a proportionate 
amount in mine; I used perhaps ten times as much as 
would be used in ordinary work, as our larger engines 
will run satisfactorily with the oil which two ordinary 
cotton wicks, with about fifteen threads each, will supply ; 
the oil we used was of a very common quality and cost 
considerably less than the price it was charged against 
the engine. 

All this, however, is ‘‘hair splitting” compared to the 
temporary advantage Messrs. Crossley Brothers obtained 
from increasing the compression, to which they carefully 
avoid any reference in their letter. Had we been com- 
peting with one of their ordinary commercial engines we 
feel certain we should have beatenthem by atleast as much 
more. Will they candidly and distinctly state (yes or no) 
if the engine they tested has always been since worked 
satisfactorily and constantly with the amount of compres- 
sion it had at the trial, or has the liner which was put in 
for the purpose of giving the extra compression, ever been 
removed to make it a satisfactory commercial engine? 

The letter you publish from ‘‘An Old Millwright” 
throws some light on this question ; pistons and valves do 
not keep perfectly tight in ordinary work, and the greater 
the amount of compression, the greater the loss of power 
when there are leakages to contend with ; in this respect we 
have a great advantage, as the time which is required to 
do the compressing and to do the work is so much shorter, 
and any leakage is consequently reduced in the same pro- 
portion. I do not know if this gentleman has ever had 
to do with any ‘‘Cycle” engines, but I can assure him 
that if he will see that the piston and valves are clean and 
tight, he will never have any trouble in keeping them up 
to their original efficiency. 

As I stated, I have no hopes of getting Messrs. Crossley 
Brothers in love with my arrangement of rods, which they 





now call Morey | and cumbrous arrangement of toggle- 
links.” Might I be permitted to give the opinions of a 





ye disinterested engineers on this point as concisely as 
can? 

The Sub-Committee on Science and Arts constituted by 
the Franklin Institute of the State of Pennsylvania, 
examined and tested a 6 horse-power ‘‘ Cycle” engine in 
Philadelphia last December. They have issued a ver 
complete and elaborate report, the last sentence of whic 
is as follows: ‘‘ The conclusion indicated by the test is that 
James Atkinson’s gas engine surpasses that of all preced- 
ing gas engines in simplicity, economy, perfect regulation 
and uniform steadiness of power, and is deserving of re- 
cognition by an award of the John Scott legacy premium 
and medal.” Mr. S. Lloyd Wiegand, the well-known 
engineering expert of Philadelphia, was chairman of this 
committee ; the report was also signed amongst others by 
Mr. Coleman Sellers, of the Stevens Institute, Hoboken. 

The engine was also reported on by Professor Thurston, 
of Cornell Institute, who speaks in most flattering terms 
of it; the test was conducted for him by Professor Barr ; 
both these gentlemen are now in England, and will, I 
have no doubt, indorse their opinion if they should see 
this. During this trial the engine only consumed 21.5 
ong feet of Philadelphia gas per brake horse-power per 

our. 

‘'wo years ago Piofessor Unwin’s trial of the first 
**Cycle” engine, as published in your paper, specially 
praised the advantages of the “simple” link-work. 

Your contemporary, The Engineer, March 8, 1889, 
wound uptheir articles on the Society of Arts trials by 
saying: ‘‘ A letter which accompanied the report of the 
judges explains the grounds upon which the awards were 
made; from allof which it will be gathered that the Pax- 
man steam and the Atkinson gas engine received the gold 
medal because they were both exceptionally good in all 
essential details, and the other engines because they were 
also good engines and were there.’ 

Iam pleased to note that Messrs. Crossley Brothers 
look forward to our next competition with pleasure. As 
this makes the pleasure mutual, I will not venture to 
prophesy who will be ‘‘seriously beaten,” but I am cer- 
tain I shall not be in this position if I have only to com- 
pete against an ordinary ‘‘ Otto,” as I shall still be on the 
right side at full or half power ; as regards running light 
I shall have a good try, but do not care very much for 
euch barren honours. 

I am afraid that I have already extended this letter too 
far to reply fully to Mr. Hamilton’s letters, excepting to 
say that I have read them with great interest, that a good 
deal of what he says is in perfect accord with my ideas, 
but that I have not altered those ideas one jot from my 
original statement respecting the transfer of heat. The 
accompanying diagrams will doubtless be of interest to 
him and your readers; they were taken some months ago 
when I was experimenting as to the best time for ignition, 
and explain practically a good deal of what he has men- 
tioned. The engine when they were taken was running 
on a brake, the load being constant, the speed constant, 
also the gas; the only difference being the time of igni- 
tion ; the early ignition gives slightly higher mean pres- 
sure, but the later ignition gave as much brake power 
because there was less engine friction. He is scarcely 
correct as regards the relative motion of the piston in the 
“Cycle” engine in saying that it moves more slowly at 
the commencement of the stroke than the piston of the 
**Otto.” Ihave prepared a small diagram showing the 
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relative motions of the ‘‘ Otto” piston, presuming the con- 
necting-‘rod is 24 strokes long, and of the ‘‘Cycle” 
piston, as made in the 6 horse-power size, the vertical lines 
show the positions for each one-tenth angular movement of 
the crank-pins during the working strokes ; it will be seen 
that the ‘‘Cycle” piston gets away more quickly at first, 
but is a little behind during the middle portions of the 
strokes. I would be glad if you would kindly reproduce 
this diagram, as it takes me all my time to correct false 
impressions respecting the ‘‘ Cycle” engine. 
Yours faithfully, 
JAMES ATKINSON, 
The British Gas Engine and Engineering Company, 
Limited, Gospel Oak, tan N.W. 





Street CLEANING IN New YorkK.—A newstreet-sweeping 
machine is on trial at New York. The machineis a large 
water tank, running on three wheels, underneath which 
are placed large rollers on scrapers set diagonally with 
pieces of rubber instead of bristles hitherto used in street 
sweeping. Under the driver’s feet is a water pipe, from 
which copious jets of water are thrown, washing away 
the sand, which is swept into the gutter and washed into 
the sewers. The machine thoroughly cleaned two blocks 
in Fifth Avenue in 12 minutes, 
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month’s continuous running in regular service under 
natural draught with valve gear linked up and throttle 
partly closed. 

The Calais-Douvres was built by the Fairfield Ship- 
building and Engineering Company for the London, 
Chatham, and Dover Railway Company. At her trial 
trip on Monday, May 27, the maximum speed attained 
was 21} knots per hour, and the average of several 
runs, 20} knots, She has since made one trip across 
the Channel at slow speed, doing the journey in 70 
minutes, 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a firmer tone in 
the pig-iron market last Thursday, and more inclination 
to purchase warrant iron was shown. The price of Scotch 
iron met with a steady recovery to the extent of 24d. per 
ton, which was fully one-half of the preceding day’s de- 
cline, A recovery also took place in the price of Cleveland 
iron to the extent of 34d. per ton, and 4d. in the case of 
Cumberland hematite warrants. The closing settlement 
prices for Scotch, Cleveland, and hematite iron were, re- 
spectively, 42s, 9d. per ton, 37s. 74d., and 48s. 6d. On 
the following day a strong feeling was shown in regard to 
Scotch warrants, the price of which rose in the afternoon 
to 43s, 04d. per ton cash, and 2d, more per ton one month. 
At the close the settlement prices were—Scotch iron, 
433. per ton ; Cleveland, 37s. ; hematite iron, 48s. 9d. per 
ton. The iron market was closed on Monday owing tothe 
occurrence of the Whit-Monday Bank holiday. ester- 
day the market opened with a quiet tone, and prices 
gave way a little in the course of the forenoon meeting 
of the ‘‘iron ring.” The top price at the opening 
was 433. per ton cash for Scotch warrant iron, and 
in the afternoon down to 42s. 7d. cash per ton 
was accepted; and the closing settlement prices were: 
Scotch warrants, 42s. 6d. per ton; Cleveland, 37s. 6d.; 
hematite iron, 48s. 6d. per ton. This day’s forenoon 
market was rather steadier, there being no pressure to 
realise on the part of holders. At the close there were 
buyers at 42s. 64d. per ton cash for Scotch, 37s. 7d. for 
Cleveland, and 48s, 8d. for Cumberland warrant iron. 
Business was done in Scotch iron in the afternoon at 
42s. 7d. up to 42s, 8d., and down to 42s. 64d. per ton 
cash, the close being 42s. 6d. buyers and 42s. 7d. sellers. 
For Cleveland iron 37s. 74d. per ton cash was accepted, 
and for hematite warrants 483, 9d. cash nine days. 
Scotch special brands have undergone little or no change 
in price officially, but in second hands they are a trifle 
easier in price. The following may be taken as the official 
quotations for several brands of No.1 iron: Coltness, 
55s. per ton ; Summerlee, 54s ; Langloan, 53s. 6d.; Calder, 
52s. 6d.; Gartsherrie and Glengarnock, 51s. 6d.—all 
shipped at Glasgow ; Carron (at Grangemouth), 53s. 6d.; 
and Shotts (at Leith), 52s. 6d. There is no change to 
report in regard to the number of blast furnaces in 
actual operation, which is still 82, as compared with 
87 at this time last year. Last week’s shipments of 
pig iron from all Scotch ports amounted to 6287 tons, 
against 10,738 tons in the corresponding week of last 
year. They included 800 tons for the United States, 
440 tons for Canada, 145 tons for South America, 300 
tons for Australia, 400 tons for Germany, 300 tons for 
Italy, 270 tons for Russia, 435 tons for Holland, 100 tons 
for China and Japan, smaller quantities for other 
countries, and 2920 tons coastwise, The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores stood 
at 1,027,301 tons yesterday afternoon, as against 1,028,413 
TT yee week, thus showing a decrease for the week 
i) 2 tons. 


Foreign and Colonial Shipments of Machinery, &:c.—The 
foreign and colonial shipments of machinery, &c., from the 
Clyde reported last week included the following : Loco- 
motive engines of the value of 17,744/., for Buenos Ayres, 
Calcutta, and Bombay; miscellaneous machinery, valued 
at 18,500/., chiefly for Trieste, Calcutta, Brazil, Vera 
Cruz, Sydney, and the United States; steam launches 
and pontoon, for Vera Cruz and Rangoon, of the value of 
2115/. ; blooms, plates, bars, and other steel goods, valued 
at 6800). ; | gos and other castings, plates, bars, tubes, 
— R miscellaneous iron manufactures, of the value 
of 35, 5 


Imports of Spanish Cre into the Clyde.—The imports of 
iron ore at the Clyde ports from Spain during the month 
of May comprised 30 cargoes of 40,198 tons, an increase of 
5339 tons over the landings for May last year. Over the 
five months of this year the imports amount to 190,546 
tons, an increase of dios tons over the imports during the 
same period last year, and 62,083 tons over the landings 
for the five months in 1886. All the vessels engaged in 
this trade were steamers, of which 15 ‘or one half) be- 
longed to Glasgow. The returns are: 


Month, Five Months. 
Tons. ‘ons. 
1889 40,198 190,546 
1888 34,859 182,418 
1887 $2,188 189,746 
1886 ,060 128,463 
1885 34,790 131,919 


Young's Paragin Light and Mineral Oil Company.—The 
directors of this company have just issued their report for 
the financial year ending April 30, 1889. It shows agross 
profit of 53,7062. 163, 3d., anda dividend of 74 per cent. is 
recommended by the directors. The report states that 
the works, oo mines, houses, mine properties, and rail- 
ways, which originally cost 1,262,537/., are now entered in 
the balance sheet at 522,375/.; and the directors do not 
think that any further capital depreciation is necessary 
for the present. 





Forth Bridge—Completion of the Queensferry Cantilever. 
—The Queensferry or south cantilever of the Forth Bridge 
has now been virtually completed, and a connection esta- 
blished between it and the viaduct on the other side of 
the water. The bridge was inspected yesterday by the 
directors and a party of friends, who were able to walk 
from the shore to the end of the Queensferry cantilever, 
a distance of 3495ft. The Inchgarvie and Queensferry 
cantilevers will, it is expected, be joined together by a 
connecting girder, 350ft. in length, about the end of 
August. This girder will weigh 800 tons, and will 
be the third largest which has been built in this coun- 
try. It is anticipated that the bridge will be finished 
in December and opened for traffic next January. As 
it approaches completion, the bridge is becoming some- 
what inconveniently popular. Yesterday, for example, 
in addition to great numbers of tourists by road and rail 
from Edinburgh, upwards of 400 members of the North- 
Fast Coast Institution of Engineers and Shipbuilders, 
arrived from Newcastle to pay a visit to the bridge, the 
whole of the works in connection with which were most 
courteously thrown open for their inspection. To-day, 
Professor Miiller and two other professors and fifty 
students from the chief engineering school in connection 
with the University of Berlin, were received at the bridge, 
the visit having been arranged for between the German 
ambaseador in London and Sir John Fowler; and a 
similar contingent from one of the Austrian engineering 
colleges is on its way to this country to inspect this great 
triumph of engineering skill. Very shortly a large party 
of American engineers will likewise visit the bridge. 


Greenock and Port-Glasgow Tramways.—Ground was 
broken on Monday for the double line of tramways which 
it has been resolved to construct between the towns of 
Greenock and Port-Glasgow. Mr. Macrae, Glasgow, is 
the engineer, and Messrs. A. and G. Faill, also of Glasgow, 
are the contractors. The estimated cost of this line will 
be something like 30,0007. It isexpected that the line will 
be open and in full operation by the month of October, 
when there will be a continuous tramroad all the way 
from the ‘‘ Port” through Greenock, from east to west, to 
- far end of Gourock, a total length of seven or eight 
miles, 


NOTES FROM THE SOUTH-WEST. 
Barry Dock and Railways.—The Barry Dock and Rail- 
ways Company expects to open its dock early in July. 
The event is to be commemorated by suitable festivities, 


Bute Engineering and Dry Dock Company, Limited.— 
On Thursday the half-yearly meeting of this company 
was held at Cardiff, Mr. P. Morel presiding. The secre- 
tary (Mr. H. G. Farrel) read the directors’ report and 
statement of accounts for the year ending March 31, 
1889, which showed a net profit (including 14,806/. 1s. 1d. 
carried forward from the last account) of 16,0367. 19s. 4d. 
After deducting 4373/. 0s. 9d. for an interim dividend 
paid in October, and allowing 502/. 7s. 8d. for certain 
trade allowances, there remained a balance of 11,668/. 
18s. 7d. Of this amount the directors recommended that 
43731. 8s. 6d. should be devoted to the payment of a final 
dividend of 5 per cent. per annum, free of income tax, 
and that the balance of 72901. 103. 7d. should be carried 
forward. The report was adopted, and the dividend 
recommended was declared. 


Padstow.—A public meeting at Padstow has made a 
strong appeal to the London and South-Western Railway 
Company to continue its system from Launceston to 
Padstow. 

Bristol Wagon Works Company (Limited).—The direc- 
tors of this company have issued their annual report, 
from which it appears that the orders on hand are suffi- 
cient to occupy the works for many months to come. The 
rolling stock of the company now consists of 1828 wagons 
and carriages, all of which are let. The net profits on the 
year’s working amounted to 8579/. 10s. 2d., and after 
deducting 27507. for an interim dividend of 5 per cent. 
per annum paid in December, there remains a disposable 
balance of 58297. 10s. 2d. From this the directors recom- 
mend that a dividend should be paid on the ordinary 
share capital at the rate of 8 per cent. for the half-year 
ending March 31 last, making 64 per cent. for 1888-9, 
leaving a balance of 1429/. 10s. 2d. to be carried forward. 


Cardif.—Business in steam coal has, of course, been 
interrupted by the Whitsun holidays. Prices have, how- 
ever, ruled firm, the best qualities making 13s. 6d. to 14s.; 
good dry coal, 12s. 6d.; and best Monmouthshire, 11s. 6d. 
per ton. Small steam coal has been in fair demand at late 
prices, The house coal trade, as was to bs expected at this 
season of the year, has ruled quiet, and prices have shown 
a downward tendency. Coke has been in good demand. 


Pembroke Dockyard—Two first-class line-of-battle ships 
are to be laid down in this dockyard. One of them is to 
be named the Reunion and the other the Repulse. 


South Wales Coal and Iron.—The shipments of coal 
from Welsh ports in May were as follows: Foreign, Car- 
diff, 843,495 tons; Newport, 212,680 tons; Swansea, 
76,184 tons; and Llanelly, 13,014 tons, making an aggre- 
gate of 1,145,373 tons. Coastwise, Cardiff, 102,566 tons; 
Newport, 82,009 tons ; Swansea, 61,970 tons; and Llanelly, 
9256 tons; making an aggregate of 255,801 tons. The 
shipments of iron and steel from the four ports in May 
were: Cardiff, 5993 tons ; Newport, 13,217 tons ; Swansea, 
1047 tons; Llanelly, nil; total, 20,587 tons. The exports 
of coke were: Cardiff, 8563 tons; Newport, 1837 tons; 
Swansea, 63 tons; total 10,463 tons. The exports of 
patent fuel were: Cardiff, 27,246 tons; Newport, 3024 
tons; Swansea, 38,124 tons; total, 68,394 tons. The 








aggregate exports of coal from Cardiff in the first five 
months of this year were 4,348,881 tons; of iron and steel, 
$1,406 tons; of coke, 30,825 tons; and of patent fuel, 





110,341 tons. The corresponding exports from Newport 
were: Coal, 1,324,439 tons; iron and steel, 60,155 tons ; 
coke, 2842 tons; and patent fuel, 21,107 tons. From 
Swansea: Coal, 661,157 tons ; iron and steel, 2106 tons ; 
coke, 1284 tons; and patent fuel, 141,047 tons. From 
Llanelly : Coal, 105,259 tons ; iron and steel, 2500 tons. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday, 

The Cleveland Iron Market.—Yesterday there was a 
very thin attendance on ’Change and the market was 
quite of the holiday kind. The amount of business tran- 
sacted was exceedingly small and quotations were a 
shade easier than last week. For prompt f.o.b. delivery 
No. 3 Cleveland pig iron was obtainable at 38s. per 
ton, but buyers at this figure were not easy to find. 
The majority of makers still refuse to do business 
at prices ruling just now, and ask from 38s. 6d. to 
39s. 6d. per ton for early delivery of No. 3. Stocks 
continue to decrease and shipments are fairly well 
maintained. Middlesbrough No, 2 warrants have 
risen slightly ae the past two or three days, being 
now 38s. per ton. The demand for hematite pig iron is 
quiet. East coast brands are quoted 50s, 6d. per ton for 
mixed numbers. Gellivara mixed numbers foundry is 
47s. For manufactured iron the inquiry continues very 
slack, but the fact that producers took numerous orders 
some time ago enables them to keep their mills in full 
operation and to maintain prices pretty well. Common 
bars are quoted 5/. 10s. ; best bars, 6/. ; best best bars, 
7l.; ship angles, 5/. 10s.; ship-plates, 6/.; and boiler 
plates, 7/., all less the usual discount. Steel is in poor 
request, but an early revival in the demand is antici- 

ated. Quotations are the same as those last quoted. 

he coal and coke trades are steady. Thereisa fairly good 
demand for all kinds of fuel, especially coke for blast fur- 
nace purposes. The last-named article is as scarce as ever, 
ani the holidays in all probability will make it still more 
difficult to obtain a sufficient supply for the next few 
weeks, 

Engineering and Shipbuilding.—In these two important 
branches there is a lot of work doing, but fresh orders are 
not easily obtained just now. About all the firms in the 
North of England, however, have contracts on hand 
which will keep them occupied during the whole of this 
year. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Steam Coalowners and New Railway Contracts.—A 

rivate meeting of the members of the South Yorkshire 
Senne Coalowners’ Association has been held at Barnsley 
to consider, amongst other matters, the supply of railway 
companies with locomotive coal, as the contracts now in 
force will shortly expire. Mr. John Tyas, president of 
the Association, occupied the chair. It was pointed out 
that the advance in the prices of colliery timber and 
stores of various kinds, together with the 10 per cent. ad- 
vance given to the men, left the trade no alternative but 
to advance the price of locomotive coal, especially as the 
companies refused to reduce the carriage of coal. In the 
early part of last year the price of steam coal was little 
more than 6s., and it is understood that the new contracts 
will be solicited at rather more than 8s. per ton. The 
advance will not affect any other kind of fuel but hard 
coal, which is extracted from the Barnsley 9 ft. seam. 


A Colliery ‘‘ Set Down” by Boys.—The Denaby Main 
Colliery, one of the largest in the district, has had a novel 
and costly experience. At the close of last week the 
“lads” struck work, the ‘weaker poy compelled by 
physical force to obey the dictates of the ringleaders in 
the movement. One thousand men were thrown out of 
employment. The lads refused to listen to the counsels 
of the men, and resisted the interference of union officials. 
The question was one of wages. A deputation of lads 
waited on the proprietors of the colliery, and after a pro- 
mise had been given that their grievances would 
removed, they consented to resume work, The lads (some 
hundreds) are very elated at the result of the “strike.” 


The Leeds Corporation and Electric Lighting.—The 
Leeds borough engineer is ay ee. a report to be sub- 
mitted to the Electric Lighting Committee of the corpora- 
tion on the scheme for illuminating a large area in the 
centre of the town by electricity. If the project receives 
the approval of the council the whole of the interior of the 
market in Kirkgate will be lighted by electricity. It is 
estimated that the cost of the scheme will be about 

0007, 

Hull and Barnsley Railway.—An adjourned meeting of 
the Hull and Barnsley Railway has been held at Hull to 
take the result of a poll on the amendment to reduce the 
directorate to twelve. The chairman (Mr. Fisher) read 
the report of the scrutineers. One pair reported 1891 
proprietors with 15,685 votes in favour of the amendment 
and 2177 proprietors with 39,384 votes against. Another 
pair of scrutineers, who admitted recently-sent proxies, 
reported 2734 proprietors with 24,231 votes in favour and 
1902 proprietors with 35,320 votes against, The original 
resolution was then put, and only a small number voted 
for it. A poll was demanded by Mr. Wright, and the 
meeting adjourned. 


Sheffield and Railway Rates.—The Sheffield Chamber of 
Commerce and Manufacturers has forwarded to the Board 
of Trade a list of its objections to the schedules of maxi- 
mum rates and charges submitted by the London and 
North-Western, the North-Eastern, the Great Northern, 
the Midland, andthe Manchester, Sheffield, and Lincoln- 
shire Railway Companies, The objections are thirty-six 
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in number and are in complete harmony with those of the 
conference of West Riding chambers. Most of these 
chambers are sending in their own objections varied to 
meet their particular interests, but on general matters 
affecting all of them there is complete unity of opinion. 
This latter is an important feature, and it is thought will 
have due weight with the Board of Trade. 


Trade.—Though the Whitsuntide vacation ~has inter- 
rupted business a little, there is plenty of work for the 
men to go on with in all the heavy departments. Bars in 
Sheffield have gone up to 61. 5s, 6d., and sheets to 7/. 17s. Gd., 
a rise of 5s. on the month. 








MISCELLANEA. 

It is now stated that the Cambria Iron Works were less 
damaged by the bursting of the South Fork Reservoir 
than was at first supposed, the loss being estimated at 
oo 50,000 dols. ork has already been restarted in 
them. 


The American Manufacturer now gives a quotation for 
aluminium prepared by the Pittsburg Reduction Com- 
pany. The price quoted is 4dols. per pound for the 
ingot, and 6 dols. to 8 dols, for the metal in plates or 
sheets. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom for the week ending June 2, 
amounted, on 16,026 miles, to 1,276,055/., and for the 
corresponding period of 1888, on 15,9594 miles, to 
1,230,895/., an increase of 664 miles, or 0.4 per cent., and 
an increase of 45,160/., or 3.6 per cent, 


The Canadian Pacific Railway, in spite of its northerly 
latitude, seems to have overcome the snow difficulty. 
The total detentions during the past winter from this 
cause were only seven hours, the snowsheds, and split 
and glance fences protecting the line in a very perfect 
manner, though some very heavy avalanches fell in the 
Selkirks, 


One of the cheapest contracts for street lighting by elec- 
tricity in the United States has, it is said, been made by the 
city of Providence, R.I., where 300 lamps have been con- 
tracted for a period of three years at the rate of 44 cents 
per lamp per night. At St. Paul, Minn., the cost is 
41 cents, and at New York 40 cents. Philadelphia, how- 
ever, pays 47 cents, Boston 65, and Sacramento, Col., 69 
cents per lamp per night. 


In his speech at the opening of the Cape Parliament, 
General Smith, the administrator of the colony, stated 
that the railroad extension from Colesberg to the Orange 
river was being rapidly pushed forward and would shortly 
be opened for traffic. In consequence of the contemplated 
extension to Bloomfontein with fair prospect of an early 
continuation to the Vaal River, it had not been deemed 
expedient to proceed with the construction of the northern 
extension, from Kimberley to the Vaal River, which had 
been authorised in the last session. 


Captain Canabier, who conducted the surveys for the 
Congo Railway, has published some additional particulars 
about the project. For the working of the line, engines 
weighing 30 tons, which can draw an average weight of 50 
tons 18 kilometres per hour, has been adopted. Besides the 
two termini there will be three stations, and the line will 
be divided into five great sections of about 85 kilometres 
each. The sections will be subdivided for the necessities 
of the service. A train will make the complete journey 
(which now takes about a month) in two days. 


At a meeting of the American Institution of Civil 
Engineers, Professor de Volson Wood gave the results of 
some experiments he has recently made on the expansion 
of timber by absorption of water. The following were 
the average results obtained : 

Pine. Oak. Chestnut. 


Elongation, per cent. 0.065 0.085 0.165 
Lateral expansion, p.cent. 2.6 3.5 3.65 
The tests were made with specimens 36in. long, }in. 
thick, and 5in. wide. The specimens were thoroughly 
dried and then soaked in water, measurements being 
be both before and after immersion, with the above 
results. 


The Admiralty have now given names to the four new 
vessels which have just been commenced at Chatham 
Dockyard. The armour-plated line-of-battle ship, which 
will be the most powerful vessel in the Navy, is to be 
named the Hood, and will be fitted with engines of 
20,000 horse-power, and will have a displacement of 14,600 
tons. The vessel of the improved Mersey type is to be 
named the Hawk, and will be fitted with engines of 20,000 
horse-power, and will have a displacement of 7500 tons. 
The two vessels of the improved Medea class are to be 
named respectively the Andromache and the Apollo, each 
being fitted with engines of 9000 horse-power, and having 
a displacement of 6000 tons. They will be 35 ft. longer, 
_ have 4 ft. more beam than the versels of the Medea 
class, 

The British consular agent at Jaffa, in his last report 
on the trade of his district, states that a concession for a 
railway from Jaffa to Jerusalem has been granted by the 
Sultan to Mr, Joseph Navon, an Ottoman subject, for 71 
years. It is stated that a company has been formed in 

ngland and France to carry out the scheme, and that 
the engineers are soon expected to undertake the work. 
The carriage road between Jaffa and Jerusalem has been 
greatly improved. The Government sold last year the 
income from the toll of the road for 2085/., as compared 
with 1812/. the year before last, which shows an increase 
in the traffic. The Jewish colonies in Palestine are 
ad improving ; one of them, which is called Richon 

e Zion, has planted about 2,000,000 vines, all promising 








well. _ The colonists are good labourers, nearly all their 
land is cultivated. The greater part of them are Turkish 
subjects, and are ail subject to the laws of the country. 


The British Consul at Coquimbo, in his last trade re- 
te mentions that a large number of British home firms 
ave given up the practice of sending out expensive cir- 
culars, which are not understood or read and which would 
be of little use if they were read, on account of the diffi- 
culty and uncertainty of remitting money, ignorance of 
shipping duties, and other details on the part of those who 
might be purchasers. Instead of this they are now send- 
Ing out travellers who understand the language, are of 
good address, and are pushing men, who explain all about 
forwarding, transit, time of arrival, &c., to the pur- 
chasers. All these travellers have expressed through the 
consul their general satisfaction at the business they have 
done. At the same time it enables them to judge of the 
goods most in favour with the people and required by the 
habits and climate. Amongst the British trades thus re- 
presented are dry goods, iron, medicines, biscuits, mining 
appliances, explosives, bootmaking, and others. 


In a recent paper read before the Society of Engineers, 
Mr. H. Faija, M. Inst. C.E., has described some experi- 
ments he has carried out during the past year on the effect 
of percolation of water on Portland cement. The bri- 
quette to be tested was waterproofed in all but its central 

ortion, and then exposed to a head of 21 ft. of water. 

he amount of water passing through the unprotected 
portion was measured, and was on an average about 
271 0z. After 88 days all percolation ceased, and the 
briquettes so treated, together with a number prepared at 
the same time, and simply hardened in the usual way 
were tested, the latter serving as standards. Contrary to 
what would have heen expected, it is stated by Mr. Faija 
that the briquettes through which water had been forced 
gave better results until the tensile test than the standard 
specimens, and he therefore concludes that with a good 
properly used cement no deterioration is to be feared from 
this cause in engineering structures. Both salt and fresh 
water were used in the experiments. 


The Great Southern Railway (constructed by the West 
Australian Land Company, Limited), was officially in- 
spected and passed on the Ist inst., and opened for through 
traffic on the following ——, This railway opens up 
through communication from Albany, a port in Princess 
Royal Harbour, King George’s Sound, to Perth, the 
capital of Western Australia, Thelength of the company’s 
line is about 244 miles, and commences on a fine pier 
1700 ft. long, running out into 32 ft. of water in Princess 
Royal Harbour, passes through the town of Albany, and 
opens up a new and fine belt of country well suited for 
agricultural and pastoral purposes, joining the Govern- 
ment line at Beverley. This railway has been built by 
Messrs. C. and E. Millar, of Melbourne, in about two 
years and nine months, having been commenced in the 
autumn of 1886. The locomotives have been supplied by 
Messrs. Beyer and Peacock and Messrs. Kitson and Co.. 
and the carriages by the Metropolitan Railway Carriage 
and Wagon Company. 

On Thursday, May 30, Mr. Charles Mittelhausen read 
his presidential address to the King’ College Engineering 
Society on “‘ A Few Recent Engineering Advances.” The 
author showed experimentally how sewage could be pre- 
cipitated electrically by means of iron electrodes on a small 
scale and indicated how this long-known scientific fact 
had been turned to practical account with the Webster 
process. In referring to the execution of criminals by 
electricity it was pointed out that exhaustive experiments 
had now demonstrated the superiority of alternating cur- 
rents for that purpose. The series system of electrical 
traction was then taken up, and by means of a model it 
was shown how the system had been made a complete 
success by the use of highly insulated conductors. Speak- 
ing on the advantages of photography for engineers, Grim- 
stone’s new patent shutter was commended, both on account 
of the simplicity and accessibility of its mechanism. The 
author also referred to Messrs. Siemens Brothers’ new 
Morse instrument and Edison’s new phonograph, whilst 
apropos the question of national defence, the newest 
methods of operating submarine mines was explained. 


The late accident on the Tientsin Railway line, by 
which about twenty persons lost their lives, is now known 
to have been due to the error of an engine driver in pro- 
ceeding out of a siding before a train coming in the oppo- 
site direction had passed. Yet the official directors of the 
line have been severely punished for the accident. The 
managing director has, by order of Li Hung Chang, had 
three black marks, or marks of gross error, put down 
against his name in the official records. These will be a 
bar to promotion, or to obtaining any new lucrative ap- 
pointment for some time. The two other directors have 
two such marks put against them. The dead were buried 
at the public expense, and the relations of each victim 
poe about 50/. each. Meanwhile, along the country- 
side, in the neighbourhood of the accident, legends are 
circulating respecting it. According to one, the people 
of the village near to which the disaster took place, in the 
dead of the night heard the piteous wailings of the spirits 
of the victims, which had been forced from their earthly 
habitations with such awful suddenness. The cries rose 
and fell, sounding sometimes near and sometimes far 
away, as if the spirits were hovering through the air 
looking for a place of refuge. The people lay awake lis- 
tening to this wailing, which was sometimes long and 
piercing, sometimes broken off abruptly, and their hair 
stood on end with fear. Again, people looking up to- 
wards the bright moon and stars saw a ghostly train 
sweeping on at full speed, then suddenly stop, and then 
ries hcpethen. These and other legends circulating 
round the accident show what a profound effect the latter 
has had on the minds of the people. 





At a recent meeting of the French Academy of Sciences, 
M. Janssen, the well-known astronomer, read a paper on 
some observations he had made to test the truth of the 
received statement that oxygen rays in the solar spectrum 
are due to the presence of that gekaheien in the sun. It 
was known that some of these rays are due to the earth’s 
atmosphere ; but it was uncertain whether others of them 
might not be due to the solar atmosphere. One method 
of testing the question is to ascend a high mountain and 
observe the diminution of intensity in these rays as one 
proceeds, thus learning whether or not they are all terres- 
trial. Another plan is to analyse the rays from a powerful 
light giving a continuous spectrum. The light should be 
placed at a distanceequivalent tothethickness of theearth’s 
atmosphere in its action on the spectrum. The Eiffel 
Tower, with its powerful electric lamp, offered to M. 
Janssen these conditions. It is situated about 7700 
metres from his observatory, and the intervening air 
is practically equivalent to the thickness of the atmo- 
sphere towards the zenith. A collectirg lens was 
employed to givethe spectrum of the Eiffel light an in- 
tensity a ag to that of the solar spectrum in the 
sume analyser. The effect was vivid, and the spectral 
field extended beyond A, while the group B was as bright 
as that from the meridian sun in summer. No oxygen 
band was visible, and Janssen concludes that the 
bands obey other laws than the lines. In fact, while for 
the lines it appears not to matter whether one employs a 
thickness of gas at constant density or a thickness equiva- 
lent in weight but of variable density ; for the bands, on 
the contrary, the absorption taking place according to the 
square of the density, calculation shows that at the sur- 
face of the ground an atmospheric thickness of more than 
50 kilometres is necessary to produce them. M. Janssen 
considers his experiment an approximation ; but as far as 
it goes it tends to prove that the oxygen rays of the solar 
spectrum are purely terrestrial. Further experiments 
will, however, be attempted. 


The last report of Mr. Lambert, the superintending 
engineer for the irrigation of Scinde, shows that agri- 
cultural prosperity, in Scinde at least, depends on the 
— and effective repair of embankments and tanks 
and the clearance of silt from the canals, so that when 
the proper time comes the water may ke freely distri- 
buted over the fields. The greater part of this work 
over about 6000 miles of canals, has to be done in six 
months of the year, and as the evidence of the work 
is lost the moment the water enters the canals, the 
closest supervision has to be exercised over the con- 
tractors. Most of the canals are dry in October, 
and Mr. Lambert recommends that work should in 
future be commenced early in November in place of in 
January, as at present, so that all the canals may te 
in working order by the middle of May at least. 
About 60,000 additional acres were brought under 
cultivation last year, thanks to improvements in irti- 
gation ; but nevertheless the supply cf water is still in 
many places insufficient and irregular. Thus, towards 
the ends of the main and branch canals, in consequence 
of scarcity of water, a general displacement of cultivation 
has taken place. The zemindars have, in consequence, 
suffered heavily, and Mr. Lambert says the need of ex- 
penditure to restore the water supply they have lest is 
urgent. Thus in the Shikarpore district 80,000 acres 
which were under cultivation ten years ago, are now 
barren. In such a case the Government, of course, loses 
all the revenue derived from the land, which along the 
canals is about 4 rupees per acre. Seeing this heavy loss, 
Mr. Lambert urges the construction of a large supply 
channel trom the Indus above Sukkur to feed the whole 
system of Ghar canals, and, if possible, those of Western 

ara also, and he points out that an expenditure of 
50 lakhs of rupees would give a remunerative return in the 
shape of increased revenue; but, apart from this, the 
year was a successful one tor the Scinde agriculturists, 
the deficiency in some of the districts being counteracted 
by good prices, and, in fact, the remissions of taxation 
asked for were below the average of recent years, 





New ZEALAND CoaL.—The output of coal in February 
from mines worked on the west coast of New Zealand is 
returned as follows: Westport Coal Company, 10,917 
tons; Grey Valley Coal Company, Greymouth, 9,864 
tons ; total, 20,781 tons. 





Tue Exvecrricat Licutine or Rariway Traixs.—In 
a paper recently read before the American Institute of 
Electrical Engineers, Mr. Alexander S. Brown gives 
some information with regard to the employment of 
secondary batteries for train lighting on the Pennsylvania 
Railroad. The first start was made in 1882, when the 
Faure battery was first introduced from France. This 
was used for lighting one car for some days, and proved 
the practicability of the plan, and in the summer of 1884 
pat experiments were made using Brush storage 
batteries at the Altoona shops of the company. These 
proved so satisfactory that eight parlour cars were fitted 
for incandescent lighting, and put into regular service on 
April 1, 1885. These batteries were rated at 70 amptre 
hours, but with usage this decreased greatly, and at the 
end of a year’s time the positive plates were practically 
destroyed, and the plan did not prove economical. After 
this, however, cells by the Electrical Accumulator Com- 
pany were substituted, and much better results were ob- 
tained, and during the autumn of 1887 the last of the 
Brush cells were replaced by this make. At first the cells 
were removed from the cars in order to be charged, but 
some time back a Brotherhood engine and an Eickemeyer 
dynamo were placed in the baggage car and the batteries 
charged en route. The steam for driving the engine is 
obtained from the locomotive, and the exhaust is utilised 
in heating the train, 
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WAGES IN THE IRON TRADES. 

In view of the present upward tendency of wages 
in many trades, and especially in those more 
directly connected with the iron industries of the 
United Kingdom, some brief account, im so far as 
the facts are ascertainable, of the general rise in 
the rate of wages may be of interest, both to those 
directly or indirectly associated with such industries, 
and those who regard the matter purely from an 
economic standpoint. The present upward move- 
ment in wages, consequent upon a revival of trade, 
is not quite similar to that which preceded the 
enormous development of trade in the years 1871- 
73, when it expanded ‘‘by leaps and bounds.” It 
rather resembles the period commencing towards 
the close of 1879, and which continued through 1881 
and 1882, in its main features. In some respects 
and to some extent, however, there are points of 
resemblance between each of the three periods, 
especially as regards the particular industries which 
have first caught the breeze of returning prosperity, 
and those that have successively felt its invigorating 
influences. 

The first distinctive indication of a turn of the 
tide towards commercial prosperity, from the work- 
men’s point of view, was given in the annual report 
of the boilermakers and iron shipbuilders for the 
year 1887. The engineers’ report was also hopeful, 
if not quite so sanguine as that of the before-named 
body. The year 1888 was looked forward to with 
something like cheerful confidence by the opera- 
tives in most of the staple industries of the king- 
dom, and not altogether without reason. In the 
very first month of that year the engineers of Man- 
chester and Blackburn obtained a concession of 
7% per cent. in wages, or about 2s. per week. 
Bolton and Bury followed with a similar advance in 
May ; Newcastle, with an additional 6d. per week, 
making a total of 2s. per week in August ; Hartle- 
pool, of 1s. 6d. per week, also in August ; Middles- 
brough, Hanley, and the Potteries generally, 
Paisley, and other places, 2s. per week, in Novem- 
ber; and Barrow-in-Furness, of 1s. 6d. per week, 
in December. In Belfast there was an advance of 
1s. 6d. per week in March, anda further advance of 
1s. per week in October, mostly the result of the 
boilermakers’ action. Generally speaking theaverage 
advance in wages in the engineering trades in 1888 
equalled 2s, per week in all the chief centres of 
industry. 

The present year opened not less, indeed more, 
auspiciously. Dundee commenced with an increase 
of 1s. per week in the first months of the year, 
followed by a similar increase along the north-east 
coast, with a further advance of 1s. per week in May 
last ; making a total increase of 2s. per week in 
wages up to the end of March. In April Barrow 
had a further advance of 1s. per week, followed by 
the concession of a second advance to commence 
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Royat METEOROLOGICAL Socrery.—Wednesday, the 19th instant, 
at 7 p.m., at 25, Great George-street, Westminster, the following 
papers will be read: ‘‘ The Climate of British North Borneo,” by 
Robert H. Scott, M.A., F.R.S. ‘‘ On the Variation of the Tempera- 
ture of the Air in England during the Period 1849 to 1888,” by 
William Ellis, F.R.A.S., F.R. Met. Soc. ‘‘ Atlantic Weather and 
rapid Steamship Navigation,” by Charles Harding, F.R. Met. Soc. 
“* Meteorological Phenomena observed during 1875-87 in the 
Neighbourhood of Chelmsford,” by Henry Corder. ‘“ Rainfall in 
China, and Meteorological Observations made at Ichang and South 
Cape in 1888,” by W. Doberck, Ph.D., F.R. Met. Soc. Also Mr. Mar- 
riott will make a communication on the recent thunderstorms, 
and a number of photographs of lightning will be exhibited. 

Paysica Sociery.—June 22nd, at 3 p.m. ‘Researches on the 


Electrical Resistance of Bismuth,” by Dr. Edward von Aubel. 








on the average to 4s. per week ; sometimes this has 
been given in two instalments, at other times in 
three, or in four, according to circumstances. The 


0| increase per cent. has varied slightly in different 


districts, but there has been a tendency to uni- 
formity in the rise of rates of wages throughout the 


80 | trade ; and all classes of workmen have participated 


in the advance, in proportion to the current rates of 
wages. 

The increase in the rates of wages of the boiler- 
makers and iron shipbuilders is not quite so easily 
given, for the simple reason that a considerable 
proportion of the work is done by the piece, rather 
than by the day. Moreover, the rates vary very 
considerably in different districts. The average 
rates for time workers, from 1872 to 1887, were as 
follows: Angle-iron smiths, 34s, to 44s. per week ; 
boiler platers, 34s. to 40s. per week ; ship-platers, 
30s. to 36s. per week ; boiler rivetters, 303. to 36s, 
per week ; ship rivetters, 28s. to 32s. per week ; 
caulkers, from 28s. to 32s. per week ; holders up 
from 18s. to 30s, per week; and drillers and 





cutters, from 24s. to 25s. per week. The piece- 
workers’ prices are, as a matter of course, based, to 
some extent, upon time workers’ wages ; but, it is 
obvious that the net earnings of pieceworkers may 
greatly exceed the average of time workers’ wages, 
and therefore the advance, although in exact pro- 
portion in both instances, may be greatly exceeded 
in the case of the pieceworkers, upon precisely 
the same percentage of increase in rates. More- 
over, the same rate of increase in certain localities 
will eventuate in largely increased wages over other 
districts, in consequence of the larger normal rate 
current at the date of the advance in prices. 

The increase in the rates of time wages, in con- 
nection with the shipbuilding trades, averaged no 
less than 3s. 6d. per week, in the Liverpool and 
Birkenhead district, during the first nine months of 
1888, This rise brought up the wages of angle-iron 
smiths and platers to 43s. 6d. per week ; of rivetters 
and caulkers to 37s. 6d. per week ; and of holders 
up to 31s. 6d. per week. The rates of day wages on 
the Tyne, Wear, and Tees were advanced twice 
during the year 1888, the second advance being 
announced in the December report. Advances of 
from 2s. and upwards per week were reported also 
from other districts. In January of the present 
year further advances were reported at Dundee, 
Whitehaven, and in all the shipyards of the Tyne 
and the Wear. In the latter it amounted to 1s. 
per week on time wages, and to 5 per cent. on 
piecework from February 1, and a further advance 
of a similar amount in July next. These rates 
amounted to 3s. 6d. per week in time wages, and 
to 15 per cent. on piecework prices, obtained 
during eleven months, February, 1888, to January, 
1889. The Clyde lagged somewhat behind in these 
advanced rates, but they were levelled up in the 
Clyde district early in the present year. Further 
advances were made in the Hartlepool district 
of 1s. 6d. per week, and of 7} per cent. upon 
piecework prices, on February 5 of this year. 
By March of this year the total advance in the 
rates of wages on the Tees amounted to 2s. 6d. per 
week on time work ; with the further advance then 
asked for, ls. per week, and subsequently conceded, 
the total would be 3s. 6d. per week, bringing up the 
wages of the rivetters and caulkers to 36s. per 
week. In the Wear district the wages in April last 
were—for heavy platers and flangers, 39s. 6d. ; light 
platers, 37s. 6d. ; rivetters and caulkers, 35s. 6d. ; 
holders-up, 29s. 6d. per week. A further advance 
is recorded of 1s. per week in all branches of trade 
in the Tees district during last month, May, 1889, 
and also a similar rise in the Marine Engine Works, 
at Hartlepool. The total advance in these works 
was 5s. 6d. per week in a period of about fifteen 
months, making the weekly wages of rivetters and 
caulkers 36s. 6d., with 1s. per day allowance on 
outside repair work. In the Mersey district the 
rates of wages at the beginning of May of this year 
were—for holders-up, 283. 6d. in marine boiler shops 
and 26s. 6d. in shipyards, and 32s. 6d. on repair 
work. In the last month also the wages in the 
South Wales district have been advanced 1s. 6d. 
per week on time rates, and 74 per cent. on piece- 
work, while the rates of holders-up were increased 
by 3s. per week at Newport, thus equalising the 
rates in most of the South Wales district, with the 
single exception of Chepstow, which was a little 
behind. 

In so far as it is possible to test the various rates 
of increase, on daywork prices, the average advance 
in wages will amount to about 20 per cent. all 
round. But in some instances, where, for example, 
the previous rates were low in certain localities, 
particularly in some branches of the trade, the 
advance has been in excess of 20 percent. The in- 
creasing tendency to level prices up, all over the 
United Kingdom, has been manifest during the last 
two years to a greater degree than ever before ; and 
the employers, as a rule, appear to favour the 
process. Uniformity of wages, for the same kind 
of work, will doubtless be of advantage in tender- 
ing and estimating the cost of production. But 
the grades of work will still remain, so that the 
higher skilled men will always be able to command 
higher rates, as they should do, for superior work. 
The average rates of weekly wages of angle-iron 
smiths’ of the better class now reach to as much as 
52s. per week in some districts, and those of boiler 
platers to 48s. per week ; ship rivetters and platers 
to about 44s. ; and other branches in proportion. 
But the general average would be from about 
36s. 6d. to 42s. per week, according to the class of 
work upon which the men are engaged varying 
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slightly, according to the general range of wages 
in the district. 

But the average weekly rates of wages do not at 
present give the full measure of the weekly earnings 
of the steady men, who stick to their work regularly 
and continuously. Overtime has been, and is being, 
worked to an enormous extent, so that the total 
earnings of the workmen, inclusive of the extra 
paid for overtime, will in many cases amount to 
a very considerable sum, possibly to between 3. 
and 4l. per week; in exceptional cases to even 
more. But the men who have been earning large 
sums are the piecework men, those who throw the 
full energy and strength of their robust manhood 
into their work, and who labour long hours daily, 
almost without cessation, except at the ordinary 
meal times, and when resting for the night, to 
refresh themselves for incoming day. Such men 
have probably been reaping a plentiful harvest, in 
the shape of unusually large wages, during the last 
two years. Some of the men, however, only work 
hard at spurts, and then take an unseasonable rest, 
in which cases the average earnings will not much 
exceed those of the day worker, even if they reach 
that amount on the average. 

The general result of the recent rise in wages in 
the iron trades may be summarised thus: In the 
engineering trades there has been an advance of 4s. 
per week, 2s. of which the men regard as a recovery 
of the reductions made during the depression in 
trade, and the other 2s. as an advance upon the old 
rates. In this general rise of wages many branches 
of the iron trades, other than the various sections of 
the engineering trades participate, such as the iron- 
moulders and others, though not in all instances to 
the same extent, or toa like amount, in consequence 
of greater reductions in previous years. The boiler- 
makers and iron shipbuilders, on the other hand, 
have not only won back all former reductions, but 
they have succeeded in obtaining a general rise in 
advance of all former rates, nearly to the average 
extent of 4s. per week, with a proportionate increase 
upon all piecework prices. The one encouraging 
sign as regards the recent advance in wages is that 
in most cases it has been obtained with compara- 
tively little friction. It is true that over 500 strikes 
have taken place within the last eighteen months, 
and one of great magnitude is still unsettled, but, for 
the most part, they have been local and restricted 
in range, and the contests have been fought without 
bitterness. Never, perhaps, were the relations 
between employers and employed more cordial and 
friendly than at the present time. Long may such 
cordial relations continue. 





NEW ATLANTIC STEAMSHIP LINE. 

Just before the prorogation of the Canadian 
House of Commons the Minister of Finance moved 
the following resolutions, which were subsequently 
adopted. That a subsidy not exceeding 25,000l. 
per annum for a term of years should be paid 
for an effective fortnightly steam service between 
British Columbia and the Australian colonies, in- 
cluding New Zealand. That a subsidy not exceed- 
ing 15,000/. for a monthly, or 25,000/. for a fort- 
nightly service should be paid annually for a good 
steamer line between British Columbia and China 
and Japan, provided the {Imperial Government 
gives a subsidy of not less than 45,000l. for a 
monthly, or 75,0001. for a fortnightly service ; and 
that a contract for ten years should be made for a 
fast weekly steamship service between Canada and 
the United Kingdom, making connection with a 
French port, for a subsidy not exceeding 500,000 
dols. or 100,000/. sterling a year. 

Respecting the Atlantic service, the minister 
remarked that for a number of years the Canadian 
mail and passenger steamers had not been satis- 
factory ; that whilst a number of lines had been 
running between Europe and New York at a speed 
of from 16 to 18 knots an hour, their own service, 
very good in some respects, had an average on the 
various steamers of from 9 to 15 knots, and the 
result was that Canadian vessels were not getting 
their fair share of the passenger carrying. Whilst 
the number of Transatlantic passengers was largely 
increasing from year to year, those that chose the 
Canadian route were not increasing in the same pro- 
portion. The number of cabin passengers arriving at 
Quebec from the year 1880 to 1887 had been 3142, 
3538, 4086, 3937, 3974, 2744, 3085, and 3488 for 
those years respectively. If we contrast these 
figures with the rapidly increasing stream to New 
York, we shall find that passengers will choose the 








route which is the fastest, and gives the greatest 
amount of accommodation for the money paid. Out 
of a total of 86,302 cabin passengers from Europe 
that arrived at New York last year, the North 
German Lloyd’s carried 14,840 and the Cunard 
line 16,723, and as the steamers of the former line 
made 100 trips across the Atlantic, and the latter 
line 69 trips, the North German vessels carried 148 
and the Cunard 242 state-room passengers per trip. 
Of the letters sent from Canada last year across the 
Atlantic 1,710,824 went by the Canadian mail 
steamers, whilst 3,008,206, or 1,297,582 more, went 
through the United States. In papers the disparity 
was even greater, 2,870,495 were sent by the 
Canadian against 6,544,121 by the American route. 
This shows that neither for mails or passengers are 
the Canadian steamers taking their proper place. 

The self-respect of Canada cannot allow this 
state of things to continue, and as the geogra- 
phical position and natural facilities of Canada give 
her certain advantages upon the outer oceanic 
portion of the through route, the Government 
deem it of importance, without overburdening the 
financial power of the country, to have a service on 
the Atlantic equal to the best that is running to 
the south of them. Further, the Government deem 
that this should be distinctly a Canadian route. 
Hitherto the subsidies have been paid to the Allan 
line, their vessels having the privilege of going 
forward to an American port, which at first may 
probably, have been a necessity to secure sufficient 
business, but the time has come when, if Canada 
has to support the sevice, the whole advantage 
ought to ensue to her ports and railways. The 
completion of the Canadian Pacific, and the railway 
system generally, has entirely altered the position 
of matters. It is not now Canada alone that has to 
be served, but all to the west of Canada, and even 
to the south, can now utilise the railways, and 
enable the shortest sea passage to be also the best. 
The extreme eastern and western ports, the fur- 
thest asunder on the American continent, the 
wonderful coaling facilities unsurpassed by any 
country in the world at each of these extreme east 
and west termini, and the temperate climate, all 
point to this as being the most eligible route 
between Europe and Asia. Of course there are 
competing routes, vid San Francisco on one hand, 
and through the Suez Canal on the other ; but to the 
important ports of China and Japan the Canadian 
route is considerably the shortest both in distance 
and time, even with the present inefficient service 
on both oceans ; and with the fast service now pro- 
posed on the Atlantic and Pacific it ought to dis- 
tance its competitors easily. Between Australia 
and Great Britain the advantage is not so pro- 
nounced, but still by one route it is shorter than by 
either of the others in mileage, and with the new 
service to be introduced on both oceans, ought to be 
very much shorter in time. From Liverpool to 
Australia, by the United States route, is 12,780 
miles ; by Quebec, the Canadian summer route, it 
is 12,236 ; and by the longer winter route, through 
Halifax, it is 12,560. Even taking New Zealand as 
the objective point, acase in which, as the antipodes 
of Great Britain, there is the least advantage to be 
shown by the Canadian route, the distance by the 
United States route is 11,993, by the Canadian 
Pacific Railway and the St. Lawrence it is 11,928 
miles, and by Halifax 12,252, and in this last case 
so much larger a proportion of the distance is by 
land, that still in time there would be a marked 
saving, as the speed on railways is double of the 
ocean speed. To China and Japan, however, there 
is the shorter Atlantic passage, the quicker and 
better interoceanic route, and the shorter Pacific 
passage. For two years the Canadian Pacific Rail- 
way have been developing this route and have 
created a very fair trade. It needs, however, a 
better class of vessel and a more frequent service than 
hitherto has been the case. With the amount to 
be paid by England and Canada this is likely soon 
to be carried out, and the railway company are now 
taking steps to make the present monthly service a 
fortnightly one, and to put on quicker and larger 
steamships. 

For some time the Canadian Government have 
been negotiating with responsible parties for the 
quicker Atlantic service. For this three tenders 
have been sent in, of which the first, by a company 
not yet organised, was, for a 15-knot speed, at 
416,060 dols. per annum ; the second was from the 
Allan Company for a 17-knot speed at 104,0001. 
subsidy ; the third was from the Andersons, of the 
Orient line, who guarantee a power sufficient to 





make 20 knots an hour, which would make the time 
144 hours between Great Britain and Runouski by 
Belleisle, 154 hours by Cape Race, and 153 hours 
to Halifax, the subsidy asked being 104,000. per 
annum. This last service is evidently the best and 
the Government are now negotiating with the firm, 
and hope shortly to carry out the whole scheme. 





THE LATE MR. J. F. LA TROBE 
BATEMAN. 

Ir is with regret that we announce the decease of 
Mr. John Frederic La Trobe Bateman, F.R.S., 
L. and E., who died last Monday at his residence 
Moor Park, Farnham, Surrey, after an illness of 
ten days. He had attained the ripe age of seventy- 
nine years, and was known over a large portion of 
the world as an engineer of great eminence, and a 
man of science. The most striking feature of his 
career was the early age at which he was entrusted 
with works of great magnitude. In his twenty-fifth 
year he was associated with Fairbairn in laying 
out reservoirs on the River Bann, inIreland. Only 
a year or two later he designed a water supply 
system for Glossop, and in 1838 he was employed 
by objecting landowners to oppose a scheme for 
additional supplies of water to Oldham. This case, 
in which he was successful, turned his attention to 
the question of means for measuring the rainfall, 
a subject to which he devoted a great amount of 
time for many years. He commenced a system of 
registration over a considerable area to the east of 
Manchester, and accumulated a store of informa- 
tion which eventually proved of the highest value. 
In 1842, his thirty-second year, Mr. Bateman was 
engaged by the Bolton Water Works Company to 
carry: out an extension of the Belmont reservoir, 
and in 1844 he was first called in to advise about 
the Manchester and Salford water supply. In 
this way there was begun a connection which con- 
tinued for a great number of years, and which was 
alike honourable and satisfactory to all parties con- 
cerned. The people of Manchester have always 
admired the engineer to whom they confided their 
affairs before he had attained his fortieth year, 
and he had good cause to feel an honest pride in 
the work he did for them. 

Mr. Bateman was born at Lower Wyke, near 
Halifax, in 1810, and served his apprenticeship 
with Mr. Dunn, of Oldham, a surveyor and mining 
and civil engineer in extensive practice. He com- 
menced practice in Manchester in 1833, and imme- 
diately became connected with several local water 
undertakings. On June 23, 1840, he was elected a 
member of the Institution of Civil Engineers, and 
during the sessions of 1877-78 and 1878-79 he occu- 
pied the presidential chair. He was member of a 
many learned societies, and acquired a reputation 
which spread far beyond the subjects which en- 
grossed his professional attention, He represented 
the Royal Society in November, 1869, at the open- 
ing of the Suez Canal, at the invitation of the Khe- 
dive of Egypt. He was always very fully engaged, 
and a year or two ago, in consequence of increasing 
foreign business and advancing years, and of his 
inability to attend to the active details of his pro- 
fession, he resolved to take his son-in-law, the Hon. 
R. C. Parsons, and his son Mr. Lee La Trobe Bate- 
man, into partnership, and this arrangement com- 
menced on January 1, 1888, and is still continued 
under the name of Bateman, Parsons, and Bateman. 

Such a history of Mr. Bateman’s career as can be 
given within the limits of our space becomes a cata- 
logue of the names of water works. He designed 
and carried out works for the supply of water to 
most of the principal towns in the United King- 
dom ; amongst which may be particularly mentioned 
the Loch Katrine works for Glasgow, and the 
Longdendale works for Manchester, besides im- 
portant systems for Halifax, Blackburn, Oldham, 
Newcastle-on-Tyne, Ashton, Batley, Dewsbury, 
Bolton, Colne, and Marsden, Aberdare, Perth, 
Forfar, Gloucester, Cheltenham, the district sup- 
plied by the Colne Valley works, and many other 
places. 

He matured and carried through Parliament the 
Thirlmere water scheme for Manchester, and has 
for the past fifteen years been engaged in designing 
and carrying out large and important works of 
water supply and sewerage for the city of Buenos 
Ayres. In 1868 he was consulted by the Manchester 
Corporation, and reported on the question of the 
best means of preventing the floods caused by the 
River Irwell. Mr. Bateman was also connected 
with various harbour and dock works and river im- 
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provements thoughout the kingdom, notably those 
of the Clyde Navigation Trust, for whom he was 
for many years consulting engineer; and he was 
engineer for a large graving dock in Halifax, Nova 
Scotia. He was the engineer to some large land 
reclamation schemes in Spain and the island of 
Majorca, the latter being one of the largest irriga- 
tion systems in the world. He personally visited 
Malta to report to the Government on the docks at 
that place, and he also visited Naples and Constanti- 
nople and laid out water schemes for both cities. 





THE PARIS EDISON COMPANY. 

In describing the important electrical installations 
of the Paris Edison Company we propose to follow 
the same system that we have hitherto adopted in 
dealing with the contents of the Exhibition on the 
Champ de Mars, and to take the objects there 
shown, not simply for the purposes of description, 
but rather as a text that will lead us to consider 
the more important subjects, of which they form 
simply partial illustrations. It is true that this 
method does not apply to the Edison Company so 
forcibly as to many other exhibitors, because the 
installation of this association within the limits of 
the Exhibition is on so large a scale as to be 
almost representative of all that they have done 
commercially in Paris. 

The six years which elapsed from 1872 to 1879, 
did more for the practical development of elec- 
trical industries than the whole of a previous 
century’s theoretical research that followed the 
memorable discoveries of Galvani and of Volta. It 
is difficult to realise the vast amount of work that 
has been done since the great Volta made his 
first battery, up to the invention of the first prac- 
tical dynamo, And what a path has been traversed 
since Sir Humphrey Davy carried out, in the labo- 
ratory of the Royal Society in 1813, the experi- 
ments which contained in embryo the industry of 
electric lighting by the voltaic arc! Amongst the 
many names of physicists and of engineers who 
have worked with more or less success, on the task 
of which we admire to-day the grand results, four 
stand out with special prominence. 

Gramme, who in 1872 constructed the first elec- 
trical generator, which was at once convenient, 
powerful, and efficient. 

Jablochkoff, who in 1876, by the invention of the 
electric candle, proved the possibility of the divi- 
sion of clectric light, by solving the problem in a 
manner at once simple and successful. 

Edison and Swan, who in 1879 created electric 
lighting by incandescence lamps and made electric 
lighting the successful rival of gas. 

The Paris Exhibition of 1878 was held too soon 
to allow the public to appreciate to any great extent 
the value of the discoveries that were then being 
made ; it was only in 1881, on the occasion of the 
Electrical Exhibition opened in Paris at the Palais 
de l’Industrie, that the industrial applications of 
electricity made their first and complete trials. The 
congress that succeeded this Exhibition greatly 
helped forward the progress that was then on foot, 
by deciding on a common basis on which engineers 
of all nationalities could stand, and whence they 
could pursue their researches and experiments, cer- 
tain of understanding each other and of being 
understood everywhere. It was at the Exhibition 
of 1881 that the Edison incandescence lamps made 
their first great public success; the description of 
the invention had been conveyed to Europe in a 
number of the New York Herald on December 21, 
1879, which contained in seven columns of very 
small type, illustrated by ten diagrams, a detailed 
announcement of the electrical discoveries of the 
famous American inventor. This invention created 
a great excitement in England as well as in France, 
where the success of the system was confirmed in 
1881, when the jury awarded the Edison Company at 
that time, newly founded in Paris, a grand diploma 
of honour. Since that date the association has 
grown into the Compagnie Continentale Edison, 
and strong with a capital of 10,000,000 francs, the 
society which undertook to develope inventions 
relating to the production of electricity and the 
electric light, has never ceased to see its power 
and its means of action increase from year to year. 

The first installation in France was made at the 
powder mills of St. Chamas, the next was at Mar- 
seilles with sixty lamps of sixteen candles each. The 
powder mill installation proved an absolute success, 
and gave convincing evidence that the most fertile 
source of riskattending thisdangerousindustry could 





be averted ; the Government lost but little time in 
adopting the new method of lighting at all the State 
powder mills, the largest installations being at 
St. Ponce, Bouchet, St. Medard, Esquerdes, and 
Angouléme. In 1883 the Edison Company had 
placed in the Hétel de Ville, in Paris, about 500 
lamps distributed in the Conference Hall of the 
Municipal Council, and in several of the offices on 
the same floor ; this installation was maintained by 
two Edison dynamos, each capable of feeding 300 
lamps, and driven by two Weyher and Richemond 
engines. Since that time the number of lamps 
has been increased to 5000. In the same year at 
Strasbourg the company lighted the new railway 
station with 1400 lamps, together with 60 arc 
lamps supplied by Siemens and Halske ; the Nice 
Exhibition was also lighted with 1500 lamps. It 
was about this time too that the Edison system 
made its appearance in factories and workshops, 
where previously arc lamps alone had been used, 
when gas had been abandoned. The method of 
lighting recommended itself, especially in spinning 
mills, where the great division of labour involves 
a corresponding division of light, which until 
then had only been attainable by means of gas 
jets ; a great number of such establishments in the 
north of France adopted it, amongst others those 
of Roubaix and of Lille. In Paris the Banque de 
France installed 1200 lamps, and the Magasins du 
Gagne Petit, 500 ; a little later the Administration 
of the Grand Opera, which for several years had 
been desirous of substituting the electric light for 
gas, made a first trial of 350 lamps with a gas 
engine for motive power. Naturally the Edison 
Company did not confine itself wholly to working 
the Edison patents, but acquired such inventions as 
they thought would be of service to them in the 
management of their business. Amongst others 
they purchased the French patents of Zypernowski, 
Deri, and Blathy, for working alternating cur- 
rent high tension machines, and transformers which 
were to solve the question of electric lighting at 
great distances. The disastrous fire at the Opera 
Comique gave the signal for an almost general adop- 
tion of electric lighting in theatres ; the appalling 
conflagration proved of enormous benefit to the 
Edison Company, for almost immediately afterwards 
it received an order to light up the Paris theatres 
that received a subsidy from the State—the Grand 
Opera, the Comédie Frangaise, the Odéon, and the 
Conservatoire National de Musique. At the same 
time they also undertook the lighting of several 
private theatres—of the Vaudeville, the Gaieté, the 
Menus Plaisirs, the Théitre du Palais Royal, 
the Nouveau Cirque, and the Eldorado. When, at 
the end of 1888, the Ville de Paris divided between 
several electrical societies the lighting concessions 
relating to different sectors of the city, the Edison 
Company obtained the area comprised between the 
Boulevards and the Place de la Bourse on the south, 
the Rues du Faubourg Poissoniére, Rochechouart, 
Clignancourt, and Mont Cenis on the east, the 
Place de l’Opera, the Rues de la Chaussée d’Antin, 
and Clichy, and the Avenue de St. Ouen as far as 
the fortifications on the west. The company already 
possessed the central station of the Cité Bérgére, 
which has been working for upwards of a year, and 
outside the area above mentioned, they have con- 
structed the central station in the Palais Royal, 
under a State concession, and supplying the theatres 
of the Palais Royal and of the Comédie Frangaise 
as well as numerous subscribers in the surrounding 
galleries. We propose to pass under rapid review 
the four principal installations of the Edison Com- 
pany in Paris, the Opera, the Cité Bérgére, the 
Palais Royal, and the International Exhibition of 
1889. 

1. The Electric Light Station of the Grand Opera. 
—We have already devoted several articles to the 
electric lighting of the Paris Opera, and we have 
had occasion many times to refer to the gradual 
development of this installation, which was com- 
menced in 1877 with six Jablochkoff candles placed 
in front of the building, and supplied by a small 
vertical motor made by Herrmann Lachapelle and 
fixed in acellar. At that time the directors of the 
theatre had such a horror of steam engines and an 
exaggerated fear of explosions, which they con- 
sidered were the freqent and necessary consequences 
of the use of boilers, that this humble commence- 
ment, made with considerable difficulty, was re- 
garded as a great success. Since that time things 
have changed greatly ; M. Garnier, charmed by the 
evident advantages of the electric light, added his 
efforts to those of the electricians, and the result 





has been that the little installation of 1877 has 
grown into an important central station which 
to-day supplies supplies more than 7000 lamps. It 
was no slight satisfaction to the administrators at 
the Opera to be able to say, on the day when the 
Opera Comique became a prey to the flames, and 
the tomb of so many victims, that thanks to their 
enterprise, the Grand Opera was secured from such 
catastrophe. 

The electric light plant of the opera is placed in 
the immense cellars which are constructed in front 
of the building. It comprises five Belleville inex- 
plosible generators, and one Weyher and Richemond 
boiler used only during the day. These generators 
supply steam to a 250 horse-power condensing Corlias 
engine, working at a speed of 60 revolutions ; one 
100 horse- power Armington and Sims engine 
driven at 300 revolutions ; five Weyher and Riche- 
mond compound condensing engines of 140 horse- 
power, driven at 160 revolutions ; two 20 horse- 
power engines by the same maker for working the 
condensers ; one 40 horse-power portable engine, 
also made by Weyher and Richemond, driven at 
85 revolutions ; this engine is used during the day ; 
the total power in the station amounts to 1130 horse- 
power. 

The current-producing machines comprise fifteen’ 
Edison dynamos for general lighting purposes ; 
one alternating current Gramme dynamo for sup- 
plying tweaty-four Jablochkoff candles ; one small 
Edison dynamo employed for working a centrifugal 
pump that raises water from a well made in the 
ground below the Opera. The number of incan- 
descence lights in regular use amounts to 7000. 

This important installation, upon the details of 
which it would be superfluous to enter here, was 
made the subject of aconvention on July 1, 1886, 
between the State as proprietor of the Opera and 
the Edison Company. Under this arrangement the 
latter provided the plant at its own cost and risk, 
and furnished the necessary staff for working the 
machinery and superintending the lighting ; this 
staff is paid by the administration of the Opera. 
The company receives 451. for each performance, 
and 801. for each ball; the contract extends over 
a term of ten years. M. Mascart, the eminent 
physicist, carried out a very interesting series of 
experiments with the object of estimating the 
quantity of light available in different parts of the 
theatre. Amongst other results, these experiments 
proved that the lighting of the Opera is more power- 
ful than when it was illuminated by 7500 gas jets. 

2. The Central Station of the Cité Bérgére.—The 
first work connected with this central station was 
done about three years ago by a society called the 
Compagnie Frangaise d’Eclairage Electrique, 
founded by MM. Mildé and Clerc. In 1887 the 
Edison Company desiring to establish itself in the 
quarter where this small station existed, acquired the 
station and immediately began to enlarge it. Up 
to 1889 the leads consisted of overhead cables, but 
after the concession to work the sector had been 
obtained, a new canalisation was established below 
the street level, small subways of béton being 
laid at a sufficient slope to carry off any 
water; the cables are stretched over porcelain 
insulators ; the cross-leads are led through branch 
galleries connected with the subways. The main 
cables are made of silicious bronze ; there are three 
of these conductors, which are arranged with re- 
turn wires disposed in such a way as to insure a 
uniform working over all the lamps in the circuit. 
The two outer conductors have a difference of 
potential of 230 volts at the terminals of the 
machine; each circuit loses 15 volts, and the 
lamps are 100 volts ; the current is 1200 ampéres. 
Within three months these figures will be raised 
to 6500 ampéres and 125 volts with lamps of 115 
volts; an automatic regulator acting on the mag- 
netic field keeps the potential always constant. 
Power is obtained from a 325 horse-power engine 
of the Corliss type, working at a speed of about 
forty revolutions, and with a flywheel of 26 ft. 
diameter ; an intermediate transmission raising 
the speed to 180 revolutions is employed, and 
from this shaft the belts pass to two dynamos of 
800 ampéres and 120 volts, driven at 350 revo- 
lutions. Besides the Corliss engine there are two 
compound engines by Weyher and Richemond, 
each of 150 horse-power, and of the same type 
as those of the Palais Royal ; they drive direct 
two dynamos of 800 ampéres, and are kept as 
reserves. In a very short time another Corliss 
engine of 325 horse-power and two Piloy motors of 
300 horse- power each will be in operation. These 
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machines are now being constructed ; when they 
are at work the number of dynamos will be raised 
to ten. Belleville generators supply steam for this 
installation ; they are placed ina basement of the 
station. The maximum daily duty has already 
reached 1500 ampéres, and will be raised to 6500 
ampéres as soon as the extensions are completed. 
The central station of the Cité Bérgtre maintains 
the public lighting of the Grands Boulevards from 
the Place de l’Opéra to the Gymnase by a series of 





Conseil d’Etat from the Orléans Gallery ; but for | motors, of which there are eight, are triple-ex- 
various evident reasons it was decided that the sta- | pansion compounds, made by MM. Weyher and 
tion should be wholly below the ground level, so that |Richemond ; they are each of them 160 horse- 
the court is not interfered with, excepting by the power, and are driven at a speed of 160 revolutions. 
spaces necessary for lighting and ventilation. Ex-|The steam generators are of the Belleville type ; 
cavations were carried to a depth of 20 ft. for a they are five in number, and are worked to a pres- 
length of 105 ft. and a width of 66 ft. ; the sides of | sure of 170 1b. per square inch, reduced to 141 Ib. 
this rectangular vauli were lined by retaining walls, | in the high-pressure cylinders of the engines ; two 
and the ground was made water-tight by a thick other similar boilers will shortly be added. The 
floor of béton, the roof being covered in with brick | water is supplied from the Seine, from the Canal de 
























































































































































arc lamps on the Pieper syste:n, placed on posts in 
the refuges constructed in the middle of the road- 
way. A large number of stores, cafés, &c., as well 
as the theatre of the Folies Bérgéres, are supplied 
from this central station; the conductors radiate 
for a distance of about 500 yards on each side. 

3. The Palais Royal Central Station.—¥or several 
years the occupiers of the shops, which surround the 
gardens of the Palais Royal, had been seeking for a 
better meansof lighting their establishmentsand ren- 
dering the locality more attractive to the public in 
the evening. A number of proposals were made and 
schemes prepared for a central lighting station, but 
it was not until last year that the Edison Company 
carried the work into execution. The station is 
placed in the Cour d’Honneur, that separates the 


arches. A glazed lantern rising about 6 ft. above 
the level of the court, lights the centre of the 
machine-room, and two other small ones serve as 
ventilating shafts. These have been railed in and 
the space around them planted with grass and trees, 
so as to avoid any disfigurement of the court. A 
tunnel connects this station to a depét in the Rue 
de Vallvis, in which are placed water reservoirs, 
coal stores, &c. ; a large flue running in the same 
direction leads off the products of combustion to a 
chimney shaft built beside one of the large houses 
of the Rue de Vallois. The boilers, motors, and 
dynamo, are placed in the underground station 
in the Cour d’Honneur ; the illustrations, Figs. 
1 and 2, which are longitudinal and transverse 
sections, show the arrangement adopted. 

















l'Ourcq, and from a well 115 ft. deep; the water is 
stored in three large reservoirs. The pumps are 
driven by two electric motors, furnished with cur- 
rent from the central station. The dynamos, to 
the number of eight and of 800 amperes, are of the 
Edison type (see Figs. 3 and 4) ; they are mounted on 
rails in such a way that their position can be fixed 
exactly by means of regulatingscrews. The follow- 
ing are the leading particulars of these machines : 
Power, 125 volts and 800 ampéres, equalling 100,000 
watts ; armature, speed 350 revolutions per minute ; 
outside diameter, 24.80 in. ; length, 31.50 in. ; 
divisions in the collector, 40; resistance, 0.0054 
ohms ; weight of copper, 418 Ib. ; magnets, resist- 
ance, 4.25 ohms; maximum exciting current, 29.5 


The | ampéres ; weight of copper, 627 Ib. ; electrical effi- 
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ciency, 96.5 percent. The system of distribution 
consists of three conductors fed by the dynamos 
coupled in series, and in number equal to that of 
the groups of lamps. This system is too well known 
to require description. Supposing the case of two 
series of lamps, two dynamos would be in operation, 
and if all the lamps were burning the intermediate 
cable would not receive any current; if one of the 
series was not working no current would pass 
through the corresponding cable. By this system, 
as is well known, a considerable economy in the 
weight oftheconductorsis secured. The cablesareall 
laid under ground and supported on porcelain insu- 
lators of the form shown in Figs. 5 and 6; the 
total length of conductors is over six miles. Wher- 
ever a branch lead is taken to the house of a sub- 
scriber the joint is inclosed in a metallic box that 
contains the union and fusible contacts. This box 
is kept under lock and key, and any subscriber’s 
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the lamps. This machine is driven direct by a fifth 
compound engineplaced therefor the special purpose; 
it can develop 90,000 watts in ordinary working at 
45 amperes and 2000 volts. The cable consists of 
two concentric conductors carefully insulated and 
protected by metallic sheathing ; each of these cor- 
ductors, which were manufactured by MM. Rattier 
and Co., has a section of only 50 square milli- 
metres. They are laid in the subways as far as the 
Place de la Concorde and in the ground along the 
Avenue Gabriel. They are then led into the cellars 
of the Elysée, where they distribute the primary 
current to twelve transformers, reducing it to a 
potential of 90 volts. A secondary canalisation of 
three conductors on the Edison system brings the 
current tothe lamps, which work at 43 volts ; the total 
loss is about 10 per cent. To have obtained the 
same result with continuous currents it would have 
been necessary to employ three conductors with an 
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service can be isolated without trouble. The| area of at least 1000 square millimetres, that is to 


amount of lighting supplied from this station in- 
cludes at the present time about 3000 lamps, dis- 
tributed in the Théatre Frangais, the Théatre du} 
Palais Royal, the offices of the Administration of | 
the Beaux Arts, and various cafés, shops, &c. The | 
extensions about to be carried out will increase the 
power to 14,000 lamps ; the works were commenced 
at the beginning of last July, and the station was 
running in January of the present year. 

4. The Lighting of the Palace of the Elysée.—The 
electric lighting of the Palais de 1’Elysée is a de- 
pendence of the Palais Royal installation, and was 
carried out under a convention made between the 
Edison Company and the direction of the Palais 
Nationaux on April 15, 1889, the intention bein 
to illuminate the Salles de Fétes on the groun 
floor of the Elysée. In fifteen. days the company 
completed the whole of the internal installation, 
comprising 1800 lamps of ten candles each, mounted 
in lustres or on brackets ; they had also laid a cable 
a mile and a half long from the Elysée into the Palais 
—_ Station, passing through the Avenue Gabriel 
and the Rue de Rivoli, and installed in the station 
a Zypernowski alternating current machine to feed 





say, the conductors would have cost more than the 
whole of this alternating current installation. The 
primary conductors being perfectly insulated and 
out of the reach of workmen, no danger is to be 
apprehended. Reserve power is provided at the 
station by two small alternating current machines, 
driven by another motor, and which can be grouped 
in quantity if desired. This installation is the first 
of its kind that has been made in Paris, and it has 
worked with remarkable regularity during the 
numerous presidential soirées. 

5. The Exhibition Installation. —The exhibits 
made by the Edison Company are divided into 
several distinct groups as follows: 

The company shows in a special pavilion (Fig. 7) 
situated near the Porte Rapp, a central electrical 
station; this consists of a large room about 50 ft. by 
100 ft., in which are arranged the boilers, motors, 
and dynamos, representing a total of about 800 effec- 
tive horse-power, divided into five groups, one of 
which is a reserve, the whole being able to work 
together or separately. The plant consists of the 
following : Three Belleville generators; four triple- 
expansion compound engines by Weyher and Riche- 





mond, each of 160 horse-power ; one compound 
Weyher and Richemond engine of 150 horse-power; 
two automatic condensers by the same maker ; 
two Edison dynamos of 1000 ampéres and 120 
volts ; six others of 550 ampéres and 120 volts ; one 
distributing apparatus for grouping the dynamos, 
and rheostats for regulating the magnetic field ; 
one commutator table for a circuit of three con- 
ductors, mounted on marble and provided with 
current indicators, &c. The plan, Fig. 8, shows 
the localities in the. Champ de Mars, both public 
and private, which are lighted by the Edison Com- 
pany, and the extent of which is as follows: 
First Group—Public Lighting : 
Porte Rapp... “ a2 
Beaux Arts gallery ed 
Facade of the Beaux Arts 20 
The terrestrial globe 
The general offices... 


22 arc lamps 
” 
” 


, ~=— and 160 in- 


candescence lamps 
150 incandescence lamps 


4 
2 
Pavilion of the press 
Awnings in the central 
garden... <t oun 
Porte Rapp & Beaux Arts 350 
Fountains and lawns__... 4000 
Buildings in central garden 1000 
Private Lighting. 
Théatre des Folies Pa- 
risiennes ... aa aa 
Théatre des Folies Pa- 
risiennes ... jis i 
Telephone Pavilion 


The” Cape ”” Diamond 


” 
” 
” 
” 


” 
” 
” 
” 


15 arc lamps 
120 incandescence lamps 


3 arc lamps 
100 incandescence lamps 


Pavilion ... ve - 6 arc lamps 
The Cape Diamond 
Pavilion ... : 26 incandescence lamps 


Mexican Pavilion... 


22 arc lamps 
400 incandescence lamps 

Suez em 9 arc lamps 
Equador __,, 50 incandescence lamps 

Second Group.—In an annexe to their pavilion, 
the Edison Company shows a series of Edison 
dynamos from 1885 to 1889, both for lighting and 
the transmission of power ; 2 number of different 
types of various apparatus and fittings for domestic, 
industrial, and naval purposes. The room is lighted 
by means of Edison-Swan lamps mounted upon 
elegant brackets. 

Third Growp.—In the Machinery Hall, Class 62, 
the Edison Company exhibits a 300-lamp dynamo, 
an alternating Zypernowski dynamo of 15 ampéres 
and 2000 volts, two distributing tables, one for con- 
tinuous currents, the other for alternating currents 
with Zypernowski transformers. The Edison-Swan 
Incandescence Lamp Company show at the same 
place all the types of lamps which they manufacture, 
from one to 1000 candles. A large number of 
small lamps grouped over the doorway of this ex- 
hibit show its form at night, as well as the name of 
Edison in blue and red lamps. 

Fourth Group.—Placed near the great Creusdt 
engine is a 40 horse-power Edison electric motor, 
transmitting power to several smaller motors that 
drive machine tools in Classes 52, 56, and 63. 





NOTES. 
THE ACCIDENT TO THE CzAR’s TRAIN. 

WHEN a railway accident occurs in this country 
the question is sometimes asked, ‘‘ Who is to be 
hanged ?” but in this country at least the higher 
officials, such as managers and directors, have no 
need to be troubled in their minds, as, if any one 
is punished, even if the accident has occurred 
through improper equipment, it is sure to be some 
unfortunate workman. In Russia affairs stand on 
a different footing, and the minister and directors 
of the Kursk-Charkow-Asow Railway, on which the 
accident to the Czar’s train occurred, must feel 
greatly relieved by the Ukase just issued by the 
Czar to the effect that they would only be punished 
by dismissal from their posts. The accident was 
clearly shown to have arisen from attempting to 
run at too high a speed on a light permanent way, 
and those responsible for the condition of the line 
ran the risk of capital punishment. They must, 
therefore, have passed many a bad quarter of an 
hour during the past six or seven months. The 
disaster will no doubt be of use in forcing on 
the attention of Continental railway companies 
the necessity of a heavier permanent way, if they 
mean to emulate the British lines in the matter of 
speed, and passengers will benefit accordingly. 


Paris Meetine or tHE MecuanicaL ENGINEERS. 

The Institution of Mechanical Engineers is about 
to hold its summer meeting in Paris, where a full 
programme has been arranged, covering the period 
from Tuesday, July 2, to Saturday, July 6, both 
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included. The mornings of the first three days will 
be devoted to reading papers. Tuesday afternoon 
-and Friday morning will be spent at the Exhibi- 
tion; Wednesday, Thursday, and Friday after- 
noons in visits to various works ; on Saturday there 
will be alternative excursions to the Decauville 
Works at Petit-Bourg and to the new Calais Har- 
bour. The following works will be accessible to 
the members: Edison’s Electric Light Works; 
Paris, Lyons, and Mediterranean Railway Loco- 
motive Works; MM. Rouart Fréres’ Works; 
Popp’s Compressed Air Power Supply ; Boudenoot’s 
Vacuum Power Supply: the Sewers; the Bon 
Marché Electric Lighting Shops ; Edison’s Electric 
Installation, Palais Royal; the Western Ruilway, 
Hydraulic Machinery, St. Lazare Station; MM. 
Sautter, Lemonnier, and Co.’s Electric Light 
Works. The Institution dinner will take place on 
Wednesday evening, and there will be luncheon on 
the Eiffel Tower on Friday. The papers to be read 
include a ‘‘ Description of the Lifts in the Eiffel 
Tower,” by Mr. A. Ansaloni; ‘‘The Rationalisa- 
tion of Regnault’s Experiments on Steam,” by Mr. 
J. Macfarlane Gray; ‘‘On Warp Weaving and 
Knitting without Weft,” by Mr. Arthur Paget ; ‘‘On 
the Gas Engine,” by Mr. E. Delamare-Deboutte- 
ville ; ‘*On Compound Locomotives Burning Petro- 
leum Refuse in Russia,” by Mr. T. Urquhart ; 
‘* Description of a Machine for Making Paper Bags,” 
by Mr. Job Duerden. 


British PetrRoLeuM ENTERPRISE. 

The reproach long levelled at England, that she 
has done nothing to open up the vast oil deposits 
of the empire is likely to be soon removed, a number 
of projects being on foot for the development of the 

etroleum resources of Burmah, Canada, Australia, 

New Zealand, &c. In the United States the busi- 
ness of prospecting for oil is mostly done by small 
pioneering companies, many hundreds of which 
carry on a flourishing existence in Pennsylvania, 
Ohio, and elsewhere. As a rule the refininy of the 
oil is done by a totally different set of companies, 
and until recently the piping of the oil from the 
wells to the refineries on the coast was also accom- 
plished by a number of independent corporations, 
distinct from the oil-well producers and the re- 
finers. Some time will probably have to elapse 
before hundred of companies flourish on the petro- 
leum resources of our empire, but it is not impos- 
sible that once the ‘‘ boom” commences the in- 
dustry will develop at a speed as remarkable as the 
recent gold mining enterprise in South Africa. 
Meanwhile a start has been made by the formation 
of the British Empire Petroleum Company, which 
is intended to prospect for oil in various parts of 
the empire, and lay the foundations, by judicious 
surveys and experimental borings, for larger enter- 
prises. As managing director the company has 
engaged Mr. Charles Marvin, who described the 
Russian petroleum industry in our columns some 
years ago, and more recently delivered, at the re- 
quest of the War Office, a series of lectures on the 
technical aspect of petroleum before the Royal 
Engineers at Chatham. Considering the beneficial 
influence likely to be exercised on various branches 
of the engineering industry by the opening up of 
the Burmese oilfields, it is impossible not to wish 
well of the enterprise. With a little support from 
the Indian authorities it ought to be easy to attract 
British capital on a large scale to Burmah, where 
there are no difficulties in regard to transport such as 
the Russians have had toencounter at Baku. The 
Canadian Government as well might manifest more 
sympathy towards the vast oilfields of the Mac- 
kenzie basin, reported on so favourably by the 
Canadian Senate a year ago. 


RAILWAYS IN THE WESTERN ISLES OF SCOTLAND. 
The heather of the Highlands of Scotland is on 
fire, and the cause may be said vo be the live sparks 
from prospective locomotives. In other words, 
there is a great agitation in progress in the High- 
land and Islands in favour of the construction of 
railroads and protected harbours, so that the pre- 
sent destitution may be relieved by the promotion 
of the fishing industries. The question is ripe for 
solution in the Lewis, the largest of the islands on 
the Hebrides group, and it was arranged that the 
end of last week the Secretary of State for Scot- 
land, accompanied by the Fishery Board, and armed 
with nearly all the authority of a Royal Commis- 
sion, should proceed in two of Her Majesty’s vessels 
to investigate the subject. All are agreed that the 
barrenness of the land and the nature of the climate 
make it quite impracticable to look to the land as 





capable of sustaining the population. So says Mr. 
James Caldwell, one of the members of Parliament 
for Glasgow, and who has recently got the name of 
the member for Scotland owing to his catholicity in 
selecting matters for attention. He has been 
through the Lewis and has drawn up ascheme. It 
is therefore to the fishing industry that the natives 
must look for prosperity, and around their coast 
are the most productive fishing banks in British 
waters. The difficulty hitherto has been in getting 
the fish to market quickly and cheaply, and the 
proposal made to the Government is that State- 
aided railways should be formed and protected 
harbours made. Stornoway is the port of the island 
and here the railways must concentrate. There is 
a proposal to make two lines, one from Carloway on 
the west coast of the island and the other from 
Ness, both to Stornoway. Each would be from 
22 miles to 24 miles long, and both would be so 
arranged as to give communication with various 
proposed fishing harbours. The names of these 
need not be given, as they are unpronounceable. 
Two kinds of narrow gauge railway have been sug- 
gested. As there will be few bridges or aqueducts 
needed, the ground is level, and as native unskilled 
labour will be cheap, it is thought that the 
cost would not exceed 2000/. per mile. The 
railway in the adjacent island of Skye, along 
Loch Carron, cost, full gauge, 50001. per mile ; but 
the difficulties would not, by any means, be so great 
in the case of the Lewis Railway. The report of 
the Secretary of State, who will doubtless be 
accompanied by a qualified engineer, will be looked 
forward to with great interest. 


Tue Visit oF AMERICAN ENGINEERS. 


Last week 220 American engineers, accompanied 
by fifty ladies, landed in Liverpool, and commenced 
the series of visits which has been arranged for 
them by the Institution of Civil Engineers. On 
Thursday they made an inspection of the Liverpool 
Docks, Messrs. Laird’s works at Birkenhead, and 
the Mersey Tunnel, and in the evening attended 
a reception given in their honour by the mayor. 
On the following day the greater part of them 
travelled to Crewe, where they were entertained 
by the London and North-Western Railway Com- 
pany, and afterwards went over the works. Smaller 
parties went to the Midland Company’s works at 
Derby, and the Lancashire and Yorkshire Com- 
pany’s works at Horwich. In the evening all met 
in Manchester, where they were received by the 
mayors of that city and of Salford, Oldham, and 
Stockport, before dining in the City Hall. From 
Saturday, June 8, to last Wednesday, the party 
dispersed themselves through England, visiting 
the lakes, North Wales, Derbyshire, Warwickshire, 
or whatever district attracted them, and assembling 
in London on Wednesday evening. Yesterday 
was a field day. At 10 a.m., the visitors at- 
tended choral service in Westminster Abbey ; 
at ll a.m. they met in Henry VII.’s chapel to 
hear an address from the Dean, Dr. Bradley, 
on the sacred and historical associations of the 
Abbey ; at noon they inspected the Houses of 
Parliament. A formal reception took place at 
3 P.M. at the Institution of Civil Engineers, fol- 
lowed at 3.30 by the presentation of an address by 
the President, Sir John Coode, K.C.M.G. In 
the evening there was a dinner at the Guildhall, 
kindly lent by the Lord Mayor for the occasion. 
Next Thursday, June 20, the American visitors 
leave for Paris, and in the mean time a very ex- 
tensive programme of excursions has been arranged 
for them. To-day there are two alternative excur- 
sions down the river, and in addition most of the 
riverside works are open to inspection to those who 
do not care to undertake either complete trip. On 
Saturday a portion of the party will go to Windsor, 
while others will attend a performance of ‘‘ Mid- 
summer Night’s Dream’ in the grounds of Copped 
Hall, Totteridge. In the evening Lord Brassey 
will give a reception. On Sunday places will be 
reserved for the visitors in some of the leading 
churches and chapels. Monday will be devoted to 
seeing the palaces in London, and to attending a 
garden party given by the Baroness Burdett- 
Coutts. On Tuesday there will be two excur- 
sions up the river, both ending at Hampton Court. 
Wednesday will be divided between the various 
railway warehouses in the City, the London and 
Southwark Subway, the London Electric Supply 
Corporation’s works at Deptford, and the Flower 
Show in Regent’s Park. In Paris an equally ex- 
tended and attractive programme has been arranged. 





PARIS EXHIBITION NOTES. 

An International Congress to consider the question 
of life-saving appliances was to commence its sittings 
yesterday and to continue them from day to day until 
the 16th, in the Trocadero Palace; the scope of this 
congress is a sufficiently wide one and the proceedings 
are divided into six sections, one section to be dealt 
with each day, while at every meeting a fresh president 
and secretary was to preside. On the first day the 
question of saving life at sea was to be considered, 
including all sorts of apparatus for use on shore or on 
board ship, together with lighthouses, buoys, signals, 
&c. On the second day similar questions are taken 
bearing specially on inland navigation; at the third 
meeting saving life at fires will be taken into con- 
sideration, especially with régard to conflagrations in 
theatres, schools, or workshops. The fourth day will 
be devoted to the dangers of the public streets and 
railways, together with the means of reducing them 
or avoiding them. The business of the fifth meeting 
will be chiefly the consideration of economic questions, 
especially relating to insurances, benefits, pensions 
and rewards for saving life. During the sixth day 
experiments and excursions will take place, as well as 
the distribution of prizes by aninternational jury. The 
proceedings will be conducted in French, and the price 
of subscriptien to the congress is 5 francs. 

* * * 


The great nosebag question is one that has excited 
much interest lately. The Exhibition is essentially a 
peoples’ exhibition, and by far the greater number of 
visitors to the Champ de Mars cannot afford to pay 
the prices charged by the restaurants; yet they must 
have refreshment, for they come in thousands after 
the mid-day meal with the intention of staying late 
into the evening. Especially this is the case with the 
crowds which are being brought daily by excursion 
trains from all parts of the country. Most of these 
good people bring with them their own provisions, and 
towards six o’clock, when the afternoon crowds are 
leaving the Exhibition and the 2-frane public is 
supposed to enter (which it does not), the grounds are 
made picturesque by hundreds of groups of hungry 
and frugal visitors busily engaged in transferring the 
contents of their bags. The grass of the lawns is soft 
and fresh, and looks admirably adapted for a picnic, 
but unfortunately it has only been sown recently and 
is crushed to death by the unthinking visitors who 
scatter in all directions the paper which contained 
their food. Hence the lawns have not only been 
injured, but are made hideously untidy by all sorts of 
débris, and to prevent this it was intended to issue a 
decree preventing the consumption of all provisions 
except those supplied by the restaurants. Popular 
opinion asserted its power however, and a compromise 
was arrived at; for the future, picnics must be held 
upon the seats, the steps of buildings, or on the gravel, 
and additional guardians are on duty to enforce these 
regulations. 

* * 

Some exhibitors at all events are doing a good busi- 
ness already. M. Marinoni, the well-known maker of 
printing machinery, and who is equally well known as 
the principal proprietor of the Petit Journal, has re- 
ceived an order from one firm in the Argentine Re- 
public for no less than 123 printing machines ; it is 
said that the capacity of the works is sufficient to turn 
out one finished machine each working day. 

* * * 


In all fairness to Mr. Hunter Donaldson, it should 
be pointed out that his method of decorating the 
British Industrial Section, which was more or less 
criticised a few months since, has turned out a com- 

lete success now that the space is filled with exhibits. 

he Elizabethan screen, which cuts off the vestibule 
from the section, looks extremely well, as do the inde- 
pendent arches at the other end of the court; the 
decoration of the vestibule with silken banners, con- 
tributed by many English towns, is very effective, as 
are also the various decorative objects arranged upon 
the wall. The heavy curtains in the main opening of 
the screen are well designed and arranged, and the only 
mistake that was made was in hanging common calico 
curtains in the openings at the opposite end of the 
section ; fortunately these have been removed and re- 
placed by some elegantly arranged French draperies, 
and, on the whole, the court, from a decorative point of 
view, can hold its own with any other section. 

* * * 


The upper part of the covered ways that extend 
down each side-path of the Trocadero gardens towards 
the Seine, are filled with exhibits by horticultural engi- 
neers and makers of gardeners’ requisites. There is a 
great variety of hot-water boilers, pipes, &c., but the 
general impression left after the inspection of these 
objects is that the English methods of heating are 
very much superior to the French systems. Many of the 
gardening devices are ingenious, and we would espe- 
cially mention the mietabie stages for storing fruit, 
which are very lightly framed in such a way as to 
secure large capacity in a limited space, combined with 
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great cheapness in production. When out of use these 
stages can be folded up so as to occupy but little room. 
A number of lawn sprinklers are also shown of diffe- 
rent patterns ; these can be seen in operation almost 
every day in the Trocadero grounds, 

* * * 


The Exhibition is admirably provided at least in two 
respects; it has an abundance of chairs and of 
fauteuils roulants; the former, which are distributed 
over all of the open parts on the Champ de Mars, can 
be hired for one penny, the ticket giving the hirer the 
right of using any chair for the whole day. The price 
charged for the rolling chairs is 2s. per hour, and very 
comfortable and well made they are. The office of the 
concessionaire of the fauteuils roulants is in telephonic 
communication with the central Paris office, and chairs 
can be convenintly ordered to meet visitors at any 
hour of the day and at either of the entrances, 

* * * 


The question is often put by perplexed foreigners : 
By what right do British colonies appear at the Exhi- 
bition under the patronage of the royal warrant, when 
the mother country, which is supposed to exercise 
some control over her foreign possessions, has persis- 
tently declined to recognise the Exhibition officially ? 
We presume there is some good answer to this question, 
but we confess that we are unacquainted with it. 

* * * 


Horticulture does not fall within the scope of engi- 
neering, but we shall from time to time have occasion 
to speak of the numerous little constructive devices 
which are to be found in the conservatories scattered 
about the gardens of the Trocadero. These gardens 
are a series of perpetual floral surprises, and the large 
tents are constantly being filled for the succession of 
flower shows that are now commencing. The French 
gardener does not seem to possess to such a high degree 
the art of ‘‘dressing” flowers for exhibition as the 
English professional, but on the other hand he certainly 
knows how to group his plants to better advantage 
both with regard to form and colour. Bearing on the 
same subject one cannot help being struck with the 
different treatment that the street trees receive in 
Paris as compared with those in London, say on the 
Thames Embankment for example. In Paris when 
the hot weather sets in a shallow circular trench is 
made around the trunks and this is filled with water 
two or three times a day; the result of this simple 
treatment is vigorous growth and heavy foliage. 


* * * 


People may walk until they are fatigued through 
the almost endless buildings on the Champ de Mars 
and yet fail to find any great and striking object by 
which they would especially remember the Exhibition 
of 1889. The place is filled with evidences of untiring 
industry and skill on every side, but there is a strange 
absence of great novelties. We believe, however, that 
the Exhibition will be famous for four distinctive 
features. In the first place, for its buildings, especially 
the Eiffel Tower and the Machinery Hall; in the 
second place, for its Colonial Exhibition, which for 
the first time brings vividly to the appreciation of 
Frenchmen that they are masters of lands beyond the 
sea; thirdly, it will be remembered for its great 
collection of war material, the most absorbing subject 
now-a-days, unfortunately, to governments if not to 
individuals ; and fourthly, it will be remembered, and 
with good cause by many, for the extraordinary manner 
in which South American countries are represented. 
Several of those nationalities are beginning to put 
themselves forward as appreciable factors in the 
politics of the world, and what is of more interest to 
the manufacturer, they constitute the richest and 
largest customers in European and North American 
markets. Especially this is the case with regard to 
agricultural machinery of all kinds, and those exhibi- 
tors are fortunate who are well represented in this 
respect. We are not well represented in these branches 
of industry, and the loss to British manufacturers will 
constitute a lasting gain to their foreign competitors, 

* * * 


The inauguration of new pavilions still continues 
with unabated force. Hight days ago it was the South 
African Republic which opened its building on the 
Esplanade des Invalides with a certain amount of 
ceremony ; last Saturday it was the turn of the colony 
of Victoria, the opening being celebrated by an even- 
ing concert and a profuse sampling of Australian wine; 
on the same day the petroleum pavilions adjoining the 
Pont de Jena, and containing many interesting ex- 
hibits, including a panorama of the oil regions by 
M. Poilpot, was opened to the public. And so on, for 
every day almost sees some new pavilion finished ; 
many are still far behind, and apparently the best of 
the season will be passed before the notice ‘‘ Entrée 
interdite ” is removed from their doors. 

* * * 


The dock in front of the Marine Pavilion bordering 
the Seine still contains room for many objects; besides 
the boats we have already mentioned, there are only 





a curious looking craft from Norway, a French sailing 
boat, a clumsy sort of water velocipede, and some 
floating signals. No doubt in a few weeks the dock 
will be better filled. 


* * * 


On Wednesday a formal meeting in the great hall 
in the Trocadero was called of the International Juries, 
M. Tirard, President of Council and Chief Director 
of the Exhibition, presiding. The attendance of the 
French members of juries was very large, but that of 
the foreign members, comparatively small; of the 
English jurymen, only about a dozen having put in an 
appearance. It is intended that the work shall begin 
in a few days, and be carried forward with as much 
energy as possible, so as to get the report completed 
by the end of July. The work will probably be more 
tedious and thankless than usual, and the fight for 
awards keener. One excellent feature of the organisa- 
tion is that the president and vice-president of each 
jury must be of different nationalities ; this will help 
to preserve the balance of influence. It is most 
earnestly to be hoped that the gentlemen who have 
accepted office as jurymen will do their duty and 
attend the meetings regularly, although this will 
involve the sacrifice of a month’s residence in Paris, 
at a disagreeable time of the year. We shall, as far 
as possible, publish a record of the meetings and at- 
tendances during the next month. The following is 
the list of English jurors and supplementary jurors : 








Supplementary 
Class. Jurors. Juscss, 
12 (Not yet appointed) 
13 T. Campbell Clarke 
15 Prof. E. Ray Lankester, F.B.8. 
15 Conrad Cooke, C. E 
17 George Donaldson 
19 H. J. Powell 
20 William Woodhall, M.P. Sir Colville Barclay, 
Bart. 
22 William Wallace 
24 (Not yet appointed) 
26 J. Tripplin 
30 Joseph Leigh J. L. Pollock. 
31 J. Stevelly 
82 Edwin Woodhouse 
33 Thomas Wardle 
36 (Not yet appointed) W. I. Ablett. 
38 John W. Woodall 
41 H. T. Ellicott 
41 Sir I. Lowthian Bell, Bart. 
45 Sir Henry Roscoe, F.R.S. W. Douglas Hogg, 
M.D., F.C.S. 
48 Prof. W. Roberts-Austen, F.R.S. 
48 Ciement Le Neve Foster, D.Sc, 
52 W. H. Massey 
52 William Anderson 
53 (Not yet appointed) 
55 ” ” 
59 R. E. Middleton, Memb. Iast.| 
C.E., Memb. Inst. M.E. 
60 Charles Holmes 
60 C. V. Boys, F.R.S. | 
61 Sir Pougias Galton, K.C.B.,| 
62 W. H. Preece, F.R 8. J. Aylmer. 
63 Sir Bradford Leslie, K.C.1I.E. 
64 Ernest Hart Dr. J. Faure Miller. 
65 Professor F, Elgar 
67 C. Meymott Tidy, M.D. 
73 Richard Bannister 
74 D. Pidgeon J. X. Perrault. 
-_ more to be 
appoin 
Social Ernest Hart 
Eco- | Sir Vincent Kennett-Barrington, 
nomy A. 











* * * 


The 650 ft. of shafting in the Agricultural Galleries 
from which such machinery as it is desired to show in 
motion will be driven, will be required to transmit 
about 25 horse-power. For many reasons it was found 
objectionable to use steam engines and boilers for this 
purpose, and it was decided that this line of shafting 
should be driven electrically. The =e which 
supplies the power is exhibited in the Machinery Hall 
by M. Brasseur, and the two dynamos are supplied by 
the Company for the Transmission of Power by Elec- 
tricity ; the total length of the circuit is about 3000 ft. 
The cables are made of silicious bronze supplied by 
MM. Lazare, Weiller, and Co. The line of conductors 
runs down the Avenue Bosquet, it being carried on 
posts and insulators; the strength of the current is 
about 1000 volts. It was at first intended that bare 
wires should be used, but this was subsequently 
abandoned, and the conductors are all carefully insu- 
lated. Probably the installation will be soon at work; 
it would have been complete before now but for the 
restrictions imposed by the Prefecture of Police. 

* * * 


A year ago we pointed out that the galleries upon 
the Quai d’Ursay would offer exceptional advantages 
to visitors on account of their forming a connecting 
link between the Esplanade des Invalides and the 
Champ de Mars. In 1878 these galleries formed as it 
were a cul de sac, and iP yg few persons 
traversed them fromendto end. This year, however, 
as we have often pointed out, the situation offers 
special advantages ; the principal entrance to the Ex- 
hibition, or at all events that through which the greater 





number of visitors pass, adjoins the English Section of 
the galleries; the Porte Rapp is comparatively de- 
serted, and the various other entrances, though con- 
venient, are never crowded. But the press at the 
great gates on the Quai d’Orsay is always great, 
and on special occasions is almost alarming. It is 
satisfactory to the exhibitors by whom all the avail- 
able space in this section is occupied, who never lack 
plenty of visitors. 
* * * 


The great pavilion on the bank of the Seine, above 
the Pont de Jena, contains a large amount of very inte- 
resting material. It is the pavilion for naval and life- 
saving exhibits, and many models are shown there, the 
finest of which are French. The Forges et Chantiers 
de la Mediterranée send two cases containing beauti- 
fully executed models of some of the large warships 
which they have constructed ; in another part of the 
building are shown life-saving apparatus of different 
kinds, as well as fire engines and other appliances for 
extinguishing conflagrations and saving life and pro- 
perty. On the terrace in front of this Building are a 
number of large objects connected with naval equip- 
ments, and sirens are unfortunately included ; we say 
unfortunately, because they are from time to time 
heard in operation greatly to the inconvenience of the 
visitors and pavilions in the vicinity. 

* * * 


Close beside this building are the two pavilions con- 
taining petroleum exhibits ; they consist of two great 
circular structures representing oil tanks, and are 
placed one on each side of the Pont de Jena ; a gallery 
passing underneath the arch of the bridge connects 
the two pavilions. On the ground floor of one of them 
are shown a large number of drawings, representing 
geological sections of the oil regions of Southern Russia 
and the United States, plans of machinery employed 
for sinking shafts and raising oil, details of refineries, 
&c. Upon tables are placed a number of models and 
a large collection of boring tools. A central staircase 
conducts the visitor to the first floor of the pavilion, 
on the circular wall of which is hung a panoramic 
canvas, executed by M. Poilpot and representing with 
much fidelity an active oil region in the Caucasus. In the 
gallery connecting the two pavilions are placed some 
petroleum motors, but a good deal of space still remains 
unoccupied. The circular building on the other side 
of the Pont de Jena is devoted to the display of objects 
illustrating the applications of petroleum, chiefly it 
must be admitted for lighting purposes. Such a dis- 
play has given a good opportunity for the makers of 
lamps, and the inventors of a number of devices, more 
or less ingeniously useful, for the utilisation of petro- 
leum and its various products. 

* * * 


The attempt to ventilate the Machinery Hall by 
means of sliding panels in the roof, and ventilating 
chimneys, connected with the subways beneath the 
floor, have not proved successful, and with the crowded 
state of the building and the burning sunshine, the 
heat continues to be intolerable. We understand that 
an effort will be made to cool the building by means 
of streams of water passing over the roof, but before 
this experiment can be tried it will be necessary that 
the roof should be made water-tight ; this is very far 
from the case at present, and complaints from exhi- 
bitors have been numerous during the heavy rains that 
have been so prevalent lately. 

* * * 


A similar complaint has occurred in many parts of 
the buildings, which is not surprising considering the 
enormous area that was covered in so rapidly, and 
filled with exhibits before there had been proper oppor- 
tunities to test the tightness of the buildings. The 
beautiful Indian Pavilion, designed by Mr. Purdon 
Clark, and which is occupied by twenty shops, for the 
display and sale of Indian goods, was unable to resist 
the terrific thunderstorm of Sunday last, and a con- 
siderable amount of water found its way into the 
building, to the dismay of the exhibitors. 


* * * 


Inthe United States Section of the Machinery Hall, 

a very ingenious machine is shown in operation by the 
Clough Corkscrew and Capsule Company, of Newark, 
New Jersey. It has been for some time the practice 
of chemists and the vendors of fluids contained in small 
bottles, such as perfumes, ink, &c., to supply a 
corkscrew with each bottle sold; these are manu- 
factured on the machines just alluded to. Wire 
from a reel is passed through straightening dies, 
and cut off to the right length, one end of the 
wire being cut square, and the other obliquely, 
by suitably dead shears; the length of wire is 
then forced by a sliding bar around a circular 
mandrel in a direction at right angles to that in which 
the wire is fed into the machine ; in passing round the 
mandrel the ends of the wire are brought together and 
sed into a rapidly revolving twisting device, which 
nds one end of the wire into the form of a screw and 
wraps the other around the loop made by the mandrel 
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upon which the wire is still retained ; as soon as this 
is done the corkscrew is completed and is thrown into 
a receiver ; the machine produces 3000 corkscrews an 
hour. Another very ingenious application of the 
machine is found in the manufacture of screwed rings 
for picture frames, which are produced at a still more 
rapid rate, 
* * * 

Among the numerous rules prepared by the Adminis- 
tration of the Exhibition, none was to have been more 
rigidly enforced than that prohibiting the sale of 
objects within the buildings ; but for a Raed excep- 
tions, such as Oriental goods, Mexican tobacco, and 
perishable articles of food, produced on the grounds, 
nothing was to be sold, unless for delivery after the 
close of the Exhibition. But before the great show is 
two months old this absolute rule has become obsolete, 
and a traffic in small articles is very general. This 
is carried on, not surreptitiously, but subject to all 
necessary regulations with the customs, It cannot be 
doubted that this sort of traffic lowers the tone of an 
exhibition by turning it into a bazaar, and the manu- 
facturer of small objects has no right to complain 
that he is hardly treated if not allowed tosell what he 
"anaggse because he knew before becoming an exhi- 
nitor, that the privilege was accompanied by this 
prohibition. But it seems clear that if one class of 
exhibitors are to be allowed to sell, an injustice is done 
to others who are denied this privilege, and we know 
of more than one case in which a valuable contribution 
was lost to the British Section because it was under- 
stood that the rule preventing sales was to be strictly 
enforced. It isa difficult question altogether, the im- 
portance of which has not, we think, been fully realised 
by the Exhibition authorities, 

* * * 

In our article upon the luminous fountains pub- 
lished last week, we scarcely did justice to the part 
taken by Messrs, Galloway and Sons, of Manchester, 
and we are the more anxious to mention the matter 
now, on account of a pamphlet published in Paris 
during the last few days by a well-known writer, M. 
Delannoy, and the concluding paragraph of which 
runs as follows: ‘‘ The great success of this interesting 
undertaking is wholly to the honour of MM. Bech- 
mann and Richard for the hydraulic and optical part 
of the work, and to MM. Formigé and Coutans for the 
construction and decoration.” We should like to know 
the relative proportion of popular enthusiasm evinced by 
the crowds that nightly line the basins on the Champ 
de Mars, at the small rows of illuminated jets and the 
streams poured from the Cornucopiz, and the magni- 
ficent jets discharged from the lower basin. We fancy 
that if these latter were from any cause suspended for a 
week, it would be found that nine-tenths of the popular 
applause is given to Messrs. Galloway and Sons, 

* * * 


Inthe tobacco pavilion of the French Government 
there are some very interesting exhibits that never 
fail to attract a crowd of visitors; these are some new 
machines for the manufacture of cigarettes, the pro- 
duction of a French inventor and full of marvellous 
ingenuity. On one side of the machine is a spool car- 
rying a paper band wide enough to make the envelope 
of the cigarette ; at the other end is kept a supply of 
tobacco, which the operator spreads in a thin uniform 
layer upon a slowly travelling feed, that carries it 
down to on rollers, by which the exact amount of 
tobacco required for each cigarette is made up into a 
separate roll ready for insertion into the paper cover- 
ing. To produce this latter the paper from the spool 
is led through a series of formers that turn over the 
edges atthe sametime thatthe paper is being rolled into 
a tube; when thelongitudinal and turned over edgesare 
brought in contact, they are lapped together, and the 
seam thus made is passed between milling rollers, 
which produce a perfectly welded tube, the joint of 
which is at least as strong as the paper. The finished 
tube is fed forward, and when a length exactly equal 
to that of the cigarette projects, it is cut off by a sharp 
knife and falls down an inclined plate, at the bottom 
of which it pauses for a fraction of a second ; the brief 
delay is sufficient for charging the tube, the tobacco 
heing thrust into it by a plunger driven by a cam ; the 

.finished cigarette then passes down a tube into a re- 
ceiver. The capacity of this wonderful machine, 
which we shall describe in greater detail on an 
early occasion, is 2000 cigarettes per hour, and as 
will be understood, one of the great objections to 
cigarette smoking—that of gumming the edges—is 
avoided. We understand that the inventor receives a 
royalty from the French Government of 60,000 francs 
a year. 

il * * 

The daily crowds at the Exhibition continue to 
increase, and one can begin to form an idea of what 
will happen later on during the holiday season and the 
hot weather. On Monday last no less than 353,776 
mong paid to enter the inclosure, so that there must 

ave been 7 the grounds nearly 400,000 persons 
altogether. True, last Monday was a féte day, and 
the weather was fine; but the excursion trains have 





not got into full swing yet; in a short time they will 
be bringing up the provincial sightseers from the 
country, and in most cases taking them home again 
on the same day. The better class of visitors too is 
pouring into Paris, overcrowding the hotels, and having 
to pay high pricesfor whatever they may be fortunate 
enough to obtain. The looked-for harvest is at hand, 
and a very rich one it will prove to be. 





LAUNCHES AND TRIAL TRIPS. 

On Wednesday, the 29th ult., there was launched from 
the yard of the Tyne Iron Shipbuilding Company, 
Limited, at Willington Quay, asteel screw steamer 245 ft. 
by 35 ft. by 18 ft. depth moulded. She has been built to 
the order of Mr. David Marshall, of Leith, and is fitted 
with all modern improvements for the rapid loading and 
discharging of cargo. She will be furnished with powerful 
nating ae engines of 1701b. working pressure by 
Messrs, Hawthorn and Co., of Leith, to which port she 
will proceed to receive her engines. On leaving the ways 
the vessel was named the Mersario, 





There was launched from the yard of Messrs. W. B. 
Thompson and Co., Limited, of Dundee, on Thursday, 
the 30th ult., a steel screw steamer built by them to the 
order of the Dundee, Perth, and London Shipping Com- 
pany. The vessel, which was named the Red Sea, is of 
the following dimensions: Length over all, 284 ft. ; beam, 
37 ft. ; depth of hold, 22 ft. 11 in., with a gross tonnage 
of about 1900 tons. She has a double bottom on the 
cellular principle, and five water-tight transverse bulk- 
heads. ‘The propelling machinery is of the tri-compound 
type, having cylinders 21 in., 33in., and 54 in. in dia- 
meter, with a piston stroke of 42in. Steam is supplied 
from two single-ended steel boilers at a working pressure 
of 160 lb. to the —_—_ inch, The installation of elec- 
tric light is by Messrs. Paterson and Cooper, and is 
arranged in five circuits. The — has an electromo- 
tive force of 100 volts, and is worked by a separate engine. 
Many of the lamps are portable. 

On June 1, Messrs. C. 8. Swan and Hunter launched 
from their shipbuilding yard at Wallsend-on-Tyne a steel 
screw steamer built to the order of Messrs. Huddart, 
Parker, and Co,, of Melbourne. The vessel is 304 ft. 
between perpendiculars by 39 ft. by 23 ft. 2in. depth 
moulded, and is intended to carry about 3850 tons. There 
are five steel bulkheads and web frames, The engines are 
by the Wallsend Slipway and Engineering Company, of 
Wallsend, capable of indicating 1400 horse-power, and 
the boilers are fitted with fans for forced draught on the 
closed ashpit system. As the vessel left the ways she 
was named the Santon by Mrs. G. B, Hunter. 





On the same day there was also launched from the same 
ard a steel screw steamer of the following dimensions: 
ength, 280 ft. between a by 37 ft. 6in. by 

21 ft. 8 in. depth moulded, designed to carry about 3200 
tons deadweight, and built to the order of Messrs. J. J. 
and C. M. Forster, of Newcastle. The engines are by 
Messrs. Black, Hawthorn, and Co., capable of indicating 
1250 horse-power. This vessel was launched immediately 
after the s.s. Santon, and was gracefully christened the 
Newquay by Mrs, J.J. Forster. 


Messrs. Alex. Stephen and Son launched from their 
yard at Linthouse, near Glasgow, on Tuesday, 3rd inst., 
a steel screw steamer named Nyassa, built for Messrs. 
MacLay and McIntyre, Glasgow. She has a cargo- 
carrying capacity of 3200 tons, being 280 ft. long, 37} ft. 
broad, and 204 ft. depth of hold. The engines, constructed 
by the builders, are of the triple-expansion type, having 
cylinders 21 in., 33 in., and 54 in. in diameter, and adapted 
to a 42 in. stroke. Steam is generated in two steel boilers, 
working to a pressure of 160 lb. to the square inch. 





Messrs. David J. Dunlop and Co., engineers and ship- 
builders, launched on Monday, the 3rd inst., the first of 
two iron lighters built to the order of the Royal Niger 
Company, Chartered and Limited, of London, for up- 
river service on the west coast of Africa, The dimen- 
sions of the boat, which is named the Africa, are 160 ft. 
by 32 ft. by 8 ft. 2 in. depth of hold, with a gross tonnage 
of 400 tons. 


On Monday, the 8rd inst., there was launched from the 
yard of Messrs. Raylton, Dixon, and Co., a fine steel 
screw steamer which has been built to the order of Messrs. 
J.M. Lennard and Sons, of Middlesbrough. She is of 
the following dimensions: Length over all, 305 ft. 3 in. ; 
breadth, 38 ft.; depth moulded, 22 ft. 10 in.; with a 
deadweight carrying capacity of over 3700 tons. Her 
engines. which are being built by Messrs, Blair and Co., 
of Stockton, will be fitted with cylinders 224 in., 364 in., 
and 60 in. by 39in. stroke. On eaving the ways she was 
named the Ironopolis. 

The steamer Prudentia, built by Palmer’s Shipbuilding 
Company to the order of Mr. Alfred Luart, of London, 
was launched from the Jarrow yard on the 4thinst. She 
is 312 ft. long, 40 ft. beam, and 21 ft. 3 in. deep, and is 
intended for the carriage of petroleum in bulk, The 
vessel is from the designs of Messrs. Flannery, Baggallay, 
and Johnson, of London and Liverpool, and has been 
built under their inspection. She is divided by bulkheads 
intosix compartments for oil, having a capacity of 3200 
tons with a special tank for use during the summer months, 
when the freeboard is less and more cargo can be carried. 
She has bunkers for 500 tons of coal and is arranged and 
ventilated for either crude or refined oil, or cargo of 
both, and designed for discharge at ports with a limited 





draught of water. She will be fitted with powerful pumps 
and electric light by Messrs. Hayward Tyler and Co. 
Her machinery, also by the builders, has cylinders 24 in., 
38 in., and 62 in. in diameter respectively by 42 in. stroke, 
and will be supplied with steam from two large boilers with 
about 4500 square feet of heating surface. 





On Saturday, June 8th, the s.s. Delmar went on her 
trial trip from the Tees. This vessel, which has been 
built by Messrs. Raylton, Dixon, and Co., Middlesbrough, 
to the order of Messrs. G. Tweedy and Co., London, is 
of the following dimensions: Length over all, 305 ft. 3 in.; 
breadth, 38 ft.; depth moulded, 22 ft. 10 in.; with 3600 
tons deadweight carrying capacity. Her engines have 
been fitted by Mr. George Clark, of Sunderland, and are 
of 210 horse-power nominal, with cylinders 23 in., 37 in., 
and 6lin. by 42 in. stroke. After adjusting compasses, 
the Delmar made her trial run from the Tees to the Tyne, 
everything working with entire satisfaction to Mr. J. H. 
Pearson, of the firm of Messrs. G. Tweedy and Co. 





The paddle steamer King Owy, a well-known Isle of 
Man boat, has just undergone considerable alterations 
and improvements in her machinery at the hands of the 
Fairfield Shipbuilding and Engineering Company, and the 
results attained on trial on Saturday, the 8th inst., have 
been very satisfactory. The King Owy was originally 
built by Messrs. Duncan, and had a speed of 15 knots. 
Last year the vessel was lengthened and fitted with new 
engines and boilers, when it was found that the speed had 
been increased to about 154 knots. Since then the vessel 
has been in the hands of the Fairfield Company, who have 
made such changes in the machinery that on trial on the 
Clyde on Saturday a mean speed of 18.51 knots was 
obtained, and on a continuous run a mean of 17.8 knots 
was maintained. 








FOREIGN AND COLONIAL NOTES. 

New Zealand Public Works.—Mr. Blackett, New Zea- 
land engineer-in-chief, has left Wellington for England. 
A farewell presentation was made to him by the officers 
of the Public Works Department at Wellington, together 
with an address. In acknowledging the presentation, 
Mr. Blackett said that but a shattered remnant of the 
once vigorous Public Works Department was now left. 
He was glad to think, however, that the associated 
energies of the members of that department had left an 
enduring record in the shape of the numerous public 
works of New Zealand, a record of nearly 2000 miles of 
well and cheaply constructed railways, and of many 
thousands of miles of road, and other works, marine and 
otherwise, in nearly every direction. 


Melbourne.—The work of excavating a ship channel 
and dock in the West Melbourne swamp has been let by 
the Victorian Railway Department for 40,5551. (The work 
has been rendered necessary on account of difficulty ex- 
perienced by the Melbourne Harbour Trust in finding 
sufficient berthing accommodation for the vessels which 
bring coal for railway purposes, and also on account of the 
inconveniences which the Victorian Railway Department 
suffers under existing arrangements in connection with 
the conveyance of coal to the North Melbourne station. 
The canal will be cut from a point near the junction of a 
new cut with the Yarra to new coal gearing which is being 
erected at the eastern extremity of the swamp. The 
eel will have a length of one mile, and a width of 

t. 


The Chilian Navy.—The Chilian Government has 
ordered two swift twin-screw steel cruisers from the 
Société des Forges et Chantiers de la Méditerranée. 
Each cruiser will have a displacement of 2080 tons, and 
will be fitted with engines working up to 3500 horse- 
pa with natural draught, and 5400 horse-power with 
orced draught. 


Buenos Ayres.—In the course of last year about 10,000 
houses were built at Buenos Ayres. The city has now a 
population of nearly 500,000, but its rapid growth is not 
regarded with unmixed satisfaction by the Argentine 
Government, which requires canledineal emmlaanahe and 
not a helpless accumulation of population in Argentine 
cities and towns, 


American Oil Lands.—Qil lands in Ohio, comprising 
25,000 acres, have been purchased by the Standard Oil 
Company, and, besides extending a pipe line to the 
Pennsylvania oil fields, the company is making extensive 
improvements, with the object, it is said, of refining 
Lima oil and sending it out in tank cars to distributing 
centres, 


The Gippsland Lakes.—Satisfactory progress is being 
made with the construction of a new entrance to the 
Gippsland Lakes. The works are being carried out in 
accordance with a design of Sir John Coode, who esti- 
mated that they would involve an outlay of 80,000/. 
They include the blocking up of the channel of the Reeves 
from a point to the westward of the existing entrance, the 
cutting of the new entrance, and the concentration into 
it of the current of waters from the pee. Lakes. 
sum of 58,000/. has already been vo for the purposes 
of the undertaking. 


American Natural Gas.—Two gas wells have been 
struck at Findlay, Ohio, one with a capacity of over 
30,000,000 cubic feet, and the other with a oy of 
20,000,000 cubic feet. The former is owned by the city of 
Findlay. 

Spokane Falls.—Spokane Falls, in the new State of 
Washington, which has 15,000 inhabitants, was nine 
years since the site of Indian wigwams, It is 400 miles 
east of Puget Sound on the Northern Pacific Railroad. 
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NEW STATION AT DUNDEE; CALEDONIAN RAILWAY. 
MR. THOMAS M. BARR, ENGINEER. 


(For Notice, see Page 680.) 
CALEDONIAN RAILWAY NORTHERN DIVISION 
Plan showing arrangemef = OLD PASSENGER STATION &c. 
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On the present page we illustrate a conveyor manu- 
factured by the New Conveyor Company, Limited, of 
| 6, Great St. Helens, E.C., for automatic stoking. The 
| coil is made of flat steel bar 2in. by 4 in. (Fig. 2) 
fastened to the centre spindle by special sector-shaped 

addle propellers, which form of spiral has been 
ound the most suitable for the purpose. The illustra- 
tion shows the device as pata by its makers to dis- 
tribute the coal to a battery of fourteen boilers at the 
sugar refinery of Messrs. Abram Lyle and Sons, Victoria 
Docks, London. The coal is lifted from the stokehole 
by a short elevator and delivered into the conveyor, 
which distributes it over the line of hoppers into which 
it is discharged through adjustable outlets (Fig. 5), the 
supply to each or ing regulated by the handwheel 
which operates the sliding door by a rack and pinion. 
Fig. 3 shows the form of conveyor employed the 
company for moving flour, semolina, and such products. 



































Frenca SupMARINE TELEGRAPHY.—A new French cable 
to Hayti, San Domingo, and Venezuela, is now open for 
service. 

















680 


ENGINEERING. 


[JuNE 14, 1889. 








INDUSTRIAL NOTES. 


THE monthly report of the Associated Ironmoulders 
of Scotland, for May, states that the general condi- 
tions of trade, and the progress of the Society, are 
‘*in all respects satisfactory.” The total membership 
is now 5545, of whom 4327 are returned as being em- 
ployed. The number of unemployed is fewer by 106 
than in the preceding month, the total on the funds 
being only 104 ; and in the Glasgow papers advertise- 
ments have appeared for moulders. 

The total income for the month was 1684/, 17s. 3d., 
the outlay 631/. 2s. 1d.; increase of funds in the 
month, 10537. 15s, 2d. Of the expenditure 116/. 3s, 
was for ‘‘idle benefit,” 250/. 5s. for superannuation, 
and 151/. 13s, 4d. for funeral benefit. The workin 
expenses were 91/, 2s, 9d. The total funds now reac 
12,0527. 

Notices have been given for an advance in wages of 
one farthing per hour in Glasgow, Paisley, Coatbridge, 
and Dumbarton, to commence from the 2lst inst. 
This advance, the report states, will bring up wages to 
the point where they were in September, 1883. 

The invitation to, and the programme of, the Inter- 
national Workmen’s Congress of 1889, is given in the 
report, and the members are asked to vote by the 
19th inst. whether or not the society shall be repre- 
sented at the congress, The Executive Committee 
express no opinion upon the matter, either way. 

I'he ironmoulders of Scotland have decided to take 
a complete census of the trade, between the dates of 
the 10th and 29th of the present month, with the view 
of ascertaining the hee working at the trade, the 
number of society and non-society men, the hours 
worked, the prices or wages paid, the number of appren- 
tices, &c. The object is not precisely stated, but it 
appears that the number of apprentices, and the prices 
paid for piecework, and, mts. 20 the practice of over- 
time, constitute the main objects of the census. 

The report intimates that greater care is to be taken 
to see that ‘‘ English members” working in Scotland 
are really members of the English society, and that 
they are ‘‘within limits.” The English society is 
urged to take similar action in order that there shall 
be some guarantee that the workers are bond jfide 
members of one or the other of the unions. 

The Scottish society have also organised a system of 
missionary enterprise, by leaflets, public meetings, 
&c., for the purpose of extending and strengthening 
the union, The work is not to be pushed to the ex- 
treme, but wherever the delegates think that some 
good will result they are to persuade and press the 
non-society men to join the union. 

The ironfounders of England, Ireland, and Wales, 
in their monthly report, dated June 6, say: ‘‘It is 
many years since we were able to present such an 
encouraging report as the present one, for trade on 
every hand continues to improve, and in consequence 
wages keep steadily advancing.” The report states 
that many makers have coshon forward orders fully 
up to the end of the year; and it urges that, as 
employers are pressed for the completion of orders, the 
men shall not lose time or neglect work, ‘‘ but be 
attentive and watchful of their own interests for the 
future.” The number of unemployed members is only 
224, the lowest number since June, 1873, when the 
total was 222, The total number of members is now 
12,715, showing an increase of nearly a thousand since 
May, 1888. The total cost of unemployed in the 
month was 69/. 10s. 4d. ; of sick benefit, 114/. 15s. ; of 
superannuation, 149/, For disputes, nil. The total 
cost of these benefits was 333/, 4s. 10d. The total 
funds in hand now reach 24,5791. 

The state of trade is reported as ‘‘ very good, good, 
and moderate” in 103 places, giving employment to 
10,877 men ; improving in one town, employing 100 
men ; not so good, slack, and dull in 4 places, employ- 
ing 147 men ; and bad in6 places, employing 592 men. 
The condition of the labour market in this trade is 
therefore excellent, seeing that only 224 men are out 
of employment. The report gives a very important 
table this month showing the operation of the super- 
annuation benefit from 1836 to 1888 inclusive, covering 
a period of fifty-three i. This table shows that 
the number on the fund has grown from 11 in 1836, to 
537 in 1888; in the former year 98/. 2s. was paid 
as superannuation benefit, and in the latter year 
8028/. 10s. 9d. The cost per member now reaches 3d. 
per member per week, 

This society is also engaged in systematic missionary 
work, with the view Mf extending and consolidating 
the union. An address to non-union men has been 
issued and extensively circulated, explaining the 
benefits, the rates of contribution, and showing the 
payments during a period of 58 years. The table 
shows that no less than 1,101,252/. 4s. 2d. has been 
expended in five benefits since 1831. Of this amount 
704,249. 3s. 10d. was paid to out-of-work members ; 
as sick benefit, 202,187/. 3s. 1d. ; as superannuation 
benefit, 103,332/. 12s, 3d.; for funerals, 59,4237, 18s. 4d.; 
and for accidents, 32,059/. 6s. 7d. 

The strike of the bit forgers and filers at Walsall 
continues for the 15 per cent. advance. ‘The contri- 





butions to the strike fund enabled the Committee to 
distribute 6s. per week to the married men and 5s. per 
week to the single men on the second pay Monday, 
June 3, and efforts are being made to increase the 
amount by appeals to other trades. 

A strike has also taken place at Warrington of the 
underhands at the Dallam and Bewsey Works, for the 
return of the 1s, bounty which was “a. A 
similar movement is going on at Bolton, Wigan, and 
other places. So far the works are not stopped, as 
the other men have managed to keep the furnaces 
going. The dispute at Askam and Millom continues, 
and neither side shows any disposition to give in. 

The discontent for some time existing among the 
iron and steel workers at Leeds has eventuated in a 
demand for 10 per cent. advance in wages and a re- 
duction in the hours of labour. The Leeds men con- 
tend that their wages are from 25 to 30 per cent. lower 
than those of men employed at the same work in Brad- 
ford, Hull, Sheffield, and London, and that their hours 
of labour are longer by from five and a half hours to 
over ten hours per week. 

The blast furnace men in South Staffordshire have 
agreed to accept the offer of 5 per cent. advance the 
masters made at the Birmingham meeting ; but many 
of them declare that it should have been 7}, others 
10 per cent. ; and a few contend that it should have 
been 124 per cent. However, they have resolved to 
combine, and to agitate for a further advance later on. 
The 5 per cent. now given make 15 per cent. since 
October of last year. 

The movement in the Sheffield trades, with a view 
to a stronger combination, has been so far successful 
that over 11,000 persons have joined the union. The 
men complain of a system of sweating in many branches, 
whereby wages are kept low, and association is pre- 
vented. 

The North Staffordshire ironworkers have agreed to 
some alterations in their rules, but the proposal to 
abolish Monday work was not pressed, seeing that it 
would not make much difference in that district, as 
only a few firms start work on Monday, and in those 
cases the time is generally lost before the week is out. 
In many of the iron districts the men were busy 
during last week in preparing for the Manchester Con- 
ference and in electing representatives to attend it. 

The iron pipemakers at Alfreton have arranged their 
differences with the employers amicably—the firms 
having determined to give the prices asked for on all 
the items. Rules have been prepared under which, in 
future, all the men are to work, and, so far, no doubt 
exists as to their final acceptance by the men. 

The conciliatory attitude of the Yorkshire coal- 
owners, in conceding the 10 per cent. advance, in two 
instalments of 5 per cent. each, in July and October re- 
spective ly, without insisting upon the conditions that no 
further demand be made for twelvemonths, is exercis- 
ing a beneficial effect. Both parties spoke favourably 
and hopefully of establishing a Board of Arbitration 
at their recent conference. 

The acceptance of the above terms, by the York- 
shire miners, has been followed by the practical 
acceptance of the same terms by the Nottinghamshire 
and Derbyshire miners—many of the coalowners have 
already signified their readiness to agree to the arrange- 
ment, 

In the Somersetshire and Bristol coalfields the coal- 
owners make no sign either way ; but it is stated that 
they are stacking coal for strike requirements. The 
clergy of the districts affected, and others, are endea- 
vouring to arrange a basis of settlement ; but hitherto 
without result. Meanwhile the men are organising, 
and the masters are aggregating stocks, in view of a 
possible conflict. 

In the Scottish mining districts the nen are demand- 
ing a 10 per cent. advance, and are hard at work 
organising themselves in the event of a strike. 
stated that the districts are better prepared for a 
conflict than they have been for fifteen or sixteen 
years. 

The preliminary notice of the twenty-second Trades 
Union Congress to be held in Dundee, on Monday 
September 2nd, and five following days, has just 
been issued. The notice states that the Dundee 
trades ‘‘are exerting themselves to make the congress 
a success,” It also calls particular attention to Stand- 
ing Order No. 3, which states that ‘‘delegates must 
not directly or indirectly have their expenses paid by 
ring individuals or outside associations of any 

ind,” The delegates must in all cases represent their 
own particular trade. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 1, 1889. 

THE latest advices from iron and steel manufacturing 
centres throughout the interior between Pittsburg 
and St. Louis show that a moderate amount of im- 
provement has set in, but that it is not sufficient to 
guarantee steady work in all iron and steel mills 
throughout the country. Railmakers have booked a 
many orders this week for small lots, ranging 

rom 500 to 2000 and 3000 tons. The standard price 


It is- 





east is 27 dols. to 28 dols. In western mills 30 dols. 
to 31 dole. The new western combination is working 
well and securing a good deal of business for the spring 
and summer. Three or four companies have about 
concluded the sale of bonds, which will allow them to 
prosecute construction upon a large scale. A new 
twenty-five mile road is to be built in Virginia through 
an iron-producing section. The Utah, Nevada, and 
California road has been inaugurated with a capital of 
25,000,000 dols., and as soon as the material can be 
had the road will be built. Theroad will pass through 
Utah to San Diego. Another road will also be built from 
Carson City, Nevada, to the Union Pacific road ; also 
an extension of the Utah road for 500 miles. The capital 
stock of this company, is 7,500,000 dols., and its pro- 
moters reside in ton, Another road has been pro- 
jected in Pennsylvania, which will be 150 miles long, 
and will run through the coal, timber, and oil regions 
of that State. The Drexel Morgan Company, and the 
Lehigh Valley Company, are interested in the syndi- 
cate. The road will pass through a region heretofore 
without railway facilities. It will open a new avenue 
for Beech Creek coal. Another road has been built in 
Nevada connecting the Utah Southern with the 
Atlantic and Pacific road. This road also will develop 
some very rich agricultural territory. Throughout the 
south a great deal of new work is projected. Most of 
it in Alabama, Tennessee, and Georgia. A new road 
is to be built from Matamoras to Bagdad, which latter 
place is at the mouth of the Rio Grande. The Penn- 
sylvania Railroad Company decided to lay two addi- 
tional tracks on its road between Philadelphia and 
Baltimore. Already 11 miles of siding have been laid. 
This branch of the Pennsylvania Company eight years 
ago had an annual business of 1,100,000 tons of freight 
and 4,100,000 passengers. Last year this branch car- 
ried 2,700,000 tons of freight and 7,500,000 passengers. 
The Philadelphia and Reading Railroad Company have 
made extensive improvements and are adding rolling 
stock of the most durable character. Within a few 
months §21 freight cars, so constructed that they can 
be used either for coal or general freight, have been 
_ upon the road, They can be transferred into 
umber cars with very little trouble. It has also added 
sixty locomotives, and has increased its rolling facili- 
ties 200,000 tons per month. All of its collieries 
have been overhauled and are now in better condition 
than they have ever been before. It will produce the 
most coal of any anthracite producing company. For 
the month of March ninty-seven railroads earned 
15,185,271 dols. against 11,307,395 dols. For the first 
three months the gain in net returns on eighteen roads 
is 15,348,689 dols. A better feeling prevails through- 
out the country. There is great need of rolling stock 
on many railroads, but the managers have postponed 
the placing of orders. Bridge builders are now nego- 
tiating for the construction of a great deal of new 
bridge work, and most of it is in the far west and on 
southern railroads, many of which have allowed their 
old wooden bridges to stand 74, ot than they were 
safe, Better engineering talent is being employed and 
recommendations are being made to directors to invest 
more money upon repairing work. In West Virginia, 
and in portions of Tennessee, a good many coal pro- 
perties have been purchased for immediate develop- 
ment. In several localities in the far west valuable 
deposits are also. being developed to supply coal for 
railroad manufacturing and gold and silver mining 
a Makers of engineering machinery have 
en exceptionally fortunate during the past sixty 
days in securing a large amount of new work for 
mines, 





RAILWAY STATION AT DUNDEE. 

On our two-page plate, and also on pages 670 and 
679, we give a number of engravings illustrating the 
new terminal station lately erected at Dundee by the 
Caledonian Railway Company. In subsequent issues 
we shall continue the engravings, and therefore reserve 
our description. In the mean time we may state that 
the engineer who designed the station is Mr. Thomas 
M. Barr, M. Inst. C.E., while Mr. E. G. Moon is the 
resident engineer. The contractors for the buildings 
are Messrs. Kinnear, Moodie, and Co., Glasgow. 





IMPROVEMENTS AT New York.—The network of over- 
head wires, which was one of the eyesores of New York, 
is being materially reduced, some 10,000 miles having 
been placed in subways, in obedience to peremptory muni- 
cipal orders. About 1200 poles have now been removed, 
and their removal will probably prove advantageous to 
the re ey companies, as the cost of repairs may be 
expec’ to be reduced. The new Croton Aqueduct is 
approaching completion, and a tunnel more than 30 miles 
long now extends to Croton Park, 5 miles north-east of 
Sing Sing. The aqueduct has a capacity equivalent to 
that of a cylinder 14 ft. in diameter as far as Jerome 
Park, where a reservoir with a capacity of 2,000,000,000 
gallons is to be constructed. On leaving Jerome Park 
the capacity of the aqueduct is reduced to that of a 
cylinder 12 ft. 3 in. in diameter. The construction of the 
aqueduct has extended over four years. Its cost has been 
about 3,000,000/ 
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‘* ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
ComPiteD By W, LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888, 


The number of views given in the Specification Drawings is stated 
in each the price ; ion the 
Spees na ph price; where none are mentioned, 


Where Inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 
— of Specifications may be obtained at 88, Cursitor-street, 
hancery-Lane, E.C., ei personally, or - letter, enclosing 
amount ope and postage, addressed to H. BR LACK, Esq. 
The date of the advertisement of the acceptance of a complete spe- 
cification is, in each case, given after , unless the 
Patent has been sealed, when the date of sealing is given. 
person may at any time within two months the date of 
advertisement of the acceptance of a com: specification, 
| thee grea the Patent Office of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Act. 


SHIPS, &c. 


1998. H. H. Leigh, London, (J. N. le Solliec, Morbihan, 
France.) Improvements in Screw Pro ers. (8d. 
1 Fig.) February 9, 1888.—In carrying this invention into effect 
a thread is led spirally around the shaft, the pitch of the screw so 
produced being ordinarily equal to its maximum diameter. The 
shaft is hollow, and the end of it is closed by an air and water-tight 
plug. (Sealed July 27, 1888). 


2536. 8S. Alley, Polmadie, Renfrew. Improvements 
in or Connected with Screw Pro ers. (8d. 7 Figs.) 
February 21, 1888.—According to this invention the propeller 
blades are arranged to fold. The boss is formed with radial slots 
to receive the roots of the blades, the roots being formed as joint 
eyes, and the blades being jointed to the boss by means of pins 

through the parts of the boss at the sides of the slots and 
through the joint eyes of the blades. On parts of the edges of 
the roots or joint eyes of the boss, wormwheel teeth are formed, 
and on a small shaft passing through the main shaft, which is 
tubular, there is fixed either a screw or worm or as.many sets of 
rack teeth as there are blades. The blades are folded or opened 
out by turning the small shaft if provided with a screw. hen 
opened the blades bear against stops on the boss, In folding, the 
blades turn on their joints with the outer ends describing 
quadrants down to the axis of the shaft. (Sealed March 1, 1889). 


5402. B. J. B. Mills, London, (L. Bidauld, ons, 
France.) Improvements in Ships’ Propellers. (6d. 2 
Figs.) April 11, 1888.—This invention relates to the special form 
given to the blade of the ee. and which comprises a rear 
concave face upon which the water slides without shock and with- 
out eddies ; a front face, convex and less inclined than the former, 
thus enabling to be utilised, for the propulsion, the attraction of 
the vacuum formed by the passage of the blade ; and a rectilinear 
face without direct effect for the propulsion, but offering a better 
fulcrum, for obviating recoil, by causing the water to arrive from 
each face at two different points. (Sealed July 20, 1888). 


6097. H. H. Lake. London. (H. P. Kirkham, Brooklyn, 
N. Y., U.S.A.) Improvements in Appara' or 
Facilitating the Re of Ships’ Propellers and 
other Operations under Water. [8d. 5 Figs.) April 24, 
1888.—The invention consists of a portable caisson containing 
three water-tight compartments, separated by water-tight parti- 
tions, provided with windows and tubular flexible arm sections, 
which terminate in mittens or gloves, whereby an operator may 
make repairs. The middle compartment is cf less length than the 
compartment on each side, whereby a space without a bottom is 
formed, which enables a caisson to straddle a projecting object. 
(Sealed August 3, 1888). 


7631. F. A. L. de Gruyter, Amsterdam, Holland. 
Improvements in Apparatus for Raising and Lower- 
ing Ships’ Boats, (8d. 4 Figs.) May 24, 1888.—The object 
of this invention is to enable a ship’s boat, even when equipped 
and manned, to be easily raised clear of the chocks or lowered on 
tothem. For this purpose a screw arrangement is employed be- 
tween the davits and the boat. 1 is part of a davit bif ted 


4 


190) the upper one to raise or lower the boat. (Sealed May 28, 


8302. W.T. W. Thackeray, Wentenw, See. 
and I. Hurn, London. Improvements in Tell-T: 
Apperatns, Applicable Es for Indicating 
whether Orders Given to the Engine-Room of Steam 
Vessels are Properly Carried Out. (8d. 5 Figs.) 
June 6, 1888.—Fig. 1 is a diagram view of the ap tus working 
with the ordinary hand lever used for stopping and starting marine 
engines. An ordinary engine-room telegraph dial is » it may 
be of transmitting or of indicating mechanism. Insulated contact 
plates are carried at the back of dial plate, and concentric with 
the axis of the indicator. An arm on this axis is always resting 
at its end on one or other of the contact plates but cannot be in 
contact with two at the same time. E are insulated wires leading 
from these plates to a corresponding series of insulated contact 

ins F. G is a plate with which all these pins are normally 
in contact, being pressed endwise by springs, and H is the 





hand-lever by which the working of the engines is controlled. 
The contact pins are ranged in the arc of a circle concentric 
with the axis of this lever, so that one or other of the pins F 
is pressed back by the arm H!, when the lever is moved to 
its several positions, and when so pressed back the shoulder 
upon the pin is carried back out of contact with the plate 
G. <A wire leads to a battery and electric bell and from 
thence to the axis of the indicator hand. The pins F may be 
coupled to wires E in the manner indicated in Fig. 3. Apparatus 
such as described can also be used for indicating the position of a 
ship’s rudder, for which purpose the tiller arm would take the 
place of the lever used for working the engines, and whenever an 
order was sent by the steering order transmitter a circuit would 
be completed and a bell rung until the order was properly carried 
out and the circuit was soagain broken. (Accepted May 8, 1889). 


RAILWAY PERMANENT WAY. 


7. J. Hanson, Hoyland Nether, Yorks. Improve- 
ments in Chairs for Railway Rails and Rail Joints. 
(8d, 12 Figs.) January 2, 1888.—According to this invention, a 
metal chair is made with a fixed jaw on one side only, On the 
opposite side is formed a recess in the chair. After the rail is 
placed on the chair, a loose jaw is fixed into the recess, which jaw, 
owing to its construction, works itself right home. The lower 
end of loose jaw, which fits into the recess, is made taper, and the 
upper part is shaped to fit the rail. An iron key is fixed — 
the chair at the back of loose jaw, by which the chair can 
tightened or slackened to rail at will. A double chair, for secur- 
ing the ends of rails, is also described, being on a similar principle 
to the single chair. (Sealed August 3, 1888). 


250. E. W. Hughes, Camberwell, Surrey, and S., 
A. Letts, London. Locking the Nuts or Bolts on 
the Fishplates of Permanent Way. [lid. 13 Figs.) 
January 6, 1888.—A recess E is formed around the periphery 
of each nut, adjoining that face which, when the nut is 
screwed up, comes in contact with the fishplate B. F, F are 
duplicate locking plates used in connection with these nuts, and 
formed with holes G, corresponding in position with the several 
bolts or nuts used for securing the fishplate. The portion g' of 
each hole is large enough to pass over the nut, while the portion 
¢ is narrower, being of such a width that when the plate F has 

_ peg bag such a position as shown in Fig. 1 it will engage 
with or cli 


the recessed or reduced portion E of the correspond- 








at its upper end, the prongs 2 thereby formed being recessed to 
forma bearing. 4 is a block having an internal screw thread 
serving as a nut for a screw rod 5. The block is formed with 
trunnions 6 journalled in the bearings in the prongs 2 so as to 
permit rod 5 to readily adjust itself to the strain thereon. The 
rod 6 is provided with a hand lever 7, and is connected by a swivel 
joint 8 to the top of the upper block 9 of lowering tackle. By 
turning the hand lever 7, a boat suspended to the ‘‘running” 
block will be raised or lowered. Assuming a loaded boat to be 
on the chocks and each of two davits to be fitted with the 
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the 
raised from the chocks, then it 
can be worked out and lowered over the ship’s side in the 
ordinary way, the nuts 4 turning in their bearings on the davits 
and permitting the screw-threaded rods to adjust themselves in 


above described apparatus, if two screws be turned simul- 
t can be 


taneously, the boa‘ 


line with the pull of the lowering tackle, thereby preventing 
lateral strain on the rods. Instead of applying the screws between 
the davit and the upper block, a right and left-handed screw may 
be ng pe between the boat and the lower tackle block, in which 
Case it will not be necessary to bifurcate the upper extremities 
of the davit. The said screw passes through two nuts, the upper 
one being connected by a stirrup to the frame of the lower tacle 
block, and the lower similarly connected to the boat or a hook, or 
ring carried by it. The screw is provided with a hand lever, by 
turning which the lower nut is caused to approach or recede 







































ing nut. us, when the nuts have been screwed up on their 
Fig 1. 
L 
! aig. 2. Fig 3B. 
me 250 





bolts, it is only necessary to pass the locking or holding plate over 
the nuts until it comes in contact with the fishplate, and then to 
move the locking plate endways, so as to cause the smaller ends or 
portions of the holes to engage with or clip the recessed portions 
of thenuts. The recessed portion of each nut is of the same form 
as the nut, and one of the sides must be in line or square with the 
holes when the locking plates are put in place. The duplicate 
plates F have their holes G the reverse of each other, so that one 
will be moved towards the left and the other towards the right, in 
order to lock the corresponding nuts. The plates also, when in 
their locked position, meet at their inner ends near the centre of 
the fishplate and form a flush or butt joint. (Sealed March 19, 
1 


2578. V.B.D.Cooper, London, Improvements in 
Keys or Wedges for Securing Railway or Tramway 
Rails to Chairs or Sleepers. (8d. 9 Figs.) February 21, 
1888.—The improved key is formed out of a — of iron, steel, or 
other suitable metal, having a series of flutes or corrugations 
formed on one or both sides thereof, and running longitudinally 
therewith, before it is shaped or bent to form the be A The plate 
is rolled or stamped with a thickened edge on one side, or it may 
taper from one edge to the other, so as to be taper when finished. 
The plate is bent three times on itself, and the flutes then run 
transversely round the keys or wedges. (Sealed March 1, 1889). 


6351. S.T. Dutton, Worcester. Improvements in 
the Actuating Levers and Locking A’ tus used 
for malling on Railways. (8d. 11 figs.) April 28, 
1888.— According to this invention the straight part a of the lever 
is prolonged downwards to the level of the fulcrum a!, and the 
lower part a2 bent forwards nearly at right angles to a. By this 
means the handles of the levers are brought within easy reach of 
the signalman even with a long range of stroke, being situated at 
about the same height above the floor of the cabin both in their 
front and back positions. The push and pull of the levers is also 
equalised, and the locking parts are made more compact and 
accessible than usual. ¢! is a raised foothold for the signalman, 
being formed by inclining the quadrant plates at their front ends. 
b d? is the intermediate motion piece or lever turning on the 


centre b8, the lower arm 6? of which is connected to the lock- 
Se Senn cat bs. On the arm bisa projection 55. When lever 
@ is being moved to its forward or dotted position the arm b is 
raised to about one-half of the height indicated in dotted lines by 
the action of the loop d' on the lower part d of the spring catch- 
rod upon the said arm 6. As the lever approaches the position B, 
it strikes ye the a b5, so that on the completion of 
the forw: motion the arm b is fully raised into the dotted 
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position. In this position of the lever the bottom part d of the 
catch rod snaps into the notch 06 in the top edge of arm b, thereby 
forming a back lock. The manner in which the bottom d of spring 
catch-rod is connected with the motion piece b is best seen in 
Fig. 3, it being provided with a loop or guide d', which incloses 
one of the sides and the edges of the arm 0} of the motion piece, 
so that as the catch-rod is raised or lowered the arm 6 is raised or 
lowered with it. (Accepted May 8, 1889). 


7473. G. Edwards, Fazakerley, Liverpool. Im- 
| pig ny in or Connected with Interlocking 
vers for Qo Points and Seno, 
(8d. 2 Figs.) May 19, 1888.—According to this invention the 
locking and unlocking of any number of levers is effected with one 
set of tappets actuated by the catch rod only, instead of using a 
duplicate set of tappets for such levers as have to do unlocking. 
A rocker B is employed having a slot I in which works a stud 

attached to, or a projection from, the catch rod F connected to 
the signal lever M, and provided with a hand-piece G as usual. 
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The rocker B is centred at K, and is connected with the tappets E 
in such a manner that when the catch handle G and main lever 
handle are grasped, the movement of the catch handle causes the 
catch rod to move the rocker B, so as to give, through the tappets 
connected with it, a first motion to the locks, after which the stud 
H travels along the slot I towards the end N thereof, and when 
the catch handle G is released the said stud H again operates the 
rocker B in the same direction as before, and completes the opera- 
tion of the locks. (Accepted March 27, 1889). 


8094. W. F. Stevens, Streatham, Surrey. Improved 
Apparatus for Placing Fog Signals upon the Rail- 
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way Lines. (8d, 2 Figs.) June 4, 1888.—The apparatus con- 
siste of a circular box P containing the detonators A, and provided 
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with a door for refilling when required. It is placed on a plat- 
form R, in which is formed a groove D, fitted with a slide 
divided into two parts, connected together by a hinge, one part 
being formed with a circular hole the same size as the box. At 
the back of the slide is a lever by which the slide is drawn back 
directly under the bottom of the box, when the lower detonator 
drops into the hole in the slide. For placing the detonator upon 
the line, the slide is pushed forward by the lever until that part 
containing the detonator is on the line E. Underneath the aide 
is a crank 8, attached to a lever rod K turning on a pivot under, 
and tapering to a point on, the inside of line. On the approach 
of a locomotive, the wheel flange passes between the line and the 
lever — forcing up by means of the crank S that portion of the 
slide in which the detonator is placed, and leaving the detonator 
on the line to be exploded by the passing wheel, a spring under 
the slide preventing the raised portion thereof falling. Upon 
drawing back the slide, the raised portion falls back into its p! 

clear of the line, and is drawn back until the hole is again under 
the box. Two spring clips H, connected to the platform, are 
operated by means of a stop T on the slide when a detonator is 
being fed forward for supporting the weight of those in the box 
bee > not to impede the action of the slide. (Accepted April 10, 

iv). 


8437. P. Molloy, Limerick, Ireland. An Improved 
Form of Suspended Railway for the Conveyance of 
Goods or Parcels, Carrier or > | therefor, and 
Apparatus Connected therewith, (8d. 11 Figs.) June 8, 
1888.— Fig. 1 is a plan of carrier or trolly mounted upon a portion 
of rail, and Fig. 2 isa front elevation of suspended alle and 
7 with cross-section of rai]. The rails a are supported by 
cradles b, and suspending rods b! ; they can also be supported by 
ight brackets upon a wall, or in open spaces. The cradles hold 
the rails in position and preserve the gauge and central gap e for 
the passage of the hook g attached to trolly f. The trolly consists 
of a three-wheeled carrisge, the hinder wheels i having flanges j. 
The head of each hinder wheel revolves upon the top of rails a, 





the flanges j being coned. The leading wheel i! is also coned so 
as to revolve upon part of both rails and between them. In fitting 
the invention to a warehouse, factory, or open space, the fall or 
gradient is so arranged as that the loaded carrier shall run by its 
own momentum when once started round the course and back to 
its starting point ata lower level. Forraising the trolly from the 
lower to the higher level for a fresh journey, a crane of suitable 
construction is provided fitted with a movable jib, the crane post 
being formed with a spiral, so that upon operating the winch the 
jib is lifted and a twisting action imparted to it. The end of the 
jib carries a cradle which embraces an inner cradle holding a 
loose section of rail upon which the trolly to be raised rests. 
(Accepted March 27, 1889). 


8716. J. A. Manger, Kingsland, and G. Blyton, 
Finchley, Middlesex. Improvements in and Con- 
nected with Railway eens Sepeows a 
to Place and Remove Fog Sign or Detonators, 
and in Fog Signals Suitable for Use with such Ap- 
paratus. (8d. 6 Fiys.) June 14, 1888.—Near to the rail A 
there is mounted on a pivot H' a curved gripping lever H. This 
lever is operated in one direction by a wire or rod G connected 
with the semaphore signal, or an independent lever, and in the 
other direction by a wire F and acounterweight. HH? is a movable 
jaw pivotted at H3 to the lever H, and having a tail-piece H4, As 
the lever H goes backwards and forwards, the tail H4 rides under 
and over inclines on the elastic bar J. In the backstroke the tail 
goes under the bar and the jaw is raised releasing the detonat 

or spent detonator which it holds, On the other stroke the jaw 
remains closed. M! is a pivotted connecting-rod guided at M3. 
This rod actuates, by a stud M3, a pusher M, guided at one end 











in M2, and at the other in the store of detonators L, Each time 
lever H is drawn back the pusher is forced forwards, and moves 
a detonator outwards ready to be gripped. For blocking the line, 
wire G is slackened, the being in the positions shown in 
dotted lines. The tail of a detonator E projects from the store 
Land is grasped - 4 the jaw H*. The lever is then drawn by 
wire F into the position shown in full lines, and the detonator 
placed over the rail. Upon the lever returning to its former 
ition, it drops the of the detonator into a ptacle K. 
‘or indicating to the driver that the line is clear, a gong is ar- 
ranged to sound when the train approaches the signal post, 
being operated by a catch on a vertica! rod, Fig. 2, which rests 
upon two levers, one being connected »y wire to signal cabin, and 
the other by chain to the trainbar. ‘Yen one rod is raised by one 
lever to lower signal, the other rod is survorted by the other lever. 
As the train passes the latter lever will be depressed by the move 
ment of train bar about a pivot, and the rod will drop and operate 
the gong striker. (Accepted April 2¢, 1889). 
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R ¥ m- 
ber 27, 1888.—This iereahion re to a method of attaching 
detonators to the rails of railways. A spring A is attached to the 








underside or other convenient part of the detonator A' by means 
of rivetting, soldering, &c., the spring being curved as shown 
so that it will clip around the part B! of the rail B, however much 
the rail may be worn, the ends or points a? of the spring being 
turned outwards. The edges a5 of the casing of the detonator 
may be slightly raised so as to allow the finger to freely grasp it 
as it lies flat upon the rail. The curve or size of the spring clip 
may be modified, and instead of turning the ends up as shown at 








a?, they may be provided with balls, or the ends may be turned 
into small rings. This arrangement allows the detonator being 
attached to the rail at arm’s length by one hand, it being only 
necessary to press the ends a2 of the springs upon the top of the 
rail until the said ends slip over the proj ng and curved portion 
of the rail, and clip it in a substantial manner, whilst at the same 
time it can readily be withdrawn at arm’s length from the side 
with one hand. (Accepted May 1, 1889). 


13,930. C. P, Espinasse, Montaubon, France, Im- 
rovements in the Permanent Way of Railways. 
6 Figs.] September 27, 1888.—This invention relates to 
improvements in metallic sleepers, and consists in the combination 
of such sleepers having a central web recessed at its extremities to 
receive and hold the chair and rail, with a chair adapted to fit in 
such and interlock with such central web, and having a serrated 
base resting upon a lead packing piece inclosed on all sides to pre- 
vent crushing. (Sealed March 1, 1889.) 


RAILWAY ROLLING STOCK. 


6106. H. K. Austin, Washwood Heath, Birming- 
ham. Improvements in Axle-Boxes and Bearings. 
(8d. 31 Figs.) April 24, 1888.—The lubricant is signed the 


motion. The shunter then turns one of the handles G, and this 
raises the links of the chain C with the end link striking approxi- 
mately straight out, to any required height, so that it rises above 
the draw hook B. The hook does not stop its ascent, as there is 
nothing to prevent the chain C bending at the joint between the 





centre link and the first link or shackle, but the moment the chain 
has the hook, it will stand out straight, and on lowering, 
will fall into the hook. As the shaft E is capable of transverse 
movement, the wagons can be coupled when standing on a curve, 
(Accepted May 8, 1889), 


MISCELLANEOUS. 


6832. J. mopeees, Southport, Lanc, Improve- 
ments in Sha ree (Sd. 20 Figs.) May 8, 1888.— 
The sole-plate E has a raised boss in the centre, and two lugsg 
at each end which fit within a recess underneath the bottom, and 
overlap the two projecting ribsh at the bottom of each end of the 
step carrier C, having also projections o which fit against the sides 
ofa slotted hole provided for a central holding-down bolt. The 

e of the carrier C is circular, and a semi-cylindrical recess 





axle by means of a roller A2 maintained against the 
of axle by ree or springs pressing against the axle of the 
roller. The roller is formed with grooves leaving a space in which 
the oil may collect, or they may be filled with fibrous material for 
soaking up the oil. The roller ee are spiral and are carried 
in recesses in the roller guides A'. The roller may also be com- 
bined with a frame holding a fibrous material or brush provided 
with wicks. The back of the casing D is brought up high to keep 


the oil level high. E is the bearing having a packing plate pro- 
Fi iy. 1. 









shad mee 0 AR 
vided with a handle on itsend, The lid H closes an oil hole com- 
municating with recesses in the back of bearing, and the lid I 
closes an oil hole communicating with the dust guard bush J. 
The front door K is made to fasten as shown, or may be fastened 
by a pointed set-pin screwed through K, the joint rings or washers 
being of flexible material held in projections on the lid or the axle- 
box casing. The dust guard bush J is formed with a V recess 
running round it to hold a spiral spring, and may be made in 
halves held together by bolts. Or the bush may be made of L 
i aeged which fit over each other and are actuated by a spiral or by 

at springs. The material claimed for making the bearings con- 
sists of copper, tin, lead, a and aluminium, in suitable 
proportions. (Accepted March 27, 1889). 


A. G. Spencer, London. Improved Means or 
Apparatus for Preventing Rattling of Railway and 
other Car e Windows or Shutters. (8d. 13 Figs.) 
May 17, 1888.—This invention has reference to appliances adapted 
to be secured to the edges of sliding window frames or shutters, 
and which shall be more durable, more elastic, ard shall compen- 
sate toa larger extent for wear than devices, such as the solid 
strips of india-rubber, heretofore employed. A is a block of india- 
rubber secured to the edge of the window frame, and B are two 
owerg of metal, comented or otherwise secured to the edges of the 

lock to protect them from wear; they need not, however, have 
flat bearing surfaces. C are screw holes, and D is a large opening 
in the centre of the block to render it more easily compressible. 
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The block is screwed to the edge of the sliding window frame W 
to run in the groove or ‘‘light run” V, as illustrated in Figs. 
3 and 4, the faces B rubbing against each side of the groove. 
To this end the device is made to be normally of greater width 
than the groove, channel, or “light run” in which it is to travel, 
so that there will be a certain t of compression, for which 
the hole or opening in the elastic block will allow, and thus there 
will be maintained a constant bearing, notwithstanding wear, 
which will be compensated for. The block may have two openings 
D and two sets —- B, or the ends of the block may be bifur- 
cated, the projections forming springs ; or there may be a central 
opening, bifurcated ends, and three sets of plates B. The block 
may also be constructed to bear, not only on the sides of the 
groove, but also against its bottom. (Sealed May 28, 1889). 


9351. G. Newman, Earlestown, Lanc. Improve- 
ments in or Ae g to Couplings for Railway 
Vehicles, (8d. 2 Figs.) June 27, 1888.—Aarethe buffer beams 
of the wegons, B the coupling hooks, and C the coupling links. 
Below the beams are attached, by hangers D, a transverse shaft E 
provided with cranks F and handles G at both ends. On the 
central link C is placed a sliding block H incapable of turning. 
The block carries two wings, which, when it is at the lower end 
of central link, grasp or support the end link of the draw chain C, 
and hold it cpecetnats straight out in the same direction as 
the central link. The block is linked to the cranks F by rods 
I, K pivotted together. L' isa stop for preventing lever I flying 
backwards more than a given distance. Thecoupling to the left of 
the figure shows a slight modification, the cranks F) being longer 
than F, and being pivotted directly to the rods I', When the 
buffers of the —- come together, the block on the centre link 
of the coupling chain C has fallen by gravity to its lowest ge 
tion, as shown to the left of the figure, and holds the end link so 
as to allow it an elbow joint motion, but very little or no side 





tends across the upper surface of the base-plate of the step 
carrier from one upright a to the other, and round the edges of 
the parts of the base-plate lying on each side of the uprights is a 
raised rim having the inner faces of the parts p, at the middle of 
each rim, formed as cylindrical segments radiating from the axis 
of the aforesaid recess, D is the bottom bearing step, the sides of 
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which are flattened and flush with the vertical edges of the trans- 
verse midrib b, and fit between the inner faces of the uprights a. 
The bottom edge of midrib b fits the semi-cylindrical recess, and 
the outward faces of the projections b! are cylindrical segments 
radiating from the same axis as, and fitting between the parts p of 
the step carrier. The top bearing step D' has four short lugs, one 
at each corner, which embrace the flattened sides and abut against 
the flanges of the bottom bearing step to bind the two parts 
together laterally, and oblige them to react unitedly against the 
collars of the shaft, and the central parts on the top have their 
aaoee surfaces curved to radiate from the same axis as the curved 
edge of the midrib }, and abut against a short cylindrical recess 
of the same radius formed in the underside of the cap, as shown by 
dotted lines. (Accepted March 27, 1889). 


9207. H: Thomson, Buckden, Hunts. A New or 
Improved Method of Propelling Bicycles, Tricycles, 
and the like. (8d. 4 Figs.] June 23, 1888.—To each outer 
side of the fork or bearing in which the axle of the driving wheel 
of the machine runs, an eccentric is fixed rigidly, so that the axle 
passes through the eccentric, but does not carry it round with it. 
Outside each eccentric the axle terminates in a perforated box or 
short tube fixed upon and revolving with it. The pedal crank 
passes through this box, and is made to slide backwards and for- 
wards through it, Referring to the drawings, Fig. 1 is a side view 
of the propeller. The eccentric C is fixed to the fork A, or other 
suitable bearing, the axle P passing through A, and through the 
driving wheel. The crank‘H slides in the sliding box E by the 
grooves H! running on the ball bearings J, which balls are held 
secure by a perforated box K. B or K has a pin M witha collar 





attached, to travel in the channel Das the eccentric strap revolves. 
The pin Lis intended to revolve the outer —_ or band B on the 
ball bearings N, which are held in position by the rforated strap 
B! on the eccentric. © denotes the hole where the balls are in- 
serted, ard secured by a stop plug. Fig. 2 is a section of crank 
with a double groove H! for the purpose of being worked on a 
double row of ball bearings, also showing part of the rforated 
box K and the balls J. Fig. 4 denotes a section of the sliding 
crank H. When the al is made to revolve by the pressure of 
the foot or other motive power, the other end of the crank re- 
volves with the pin round the eccentric, and the crank itself slides 
backwards and forwards with each revolution through the perfo- 
rated box or tube. By this means the pedal itself is alternately 
drawn by the pin close up to the box, and pushed further away 
from it, the length of stroke of the crank being proportionately 
diminished or increased. (Accepted May 1, 1889). 
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THE THEORY OF THE STEAM 
ENGINE. 
(Continued from page 609.) 
At the end of the last article we obtained the 


result, that in order to form 1 lb. of steam at con- | 


stant pressure, we must expend on it in the shape 
of internal work, the heat L—P(v—.016); but 
now looking back to our fundamental ideas of | 
internal work, we find that we have proved that | 
the amount of internal work necessary for a given: 
change of state is independent of the particular 
process gone through to effect the change; con- | 
sequently we now say, that the amount of heat | 
we must supply for internal work, to change 1 Ib. | 
of water att° to steam at ¢° is L—P{v—.016) or 

~ Pv approximately, no matter how complicated | 
may be the processes gone through by the pound of | 
fluid between the two states, If, in addition, we know 


| the changes of pressure and volume undergone, then 
| wecan calculate the external work done, and adding 
| this to the internal work above, we obtain the heat 
| supply which must have been given to the pound of 
fluid. To enable us to deal with any sort of change we 
must consider the case in which we do not obtain a 
pound of dry steam, but a mixture with ‘‘ dryness 
fraction” « ; this case is easily considered thus, com- 
paring with the calculation for dry steam. 


Heat expended = x L, x units only being evaporated, 
External work done = P(V— 016), 
= V being the final volume of the wet steam. 
ut 
V—.016 = x (v —.016), 
.’, External work = P (v—.016)z, 
and 


Internal work = wf L—P(v— .016)}. 


We might have taken this for granted. namely, 





that the internal work would be just « times as much 
but it is useful to work it out in this way as it shows 
us that our conceptions of internal work are correct. 

Putting together our results therefore, we have 
now afull and complete answer to the following ques- 
tion, viz. : What amount of heat must be supplied 
to change 1 lb. of water at ¢° to a mixture of steam 
and water containing « units of steam at ¢°, the 
changes of volume and pressure during the opera- 
tion being given? The answer is : 

Heat expended= External work as found from the changes 
of volume and pressure 
' +h—-hy + 2{L-P (v—.016)} 
(The internal work). 

In the second term, h — ho is the internal work 
necessary to turn the whole pound of water from 
ty to t, which must of course be done before evapo- 
ration can commence in the constant pressure 
process ; the total internal work then is given by 
the second term of the right-hand side. Now by 
means of the above equation we can find exactly 
the manner in which heat must be supplied to 
steam, at any point, or between any points, in its 
passage through the engine ; this, of course, solves 
the larger number of problems we have to deal 
with, and we shall now proceed to show how certain 
of them are solved, The truth of the results we 
shall obtain depend on the truth of the above 
equation, the values of the constants in it depend 
on the experiments which have been already de- 
scribed, the form of it depends on the reasoning 
forming the remaining part of the preceding articles; 
if the accuracy of the experiments be admitted, and 
if the reasoning be sound, and based, as the writer 
believes he has shown it to be, on perfectly well- 
established and self-evident principles, then it 
follows that the results must be admitted as abso- 
lute certainties, even although they may appear in 
some cases anomalous, and conflict with our precon- 
ceived ideas. 

The simplest kind of engine we can conceive will 
consist simply of the cylinder and piston we have 
already considered, and we can suppose it to work 
in the following manner: At the commencement 
of the stroke we have 1 lb. of water at temperature 
to, the piston is loaded with weights Px A Ib., 
giving P lb. pressure per square foot of the piston, 
or p lb. on the square inch ; the height of piston 








above the cylinder bottom is “ ft. ; now apply 
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heat until the whole of the water is evaporated, 
and we have a pound of dry saturated steam at 


pressure p, the piston standing at a height x ft. 


from the bottom. We must now putin a catch to 
hold the piston still, and then slide off it weights 
(P—P,) Alb. on to some support on the same 
level, the load on the piston is now P, lb. per 
square foot; now apply some cold body and abstract 
heat tiil the temperature falls to ty) ; we can now re- 
lease the catch since the steam pressure under the 
piston will be Po, and still abstracting heat, the 
piston will descend under the pressure until we 
reach the same state as we started with, i.e., 1 1b. 
of water att, ; weights(P—P,) A units must now be 
supposed ready to slide on from below, and we 
commence another stroke, and so on. To examine 
the working of this simple engine we have, per 
stroke, 


External work done=(P—P,) Alb. x/( + — ft. 


Heat supplied from source=H — hy thermal units, 
the process being exactly our simple one, already 
considered ; whence the efficiency, or ratio of useful 
work to heat used, becomes 

(P—P,) (v—.016) 
772(H—hy) ° 

The process being a complete cycle, we have not 
required the equation containing the internal work ; 
also, in the above we have not used the term ‘‘ heat 
expended.” The true meaning of ‘‘ heat expended,” 
or, at least, the meaning it is best to restrict it to, 
is the heat which has disappeared as heat, and in 
the above this is of course only the part (P—P,) 
(v—.016) foot-pounds, the remaining part of the 
772 (H—/,) supplied reappearing as actual heat in 
the condensing water or cold body which we apply 
to bring the piston down again. 

A very slight change from the preceding gives us 
the non-expansive condensing engine. We have 
only to form the steam in a separate vessel and con- 
dense it in another instead of in the cylinder itself, 
the cylinder being put into communication with 
either vessel by a valve. Next referring to Fig. 9, 





9527 


let A be the cylinder, B the boiler, C condenser, 
and the piston at the bottom of its stroke ; let also 
condenser temperature be ¢, as above, boiler pressure 
absolute p, and other quantities as in the preceding 
example. Open now communication with the boiler ; 
then the steam presses on the piston with pressure P. 
Also in the boiler a pound of steam is just begin- 
ning to come off from the surface. This pound, 
as it forms, pushes all the steam between it and the 
nage and also the piston itself, out of its way. 
he piston must go on, because there is nowhere 
else for the steam from a to b to go, except where 
the piston allows it, and we have already satisfied 
ourselves there can be no liquefaction (see page 
608 ante); at the instant 1 lb. of steam has 
been formed, we shut off 6, put in the catch, &c., 
as above, then open c and the piston descends under 
the pressure P, to the bottom of its stroke again. 
To complete the process, however, we must move 
the pound of condensed steam back to B. This we 
do by afeed pump D. Now in considering this pro- 
cess, we notice that the pound of water which is eva- 
porated during the upstroke is not that condensed in 
the downstroke, and so if we wish to apply a cyclical 
process to the pound we must notice that there is a 
gap between evaporation and condensation ; but 
this will not in the least affect our results, because 
during that gap the pound is simply inert, neither 
receiving nor giving out heat or work, but simply 
being pushed by other steam through the pipe and 
cylinder. Of course, if we consider the effect on it 
of the metallic surfaces, it would not be true that it 
is inert ; but we are expressly omitting their effect. 
All we consider is what effect takes place depending 
on the conversion of heat into work. Other effects 
must be taken in their turn, and one at a time. 





There is, however, a slight apparent difference in 
the work done ; during the upstroke 1 lb. of steam 
is forced into the cylinder, hence the piston rises 


not ov but + ft., and the work done = 
(P—P,) Alb. x 5 ft but we must now notice 


that we have to work the pump D, this returns 
exactly 1 lb. of water to the boiler every stroke 
against a difference of pressure P — P, lb. per square 
foot, whence it absorbs (P — P,) (.016) foot-pounds 
of work, giving the same useful work as before. 
The heat supply is also spent, during a portion of 
time, with a gap in it, for 1 lb. of water at ¢, enters 
the boiler and is almost at once raised to f, i.e., it 
gets the h—h, thermal units, but it does not get 
the remaining L until it is evaporated, which for 
that particular pound may not be for some time; it, 
however, gets the heat before it fully forms into 
steam and so we do not care about the intervals in 
the process. 

The maximum possible efficiency of the non- 
expansive engine then is 

(P—P,) v = 
772 (H-ho)’ 

leaving out the .016 because the power of the feed 
pump is never subtracted in practice from that of 
the engine ; now this is a very small efficiency, less 
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than 7 per cent. for 60 1b. boiler pressure, and of 
course we should have besides to allow for loss of 
pressure in steam pipe, back pressure being more 
than P), &c., so our real efficiency would be less, 
bein 
. (P!—Pb) v 
772 (H—h)) 

where P! is less than P and Pb, the back pressure 
is greater than Py). We ask then why is it so ineffi- 
cient, and the answer is not far to seek ; we expend 
over 90 per cent. of our heat supply in internal 
work during evaporation, and the whole of this 
internal work is rejected into the condensation 
water ; if then we could get some of this internal 
energy turned into external work we should gain 
considerably, hence then, we arrive at the expan- 
sive engine, in which we cut off the steam from all 
contact with the heat supply, and let it give up 
some of its internal energy by expanding, and so 
doing external work. We thus require next to study 
the behaviour of steam when cut off from the 
main supply of heat and allowed to expand. 

There are two questions which may be asked : 
First, given the expansion curve, find the necessary 
heat supply ; or, second, for a given heat supply, 
find the resulting curve of expansion ; the first is 
the easier to deal with, and we will consider it first ; 
this, also, is the more frequent case, because the in- 
dicator card gives us the expansion curve. Before, 
however, considering any sort of curve that an in- 
dicator might give us, it is best for simplicity, and 
also for information, to consider two particular 
kinds of expansion curves, irrespective of whether 
they be given by an actual indicator card or no. 
First of these two we will take the saturation 
curve, and do not let it be imagined that in doing 
this we are contradicting our former statement, 
that the saturation curve as a curve has nothing to 
do with expansion. This is quite true, but if we 
shut up a pound of steam in a vessel and then apply 
heat to it and cause it to expand so that it always 








remains saturated, then its changes of pressure and 
volume are given us by the saturation curve, which 
is, therefore, its expansion curve for this particular 
case, 

In Fig. 10, then, a pound of steam expands from 
1 to 2 along the saturation curve 1 c 2; the volume 
v at any point being that corresponding to the pres- 
sure p. We have then our equation 

Heat supplied =internal+ external work 
=I,-Ij+1lc2ba. 

Now for I, and I, we have 

I,=1 of water at 32 deg.+H,-P, ~, 
because this is what we should find it, if we had 
formed the steam at:2 at constant pressure P,, and 
we apply our principle, that it is the same, no 
matter what the process of formation. 
.*« I;=I of water at 32 deg. + H,—P, 2. 
’ I, -I,=H,—H, +P, 4—-P, V2. 

Also we saw that the equation to the curve is 
P y!-66 —479, whence it is easily proved by geo- 
metry that the area 1c 2b a is 

P, u—Ps v3 
0646” 
and combining these results we have ‘ 

Heat supplied=H,—H,+ (P,v,—-P, va)(1 + a5): 

When we come to a numerical example we must 





Fig. 11. 


Heat supply shaded 





remember that H is in thermal units, but Pv is in 

foot-pounds, so we must introduce the 772 under 

the Pv’s. Let us take now a numerical example, 

say : 

p, = 89.97 lb. per square inch (i.e., P, = 144 x 89.97) and 
Ps aad 14.7, 


t, is 320 deg., and f, is 212 deg.; 
taking the values of H we get 
H, = 1146.6, H, = 1179.5, 


then 


whence 
H,-H, = — 32.9 thermal units 
also 


(P, v,— Pe v2) (2 oo 7? hikeiat out to 140thermal units; 


we have then 

Heat supply = 140-—32.9 = 107.1 thermal units ; 
the steam must then have supplied to it from some 
source or other, 107 thermal units. The work it 
does on external bodies is 131.5 thermal units, /.e., 


Be 
(Pir, P, v2) 0646’ 


of this it supplies from its own store of internal 
energy 32.9 - 8.5=24.4 thermal units (not 32.9 as is 
erroneously taken in many cases). We say supplies 
from itself because I,—1I,, being —24.4 thermal 
units, means that the steam gives upI, — I,, i.e., 
+24.4 thermal units, and the remaining 107 must 
come from without as heat ; this is absolutely and 
necessarily true ; no reasoning about the vessel the 
steam is contained in, nor about the machinery it 
drives, has any effect at all on it, and it may be 
useful here, with reference to an experiment we 
shall afterwards describe, to emphasise somewhat 
this last statement. Supposing the steam to be in a 
cylinder driving a piston, we say it matters nothing 
to us what is on the other side of the piston. It may 
be thought that, for example, if during the expansion 
the piston were pulled out by a pull on the rod 
from outside that this would affect the work done 
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by the steam, but this is not so, as can be seen by 
referring back to the second article, Fig. 4 (see page 
343 ante) ; the steam pressure nvust do the work 1 c 
2ba. If we pull out also, then the piston will move 
out faster, but we could not alter the work done by 
the steam, without we could conceive the piston 
pulled out so fast that the steam pressure could not 
follow it up; this, however, is not easily conceiv- 
able. 

To keep steam dry as it expands from 89.97 to 
14.7 1b. per square inch, we have seen requires a 
heat supply (of 107 thermal units), and the same is 
true for all portions of the expansion, as can be 
easily calculated; we must have a continuous supply 
of heat and we continuously take out work, and 
it is not sufficient to simply supply the 107 
thermal units, but they must be supplied in 
a perfectly, definite manner; to find the exact 
manner we require to take a very small ex- 
pansion, as shown atc in Fig. 10, say of 1 deg. 
fall of temperature, then the slice cd represents 
the external work done; calculating as before we 
can find the proportion of this external work which 
is derived from the internal energy of the gas 
itself. This proportion for the whole expansion was 

24.4 


131.5’ 
calculated it at c, a very convenient way of repre- 
senting it is to cut off a portion de of the slice, then 
evidently the remaining part c e represents the heat 
which must be obtained from other sources for the 
small expansion ; let us now continue this process 
for all the slices from 1 to 2, then we shall get a 
series of points e, which will form a curve feg. All 
the area below represents work coming out of the 
internal energy of the steam, and the area between 
1c2 and feg must then represent the necessary 
supply of external heat, the two making up the 
whole external work done ; the curve feg drawn in 
this way is called the internal work curve, and the 
ordinates are called internal work pressures, the 
reason, of course, being that when the slices become 
very narrow, each becomes simply a line ; d cis the 
steam pressure, and hence the name for de. 

The results we have just obtained are sometimes 
stated in this manner ; it is said ‘‘ the specific heat 
of saturated steam is negative,” this is of course 
because we supply heat while the temperature falls, 
i.e., a heat supply lowers the temperature; of 
course the exact converse also holds, i.e., to raise 
the temperature of saturated steam, we must ab- 
stract heat. This we can prove by considering com- 
pression from 2 to 1, everything being exactly re- 
versed. We have here then an apparently anomalous 
result, raising of temperature by abstraction of heat, 
but the anomaly disappears when we consider that 
we must supply much more energy in the form of 
work to compress the steam, than we abstract as 
heat, and so we, on the whole, add energy, although 
we do abstract heat. This shows how careful it is 
necessary to be in distinguishing exactly between 
heat and work ; it is not sufficient for a given pur- 
pose that we supply the necessary energy, but we 
must also supply it in exactly the proper form ; and 
in most cases we must supply one form and abstract 
the other, and always in certain definite proportions 
one to the other. 

The second expansion curve we shall consider is 
the hyperbola ; the saturation curve is of interest 
as representing an expansion under given physical 
conditions, the hyperbola as approximating closely 
in its shape to actual curves, and also by reason of 
its simple geometrical properties ; Fig. 11 then shows 
the expansion of 1 lb. of H, O (see first article, page 
294 ante) from 1 to 2; but now we have a question 
to ask which did not appear in the preceding, viz., 
what sort of H, Ois it ? This we will answer by say- 
ing, let it be pure steam at 2, and then for any other 
point we must see how we can deduce its state. We 
know it cannot be pure steam all through, or 1 2 
would be the saturation curve ; we will proceed, 
then, to find its state at 1. The volume we will 
represent by V, keeping v for pure steam ; we have 
then the equation to the hyperbola 

P, Vi =P: Vo= Pp» v (2 being dry), 
but V,=v, x, very nearly, x being the units of 
pure steam in the pound of mixture, neglecting 
(1—2,) .016 the volume of the water, whence 
= Paovy 


but it is not the same all through ; having 


P, v,%=Pevg .. % 
1% 

More generally we might have a mixture at 2, when 

we should get 

P, Vs we: 

oS ae 


r= 
Pir 





in the same way we can find x at any point of 
the expansion. Now for numerical calculation we 
will take the same pressures as we have for the 
saturation curve, viz., 89.97 to 14.7, then x, being 1, 


— 55,780_ 
= 62,320 89, 
The mixture then contains 11 per cent. of moisture 
to start with, so we see that in hyperbolic expan- 
sion the steam dries as it expands, and if we 
went beyond 2 it would become superheated, and 
so beyond our powers of calculation, but there is 
very little likelihood of that ever taking place 
actually. 

Next for the heat supply, take our equation as 
before, 


x 


Heat supplied=I2—I,+1ce2ba; 


but now the I’s are expressed somewhat differently, 
we have a mixture, so I is not H—Pv, but is in- 
stead h+a (L—Fv), above the I of a pound of 
water at 32 deg. 
Hence 
T, —Ty=hg— hy + Xq (L2— Ps ve) — x (L,—P) »,), 
in our case 
=180.9 —291.14+ 965.7—72.2 —.89 (888.4 — 80.7) =64.4 
thermal units. 
By geometry 
1e2ba=P V log. r, 
where any P and the corresponding V may be taken, 
and 7 is the ratio of expansion; in this case this 
gives 130.8 thermal units, and we get 


Heat supply = 64.4 + 130.8 = 195.2 thermal units, 


Now we notice at once a difference between this 
case and the last, viz., that we must supply heat 
both for the external work, and for the increase of 
internal energy, the steam at 2 having 64.4 thermal 
units of internal energy more than the mixture at 1 ; 
this is, of course, due to the fact that the moisture 
has been evaporated ; we can represent this as before 
by getting the points e, and drawing the internal work 
curve fg, which now lies below the line of volumes, 
and the whole area across from 1 2 to fg shows the 
total heat supply, the shape of the curves showing 
the manner, or rate, we may say, at which it must 
be supplied. The method we have used then shows 
us how we may obtain and exhibit graphically the 
quantities of heat which must be supplied if the 
steam expand according to the given law ; we shall 
next proceed to consider the converse case where 
the heat supply is given, in one particular case, viz., 
where it is zero. 

(To be continued.) 





THE TRANSMISSION OF ENERGY BY 
COMPRESSED AIR. 
(Continued from page 641.) 

THE experiments which were completed by M. 
Popp in November, 1885, and to which reference 
was made in our last article (see page 639 ante), 
convinced the Municipal Council of Paris of the 
advantages to be gained for the industrial popula- 
tion by an extension of the system of compressed 
air transmission on a larger scale than had been 
attempted up to that time. The power available 
at the central station in the Rue St. Fargeau was, 
as we have seen, considerably in excess of what 
was required to actuate the large number of clocks 
which were in circuit, and it was as a means of 
utilising this surplus energy that M. Popp first 
turned his attention to compressing air for mecha- 
nical purposes. So soon as the concession was 
granted to him by the Ville de Paris, he com- 
menced the extension of the power station, and 
entered into negotiations with Messrs. Davey, 
Paxman, and Co., of Colchester, for the supply 
of no less than six horizontal engines and air com- 
pressors of 400 horse-power each, together with 
the necessary boiler power for supplying steam to 
this extensive plant. The engines furnished by 
this firm are of the Colchester coupled compound 
condensing girder type, with a flywheel mounted 
between each pair of engines on their common 
shaft ; the condenser and double-acting air pump 
are horizontal and are placed below the engine ; 
the air pump is driven from the low-pressure side. 
The diameter of the high-pressure cylinder of these 
engines is 22.05 in., and that of the low-pressure 
35 in.; the diameter of the air- compressing 
cylinders is 23.62 in. and the length of stroke 
common to all, is 48 in. The effective pressure of 
steam supplied is 85.3 lb. per square inch, and the 
compressed air is delivered into the reservoirs at 





the same pressure. The compressors were not con- 
structed by Messrs. Davey, Paxman, and Co., but 
were furnished by M. Blanchod, of Vevey, and pre- 
sent nothing remarkable in their construction. Fig. 
4, page 683, is a section showing the construction of 
these compressors, from which it will be seen that the 
compressed air is delivered through spring loaded 
valves placed at the top end of each cylinder and 
delivering into a common receiver connected direct 
with the pipe leading to the reservoir; on the top 
of this receiver a safety valve is introduced as 
shown. For the purpose of cooling the com- 
pressed air, two jets of water are admitted, the cy- 
linders being drained by the taps placed at each end 
of the cylinder. Figs. 5 and 6 are views showing the 
general arrangement ; in this view the pipes convey- 
ing the injection water to the cylinders are shown 
at A; the water is delivered through them to the 
suction valves but not under pressure ; the pipe 
supplying this injection water is placed, as will be 
seen, immediately over the air main into which all 
the compressors deliver ; it is unnecessary to say 
that valves are introduced wherever they are re- 
quired, so as to isolate or group together the engines 
and reservoirs. The boilers furnished by Messrs. 
Messrs. Davey, Paxman, and Co. are of their well- 
known, so-called ‘‘ economic safety” type ; they are 
14 ft. 6 in. long and 7 ft. 6 in. indiameter, with two 
flues 30 in. in diameter, fitted with diagonal circulat- 
ing tubes ; above these flues are 74 tubes 3 in. in 
diameter and 14 ft. 7in. long. The total heating 
surface of each of the nine boilers forming the 
battery is about 1600 ft. 

This extensive plant had only been in successful 
operation a short time before it became evident 
that new and considerable additions to the station 
had become necessary ; subscribers for power grew 
more numerous and the company were workin 
with too narrow a margin of reserve power. An 
with increasing demand came a corresponding in- 
crease in variety of demand ; to meet which quite a 
large series of different apparatus and devices had 
to be designed and brought to successful operation. 
As may be supposed the various appliances con- 
nected with its employment for the production 
of energy are of no small interest; some of 
the principal ones will be understood from the 
following descriptions. Fig. 16 is a diagram 
showing all the different parts required for a com- 
plete installation; in this, A is the stop valve 
shutting off the supply from the main, B is an 
automatic syphon which is introduced into the 
service for separating any water that may be brought 
over with the air before it is delivered to the motor; 
this and most of the other apparatus are illustrated 
and described further or. Beyond the syphon is 
placed an automatic pressure regulator C, which 
controls the flow of air through the pipe to the 
motor, in proportion to the amount of work which 
is done ; D is acompensation chamber for maintain- 
ing a uniform pressure in the engine; it is fitted 
with a pressure gauge, and the supply can be cut 
off by valves as shown, instead of by the main stop- 
valve A. Beyond the reservoir the air passes 
through the counter E, which records the consump- 
tion, and from the readings of which the subscriber 
is charged ; before passing to the motor the air 
enters a heating chamber where it is subjected to 
the action of a gas jet, and also is saturated by a 
water spray; this device, it is claimed, nearly 
doubles the efficiency and prevents the formation 
of ice at the exhaust; a special type of engine, 
however, furnished with independent admission 
and exhaust valves, is being introduced to avoid, 
when desired, the use of the heating device. 
The rotary motor employed for small powers is 
shown at G, the exhaust air ing through a pipe 
into the chamber H, which also forms a separator, 
and from which any water and oil carried over in 
the air are separated and discharged through the 
pipe h ; obviously this detail is unnecessary, as the 
exhaust can be discharged direct into the air, or in 
most cases in the room where the engine is working 
and where the additional supply is usually an advan- 
tage in assisting ventilation. By the arrangement 
shown in the figure the exhaust air passing from 
the chamber H, through the pipe i, discharges upon 
the armature of the dynamo J, which in the illus- 
tration chosen is driven from the motor G to keep 
it cool; the automatic air pressure regulator K 
serves also to regulate the resistance in the ex- 
terior electrical circuit; in such installations as 
that indicated in the diagram this regulator is 
employed instead of that shown at C and described 
above. 
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We may now pass on to consider the various 
apparatus employed in detail. Figs. 17 and 18, 
on page 688, are diagrams which illustrate a large 
application of the Popp system at the Post and 
Telegraph Department in Paris ; its special purpose 
is to supersede the slow laborious work of winding 
up the printing telegraph instruments which are 
almost universally employed in Paris. In these 
diagrams P is the weight, composed of cast-iron 
blocks which form the motive power of the instru- 
ment, and which has to be wound up at frequent | 
intervals, the chain by which it is suspended pass- | 
ing over the series of pulleys as shown. Under the | 
table of the instrument is placed a small horizontal 
cylinder A with a piston B, and piston-rod H, the 
end of which is connected with the chain I that 
passes round the pulley O, and is attached to the | 
spiral spring V ; compressed air from the main is | 
brought to the apparatus by the service pipe M, this | 
pipe terminating at an automatically worked tap R| 
from which another pipe N goes direct to the head | 
of the cylinder A ; the tap R has three ways, one of 
them opening a connection with the escape pipe L. 


ment has run down, and requires rewinding, the 
pulley F with the stirrup G has fallen to sucha 
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matic, repeats itself, as will be seen whenever the | in full lines and those for conveying the liquid are 
weight P runs down. dotted. The main containing the compressed air 

Fig. 19 shows the method in which compressed air | is shown in A and the service pipe entering the 
may be employed for a number of different purposes | wine depét by line a; it first flows through a 
in a house; of course this diagram is imaginary, | counter and pressure regulator, and then it passes 
since it is not probable that so many uses would down to an elevating apparatus b in the basement ; 


there is a very complete installation in the Bourse | 
| which we shall describe in detail. 


|and branches I I are taken off on each floor. 
Assuming that the balance weight P of the instru- | 


be found for this source of power in the same build- | 
ing. However, as we shall see on another occasion, | 
In the diagram 
a subway is shown underneath the road; to the 
roof of this subway is suspended the main pipe A, 
the service pipe C leading from it, and a tap B 
being placed near the point of junction to cut off 
communication if desired. Before flowing into the 
distributing reservoir E, the air passes through a 
pressure regulator D, on which a gauge G is fixed, 
and there is also a water-separating pipe F, one 
branch of which descends to the bottom of the dis- 
tributor, while the other opens into the subway. 
H is the rising service main, which is carried up 
the staircase to any height that might be desired, 
In 
the basement a branch H' is led to a rotary motor | 





a branch a'is taken from the service pipe to the 
wine store on the ground floor, and another branch 
al is led to the distributor c outside the building, 
where it can be passed on either through the pipe 
ce orc'', The direction of the air can be diverted 
into different channels by the taps which are intro- 
duced at every branch ; taking first the service pipe 
a that descends to the elevating apparatus b in the 
basement, it will be seen that the full casks are 
placed in connection with the elevator so that their 
contents flow into it and are elevated through the 
pipe d into the trough e as soon as the air pressure 
is turned on. In the same way the compressed air 
admitted into c' and cl! forces the liquid the vessels 
contain into the same trough e, through the ascend- 
ing pipes d‘ and d"’, or the compressed air passes 
through the pipe a’ into the top of the full cask and 
forces the contents upwards into the trough through 


driving a dynamo for charging secondary batteries ;' the piped". By means of pipe connections and 


the branches J J on the ground floor are led to | taps, as shown ate ande!, the contents of the trough 





position that it has tilted the tube T which contains | small motors N for working light machine tools ;| can be emptied into a large vessel as at f, or into 
mercury, and which is mounted on the key of the | on each of these branches a controlling tap is placed | smaller casks as at g. 







tap R, in such a way that the tap is turned and | for regulating the admission of air, and therefore 
- communication is established between the pipes M | the power of the motors. A similar installation is 


and N, the 














other end, thus winding up the whole system and 
extending the spiral spring V. When the instru- 
ment is thus adjusted the tube T assumes another 
position, and opens communication between the 
pipe N and the exhaust L, thus allowing the air to 
escape from the cylinder and the piston to be drawn 
back into the position shown in the diagram by the 
spring V. This operation, which is entirely auto- 


ipe L being shut off; air thus flows. 
into the cylinder A, forcing the piston B to the | 








shown on the first floor. A system of pipes S, with | 
the branches T, form the service pipes from the | 
main R that constitutes a separate service for 
actuating the pneumatic clock s, one of which is 
shown at V. 

Figs. 20 to 23 show several further applications of 
compressed air delivered from the central station. 
Fig. 20 illustrates a service largely in use at the Halle 
aux Vins for shifting wine from one cask to another. 





In the diagram the compressed air pipes are shown 





Fig. 21 shows another mode of utilising the com- 
pressed air ; this is for raising water from wells sunk 
in the basement of the house, to the top, automati- 
cally; the air flowing from the main a up through 
the pipe b is free to return down the pipe c so 
long as the water level in the reservoir is not high 
enough to close the tap d by the movement of the 
float. The air passing through c is discharged into 
a cylinder e placed within the well f through the 
valve e'; the air pressure, acting on the water con- 
tained in the cylinder, causes a continuous flow up 
the pipe g, which goes on until the reservoir is fill 
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and the air supply shut off; the house service is 
provided for by the pipe h, which draws water from 
the cistern through a syphon. 

Fig. 22 is a diagram showing the way in which 
bells can be worked from the same source; the 
arrangement is very simple. The air passes into 
the transmitter through the pipe a, but can flow no 
farther, as the only exit is through the pipe a', the 
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mouth of which is closed by the button b. On 
pressing this against the spiral spring within, com- 
munication is established between the two pipes, 
and the air rushing out at the mouthpiece ¢ conveys 
the signal. 

Fig. 23 shows the method employed for emptying 
cesspools, The reservoir to be emptied consists of 
a cylindrical vessel placed in a suitable pit a, and is 
gradually filled by the discharge through the pipe b ; 
c is a ventilating pipe; the air arrives through the 
tube d and is discharged at the bottom of the reser- 
voir through the perforated pipe d'; water is 
admitted through e to dilute the contents of the 
cylinder. The pipe f terminates with a coupling to 
which the flexible hose of the portable receiver can 
be attached. Before emptying the cylinder water 
is admitted through the pipe e, and the contents are 
violently agitated by the discharge of air through 
the wear Bh se in the pipe d'. By closing all con- 
nections excepting those on the pipe d and f, and by 
admitting air into the cylinder, the contents are 
rapidly discharged through the pipe f into the port- 
able reservoir. 

Fig. 24 illustrates the form of syphon which is 
introduced along the lines of mains at intervals, its 
function being to separate any water that might 
be carried over with the compressed air. It consists, 
as will be seen, of a cylindrical vessel A closed at 
the top and bottom; two openings in the cover 
allow of the passage of the entering and leaving 
sections of the main Gand H; the former is ex- 
tended for some distance into the cylinder, passing 
through a thick diaphragm made of felt M, the 
other only enters the top chamber of the cylinder 
formed by this felt diaphragm and the cover; a 
short distance below is placed a perforated plate 
which is intended to arrest any solid impurities 
that may be carried over with the air; access to 
this plate is obtained through an opening in the 
side closed by the screwed plug K. The lower part 
of the cylinder contains a large float B, which is free 
to rise and fall upon the guide D ; the bottom of 
this guide is attached to a domed perforated plate 
E rivetted to the lower end of the cylinder A. 
Passing down the centre of the float B and the 
guide D is the spindle C, the lower end of which 
forms a valve N which opens and closes the com- 
munication to the escape tap F at the bottom of 
the cylinder ; a rod I attached to the cover O of 
the cylinder, passes through the perforated plate J, 
and serves asa stop to regulate the travel of the 
float B. The compressed air flows through the 
main G and filters through the diaphragm M, pass- 
ing again into the main H, but leaving behind it 
the moisture which it may have contained ; the 
water thus arrested falls through the perforated 
plate J into the cylinder A, accumulating there 
until the buoyancy of the float raises the valve off 
its seat M, and allows the water to escape. The 
action of this apparatus is of course automatic ; the 
syphon is attached by suitable brackets to a wall 
of the subway in which the mains are laid. 

Figs. 25 to 27 show the construction of the rotary 
motor employed for small powers. The spindle to 
which the flywheel and driving pulley, cast in one 
piece, are attached, passes through the cylinder of 
the motor, but above the centre ; the form of the 
piston through which the spindle passes is shown 
in Figs. 26 and 27, which illustrate the two extreme 
positions ; the width of this piston fills the space 
within the cylinder. It consists of two plates a 











to the form shown ; to the outer side of each plate 
is attached a cast-iron block with a cylindrical hole 
bored throughout its length ; within this recess is 
placed a strong spiral spring that tends constantly 
to press outward against the side of the cylinder 
the curved piston to the end of which it is con- 
nected. A series of small rollers are attached to 
the two bars of the piston in such a way that each 


E 
Fig. 16. ia 


TT 








opening. Before passing into the motor the air 
flows into the receiver K, where it is heated by a 
gas jet. The letters of reference on Fig. 25 refer 
to the following parts: A is the cylinder and B 
the cylinder cover, formed with a stuffing-box, 
through which the shaft D passes, and which carries 
the flywheel and pulley E; the regulator F governs 
not only the admission of air into the motor, but 
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bar can roll freely upon the other one. By this 
arrangement, when the air is admitted and the 
piston is caused to revolve, the relative positions 
of the bars forming the piston are constantly 
changing, from that of maximum extension when 
the piston is vertical, and when the spiral springs 
have pushed the bars out to the limit of their 
travel, to the horizontal position where the sides of 
the cylinder have forced the bars together and com- 
pressed the spiral springs. In the same way the 
piston travels to and fro upon the small rollers a 
and a’, which are mounted upon the spindle in the 
manner shown. Air is admitted into the cylinder 
through the passage b, and escapes through the 
opening b' as the piston in its course uncovers the 

















also controls the intensity of the gas jets by which 
the air is heated. Oil is freely distributed through- 
out the motor from the cup H, the oil passages 
from which communicate with all parts of the 
machine, the overflow being received in the vessel 
I, The direction of the motor can be reversed by 
turning the valve O ; J is the valve, controlled by 
a lever from the regulator, for admitting air into 
the cylinder, and P is the exhaust pipe; S is the 
counter upon which the number of revolutions made 
by the engine are recorded. 

When it was found that the existing works were 
wholly insufficient, it was determined to extend 
the installation until it should assume the form 





shown by us on page 641 ante; this addition forms 
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an extension of the older building containing | founded, and the reports he has prepared upon the approaching 400 ft. a minute. The compressor de- 
the Davey-Paxman engines. The new plant is| results obtained, will be considered by us in a future | signed by MM. Dubois and Frangois, and intended 
being constructed by Messrs. Cockerill, of Seraing ; | article ; in these reports he has advanced statements | to fulfil the two conditions just mentioned, is illus- 
one pair of the engines is exhibited on the Champ | which do not harmonise with the generally accepted trated by Figs. 7 to 11; the principal features in the 
de Mars, and others are in course of erection at| ideas on the economics of compressed air, but M. | system consist in giving to the suction and delivery 
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— valves suitable forms and pvnestions, and in the 
absorption of the heat resulting from compression, 
_ by the injection of very finely divided water into the 
fF fe cylinder at eachend. The piston A has a diameter 
of 25.98 in., the length of stroke being 47.24in. ; 


: the compressed air at each stroke of the piston 
ee 7} asses through one or other of the delivery valves 
: 4 B B which are 7.08 in. in diameter. It will be 

= x , observed that these valves are placed considerably 
above the cylinder, and that a clearance space 

at each end of the stroke of the piston is given ; 
| this clearance is diminished in the passage leading 

; Francois is so high in authority on the subject that | to the delivery valve above, and in the sides of 
designed by M. Joseph Francois, of Seraing, whose | he will doubtless know how to defend his figures | the passage the suction valves C C are placed, con- 
name has been so well known in connection with | and deductions. | nected together by a spindle, and so arranged that 
air-compressing machinery ever since the time| The two principal objects kept in view by the| their movement is constantly open to inspection. 
when he designed, with M. Sommeiller, the great | designers of the new compressors were, first, to| A thin stream of water is delivered into these valve 
air-compressing machinery employed upon the Mont | deliver the compressed air into the reservoirs at as| chambers through the pipe D in small quantities, 
Cenis Tunnel. M. Frangois ‘has Toon closely | low a temperature as possible, and in the second| and produces a sort of water mattress that fills the 
identified with the Popp system ever since it was 











the St. Fargeau station. This new plant has been 





place to work with a relatively high piston speed! waste spaces and maintains the leather packings o- 
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THE TRANSMISSION OF ENERGY BY COMPRESSED AIR; POPP SYSTEM. 
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the valves in good condition. The air is cooled 
during compression by means of the water jets E E, 
which at each stroke discharge a small quantity of 
water under a heavy pressure through the pipe H’. 
This jet of water is discharged against a pul- 
veriser which breaks it into an extremely finely 
divided spray ; the intimate mixture with the air 
secured by this arrangement prevents it from 
heating, and avoids the inconvenience of flooding 
the compressing cylinders with water. In order 
to bring the delivery valves back sharply on their 
seats, the stem of each valve is continued through 
the cover of the valve chest into a small cylinder F, 
which is in connection with a branch pipe taken 
from the compressed air main. 

Figs. 12 to 15 are illustrations of the engines con- 
structed for the Popp Compary by the Société Coc- 
kerill. The following are their principal dimensions: 


in. 
Diameter of high-pressure cylinder 27.56 
-» low a 59.06 
Length of stroke Pes 47.24 
Diameter of piston-rode ... Le soe 5.70 
' air compressing cy] n ‘ers.. 25.98 
Length of stroke of ditto 47.24 
Diameter of piston-rods of ditto 4.32 
» flywheel __... bas 16 ft 5 in, 


Two steam boilers deliver steam for each engine, 
their principal dimensions are as fcllows : 


Heating surface for each boiler 861 sq. ft. 
Diameter of boiler shell : 84.64 in. 
Length of boiler 24 ft. 11 in. 
Diameter of flues 35.43 in. 


Number of Galloway tubes in each 
boiler ... ; on ah Ss 16 

Working pressure of steam in boilers 113 1b, per sq. in. 
These compressors and boilers are furnished by 
Messrs. Cockerill with the guarantee that they shall 
deliver in regular work one kilogramme of air com- 
pressed to 90 lb. per square inch, with the consump- 
tion of coal not exceeding 80 grammes ; the engines 
are also guaranteed to deliver air compressed to 
120 Ib. per square inch if required. From Figs. 12 
and 13 it will be seen that the steam passes from 
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the high-pressure cylinder into an intermediate 
receiver placed horizontally between the two 
engines and at a lower level (see also cross-section, 
Fig. 14). From the low-pressure cylinder the 
steam is exhausted into along inclined condenser 
connected with a vertical air pump driven off the 
main shaft as shown in the cross-section in Fig. 15 ; 
the condensed steam and water of condensation are 
discharged by the air pump into a subway placed 
at the back of the engine foundations, and are thence 
distributed to feed the boilers. Fig. 14 is a cross- 
section showing one complete engine and the high- 
pressure cylinder and intermediate receiver of the 
adjoining engine ; Fig. 15is a transverse section 
showing the crankshaft. 

The compressed air passes into the reservoirs de- 
scribed in our last article, and thence through the 
mains to the different places where it is utilised in 


| motors, refrigerators, &c. 


Figs. 28 and 29 show the system of making the 
joints in the compressed air mains, and the arrange- 
ment seems to work very satisfactorily ; the pipes 
are all made with plain ends so as to butt one 
against another, and a heavy rubber ring a is 
slipped over the ends of each pipe ; between these 
rings is placed acast-iron ring ) of the form shown, 
and two other cast-iron rings cc are placed over 
the pipes so as to embrace the rubber packing 
bands ; four bolts passing through the rings c 
compress the different parts firmly together and 
make atight joint. This form of union is employed 
in all the sizes of pipes used, the only difference 
being that in those of smaller diameter the cast- 


iron ring b is made parallel instead of the form | « G 


illustrated in the section. 
(To be continued.) 
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stipulate that the engineers in question shall also assist in 
a survey for a proposed tunnel through the Andes, in 





| 


order to connect Buenos Ayres and Valparaiso by railway. 





CENTRAL Pactric AND Union Pactric Rat~roapDs.—The 
olden Gate” overland special train has been discon- 
tinued and a new fast train has been put, leaving San 
Francisco aye Os 6.30 p.m. The Central 3 p.m. overland 
has its time changed to 3.30 p.m. All the first class 
travel and man coaches will go on the later train, 








CuILIan Ratways.—Of six Belgian engineers who have | which will reach Ogden at 6.30 a.m. the second day, only 
been commissioned by the Chilian Government to build | 15 minutes behind the train leaving San Francisco at 3.30 
about 875 miles of railway in Chili, three—MM. Char-| p.m. Connections will be made with the train ne ge | 
manne, Verniory,and Rigot—have proceeded to Santiago. | Ogden at 8 a.m., and close connections will be made 
The construction of the new lines is to occupy about | through, so that the schedule time to New York from San 
three years; but, in addition, the contracts concluded | Francisco by the fast train will be 4 days and 21 hours, 
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TEN HORSE-POWER UNDER-TYPE ENGINE AT THE WINDSOR SHOW. 
CONSTRUCTED BY MESSRS. RANSOMES, SIMS, AND JEFFERIES, LIMITED, ENGINEERS, IPSWICH. 
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Tue compound under-type engine and boiler which | the firebox end of the boiler. The smokebox end of | from 0 to 75 per cent. of the stroke. The cut-off is 
we illustrate above, is being exhibited at the the boiler is supported by the regulator valve casing. | sharp, and is obtained by a treble-ported plate sliding 
Royal Agricultural Society’s Show at Windsor. The! The boiler is of steel, and the firebox of Lowmoor and | on the back of the main valve. The expansion link 
engine work is mounted on a strong wrought-iron | Bowling plates. The valve gear is represented in the|is connected at one end to the eccentric-rod, and 
girder frame, of channel section, which is secured to a| lower engraving, together with examples of diagrams | at the other end to a radius rod pivotted to a fixed 
cast-iron pedestal forming the ashpit, and supporting | takenfrom th engine. This gear will vary the cut-off | point. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday of last week 
the pig iron market was dull, and warrants were in 
limited request. Scotch iron declined in price 2d. per 
ton, down to 42s. 4d. cash, making a decline of 8d. per 
ton on the week, and the drop in price suffered by Cleve- 
land was 3d. per ton and by hematite iron 43d. per ton, 
making in the latter case 84d. per ton on the week. The 
closing settlement prices were—Scotch iron, 42s, 441. per 
ton ; Cleveland, 37s. 44d.; hematite iron, 48s. 1sd. per 
ton. On Friday there was a somewhat improved feeling 
in the market, business having been done at from 42s, 4d. 
to 42s. 5}4. cash per ton for Scotch iron, the close having 
been sellers at the latter quotation and buyers offering 4d. 
per ton lower. Business was done on Monday forenoon 
at 42s. 444. up to 42s. 74d. per ton cash for Scotch iron, and 
at the close in the afternoon the tone of the market was still 
batter. The prices of Cleveland and hematite iron also ad- 
vanced during the day—to 37s. 74d. to 483. 3d. per ton cash, 
respectively. Yesterday’s market was also marked by a 
certain degree of firmness. A fairly good business was 
done. Although the closing quotations were but frac. 
tionally higher, the range of prices was better than on 
Monday. No transactions were reported in respect 
of Cleveland iron, although buyers were offering 14d. per 
ton of advance, but when sellers came down to that, 
buyers needed 1d. The settlement prices at the close of 
the market were—Scotch iron, 42s. 74 per ton, Cleveland, 
37s. 9d. ; hematite iron, 48s. 3d. per ton. A fair amount 
of business in pig iron was done this forenoon, but 
prices were again lower, Scotch warrants showing a de- 
cline of 1d. per ton and Cleveland 14d. per ton below the 
latest quotations yesterday. At the afternoon market 
there were transactions in Scotch iron at 423. 6d. to 42s, 
74d. per ton cash, and at 14d. to 2d. per ton higher one 
month. Cleveland iron was quoted in the afternoon at 
37s, 94. per ton cash sellers, and business was reported 
done in hematite iron at 48s. 44d to 48s, 6d. cash per ton, 
the close being about the same. Some good reports have 
been received within the past few days from Stafford- 
shire and from America and other places abroad. 
The following are the quotations for several of the 
leading brands of Scotch No. 1 pig iron: Coltness, 
5is, 6d, per ton; Summerlee, 54s.; Langloan, 53s. ; 
Calder, 52s.; Gartsherrie and Glengarnock, 51s. 6d.; 
Shotts, 523. (f.0.b. at Leith); Carron, 53s. 64. (f.0.b. 
at Grangemouth). The number of furnaces in blast 
remains the same as reported last week —82, as compared 
with 87 at this time last year. Last week’s shipments of 
pig iron from all Scotch ports amounted to 5373 tons, 
against 10,468 tons in the corresponding week of last year, 
The great decrease is chiefly, if not entirely, due to the 
existence of a strike amongst the harbour labourers and 
seamen. The week’s shipments included 680 tons to the 
United States, 315 tons to Canada, 362 tons to Australia, 
237 tons to France, 165 tons to Germany, 500 tons to 
Russia, smaller quantities to other countries, and 2149 
tons coastwise. The stock of pig iron in Messrs. Connal 
and Co.’s public warrant stores stood at 1,026,991 tons 
yesterday afternoon, as compared with 1,028,413 tons 
yesterday week, thus showing for the week an increase of 
1422 tons. 

Shipments of Machinery, d&c., from the Clyde.—The 
shipments of machinery, &c., from the Clyde, to foreign 
ss colonial ports, reported last week, included the fol- 
lowing : Locomotive engines for Bombay and Calcutta, of 
the value of 76301.; sugar-crushing, mining, and other 
machinery, chiefly for Demerara, Bombay, Calcutta, 
Natal, and Boston, valued at 13,050/.; sewing machines, 
chiefly for Bombay, Barcelona, Santander, Lisbon, and 
Antwerp, of the value of 3668/. ; blooms, plates, bars, and 
other steel manufactures valued at 7076/.; pipes and 
other castings, plates, sheets, tubes, bars, and miscel- 
laneous iron goods, of the value of 30,010/. Rio de Janeiro 
alone took pipes valued at 7940/., while Bombay took 
railway sleepers of the value of 10,2200. 


The Late Mr. Walter MacLellan.—After an illness ex- 
tending over many months, with an occasional improve. 
ment, this estimable and widely-known gentleman has de- 
varted this life, in the seventy-fourth year of his age. 
Te had long been the senior partner of the eminent firm 
of P. and W. MacLellan, of this city—iron and steel 
merchants, metal and machinery merchants, engineers, 
bridge builders, boilermakers, manufacturers of bolts, 
nuts, rivets, spikes, &c. The business carried on by the 
firm has been in existence since the year 1811, when it was 
commenced in a small way, as a hardware concern, by an 
uncle of the deceased, and eventually it increased to such 
an extent that it bas frequently given employment to from 
1500 up to 2000 workpeople. In respect of bridge girder 
work, railway wagons, and permanent way fittings for 
the Indian railways, and iron and steel bridgework and 
roofing, &c., at home, the business has for a number of 
ears been one of the largest of the kind in the world. 
Mr. MacLelian retired from the business as an active 
partner about six years ago, and it is now conducted 
under the same name by the three sons of the deceased 
and other three near relatives of Mr. MacLellan. The 
works owned by the firm are known as the Clutha Iron 
Works, a name which is familiar to workers in iron in 
all parts of the world. 


The Malleable Iron and Steel Trades.—The malleable 
iron trade of the west of Scotland is fairly well employed, 
considering the interruptions that have been caused, 
directly and indirectly, by strikes. Some of those makers 
who have been most largely dependent upon shipbuilding 
for their orders, express themselves surprised at the way 
in which work of a miscellaneous description has come in 
to keep the mills going during the rivetters’ strike. Indian 
orders have, so far, been placed in Germany, Belgium, and 





Wales, but inquiries are now being made here which may 
result in some purchases of the lowest grades of bars; an 
it is in these that the weakness lately felt has mainly 
appeared. The decline in the prices of pig-iron warrants 
has undoubtedly had its effect, but makers Still quote 
former prices. There is plenty of employment in the steel 
trade. The principal makers report that shipbuilders are 
taking readily deliveries of materials and storing them till 
the end of the strike, the opinion being that they are 
prompted to this course by the difficulty formerly ex- 
perienced in getting timely delivery. The prices of plates 
have not undergone any general change, but a large trans- 
action has been reported this week at a reduction of 10s, 
per ton in the price of shipbuilding steel, which is to be 
supplied by a local firm to one of the leading shipbuilding 
concerns on the Clyde. Some of the makers, however, 
are both quoting and selling steel at the same reduction 
in price. 

New ShipWuilding Contract.—An order for a new steamer 
has just been placed with Messrs. James and George 
Thomson, Clydebank, by the Brazilian Steam Navigation 
Company. She will practically be a repetition of the 
Mananhao, which Messrs. Thomson supplied to the same 
owners some time ago. 


The Rivetters’ Strike.—This strike does not seem to be 
getting any nearer to a termination, and it is evident that 
those employers who have not made terms with their 
workmen are now beginning to look very seriously on the 
matter. It is stated to-day that they have proposed to 
the men that the case in dispute should be submitted to 
the arbitration of the Lord Provost of Glosgow, or the 
sheriff of Lanarkshire ; but the report also states that the 
men are indisposed to allow the question to go to arbitra- 
tion. That position on their part seems to indicate that 
they feel convinced that the employers are not confident 
of being able to carry their point. According to report, 
the rivetters are not disposed to listen to any moderate 
proposals made to them by their union agents. 


Colliers’ Wages.—The accountant to the Lanarkshire 
Coalmasters’ Association reports that the prices received 
for coal last month will warrant an increase of 24 per cent. 
on the rate of the miners’ wages, the rise coming into force 
from last Saturday. The Fife and Clackmannan miners 
have been informed of an advance of 5 per cent. on the 
rate of their wages, with a similar increase later in the 
year. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday, 
The Cleveland Iron Market.—Yesterday there was a 
moderate attendance on ’Change, and quotations were 
rather better than those recently ruling. The tone of the 
market was cheerful, but as a matter of fact the amount 
of business actually transacted was only small. There was 
again an absence of buyers, and they are not likely 
to come forward until stocktaking is over, but next 
month we may expect to see some improvement in 
the iron trade. The general quotation for No. 3 Cleve- 
land pig iron is now 38s. per ton, but there are mer- 


‘chants willing to do business at 37s, 104d., and odd lots 


are reported to have changed hands at as low a figure as 
37s. 9d. Makers ask 38s. 6d. for forward delivery of 
No. 3 Middlesbrough. No. 3 warrants are 37s. 104d. cash, 
or 3d. more than last week. On Monday night Messrs. 
Connal and Co., the warrant storekeepers, had in stock 
at Middlesbrough 219,147 tons of pig iron, being a de- 
crease of 1972 tons as compared with the previous month. 
In Glasgow the same firm hold a stock of 1,026,991 tons. 
There is still only a poor demand for manufactured iron 
and prices are the same as those last quoted. In the steel 
trade there is some improvement, inquiries being rather 
more numerous. Rails are still quoted 4/. 10s., but some 
makers ask rather more. Steel ship-plates are 7/. per tun 
and angles 6/. 103. at works. 


Threatened Strike in Cleveland.—The blast furnacemen 
employed at the Skinningrove Iron Works have given in 
their notices owing to a dispute on some minor points 
affecting their work. The notices expire on Saturday, 
but up to the present the negotiations for a settlement 
have failed. The employers now intimate their willing- 
ness to refer the matter in dispute to arbitration. The 
works are not connected with the Cleveland Ironmasters’ 
Association, and the standing committee of that body 
cannot therefore decide the question, as it would other- 
wise have had the power to do. 


The Fuel Trades.—For all kinds of coal and coke there 
is a good demand, especially for the latter, which con- 
tinues very scarce. On Saturday the Northumberland 
Coalowners and representatives of the Miners’ Union met 
in Newcastle to discuss the wages question. The em- 
ployers ultimately offered an advance of 5 percent. to all 
underground workmen and banksmen and 4 per cent. to 
surface labourers, such advance to take effect on the first 
pay commencing after the acceptance of the offer. The 
men’s oe have prepared a report setting forth 
the whole matter and forwarded the same to the miners’ 
lodges throughout the county. The executive committee 
request the members of the Miners’ Association to decide 
whether or not they will accept the offer of the employers. 
It is expected that the result will be made known in the 
course of a few days. 


Cleveland Miners and their Wages. —On Tuesday a depu- 
tation from the Cleveland Miners’ Association waited 
upon the Cleveland mineowners at their offices, Middles- 
brough, for the purpose of discussing the question of the 
new ents to be entered into for regulating wages 
at the Cleveland ironstone mines after the 30th inst., when 
the existing sliding scale terminates, The men’s repre- 





sentatives stated that a vote of the members of the 


d | Miners’ Association had been taken, and showed 513 votes 


for the scale, and 1566 against. The men thought that 
taking all things into account they were entitled to asub- 
stantial advance, as nearly all other branches of the iron 
trade had got some advance, The delegates said there 
was an impression among the workmen that each reduction 
in miners’ wages was simply followed by a reduction in 
the price of iron. Thespecific application of the men was 
for 2d. per ton advance in the district tonnage and 1d. per 
ton extra for working on the back shift, and for 11d. per 
day to be added to the rate of 4s. 1d. usually paid to 
winding enginemen. The men retired, and on their re- 
admission, the owners informed them that the requests 
made were such as could not be acceded to. The 2d. per 
ton corresponded with the iron at 48s. per ton under the 
scale, whereas the present quoted price was 10s. or more 
below this. The employers intimated that they could not 
hold out hopes of doing better for the men than according 
any advance due underthescale. Arbitration was named 
as a means which the employers would not be unwilling 
to resort to for settling the question of future wages, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Important Orders in the Heavy Trade.—With reference 
to the three belted cruisers that the firm of Martinez 
Rivas Palmer contracted to build for the Spanish 
Government, at Bilbao, the Spanish Admiralty specified 
that the armour plates were to be obtained from Sheffield, 
but that no ship was to carry partly ‘‘ Ellis” and partly 
‘* Wilson” armour. Messrs. Palmer have now arranged 
to give the orders for propeller shafts for all the three 
ships and the armour for one to Messrs. John Brown and 
Co. (Limited), and the armour for two ships to Messrs. 
Charles Cammell and Co. (Limited). Tenders from Shef- 
field houses have also gone in for the armour for the new 
ships to be built by the British Admiralty, 


Railways and Coal Contracts. —The Manchester, Sheffield, 
and Lincolnshire Railway have placed their contracts for 
locomotive coal for the next twelve months, and the price 
to be paid is 8s. 6d. per ton, which is 2s. 6d. advance on 
last year’s quotations. It is expected that other impor- 
tant railway contracts will shortly be placed in the district, 
and in every instance heavy advances are demanded by 
the colliery proprietors. 


Yorkshire and the Improved Coal Trade.—The Y orkshire 
collieries have been largely improving their trade with 
Hull, the weight sent last month reaching 161,672 tons, an 
increase of about 8000 tons, and in the five months endin 
May, the increase, as compared witb the five months en 
ing May of 1888, is 76,728 tons. The quantity exported 
last month was 106,769 tons against 61,758 tons in May of 
last year. The tonnage sent to London last month shows 
a slight decline as compared with the corresponding month 
of last year, though Messrs. Newton, Chambers, and Co. 
forwarded 18,000 tons to the metropolitan market. 


Annual Examination for Colliery Managers’ Certificates. 
—The annual examination of candidates for certificates 
as colliery managers for the district of Yorkshire and 
Lincolnshire has just been concluded at Leeds by Messrs, 

. W, Embleton, William Evans, and Thomas Carring- 
ton, examiners. There were fourteen candidates in the 
first class, twelve of whom obtained the number of marks 
entitling them to pass. The maximum number of marks 
obtainable was 900. There were sixty-six candidates in 
the second class, forty-eight of whom passed. The maxi- 
mum number of marks obtainable was 600. 


Heanor and Ripley New Railway.—This new branch of 
railway, which has been made for the purpose of joinin 
the Erewash Valley from Ripley, Codnor, Loscoe, an 
Heanor, is all but completed, and much interest is being 
taken in it. All these towns have been put under con- 
siderable disadvantage from want of better railway 
accommodation. The inspector is expected to pass over 
the line in the course of a fortnight, and it has been 
definitely decided to open it for passenger traffic on the 
8rd proximo. 


Iron and Steel Trades.—Although the market seems 
a little flat, principally owing to stock-taking operations, 
good qualities of iron are very firm, and it is the opinion 
of merchants that prices will again advance. Bar iron 
is realising from 5/. 15s. at works to 6/. 5s. delivered in 
the district, and best 10s. more money. Sheets are very 
firm at 7/. 10s. at works to 8/. 5s, delivered; other 
branches in accordance. In the steel trade the demand 
for Bessemer and Siemens-Martin is on the increase 
and all the houses engaged in the turning out of speci: 
makes for machinery and marine purposes are very busy. 
All the engineering houses are well off for work, and in 
the Leeds district particularly on orders for West Coast, 
South America, and South Africa, Pig iron is going 
up rapidly in price. 








NOTES FROM THE SOUTH-WEST. 

Cil Tanks at Avonmouth.—Messrs. Lysaght and Co. 
have taken a contract for the construction of four oil 
tanks at the Avonmonth docks. The tanks will have an 
aggregate capacity of 50,000 barrels, or 2,000,000 gallons ; 
two of them will be 64 ft. in diameter and 30 ft. 4 in high, 
— others will be each 7 ft. in diameter and 26 ft. 

igh. 

Cardiff.—The demand for all descriptions of steam 
coal has continued good. Prices have, however, been, if 
anything, slightly weaker. The best qualities have 
ranged from 13s. to 14s. per ton; good dry coal and best 
Monmouthshire have been firm at 12s. 6d. and 11s. 3d. 





per ton respectively. Small steam coal has been in pretty 
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good demand. The house coal trade is not active, but 
slightly higher rates have been asked and obtained in 
some cases, Patent fuel has been in good demand at fully 
late prices. The demand for both foundry and furnace 
coke has continued good. The inquiry for Spanish iron 
ore has presented no improvement. The local iron and 
steel works have been well employed, and prices have 
experienced scarcely any change. 


Sidmouth.—Mr. S. J. Smith, C.E., from the Local 
Government Board, held an inquiry on Thursday respect- 
ing an application of the Sidmouth Local Board for leave 
to borrow 2700/., for erecting a groyne at the western end 
of the Esplanade, 2200/.; street works and improvement, 
200/. ; and sewerage works, 3007. The loan for the groyne 
was objected to by Mr. C. E. Jammett (on behalf of Miss 
Rastrick), and members of the Ratepayers’ Association, 
but the majority of the ratepayers were stated to be in 
favour of the work. Mr. Harbottle, of Exeter, who pre- 
pared the plans, stated that the groyne would project 
180 ft. seaward and be 20ft. wide; at the Esplanade it 
would diminish to 6 ft., and reach just beyond low water 
at spring tides. It would be used for a landing stage and 
afford protection to the sea wall. 


The ‘* Redpole.”—The Redpole, gun-vessel, was launched 
on Thursday evening from Pembroke Dockyard. She is 
165 ft. long, will carry ten guns, and is of 1200 horse-power. 
Her engines were constructed by Earle’s Shipbuilding and 
Engineering Company (Limited), Hull. 


Llynvi Iron Works.—Messrs. Stephenson and Alex- 
ander, Cardiff, commenced the sale of the Llynvi Iron 
Works on Tuesday. There was a good attendance of 

entlemen in the iron trade from Leeds, Wolverhampton, 
Bristol, &c. Cast iron plates were sold at from 11. 16s. 6d. 
to 21. 2s. 6d. per ton, and wrought iron from 1l. 10s. to 
2l. 10s. 6d. per ton. Puddling furnaces without the 
standards were sold at from 131. 7s. 6d. to 14/. each, and 
balling furnaces without the standards at from 101. to 
11/. 5s. each. The most important lot was the vertical 
beam engine, expansive non-condensing, on pyramid 
frame, with 42 in. cylinder, 7 ft. stroke, 50-ton flywheel, 
60-ton driving wheel, spurs, counterspars, shafts, clutches, 
bevelled wheels, plummer blocks, gearing, and about 
3 tons of brass bearings. After a keen competition the 
lot was knocked down to Mr. Leighton, of Staffordshire, 
for 640. 

Bristol Steam Navigation Company.—This company has 
made another addition to its fleet by securing the steamer 
Nigon, of 2000 tons carrying capacity. 





MISCELLANEA. 

A NUGGET weighing 336 oz. and valued at 1360/. has just 
been found near Wedderburn, Victoria, by a young Aus- 
trian named Costa Clovich, who has only recently arrived 
in the colony. 


At the meeting of the Institute of Marine Engineers 
held on Thursday, the 6th inst., in the Langthorne Rooms, 
Stratford, a discussion was held on the paper, read by 
Mr. Manuel, President of the Institution, at the last 
meeting ‘‘ On Shafting in the Mercantile Marine.” 


We are requested to state that it is intended to present 
a testimonial to Professor A. B. W. Kennedy on his re- 
tirement from the Chair of Engineering at University 
College, London. Old students and others interested will 
oblige by communicating with the honorary secretary to 
the Testimonial Committee, Mr. W. Bashall, 17, Bear- 
alley, Farringdon-street, London, E.C. 


The railway mileage open in India on the 31st of March, 
1889, was 15,2434 miles; in the preceding twelve months 
miles of railway have been completed and open for 
traffic. In addition there were then 2272 miles (of this 
341 miles of line under construction) as already sanc- 
tioned, of which 180} miles received sanction in the year 


It appears that the suggestion made by Major-General 
Hutchinson in his report to the Board of Trade on the 
fatal railway accident which occurred at Penistone on 
March 30, is about being carried out. The suggestion in 
question was that a conference of locomotive superin- 
tendents should be held to consider the question of limit- 
ing the mileage of axles. The conference, it is under- 
stood, will be convened at an early date. 


Last Sunday evening the 30-in. water main at Aston 
New Town, Birmingham, burst, and as the head here is 
considerable a tremendous hole was quickly excavated in 
the roadway. The water rose in an immense jet to a 
height sufficient to carry it over a row of houses, on the 
back portions of which it fell, wrecking them. An hour 
elapsed before the caretaker at the reservoir could be 
communicated with and the water turned off. 


The trade and navigation returns for May show exports 
amounting to 20,335,738/., an increase of 1,059,513/., or 
5.5 per cent., on the corresponding month last year; 
the imports amounting to 34,802,437/., an increase of 
4,431,662/., or 14.5 per cent. The value of the iron and 
steel exports was 2,979,585/., against 2,466,957/., an in- 
crease of 4.5 per cent., and of the coal and coke exports 
ne against 958,156/., an increase of 40.00 per 
cent, 


The problem of reducing aluminium on a commercial 
scale by electrolysis has given rise to numerous experi- 
ments, and the Bulletin Internationale de Electricité, in a 
recent numher, describes a new process due to M. Hoampe, 
the principle of which is as follows: When a mixture of 
cryolite and common salt is electrolysed at a temperature 
below 1000 deg. aluminium chloride is not formed, as the 
common salt is a At a higher temperature, 
however, the sodium chloride is reduced and aluminium 
deposited on one of the electrodes. 





M. Clamer has recently proposed the use of an alloy of 
zinc and phosphorus in boilers to prevent incrustation 
and pitting. This compound, it appears, destroys any 
incrustation and prevents the formation of fresh deposits, 
and also prevents pitting of the plates by its galvanic 
action. The proportions recommended are 16 parts of 
zinc to one of phosphorus, though these numbers may be 
modified for different qualities of water, and when these 
contain an exceptional amount of acids the inventor re- 
commends the addition of a certain amount of copper to 
yo catia the reason for this, however, is not very 
obvious. 


The mileage of completed railways in Canada on June 
30 last was 12,701, an increase of 380 miles during the 
year. The freight carried was 17,172,759 tons, an in- 
crease of 816,424 tons on the returns of the previous year. 
The passengers carried numbered 11,416,791, an increase 
of 718,153. Passenger receipts amounted to 12,144,637 
dols., an increase of 876,960 dols. Freight receipts 
amounted to 26,410,085 dols., an increase of 1,829,038 dols. 
The receipts per train-mile were 1 dol. 13 cents, and the 
expenditure 814 cents. The cost per ton mile was 83 cents, 
the lowest of any year on record. The number of pas- 
sengers carried to each inhabitant was 2.30, and the 
number of tons of freight moved per inhabitant was 3.43. 


Some important experiments are now being carried out 
at Lidsing, near Chatham, the encampment of the balloon 
detachment of the corps of Royal Engineers, with a new 
balloon and parachute, intended for military purposes, 
the invention of Lieutenant-Colonel Templer, the senior 
officer of the Balloon Department. Several ascents have 
been made in the balloon with the parachute attached, 
under the supervision of Lieutenant-Colonel Templer and 
Lieutenant S. B. Jones, R.E., and the experiments have 
proved very successful. The detachment, with the staff, 
are to proceed to Aldershot next week, and will remain 
there for two months, in order to thoroughly test the 
balloon and parachute during the military operations. 


M. D. Chibout-Flambart, of Vendéme, writing to La 
Nature, gives the following description of a steam car- 
riage which has been constructed for him by Messrs. 
de Dion, Bouton, and Trépardeux. The boiler is of the 
vertical type, 18f in. in diameter and 20} in. high. In 
normal working it evaporates 13.3 gallons of water per 
hour at a pressure of 170 lb, per squareinch. The fuel used 
is coke, which costs about 4d. per mile. The water carried 
is 28? gallons, which is sufficient for a run of about 25 
miles, the speed attained on fairly good roads with all on, 
including three passengers, being from 124 to 15 miles per 
hour. The driving is effected by the two hind wheels, 
which are worked by independent motors. The weight of 
the car, fuel, water, and three passengers is about 22 cwt. 


Another trial under forced draught was made with the 
Magicienne at Portsmouth Harbour on Saturday, the 15th 
inst. At the last trial the total indicated horse-power 
was 8780, or 220 below the contract, and a mean speed of 
18.85 knots was realised. Since then the propeller has 
been ap one with a pitch of 17 ft. being substituted 
for the old one, which had a pitch of 17 ft. 9in. During 
the trial the vessel had a draught of 16 ft. 3in. forward 
and 18tt. 9in. aft. The steam pressure in boilers was 
148 lb. per square inch, and mean revolutions 144 for star- 
board engine, and 143.2 for port engines, with a mean total 
indicated horse-power during the four hours’ run of 9262. 
Though the power contracted for has thus been exceeded 
the speed fell below the 19? knots expected, 194 knots only 
being realised. 


The labour correspondent to the Board of Trade, in his 
June report, states that ‘‘the month’s reports of the 
principal unions of skilled trades again show that the 
recent activity in the labour market is being sustained,” 
and that ‘‘ the building trades seem to be expanding re- 
markably just at present.” The nineteen trades whose 
returns have been sent in represent a total membership of 
194,097, of whom 3952 were out of work, showing an in- 
crease of 154 out of work. But this change is owing to 
disputes, not to any slackness in the several trades; and 
since the reports were transmitted to the office of the 
correspondent 400 engineers have returned to their work. 
Indeed, the majority of those out of work are in connec- 
tion with the shipbuilding and engineering trades, mostly 
through temporary disputes. The general proportion of 
unemployed is about 2 per cent., but in the carpenters 
and joiners the average 1s 1.9 per cent. 


Delta metal has been adopted for the wormwheels of 
the brake gear of the engines used on the Mount Pilatus 
Railway. These wheels were 16{ in. in diameter, and the 
material of which they were made was shown by Pro- 


fessor Tetmayer to have a tensile strength in the cast con- | : 


dition of 21.5 to 23.5 tons per square inch with an elon- 
gation of 30 to 40 per cent. on a length of 7Zin. Quite 
recently one of the pinions having been in use along time, 
and the teeth having worn away about ;;in., Captain 
Locker, the constructor of the railroad, determined to have 
the strength of the wheel tested under the kind of stress 
to which it is subjected in practice, and to ascertain the 
force required to break off a tooth. The stress was 
applied along the whole breadth of the tooth at its top, 
with the result that the tooth vq yee way when the 
pressure had reached 21.5 tons. e tooth was § in. at 
the root, and ¥; in. at the point, and 43 in. broad, but 
we are not informed what its height was. The experi- 
ments were made by Professor Tetmayer. 


A French manufacturer, Mr. Bory, has recently taken 
out a patent for silvering mirrors by avery simple and 
efficient process. The plate of glass is first carefully 
cleaned and laid on a perfectly level table, which must be 
kept at a temperature of 25deg. to 30 deg. Cent. To silver 
a plate of 1 square metre two liquids are prepared, the 
first consisting of 10 grammes of double tartrate of 





soda and potash, dissolved in 1 litre of distilled water, 
and the other of 5 grammes of nitrate of silver dissolved 
in 3 grammes of pure ammonia, and diluted with 1 litre 
of water. The two liquids are then intimately mixed, 
and a small portion of the mixture is spread evenly over 
the glass, when the remainder is poured on. In the course 
of 30 or 40 minutes the silver is precipitated in its metallic 
form, and adheres closely to the glass, which need onl 

then to be freed by tilting from the superfluous fluid, 
slightly rinsed with water, and placed A todry. A 
coating of varnish is afterwards applied with a brush to 
protect the mirror from damage and the action of the air. 


It is stated that the Prussian State lines are not find- 
ing metallic sleepers altogether satisfactory. The follow- 
ing figures show the falling off in the number of these laid 
down during the past three years as compared with wood 


on these lines : ‘neat ais 
, eta 

Years. Wood. Metal. recent. per cent. 
1885-6 1,507,263 672,086 69.16 4 
1886-7 1,582,877 522,470 75.18 24.82 
1887-8 1,654,304 493,623 77.02 22.98 


For the whole of Germany the figures are: 


: Wood, Metal, 
Years, Wood. Metal. + cent, per cent. 


1885-6 2,462,004 1,907,152 70.97 
1886-7 2,544,992 868,262 74.56 25.44 
1887-8 2,677,424 750,670 78-10 21.90 


This movement againt the metallic sleepers is being con- 
tinued this year, where the Prussian railways are calling 
for 9,000,000 marks’ worth of wooden sleepers and 
4,000,000 marks’ worth of metallic. 


A commission representing the various German railway 
companies has published a report detailing the results of 
observations made during six years on the durability of 
steel rails on German, Austrian, Hungarian, Dutch, and 
Belgian lines, from which it appears that the durability 
of asteel rail may be reckoned on an average at thirty-five 
years, presuming that the annual traffic be calculated at 
343,000 tons, and the minimum and maximum of wear 
and tear allowed be .007 and .017 millimetres, The 
average traffic on the German lines amounts in the year to 
3,430,000 tons, and represents twenty-eight passenger and 
ten goods trains per diem. In estimating the value of the 
above calculation, it must, however, be borne in mind 
that before reaching the maximum of wear and tear 
named the rail would probably have to be condemned on 
account of the roughness of its surface. On the Housinger 
line, where there are neither steep gradients or sharp 
curves, and the brake consequently comes but little into 
play, the wear only amounted to 1 millimetre for about 
10,000,000 tons. 


M. Gall has recently devised another method of pre- 
paring carbonic acid gas, which, in its liquefied and solid 
states is now pretty largely used. The gas is obtained by 
burning coke, about 18 per cent. of the products of com- 
bustion being this gas. Any sulphuric acid is eliminated 
by washing, and the whole is then passed through a 
solution of carbonate of sodium or potassium. The 
nitrogen and any oxygen there may be in the gases, pass 
through the solution unchanged and are allowed to escape 
into the air. The carbonic acid, however, is retained in 
the solution, changing the mono into abi-carbonate. This 
solution is afterwards transferred to a boiler, where the 
bi-carbonate is again reduced to the mono-carbonate, the 
gas driven off is collected in a suitable receiver connected 
with the suction-pipe of the compressing pump, whilst the 
sodium carbonate is used over again to fix another supply 
of the gas. The compression of the gas is carried out in 
three cylinders, in the first of which it is raised to a pres- 
ture of 73.5 lb. per square inch, in the second to 367 lb., 
and in the third to 883 lb. per square inch, under which 
pressure it liquefies. 


The British consul at Tientsin, in his last report, gives 
some interesting details respecting the new railway in 
North China, between the Kaiping mines and Tientsin, 
which was completed last summer, and is now open to 
traffic throughout. It is 85 miles long, and the average 
cost was 4250/. per mile. This includes all rolling stock 
and engines and a considerable sum spent on stations, 
wharves, &c. The rails have come from Bolckow and 
Vaughan, with the exception of 600 tons of light rails 
from Krupp. Rolling stock is built on the spot from 
iron purchased chiefly in England. The passenger cars, 
steel framed and teak, are 55 ft. long, and carry more 
than 100 people. They cost complete about 550/. One 
engine came from the United States; the others are 
_— built on the American system, which has proved 
itself the best for the rough roads laid with light rails. The 
American engine cost 20 per cent. more than the others. 
Steel fireboxes are found to last longer and give less 
trouble than copper ones, though the engines only run 
about 200 miles without being cooled for washing out. 
The water along the line is very salty. So far the com- 
pany has always purchased in England through its own 
agents, which it finds a more satisfactory proceeding than 
dealing through firms in China; but in view of the 
possibility of tenders being asked for, railmakers would, 
the consul thinks, do well to appoint local firms as their 

ents, and establish proper code systems in order to 
cheapen and facilitate telegraphing. The rails used by 
the present oer are invariably of Sandberg standard 
sections, 45 1b., 60 lb., and 70 lb. per yard being the sizes 
employed. Last autumn it was positively determined to 
continue the existing line to Tungchow, near Pekin; but 
suddenly, on account of the ame opposition of the Con- 
servative party at the capital, the project was dropped 
altogether for the time. At the present moment the 
scheme is again under discussion, but no one can foretell 
what will happen, 
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THE SNELGROVE ELECTRIC WEIGHING MACHINE AT THE PARIS EXHIBITION. 


CONSTRUCTED BY MESSRS. 
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THE illustrations on the present and opposite pages 
illustrate the Snelgrove electric weighing machine, 
which is the invention of Mr. William Snelgrove, 
engineer to Messrs. W. and T. Avery, of Birmingham. 
It may be generally described as a self-balancing, self- 
indicating lever weighing machine, and is the only self- 
indicating knife-edged machine in the market. 

In recent years a considerable demand has arisen for 
self-indicating dial machines, and in consequence 
various forms of spring balances, pendulum balances, 
hydrostatic or hydraulic weighing machines, &c., have 
been produced to meet this demand, Although their 
general convenience has insured them many users, 
particularly for light weighing purposes, yet even in 
these cases these machines have never been able to 
supplant the lever machine, when accuracy was the 
first essential. In the heavier classes of platform 
weighing machines and weighbridges, the lever prin- 
ciple is universally adopted. 

A weighing machine that would combine the accu- 
racy of the lever construction with the self-indicating 
advantages of the spring balance, has hitherto been 
sought for in vain by weighing machine makers, and 
the problem remained unsolved until the appearance of 
the Snelgrove weighing machine. 

The whole of the mechanism for balancing the ma- 
chine and indicating the weights being confined to the 
steelyard or beam, the latter only is shown in the illus- 
trations, and it must be understood that in all other 
details the machine is of the ordinary platform or 
weighbridge type. The machine illustrated is mounted 
on a suitable pillar, and the back centres are con- 
nected, as usual, by a shackle and link to the lower 
levers carrying the platform. The Snelgrove electric 
weighing machine shown in the illustrations is the first 
specimen of the machine ever exhibited, and is now 
on view at Messrs. Avery’s stand at the Paris Exhibi- 

tion. It is graduated in kilogrammes, and indicates 
up to 20,000 kilos. by 2 kilos. The same machine, 
with some trifling alterations, is constructed to weigh | 
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and indicate in English measure 20 tons by 41b. In 
both cases the indicated weights are shown through 
the four windows, or apertures, seen in Fig. 7. 

In the French machine the indications are given in 
units, tens, hundreds, and thousands of kilos., and in 
the English pattern in pounds, quarters, hundred- 
weights, and tons, the result being in either case read 


at a glance. The machine under notice has three 
movable slides or poises ; the light poise is equivalent 
to 100 kilos., and gives fifty indications of 2 kilos. each» 
while each of the heavy poises is equivalent to 10,000 
kilos., and gives 100 indications of 100 kilos. each, one 
step or indication of either of the heavy poises being 
equal to the entire travel of the light poise. Each 
poise is provided with wheels or rollers at both ends, 
travelling on rails on the steelyard, and is cut with 
ratchet teeth on the upper and ordinary spur teeth 
on the lower side. ‘The ratchet teeth, whose 
vertical sides face the zero end of the steelyard, 
engage with pawls, pivotted on the framework of the 
machine ; the lower racks gear into independent loose 
pinions, fitted with clutch boxes, sliding on a main 
oe The spindle is revolved by an electro-motor, 
(Figs. 1 and 5), and is provided with three fixed clutch 
boxes, in close proximity to the loose — and 
clutches, Electro-magnets arearranged tolift the pawls, 
and other electro-magnets are provided to pull the loose 
clutch boxes in and out of gear with those fixed on the 





_| poise itself. 


';.| coiled wu 
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spindle ; springs are also fitted to pull the clutches out 
when the said magnets are demagnetised (Figs. 2 and 3). 

At both extremities of the travel of each poise 
current switches are arranged to be operated by the 
The outward movements of the poises are 
effected by the electro-motor ; the inward movement, or 
return to zero, by means of helical springs which are 
during the outward travel of the poise. 
Electrical contacts are arranged on the upper and lower 
jaws of the carrier and other electrical contacts on the 
free end of the steelyard, which is able to oscillate 
between the said jaws. 

One pole of a battery is connected to both jaws of 
the carrier ; the other pole, by means of a flexible con- 
ductor, is joined to a terminal near the centres of the 
steelyard. The electro- motor and the clutch - with- 
drawing magnets are included in the circuit of a 
second battery connected by terminals and a flexible 
cord near the centres. The carrier is provided with 
an electro-magnetic brake (Figs. 1 and 5), in circuit 
with the carrier contacts, to check undue vibration of 
the steelyard, and without affecting or impairing the 
sensitiveness of the balance, to stop the vibration after 
equilibrium has been attained. 

The second battery circuit, prt | the electro- 
motor, is normally open, but is closed by means of a 
relay included in a circuit from the upper steelyard 
contact only. When the steelyard is resting on the 
lower jaw of the carrier the first battery is in circuit 
with the pawl-lifting magnets, and the motor battery 
circuit is open. With the steelyard against the upper 
jaw, the first battery is in circuit with the clutch- 
operating magnets, and the motor battery circuit is 
closed. With the steelyard in equilibrium, or all the 
poises at zero, or at the further extreme limit of their 
travel, both battery circuits are open and the machine 
comes to rest, 

The action of the machine in use is as follows: On 
the load being placed on the platform the steelyard 
rises and presses against the upper contact 2 of the 
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carrier, and thus closes a circuit of one battery. In- 
cluded in this circuit is the brake electro-magnet 3, 
the motor relay 9, the switch 10, and the small poise 
clutch magnet 12. The brake, therefore, is withdrawn, 
the motor starts, and the small poise being drawn into 
gear with the main revolving spindle, travels out on 
the steelyard (unless it previously balances the load) 
until it strikes the switch lever 21. The small poise 
clutch magnet is thereby cut out of circuit and the 
large poise clutch magnet 25 is included instead. The 
small poise, being released from the cluteh, would 
now travel back to zero propelled by its helical spring 
49, but it is held in its outward position by the pawl 
48. The large poise 29 is now travelling out on the 
steelyard until (unless it previously balances the load) 
it strikes the switch lever 23, thereby cutting its 
own clutch magnet out of the circuit and including 
the clutch magnet 35 of the second large poise 39 
instead. 

The ripe 29 is now held in position by the pawl 61. 
It would, otherwise, be returned to the starting pomt 
by its coiled-up spring, inclosed in the box 62, The 
large poise 39 is now travelling out on the steelyard, 
nee should the load on the platform be in excess of 
the capacity of the machine, it would ultimately strike 
the switch lever 33 and break the circuit completely, 
all the mechanism coming to rest. 

Supposing, however, that the platform load is 
balanced on the poise 39, reaching a certain point in 
its travel, the action of the machine will be as follows: 
On the load being balanced the steelyard will fall 
away from the upper contact, thereby breaking the 
circuit completely at that point, the clutch mag- 
nets of the poise 39 and the motor relay 9 will be 
demagnetised; the motor relay armature spring- 
ing back into the normal position cuts the motor 
out of circuit, and for an instant passes the cur- 
rent of the motor battery through the clutch-with- 
drawing magnet of the poise 39. Poise 39 is now 
released from the motor, and (although the latter may 
continue to run by momentum for some seconds) is 
instantly stopped and held by the pawl 55 against its 
return spring. In this position it will have either 
exactly balanced or ovecbalanced the platform. In 
the former case, nothing further need be said, except 
that the figured dials will indicate at a glance the 
exact weight on the platform. The poise may, however, 
be assumed to have overbalanced the load (in 99 cases 
out of 100 this would be the case), consequently the 
steelyard will drop from the upper and rest on the 
lower contact screw of the carrier. A battery 
circuit will then be closed including the brake 3, rear 
switch 44, and small poise pawl magnet 46. The 
latter will then lift the pawl 48. The small poise will 
then run back until by balancing the load the free end 
of steelyard rises from lower contacts. The instant 
the steelyard rises into equilibrium the pawl 48 will 
again engage and hold the small poise. The dials will 
now indicate the correct weight. 

Should the small poise run too far back, the rise of 
the steelyard to the upper jaw will again close the 
motor and clutch circuits, and the small poise will 
again travel outward to produce equilibrium, 

The poises, therefore, cannot come to rest until 
they have attained such a position on the steelyard 
that the latter remains in perfect equilibrium between 
the two jaws of the carrier, in other words, the ma- 
chine itself insists on a perfectly true balance and is 
practically incapable of indicating an incorrect weight. 

On removing the goods from the platform the steel- 
yard drops on to the lower contact of the carrier, and 
the small poise pawl 48 is lifted (as mentioned above), 
allowing the small poise to run backwards on the steel- 

ard until it strikes against the rear switch 44. The 

atter, being pressed back by the poise, cuts out the 
pawl magnet 46 from the circuit, and includes, in 
place of it, the pawl magnet 54 of the second large 
poise 39. The pawl 55 is thereupon lifted, and the 

ise 39 travels back until it strikes against the switch 
lever 52. The latter being pressed back, cuts the pawl 
magnet 54 out of circuit, but includes in place of it the 
sg magnet 60 of the poise 29. The pawl 61 is there- 
ore lifted, and the poise 29 consequently travels back 
until, by striking against switch lever 58, it breaks 
the circuit completely. All the poises are now at 
zero, both batteries are on open circuit, and the ma- 
chine is ready for a fresh load. The operation of 
weighing is performed hy the machine in a small frac- 
tion of the time it takes to describe it. A perfect 
equilibrium is obtained in from 6 to 12 seconds after 
loading the platform, while 2 or 3 seconds suffice for 
the return of the poises to zero on removing the load. 

It will thus be apparent that the entire action of 
the machine is perfectly automatic. The essential 
point in its construction is that with any load on the 
platform the poise or poises will not come to rest until 
they have obtained the exact positions on the steel- 
yard that enable them to balance the load. The 
machine thus automatically insists on a perfect equili- 
brium before its revolving indicating dials will stop 
permanently at any group of figures, 

In the designing of a machine of this description, 
it will be evident that a large number of points have 





to be considered. In the Snelgrove electric weighing 
machine the whole of the electro-magnetic mechanism 
is attached to the steelyard itself, which is as free to 
vibrate or oscillate as one of the usual pattern. 

This is a very important matter from a weighing 
machine maker’s point of view; moreover, the me- 
chanism must be so designed that no revolving or 
reciprocating parts can, when in motion, cause fluctua- 
tion of the centre of gravity, or, balance, of the steel- 
yard. A multiple arrangement of poises (without 
which fine indications would be impossible on a steel- 
yard of any reasonable length), requires that the large 
poises shall only come to rest exactly at predetermined 
points, and as a variation in the resting point of 
yz in, might make an error on the platform of 4 ewt., 
it is practically impossible with any system of direct 
gearing to carry the poise out and stop it with such 
exactness. 

In the Snelgrove machine, however, the most absolute 
accuracy is attained by insuring the slight over-running 
of the poises and the return of them and fixture at the 
predetermined points by the elastic power of the helical 
return springs. 

One more point may be noted, and that is the brake 
on the free end of steelyard. This at first sight would 
appear to impair the sensitiveness of the balance, but 
it is not so. It was found that frequently, when 
actually balanced by the poises, the momentum of the 
falling steelyard would carry it to the lower jaw, and 
consequently close the return circuit, resulting in 
waste of time. The brake shown is so arranged that 
itis held by its electro-magnet, which is in circuit with 
both jaws of the carrier, quite clear of the steelyard 
end at the moment of the latter attaining equilibrium, 
but applies itself immediately the steelyard breaks 
contact with either jaw, and absorbs the momentum, 
thus limiting the oscillation. 

The electric current required to operate the machine 
is supplied by a small constant battery concealed in 
the base (for the usual intermittent work on an ordi- 
nary weighbridge large Leclanché cells have been 
found very satisfactory). These electric connections 
and current switches require no attention or manipu- 
lation whatever, as they are automatically controlled 
by the machine itself. On placing the goods to be 
weighed upon the platform, the machine itself closes 
the electric circuit, and thus obtains the current neces- 
sary to operate its mechauism. The attendant, there- 
fore, beyond placing the goods on the platform, does 
not touch the machine. 

The entire cycle of operations, switching on the 
current, balancing the machine, indicating the dis- 
covered weight in a single group of figures, returning 
the mechanism to zero when the goods are removed, 
and finally switching off the current when the weigh- 
ing is finished to prevent waste, being completely per- 
formed by the machine itself. 





THE LATE SIR JAMES FALSHAW, BART. 

In the death of Sir James Falshaw, Bart., on Friday 
of last week, at his residence in Edinburgh, the science 
of civil engineering has lost one of its most devoted and 
experienced exponents. He was born at Leeds in 
March, 1810, and served his country in promoting its 
| povwsngy d for the better part of seventy-nine years. 

iving his early days in the centre of a district where 
engineering is pre-eminently the principal industry, it 
was but natural that a genius for general mechanics 
should have been developed in Falshaw at an early 
stage of his career, Indeed at school, where he sat 
curiously enough on the same bench with Sir John 
Hawkshaw, he gave ample evidence of the gifts which 
afterwards had such a large part in shaping his course 
and leading him towards fame. Naturally, therefore, 
he gravitated from the class-room to the workshop. 
He afterwards became an assistant on the staff of 
Messrs. G. Leather and Sons, of his native town, and 
in this connection rendered good service in the de- 
signing and construction of harbours in several 
parts of the country. Appreciating the enormous 
advantages which the railroad was likely to confer, 
and its consequent development, Falshaw, when 
thirty-three years of age, left harbour construction and 
started on his own account as a railway engineer. 
The acceptance of a tempting offer from Robert 
Stephenson to join his staff, brought him at once into 
the front rank of railway construction, and in the 
building of the Lancaster and Carlisle line, now a part 
of the London and North-Western Railway, he found 
scope for his genius. The difficulties were great, 
but the overcoming of these only served to stimulate 
him and added to his experience. Another result 
of his connection with this piece of work was that 
he was thrown into company with Mr. Brassey, of 
Messrs. Brassey and Mackenzie, and a life-long 
friendship was established. This firm had built a 
number of lines in the North of England, and under 
Falshaw’s supervision they laid the Scottish Central 
and other portions of the Caledonian Railway. His 
next, and probably his most difficult undertaking, was 
the formation of the Highland Railway, between Perth 
and Inverness. It passes across moorland and over glens 





and required great skill in the planning and construc- 
tion of viaducts and other works. Having finished this 
work, gaining in the mean time a position of fame and 
competence, the subject of this notice settled down 
as a citizen of Edinburgh in 1858. The activity which 
had characterised his professional life, however, con- 
tinued to assert itself, and he took a large share in the 
municipal work of the city, attaining to the highest 
civic position in 1874, when he, the first Englishman 
so honoured, was appointed Lord Provost, which office 
he held for three years. Naturally his professional 
knowledge afforded him great advantages, and he 
was ever ready to give his services. Many improve- 
ments were carried out and many others started during 
his reign, including the introduction of a water scheme, 
the widening of bridges, and the construction of a 
hall. In 1876 the Queen visited the city to inaugurate 
a noble equestrian statue, in the completion of which 
he had taken a great part, and on the occasion Her 
Majesty honoured him by creating him a baronet. For 
many years, too, he was connected with the North 
British, Highland, Rosslyn, and Cambrian Railways. 
In 1881 he was deputy chairman of the North British 
Company, and in the following year he was elected 
chairman, and held the position till 1887. It was during 
his term of office that the new Tay Bridge was com- 
pleted and opened, and in its progress and in the more 
gigantic undertaking to bridge the Firth of Forth, he 
took a lively interest. He was a man of deeds, not 
words, straightforward and of firm purpose. The 
white rose on his crest was appropriately chosen, and 
typified his pure life, while his public life was a 
thorough representation of his motto, Jn officio im- 
pavidus. Of his industry his works are the memorials, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 8, 1889. 

Ir is only within a day or two that the real magni- 
tude of the damage done by the storm at Johnstown, 
Pennsylvania, has been made apparent. Ever since 
the storm the public attention has been taken up with 
the work of taking care of the survivors. To-day’s 
estimate is that in Johnstown alone, there were 10,000 
souls lost. The loss in adjoining towns, numbering a 
dozen or more, will probably increase the total loss 
to 15,000. The Cambria Iron Company, it was thought 
at first, was completely destroyed, but later examina- 
tions, conducted up till Saturday night, show that 
nearly all of the machinery is in good condition or can 
be easily repaired. Its furnace stacks will soon be at 
work. Itis stated to-day by the vice-president of that 
company that the whole mill will be in operation in 
thirty days. This seems almost an impossibility. It 
was the only large mill caught in the track of the flood, 
whose course ran fifteen miles through the valley. 
That company had contracts for 40,000 tons of steel 
rails. Its output of merchant steel amounted to 
1000 tons per week. It was supplied with natural gas 
fuel brought from a point forty miles distant. Most 
of the machinery was of the very best make. Some 
2000 workmen were lost, but the company say they 
will experience no difficulty in obtaining hands. The 
Pennsylvania lost from its round-house at Cone- 
maugh thirty-five engines, which were tossed like chips 
in the flood. The engines were entirely dismantled 
and destroyed, and are good only for scrap. The 
Pennsylvania Railroad Company lost some twenty- 
five bridges in the mountain districts. Some of 
them were large and the streams have been spanned 
by temporary structures. The engineers are now 
making specifications for new bridgework, and all 
of our structural mills will be crowded with work from 
this to the end of the year. Prices have already ad- 
vanced from 1 dol. to 2 dols. per ton, and they will 
likely advance more. Bar iron has advanced 2 dols. 

er ton and sheet iron the same amount. Muck bars 

ave boomed up another dollar and will go a little 
higher. All kinds of iron and steel, crude and finished, 
are in better request than a week ago. Till the furnace 
companies fill up their order books with two or three 
months’ work there will be not much of an advance. 
Southern iron companies are doing their very best to 
capture some very large contracts from northern con- 
sumers. Steel rails are not occasioning much commo- 
tion just at present. Up to Saturday quite a number 
of contracts were placed, but in the unsettled state of 
the market the details concerning the transactions 
cannot be ascertained. Prices to-day here are 27.50 dols. 
The temporary withdrawal of the Cambria Iron Com- 
pany will have no influence whatever. The Board of 
Control has made another allotment of 200,000 tons. 
This brings the total allotment up to 1,200,000 tons. 





DREDGING. 
To THE EDITOR OF ENGINEERING. 

Sir,—In your issue dated April 26, 1889, to hand by 
last mail, I have read with interest a Note on the cost 
of dredging by Mr. A. Brown, whose position gives him 
authority on the subject. This is a question that cannot 
be too widely circulated at present, when the minds of 
eminent engineers, harbour and canal commissioners, are 
so much occupied with excavations nearly all over the 
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world, The rapid strides made of late years in the con- 
struction of deep-draught sea-going steamers compels the 
deepening of harbours and canals. 

For instance, take the entrance to the Mersey, Liverpool. 
Consider the vexatious annoyance it must be to captains 
of steamers who have made the passage from America to 
England in six days, to find when they get to almost 
within sight of the dock gates, they have to wait from 
one to nine or ten hours, because a few feet of a sand bar 
stopsthem. The great loss to large shipping companies 
caused by this defectin the channel must be seriously felt. 

Surely the Mersey Board should make some attempt to 
remove this obstruction, and follow the example of the 
Belfast Lough Commissioners, Carlingford Lough Com- 
missioners, and others. 

The quotation given, 1.78d. rer ton, for the hopper 
dipper dredger belonging to the Mersey Board, is ex- 
tremely low for that class of dredger. ButI give it from 
fairly reliable authority that the quotation 1.50d. given 
for the Bombay hopper dredger Kuphus, with the ordinary 
endless bucket chain, was made during her first year's 
work, when there was a lot of unfavourable work to con- 
tend with. The Kuphus, in favourable stuff (stiff mud 
and blue clay), and the crew with the benefit of a year’s 
experience in handling her, is now raising 4000 tons per 
ordinary working day, and carrying it about 44 miles to 
depositing ground. Her maximum work attained on the 
22nd inst. being 50 minutes to fill the hopper, a capacity of 
20,000 cubic feet, and during that day she filled herself five 
times, equal to 5000 tons, and ran to depositing ground four 
times, 

I give these details to assist in showing what might be 
done on the Mersey bar with a few dredgers a the 

UPAUS. 


THE SOCIETY OF ARTS ENGINE TRIALS. 
To THE EpIToR OF ENGINEERING. 

Sir,—I wish to thank Mr, Atkinson for sending the in- 
dicator cards for publication, as they illustrate how the 
temperature of the expanding gases is affected by the cool- 
ing due to the cylinder walls, and by the performance of 
work. In these respects they resemble cards from other 
gas engines, though I believe in most cases the brake- 
power would not be increased by later ignition, and it 
might be asked why Mr. Atkinson did not keep to the 
late ignition when be found it improved the brake-power, 
for the engine must also have worked with less shock. 
Was it because the earlier ignition was more uniform and 
more regular? 

He states that I was not correct in saying that the motion 
of the piston of the ‘‘ Cycle” engine was slower towards 
the beginning of the stroke than that of the ‘‘ Otto” 
engine. What I did say was that near the beginning of 
the explosion stroke of the former engine the motion of 
the piston was slower, while with an ordinary crank and 
connecting-rod it would be quicker than a harmonic 
motion. 

I made this assertion on the assumption of the reason- 
able accuracy of the drawing of the engine published in 
the report. If the construction of the engine is not what 
that drawing shows, Mr. Atkinson ought not to complain 
because he has to correct false impressions about his 
engine, but if the engine is represented accurately by the 
drawing, then I believe that my statement was correct, as 
I shall try to show by a reference to the figure 8 published 
in your issue of February 22, page 178. 

t will be seen that at the beginning of the explosion 
stroke the radius arm is almost on its dead centre, and if 
the connecting-rod to the piston were jointed to the pin 
in the end of this arm, we should have a crank and con- 
necting rod motion, the crank having an almost constant 
angular velocity for the first half of the stroke. It is 
evident that the effect of this supposed contraction would 
be to make the velocity of the piston somewhat greater 
towards the beginning of the stroke than it isin the engine 
as made, and it will be sufficient to show that this higher 
velocity is less than it would be if the piston was connected 
to an ordinary crank, the length of stroke and time taken 
to make the stroke being the same in each case. It is 
easy to prove that for uniform angular velocity the piston 
acceleration is, within extremely small limits of error, 


given by w? 7 (cos 0+ ; cos 2 4), where w is the angular 





velocity, 7 the length of crank, J the length of connecting 
rod, and 4 the angle moved over by the crank from its 
back dead centre position. If the engine be supposed to 
run at 120 revolutions per minute, the angular velocity of 
the main crank is 4 7, and a measurement of the drawing 
shows that at the beginning of the explosion stroke the 
angular velocity of the radius arm would be about three- 
fourths of this, or 37. The length of the radius arm 
appears to be 1.44 ft., and the connecting-rod rather more 
than twice this ; but to give Mr. Atkinson every advan- 
tage, I shall take it at twice the radius arm. 

The initial acceleration would then be (37)? x 1.44 
(1 pane a? ft. per second. 

e are told that the expansion stroke occupies one- 
fourth of a revolution, so that an ordinary engine, to make 
its stroke in the same time, would have to run at 240 re- 
volutions per minute, and the angular velocity of the 
crank would be 87. The length of the crank would be 
0.47 ft., and taking the connecting-rod at five times this, 
the initial acceleration will 


(8 3)? x 0.47 (1+ 4)=36 7? ft. per second, 


Thus, remembering that the former is greater than 
what actually takes place in the ‘‘Cycle” engine, it 
appears that the acceleration at the beginning of the stroke 
is only one-half as great as it would be in an engine of 
the same stroke, with an ordinary crank and connecting- 
rod motion, 

It follows, of course, that near the beginning of the 
stroke the velocity is much greater in the latter case, and 








this may be verified by the formula for the piston velocity, 
that is, v=wr sin 0 ( 1+ = cos 0 ): 


But to check the calculations I have made a diagram 
as accurate as the small scale of the published drawing 
will permit, and this gives the same results. It is in 
favour of the reliability of this drawing that the lengths 
of the different strokes nearly agree with those given in 
the report. It remains then for Mr. Atkinson to explain 
the discrepancy between his diagram and that made from 
the published illustration. 

There is another point in his letter upon which I should 
like to make a few remarks, though it did not arise from 
my humble, but it appears vain, endeavours, to get him 
to see the fallacy of his theory. He claims that the loss 
by leakage will be less in the ‘‘ Cycle” than in an ordi- 
nary engine because the compression takes place in less 
time, but seems to forget that the mixture is also rapidly 
drawn into the cylinder and that the valves must be larger 
than for an ordinary engine drawing in the same volume 
per stroke. The piston is also much larger in proportion 
to the volume inclosed, and thus the length of joint at 
which leakage may take place is greater for the ‘* Cycle” 
engine. 

The compression space in an ordinary engine is about 
3.3 times as long as that of a ‘‘Cycle” engine with the 
same diameter of cylinder. With the same compression 
curve then it would follow that the compression would 
have to be 3.3 times as fast in the ‘‘ Cycle” engine, in order 
that the proportionate loss should be the same. As a 
matter of fact, with usual speeds, the compression is not so 
much faster, and there will be a greater loss by leakage 
in proportion to the total volume of the mixture in the 
**Cyc'e” engine. It is, however, much superior in this 
respect o its immediate predecessor, the differential 
engine. 

r. Atkinson takes every opportunity of drawing atten- 
tion to the fact that Messrs. Crossley’s engine was not an 
ordinary ‘‘ Otto,” but it might be asked whether the large 
and heavy flywheels which enabled him to drive the 
dynamo without using a countershaft are usually supplied 
with a 6 horse-power engine ? 

Yours faithfully, 
J. H. Hamiton. 

Newcastle-on-Tyne, June 17, 1889, 





THE “STRONG” LOCOMOTIVE. 
To THE EpiToR OF ENGINEERING. 

Str,—In addition to the controversy in your paper on 
the valve gear of the Strong locomotive, I may state that 
a valve gear has been patented as far back as 1845 or ’47, 

uite identical in principle and the more important 
details of construction to the gears of Messrs, Hackworth, 
C. Brown, Marshall, Joy, and others. The patentee was 
a Marquis de Solms, and the patent description and 
drawings may be seen, I believe, at the Conservatoire 
des Arts et Metiérs at Paris, where the extinguished 

French patents are kept. 
I am, Sir, yours respectfully, 

Zurich, June 10, 1889. R. HorrMann. 





DUERDEN’S PAPER BAG MACHINE AT THE 
PARIS EXHIBITION. 
To THE EniToR oF ENGINEERING. 

Srr,—In describing the above in your issue of the 31st 
ultimo, it was announced that the machine was constructed 
by us. 

Our position being that of a agents for the sole 
makers, Messrs. Bibby and Baron, Limited, Burnley, we 
shall be glad if you will please make this correction in 
your next issue. 

Yours truly, 
Parson, RICHMOND, AND Co, 

Burnley, June 14, 1889. 





THE RACING OF SCREW PROPELLERS. 
To THE EpiToR OF ENGINEERING. 

Sir,—Engineers have informed me that in order to 
“race” it is not at all necessary for a screw propeller to 
be partially exposed above the surface of the water; 
that, in fact, it is quite sufficient for it to have been 
brought nearer this surface than the depth for which the 
steam supply was originally arranged, to give a certain 
number of revolutions, for this number to be increased, 
unless the steam supply is regulated accordingly. 

If this is correct, is this phenomenon a matter simply of 
experience, for I have failed as yet to obtain a satisfactory 
explanation? I presume the solution is easy to those 
versed in the marine steam engine, and if any of your 
correspondents would - it, several besides myself would 
be much interested and obliged. w.aP 


CONVEYOR FOR FEEDING AUTOMATIC 
STOKERS. 
To THE EpiTor oF ENGINRERING. 
S1r,—Under this heading an illustrated paragraph in 
your issue of 14th inst. contains the statement that the 
conveyor in question has been “‘ applied . . . to a battery 
of fourteen boilers” at our works. As this is inaccurate 
and may mislead, we beg leave to point out that we have 
contracted for this conveyor to be applied to the Vicars 
stokers on five of our boilers experimentally ; if we are not 
satisfied with it the contractors are to remove it at their 
own expense and provide another approved by us, 
Your obedient servants, 
ApgaM LYLE AND Sons. 
Plaistow Wharf, Victoria Docks, London, E., 
June 18, 1889, 








LAUNCHES AND TRIAL TRIPS. 

THE s.s. Mamari left Sunderland on Tuesday, the 
11th inst., for her trial trip, having been completed b 
Messrs. William Doxford and Sons for the Shaw, Savill, 
and Albion Company, Limited, of London. After having 
com passes adjusted, she was taken on tothe measured mile, 
and attained a mean speed of 12 4 knots per hour, giving 
every satisfaction. She then left direct for Hamburg, 
where she arrived in 294 hours. 





On Thursday morning, the 13th inst., there was launched 
from the shipbuilding yard of Messrs. Edward Finch and 
Co., a screw tug built to the order of the Barry Dock and 
Railway Company. She will be fitted by the builders 
with pumps that will make her the most powerful salvage 
steamer afloat. 


On Thursday, the 13th inst., there was launched from 
the yard of the Sunderland Shipbuilding Company, 
Limited, the fourth steamer built by that firm for the 
Hansa Steamship Company, of Bremen. The length of 
the vessel, which is named the Rheinfels, is 322 ft., 
breadth 41 ft., and depth of hold 27 ft, 6in. Theengines 
are upon the tri-compound principle, and have been con- 
structed by the North-Eastern Marine Engineering Com- 
pany, Limited, Sunderland, having cylinders 234 in., 
39 in., and 64 in., by 42 in. stroke, steam being supplied 
by two large steel boilers working at a pressure of 160 Ib. 
per square inch. 

There was launched on Friday, the 14th inst., from the 
shipbuilding yard of the Grangemouth Dockyard Com- 
pany, a steel screw steamer built by them for Messrs. 

ons Munich and Co, of Christiana, Norway. The 
vessel, which is named Scotland, is of the following 
dimensions: Length, 1974ft.; breadth, 29ft.; depth, 
144 ft. to main deck. The engines, constructed by Messrs. 
Hawthorne and Co., Leith, are of the triple-expansion 
type, and are supplied with steam from two boilers work- 
ing to a pressure of 1601b, to the squareinch. The power 
to be indicated is 700 horse: power, and the speed 11 knots. 


On Saturday, the 15th inst., a large steel spar-decked 
screw steamer, named the Durham, was launched by 
Messrs, Robert Stephenson and Co., Limited, from their 
shipyard at Hebburn. She has been built for Messrs. 
Money Wigram and Sons, Limited, of London, and is 
of the following dimensions: Length, 340 ft.; breadth, 
41 ft. 3 in.; depth, 28 ft. 11 in. The propelling ma- 
chinery consists of a set of triple-expansion engines of the 
most improved type, capable of developing 1800 horse- 
power ; steam will be supplied from two large double- 
ended bcilers, the working pressure being 160 lb. The 
engines have been constructed at Messrs. R. Stephenson 
and Co.’s (Limited) Engine Works, South-street, New- 
castle. Both ship and engines have been surveyed during 
construction by Messrs. Ashlin and Co., consulting engi- 
neers, London, 





On Saturday afternoon, the 15th inst., the Blyth Ship- 
building Company, Limited, launched from their works 
at Blyth a cargo steamer named the Crimea, which has 
been built for Messrs. Stephens, Mawson, and Goss, of 
Newport, Monmouthshire. The principal dimensions of 
the vessel are: Length, 260 ft.; breadth, 36 ft. Gin. ; and 
depth, 19ft.4 in. The engines are of the triple-expansion 
type, and will be supplied by Messrs. Black, Hawthorn, 
and Co., Gateshead-on-Tyne, with cylinders 20 in., 34in., 
and 54 in. by 36 in. stroke, and 160 lb. pressure. 


On Saturday, June 15, 1889, Messrs. Edward Withy 
and Co., West Hartlepool, launched from their yard at 
Hartlepool, a steel screw steamer named the Haldon, and 
built to the order of Messrs. John Holman and Sons, 
London, The vessel is over 260 ft. in length and built 
throughout of Siemens-Martin steel. Triple-expansion 
— will be fitted by Messrs. Blair and Co., Stockton- 
on- Tees, 





The screw steamer Parabyba was successfully launched 
from the yard of Messrs. William Doxford and Sons, at 
Pallion, on Saturday afternoon, the 15th inst. She has 
been built to the order of Messrs. D. G. Pinkney and 
Sons, Sunderland, but has since been sold to the Com- 
pagnie des Chargeurs Réunis, of Paris. Her principal 
dimensionsare: Length between perpendiculars, 310 ft. ; 
breadth extreme, 38 ft. 6 in. ; depth from ordinary floor 
to spar deck, 26 ft. 3 in. The engines are quadruple- 
expansion by Messrs. W. Allan and Co., of Sunderland, 
the cylinders being 15} in., 20 in., 31 in. and 54 in. by 
42 in. stroke, and they are supplied with high pressure 
steam from very large boilers. 





On Monday, the 17th inst., Messrs. Russell and Co. 
launched from their Kingston yard at Port-Glasgow a 
four-masted steel sailing barque of 3000 tons register, and 
intended to carry 5000 tons deadweight. The dimensions 
of the vessel, which is named Dunkerque, are 333 ft. long, 
46 ft. Gin. broad, and 25 ft. Gin. deep. She is owned by 
Messrs. A. D. Bordes and Son, Paris and Bordeaux, who 
are at present having a five-masted ship built in one of 
the Clyde yards. 





On Tuesday evening Messrs. Raylton, Dixon, and Co., 
Middlesbrough, launched from their No, 2 dockyard a fine 
steel screw steamer named the Daylight, which has been 
built to the order of Messrs. John Wood and Co., West 
Hartlepool, Her leading dimensions being: Length over 
all, 305 ft. 3 in.; breadth extreme, 38 ft.; depth moulded, 
22 ft. 10 in.; 3650 tons deadweight capacity. Her engines, 
which will be fitted by Messrs. J. Richardson and Sons, 
Hartlepool, are on the triple-expansion principle with 
cylinders 22 in., 35 in., and 59 in. by 39 in. stroke. 
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ENGINES AT THE WINDSOR SHOW. 
CONSTRUCTED BY MESSRS. CHARLES BURRELL AND SONS, LIMITED, ENGINEERS, THETFORD. 
(For Description, see Page 712.) 
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THE EIGHT HOURS’ MOVEMENT. 

Ir may be that ere long some industrial complica- 
tions will arise in connection with the demand for 
the eight hours’ working day. Possibly some 
economic disturbance in the labour market will 
eventually follow, should the demand take practical 
shape, and be pressed in any particular trade. A 
careful review, therefore, of the present aspect of 
the question may not be altogether without interest, 
especially to those engaged in commercial or trading 
undertakings. 

The desire on the part of the working classes 
for an eight hours’ day, is not a new aspiration. 
Indeed, it dates back to the days of the early trade 
guilds of the ‘‘ middle ages.” It found expression 
in a toast, familiar enough to those acquainted with 
the history of trade unionism, namely, ‘‘ the three 
eights—eight hours’ work, eight hours’ play, and 
eight hours’ rest ;” to which, in later times, was 
But the latter 
was added merely to make rhyme, and as a possible 
goal towards which, as a final purpose, they should 
strive to attain. 

Tn all those dreams of social amelioration, the 
workmen looked to their unions, to associative 
effort, and combination as the only means whereby 
the hours of labour could be, and should be, re- 
duced, except in the case of women and children, 
who were regarded as unable to take care of them- 
selves. It is only quite recently that men have 
been led to look to legislation for the purpose of 
fixing the hours of labour—of regulating, in fact, 
a day’s work. At first the demand was limited to 
such men as were employed under Government, 
then it was extended to those employed by municipal 
and local authorities, and then it was further 
extended to all workmen, in all trades. It is in 
this collective form that the subject has been 
brought before the leading trade unions of the 
country, first of all at the Annual Trades Union 
Congresses, and subsequently in the executives of the 
unions, and through them in the various bodies and 
lodges, composed of all the members. We are now 
able approximately to gauge the feeling of trade 
unionists upon this important question. 

First, the plebiscite on the subject has been taken 
by a great number of societies, and the results as to 
the voting are known in fifty unions and in nine 
trades councils. Of the fifty whose returns have 
been compiled, twenty-four have published the 
numbers who voted for and against the various ques- 
tions submitted. The voting is very curious, as the 
following figures show : In reply to the question as 
to whether ‘‘ the time has arrived when a further 
limitation of the hours of labour should be sought 
for,” there were 3916 for, and 8194 against. The 
Noes are more than two to one. Taking the iron 
and shipping trades, the numbers were : 1598 for, 
and 2898 against, again showing a large preponder- 
ance of opinion against a further limitation of work- 
ing hours at the present time. 

In reply to the second question as to whether 
they were ‘‘in favour of an eight hours’ limit of a 
day’s work, ora total of forty-eight hours per week,” 
the voting was: For, 22,720; against, 4097; ma- 
jority for, 18,623. In the majority for, appears the 
Amalgamated Society of Carpenters and Joiners, 
giving 11,966 in favour, none against. ‘‘ These 
figures,” it is stated, ‘‘ represent the total number 
of members in the branches which took up the ques- 
tion.” But these constitute less than one-half the 
total number of members, which now reach 25,406. 
Another society, the Stirlingshire Miners, voted 4300 
for, and none against the proposal, but the value of 
the vote is considered doubtful. In this particular 
vote the iron and shipping trades show 650 in 
favour of the proposition and 928 against it; the 
latter being much more representative in character 
than the former. If we deduct the 16,266 votes 
given by the carpenters and Stirlingshire miners, 
the numbers will appear thus : For, 6454; against, 
4097 ; majority in favour of the eight-hour day, 
2357. Those constituting the majority consist 
mainly of shoemakers, masons, railway servants, 
carpenters and joiners, and the hosiery trades. 

The third question submitted for the vote was 
whether there should be a total cessation of work 
on Saturdays. The voting was: For, 2168; 
against, 4710; majority against, 2542, or more than 














double. In the majority again appears a large 
number of carpenters and joiners in proportion to 
the total votes given on the question. 

The fourth and fifth questions submitted to the 
vote must be taken together, as the last is really a 
negative to the one preceding it. They are (1) ‘‘Are 

ou in favour of Parliament enforcing an eight 

ours’ day by law, or enforcing a Saturday holiday 
by law ?” or ‘‘ Are you in favour of obtaining either 
of these privileges by the free and united efforts of 
the organised trades of the kingdom?’ In reply to 
the first of these questions there were in favour of 
an enforced eight hours, or Saturday holiday, by 
law, 17,267, against 3819; majority in favour, 
13,448. Of these the Amalgamated Carpenters and 
Joiners gave 9209 votes for, none against; and the 
Stirlingshire Miners 4300 for, none against. These 
two unions, therefore, account for 13,509, or more 
than the total majority of the entire votes. The 
only society connected with the iron trades that 
voted in favour of interference by law was the 
blacksmiths of Scotland ; but of these under 200 
voted. The votes in favour of obtaining an eight- 
hour day, or a Saturday holiday, by combination 
and associative effort, were: For, 7395 ; against, 
3539; majority for, 3856. If the two votes be 
added together, we find that the votes stand thus : 
Against interference by law, 3819; in favour of 
associative effort, 7395; total, 11,214; in favour 
of interference by law, 17,267 ; against individual 
and associative effort, 3539 ; total, 20,806. If we 
deduct the carpenters and miners, before men- 
tioned, 13,509, for the reasons given, the result 
will be that 11,214 voted against legal interference, 
and only 7237 for such interference ; so that the 
workmen have not so woefully abnegated their 
vaunted independence, and discarded self-reliance 
as many had supposed. 

Next we find that the twenty-six societies which 
have pronounced an opinion upon the subjects sub- 
mitted to them, but have not reported the numbers 
voting, for or against the several questions, indicate 
very considerable difference of opinion, as the follow- 
ing figures will show : (1) With regard to the ques- 
tion of seeking a further limitation of the working 
hours at the present time, there were in favour 10 ; 
against it, 11; majority against, one. (2) In 
favour of an eight hours’ day, or 48 hours per 
week, for, 9; ayainst, 3; majority for, 6. (3) In 
favour of a total cessation of work on Saturdays, 1; 
against it, 9; majority against it, 8. (4) In favour 
of enforcing an eight hours’ day, or a Saturday 
holiday by law, 7 for, and 7 against—the voting 
being equal. (5) In favour of obtaining the privi- 
leges named by associative and individual effort, 4 
for, and 6 against ; majority against, 2. Prac 
tically, therefore, the feeling was against legal in 
terference by 13 societies to 11 societies. 

An analysis of the voting shows that the Amal- 
gamated Society of Engineers, the Steam Engine 
Makers, and the Metal Smiths, voted against 
seeking for a further limitation of the working 
hours at present ; and several societies contended 
that overtime should be first of all abolished. The 
Edinburgh branch of the engineers voted in favour 
of an eight hours’ day ; as did also the Tubemakers’ 
Union. The other societies which so voted were 
miners, miners’ engineers, plasterers, slaters, car- 
penters, labourers, and barge builders, the latter 
contending that, if adopted, it should be interna- 
tional. The only association which voted in favour 
of a cessation of work on Saturday was the Cum- 
berland Miners’ Association—an association which 
voted Yes to all the proposals for shortening the 
hours of labour—except doing so by combined 
efforts on the part of the members. 

The seven societies which voted in favour of the 
legal enforcement of an eight hours’ day were the 
slaters of Edinburgh and Leith, the Edinburgh 
branch of the Amalgamated Engineers, the Kent 
and Sussex Labourers’ Union, the brassfounders 
of Edinburgh and Leith, the General Union of 
Carpenters, Cumberland miners, and the barge 
builders. Those that voted ‘‘ No” were the National 
Federation of Engineers, coachmakers, Durham 
Engineers’ Association, the plasterers, the metal 
smiths, the tubemakers, and the shirtmakers of 
London. To these should be added the Amalga- 
mated Engineers, the steam-engine makers, the 
women bookbinders, the mill sawyers, the cotton 
spinners, carpet weavers, lacemakers, and the power 
loom weavers, all of whom voted ‘‘ No” to the 
question of further limitation of working hours at 
the presenttime. The Ayes in favour of associative 
effort in this direction being four, were negatived 
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by the Noes, six—this still more accentuating the 
feeling against the movement. 

Next. we may consider the voting of the 
trade councils. This was peculiar; five voted in 
favour of the further limitation of the working 
hours ; three in favour of the eight hours; one in 
favour of the Saturday holiday; two in favour of 
enforcing the eight hours by legal enactment; and 
three in favour of obtaining it by associative effort. 
Against these proposals three voted against further 
limitation at present ; two against the cessation of 
work on Saturdays; one against legal interference ; 
and one against any action by associative effort or 
otherwise. The Warrington Trades Council con- 
siders an Eight Hours’ Bill impracticable ; Ipswich 
would like to see the nine hours adopted before 
starting an eight hours’ agitation ; Edinburgh is in 
favour of each trade deciding for itself—is opposed 
to legal interference ; Wolverhampton declares the 
time to be inopportune ; Norwich thinks it inex- 
pedient to appeal to Parliament ; and Liverpool 
declares that overtime ought to be abolished before 
talking of an eight hours’ day. 

A careful consideration of all the facts, as 
disclosed by the voting of the whole of the fifty 
societies, and by the nine trades councils, whose 
decisions have been given, leads to the conclusion 
that the vast majority of the more thoughtful of 
the workmen of this country are opposed to any 
legal interference with the hours of labour of adult 
males. This view is supported by the following 
expressions appended to the returns which have 
been examined: (1) ‘‘Members took no interest 
in the question—was considered by a great propor- 
tion as utopian ;” (2) ‘‘disapprove of Parliamen- 
tary interference ;” (3) ‘*E. C. thinks time inop- 
portune and did not take a vote ;” (4) ‘‘ committee 
did not submit a vote;” (5) ‘‘opposed to any 
alteration ;”’ (6) ‘* E. CO. unable to agree to take a 
vote ;” (7) ‘‘did not take a vote, E. C. opposed to 
alteration at present ;” (8) ‘‘time not arrived for 
taking action ;” (9) ‘‘ consider such an agitation 
useless ;” (10) ‘‘inopportune ;” (11) ‘‘ consider an 
eight hours’ Bill impracticable ;” (12) ‘‘ opposed 
to Parliamentary interference.” Those expressions 
of opinion go far to neutralise the votes given in 
the returns in favour of any legal enactment. 

The voting in favour of a reduction of the work- 
ing hours, apart from the methods or means of 
obtaining and enforcing such reduction, show a de- 
cided feeling in favour of shorter hours ; but the 
preponderating opinion was that before any action 
was taken efforts should be made to abolish over- 
time. In the words of the London Society of Book- 
binders, ‘‘such an agitation is useless, until overtime 
is done away with.” In the votes already suin- 
marised, two of the societies expressed themselves 
thus: ‘‘ Would like to see the nine hours adopted 
before starting an eight hours’ agitation ;” and ‘‘In 
favour of fifty-one hours per week to be enforced 
by legislation ;” so that the voting on the questions 
submitted was accompanied by reservations, 

The facts and figures above given will show pre- 
cisely what value to attach to the loudly reiterated 
demand for an eight hours’ day, to be enforced by 
legislative enactment. 








PATENT AGENTS. 

ArtrerR July Ist no one will be entitled to de- 
scribe himself as a patent agent, whether by 
advertisement, by description of his place of busi- 
ness, by any document issued by him, or otherwise, 
unless he is registered as a patent agent in pursuance 
of the Act of 1888. 


the Board of Trade that, prior to the passing of the 
Act, he had been bond fide practising as a patent 
agent, is entitled to be registered. A person de- 
sirous of being registered on that ground must 
send to the Board of Trade a statutory declaration, 
according to a form given in the appendix to the 
rules and setting forth that prior to December 24, 
1888, he had been bond fide practising in the 
United Kingdom as a patent agent, and giving the 
official numbers and dates of some patents for 
the United Kingdom, in the obtaining of which 
the declarant acted as patent agent. On applica- 
tion and before registration, the applicant must pay 
to the Registrar at the Institute a fee of five guineas. 
An annual fee of three guineas is also to be paid by 
every registered patent agent on or before Novem- 
ber 30 of each year in respect of the year commenc- 
ing January Ist following. 

With the exception of those who had been bond 
fide practising prior to the Act, no one is entitled 
to be registered unless he sends to the registrar 
a certificate, under the seal of the Institute, 
that he has passed such final examination as to 
his knowledge of patent law and practice and of 
the duties of a patent agent, as the Institute shall 
from time to time prescribe. This is the only 
examination required to be passed by any person 
who has been for at least seven consecutive years 
continuously engaged as a pupil or assistant to one 
or more registered patent agents, or by any person 
entitled to practise as a solicitor in England or 
Ireland, or as a law agent in Scotland. 

But any other person, in order to be entitled to 
present himself for the final qualifying examination, 
must have passed one of the following preliminary 
examinations, or such other as the Institute shall, 
with the approval of the Board of Trade, by regula- 
tion prescribe, viz.: 1. The matriculation examina- 
tion at any university in England, Scotland, or 
Ireland. 2. The Oxford or Cambridge middle class 
senior local examinations. 3. The examinations of 
the Civil Service Commissioners for admission to 
the Civil Service. The Institute is to hold a final 
qualifying examination at least once in the year 
commencing July Ist next, and in every other suc- 
ceeding year. 

Subject to the rules, the Institute is to have the 
entire management and control of all such exami- 
nations, and may make regulations with respect to 
the subjects for and the mode of conducting the 
examination of candidates ; the times and places of 
the examinations and the notices to be given thereof, 
the certificates to be given to persons who have 
passed, the appointment, removal, and remunera- 
tion of examiners, and any other matter or thing 
as to which the Institute may think it necessary to 
make regulations for the purpose of carrying out 
the rules. The rules contain provisions for the 
correction of names and addresses in the register, 
and for erasure of names of persons deceased, or 
who have ceased to practise or have not paid their 
fees. There are also provisions for erasure of in- 
correct or fraudulent entries, and of names of 
persons convicted of crimes, or proved to the satis- 
faction of the Board of Trade to have been guilty of 
disgraceful professional conduct ; also of the name 
of any person who, having been entitled to practice 
as a solicitor or law agent, shall have ceased to be 
so entitled. No person is to be adjudged by the 
Board of Trade to have been guilty of disgraceful 
professional conduct unless he has received notice 
of and had an opportunity of defending himself 
from any charge brought against him. The names 
erased by direction of the Board of Trade are not 
to be restored to the register except by order of that 


Rules have been made by the Board of Trade for | Board 


carrying this provision of the Act into effect. 
Under these rules the appointinent of a Registrar 
rests with the Institute of Patent Agents, acting 
through the Council for the time 9eing. This official 
is to keep the register in accordance with the provi- 
sions of the Act and rules, and subject thereto, is to 
act under the directions of the Institute and of the 
Board of Trade. The secretary of the Institute is 
the Registrar. The register is to contain a list of 
registered patent agents made out alphabetically 
according to the surnames, and is to contain the full 
name of each registered person, with his address, 
the date of registration, and a mention of any 
honours, memberships, or other additions to the 
name of the registered person, which the Council 
of the Institute may consider worthy of notice. 
Copies of the register are to be printed and placed 
on sale annually by the Institute. 

Every person who proves to the satisfaction of 


ard, 
Every application for erasure from, or restoration 
to, the register of the name of any patent agent is 
to be referred for hearing and inquiry to a Com- 
mittee appointed by the Board of Trade. 

Any person aggrieved by any order, direction, or 
refusal of the Institute or Registrar, may appeal to 
the Board of Trade ; the appeal may be heard by 
the president, the secretary, or an assistant-secre- 
tary, whose decision will be that of the Board. 

There is provision for alteration of regulations, 
and for report by the Institute to the Board of 
Trade respecting the number of applications for 
registration, the nature and results of the final 
examinations, the amount of fees received by the 
Institute under the rules, and such other matters 
as the Board may from time to time require. 

Such, in outline, are the main provisions of the 





rules for carrying out an enactment we advocated 
for many years, in the hope of raising the standard 


of the profession and protecting unwary inventors 
against falling into the hands of persons professing 
to undertake a class of work for which they did 
not possess any qualification. How far existing 
provisions will attain this object, and what altera- 
tions may become desirable with a view of effecting 
the object aimed at in a satisfactory manner and 
without undue hardship, remain to be seen. 

Suffice it to say, that as the successful working of 
the enactment that all patent agents shall be regis- 
tered depends upon the nature and mode of admi- 
nistering the rules, it may be expected that consi- 
derable attention will be directed to, and much 
interest will be manifested in, these points. 





THE LADIES’ CONVERSAZIONE AT 
THE ROYAL SOCIETY. 

On Wednesday evening the second conversazione 
of the Royal Society was held in Burlington House. 
It was very numerously attended, the gathering 
being graced by the presence of a large number of 
ladies, and in this respect differing from its prede- 
cessor, which was confined to the male sex. A 
well-arranged collection of objects of artistic and 
scientific interest was provided for the edification of 
the visitors. The most attractive exhibit, from an 
engineer’s point of view, was the new form of gas 
battery invented by Mr. Ludwig Mond and Dr. 
Carl Langer. This battery is based on the same 
principles as the oxygen and hydrogen cell of Grove, 
but it is modified in its mechanical details, so as to 
expose a very large surface in an apparatus of mode- 
rate dimensions. It is stated that the current pro- 
duced represents 50 per cent. of the total energy 
obtainable from the hydrogen absorbed in the bat- 
tery. 

Each element of the gas battery comprises a 
plate of plaster-of-paris impregnated with sulphuric 
acid. In each side of the plate there is partly im- 
bedded a grid, formed of an alloy of lead and 
antimony. In the spaces of the grid, each about 
an inch square, finely perforated platinum foil is 
laid on the plaster, and over everything platinum 
black is applied. Several such plates are arranged 
parallel to each other at a little distance apart, the 
intervening spaces being inclosed to form chambers, 
through which hydrogen gas and air are made to 
flow. Thus one side of each plate is exposed to the 
hydrogen and the other to the oxygen, the two 
sides, with the intervening damp plaster, corre- 
sponding to the zinc, copper, and solutions of an 
ordinary voltaic cell. When a number of plates are 
made up into a cell they can be coupled in parallel 
or in series, as may be desired. In a battery of the 
size shown one element has a total effective surface 
of 774 square centimetres=120 square inches, and 
is covered by 1 gramme of platinum black and 
0.35 gramme of platinum leaf ; it shows an electro- 
motive force of very nearly 1 volt when open, and 
produces a current of 2 ampéres and 0.7 volt or 1.4 
watt, when the outer resistance is properly adjusted. 
This current is equal to nearly 50 per cent. of the 
total energy obtainable from the hydrogen absorbed 
in the battery. The electromotive force decreases, 
however, slowly, in consequence of the transport of 
the sulphuric acid from one side of the diaphragm 
to the other. In order to counteract this disturb- 
ing influence the gases are from time to time inter- 
changed. 

A very interesting experiment was shown illus- 
trating the effect the electrical action has in pro- 
moting the chemical union of the gases. The 
battery was open-circuited, and the hydrogen was 
allowed to escape at a small jet, where it was 
lighted, and burned in a tiny flame. The moment 
the electric connection was made the jet expired, 
the hydrogen being seized by the oxygen in its 
passage through the cell, and being unable to escape 
into the atmosphere. This effect was.shown time 
after time, and never failed, the extinction of the 
jet following instantly on the contact of the wires. 

Another interesting electrical exhibit was that of 
Dr, J. S. Fleming, who showed a number of incan- 
descence lamps fitted to demonstrate the ‘‘ Edison 
effect.” This is shown, as is well known, by placing 
a platinum plate between the legs of the filament 
and bringing a wire from it through the glass. If, 
when the lamp is in action, the plate be connected 
to the positive terminal of the filament, a galvano- 
meter interposed in the circuit shows that a current 
flows from the plate to the filament. On the contrary, 
if the connection be made to the negative terminal, 





no current flows. Dr. Fleming has added another 
feature to the experiment, at the same time demon- 
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strating the reason of the ‘‘effect.” He incloses 
the negative leg of the filament with a glass or 
metal tube, and then no current is found to either 
terminal. The impact of particles thrown out from 
the negative leg of the filament on to the platinum 
plate is stopped. The same gentleman also showed 
a 50 candle-power incandescent lamp with the fila- 
ment folded into such a small space that it could be 
placed in the focus of the lens of a lantern. This 
form of lamp lends itself admirably for use with a 
vertical lantern for the illumination of cells con- 
taining water, the beam being afterwards turned 
horizontal by an inclined mirror. 

The magnetic rotation of the plane of polarised 
light was illustrated by Professor S. P. Thompson, 
by aid of the apparatus which he showed on May 
25 before the Physical Society, and of which a de- 
scription will be found on page 652 ante. The 
polariser used was constructed by Messrs. Harvey 
and Peak according to Ahren’s patent. It consists 
of a prism which projects the beam downwards at 
an angle of 57 deg. on a piece of black glass faced 
with a thin layer of plate glass. By this appa- 
ratus a field of any required diameter can be ob- 
tained, and the polarisation is complete over the 
entire field. 

Many of the other exhibits had been shown before, 
and have been described by us at various times. We 
must, however, notice a very simple and ingenious 
reaction time instrument by Mr. Francis Galton. 
This is designed to show the interval of time which 
elapses before an observer can send a response to a 
signal. When the signal, a sharp click, is given, a 
pendulum is released and commences its swing. 
The person under trial immediately presses a key, 
and in so doing releases a spring brake which 
catches an elastic thread connected with the pen- 
dulum, and holds it opposite a scale on which the 
time between the signal and the response can be 
read in hundredths of a second. The average 
results obtained by the various visitors who had 
their personal equation measured on Wednesday 
averaged at about 745 sec. 

An apparatus for counting the dust particles in 
the air was shown by Mr. John Aitkin. It depends 
for its action upon the fact that steam cannot 
condense into cloudy vapour in air free from dust ; 
each watery particle needs a speck of dust to form 
upon asa kind of nucleus. If, therefore, a small 
measured quantity of the air to be examined be in- 
troduced into a globe of filtered air containing 
moisture, every particle of dust will become sur- 
rounded by an envelope of vapour, and in the com- 
paratively pure air will fall atonce. If such drops be 
received on a mirror they can be counted, provided 
there are not too many of them. 

Professors Liveing and Dewar showed the absorp- 
tion spectrum of oxygen, obtained by transmitting 
a ray through a tube of the gas compressed to 
150 atmospheres. Mr. A. W. Clayden’s model 
illustrating the formation of ocean currents, and 
Mr. Eadweard Muybridge’s photographs of animal 
locomotion also attracted mauy spectators. 








PORTLAND CEMENT TESTING. 

Tue Austrian Association of Engineers and Archi- 
tects have recently published a pamphlet on a 
uniform system for the purchase and testing of 
Portland cement. In it cements are divided into 
quick-setting, medium, and slow-setting cements. 
A quick-setting cement being defined as one which 
sets in ten minutes in the air, the time being 
reckoned from the moment of adding the water, 
whilst those cements which take thirty minutes or 
more are considered slow-setting. As the time of 
setting may be altered by manipulating the cement, 
the Association have proposed the following uniform 
system of testing. First, to render the conditions 
perfectly uniform, the cement is brought to a 
standard consistency, and only after this has been 
done is any attempt made to ascertain the time of 
setting. This consistency is tested by determining 
to what depth a brass rod, 1 centimetre in diameter, 
penetrates into newly-mixed cement when weighted 
by 300 grammes, including the weight of the rod 
itself. This rod slides in guides to preserve its 
verticality, and is fitted with a scale pan at its 
upper extremity. The cement to be tested is 
inclosed in a box, the sides of which are formed by 
a circular ring of hard rubber, 8 centimetres in 
diameter by 4 centimetres high, which rests on a 
strong glass plate forming the bottom of the box. 
To use the apparatus 400 grammes of cement are 
mixed with an arbitrary quantity of water, and the 





whole thoroughly worked with a spatula for a 
period of one minute with quick-setting cements, 
and three if slow-setting or medium cements are 
being tested. The thick paste thus obtained is 
carefully transferred to the interior of the rubber 
ring, and its surface strickled off level with the 
upper edge of this ring. The box and its contents 
are then placed underneath the stiffness tester and 
the weighted rod allowed to descend slowly into the 
mass. If the rod sticks in the cement at a dis- 
tance of 6 millimetres from the upper surface of the 
glass bottom, the consistency of the cement is 
standard, but if not, a fresh trial must be made 
with cement mixed with more or less water, till 
this occurs, after which the hardening test can be 
proceeded with. For this the box is again filled 
with cement mixed with the proper quantity of 
water, as ascertained in the consistency trials, and 
a steel needle of square millimetre section, i.e., 
1.13 mm. in diameter, is substituted for the brass 
rod employed in the previous experiments, weights 
being placed on the scale pan to again bring the 
weight of the whole up to 300 grammes. This 
needle is brought down on to the cement at frequent 
intervals. At first it penetrates right through to 
the glass, but after a short time has elapsed it sticks 
in the paste, and the instant that this occurs is con- 
sidered the moment of the setting of the cement. 

From the above it would seem that the process is 
somewhat tedious, especially in the case of slow- 
setting cements, and we may add that an English 
engineer has recently devised an automatic method 
of ascertaining the time of hardening. For ascer- 
taining the binding power the Commission recom- 
mend that the experiments should be made on 
mortars and not on the neat cement, these 
mortars being prepared with a standard sand 
obtained as indicated below. The use of a 
standard sand is necessary and very variable 
results will otherwise be obtained, and curiously 
enough, sharp sand is, in this report, stated 
to make a mortar having less tensile strength 
than one in which well-rounded grains have been 
used. The standard sand recommended is a quartz 
sand, as pure as occurs in nature, thoroughly 
washed, dried, and separated from all its coarser 
portions by sifting through asieve having 64 meshes 
per square centimetre (about 412 per square inch). 
The portion passing through is again sifted ona 
sieve having 144 meshes per square centimetre 
(about 928 per square inch), the portion remaining 
on this sieve being the standard sand. Both tensile 
and compressive tests should be made, as one can- 
not with much accuracy be inferred from the other, 
and cement is practically all used in compression, 
For tension the Committee recommend a form 
of briquette much inferior to that in use in this 
country, as the curves at the neck are much shorter 
radii than is common here. The area of the blocks 
at the neck they consider should be 5 square centi- 
metres (0.776 square inch). For compressive tests, 
which they consider to be the true criteria of the 
value of a cement, they recommend cubical speci- 
mens, the area of each face being 50 square centi- 
metres (7.76 square inches). These tests should be 
made at twenty-four days after setting, as the 
cement does not acquire its permanent charac- 
teristics till after this time, and where possible 
tests at even greater ages should also be made. 
As, however, the plant required for compression 
tests is expensive, the uniformity of the product 
after the initial experiments have once been made 
can be secured by simple tensile tests in specimens 
of neat cement at from seven to twenty-eight days 
old. 








ELECTRIC LIGHT INSTALLATION AT 
THE MASSACHUSETTS GENERAL 
HOSPITAL. 

THE most important benefits of electric illumina- 
tion, particularly by incandescent lamps, are of a 
hygienic nature, owing to the absence of vitiation of 
the air by the products of combustion common to al] 
other methods of artificial illumination. Yet electric 
illumination has been but sparingly introduced into 
hospitals and public libraries, in both of which places 
gas lighting is not generally advisable, on account 
of its injurious effect on the patients in the one 
instance, and upon the volumes in the other. 

The Massachusetts General Hospital, at Boston, 
U.S.A., consisting of a large number of buildings 
placed over a tract of land of some tzn or twelve 
acres in extent, has recently been provided with an 
electric light plant, the arrangement of which was 





designed and supervised by Mr. C. J. H. Woodbury, 
the consulting engineer of the hospital. The con- 
ditions and limitations covering this plant were 
exacting, as it was necessary that the station should 
be placed convenient to the boilers, and also as near 
as —— to the centre of electric distribution, 
and that the operation of the system should not 
cause any annoyance to the patients. 

In fulfilling these conditions, the apparatus was 
placed very nearly in the centre of the property, 
being located in a portion of a building formerly 
used as a coal pocket and which extends about 6 ft. 
below the ground and 10 ft. above it. As is well 
known, a large portion of the city of Boston is formed 
by artificial filling, extending out into the harbour 
and the rivers by which the city is surrounded. 
This coal house is directly over the natural shore, in 
a place used as a dump many years ago, the bottom 
of the cellar being only about 2 ft. above high-water 
mark. The conditions of the structure prevented the 
driving of piles, and therefore a suitable and inde- 
pendent foundation for the engines was obtained 
by digging down through this artificial filling and 
the harbour mud until a clay stratum was reached, 
upon which stone masonry was laid in cement for 
12 ft. Above this was laid 2 ft. of concrete, which 
extended 1 ft. beyond the edges of the brick foun- 
dations of the engines. 

The engines, which are of the well-known West- 
inghouse type, are two in number. One has cy- 
linders 94 in. in diameter, by 9 in. stroke, and runs 
at 360 revolutions per minute, with 65lb. boiler 
pressure, giving 37 horse-power ; the other has cy- 
linders 8$in. in diameter by 8 in. stroke, and at 
355 revolutions, with 65 lb. pressure, gives 26 horse- 
power. These engines work in connection with the 
steam-heating plant of the hospital, as the steam 
generated by the boilers for that purpose is di- 
minished by a reducing valve to 6 1b. pressure. 
The steam exhaust from the engines passes through 
a grease extractor, and being relieved from this 
foreign matter, passes into the steam heating 
system at a point beyond the reducing valve, the 
engines answering as the equivalent of the reducing 
valve. If this steam is not needed for heating or 
cooking purposes, it passes out through the exhaust 
pipe which leads up to the top of the chimney 
stack, the noise being obviated by an exhaust 
muffler. This arrangement permits the power for 
the electric light system to be produced at a very 
little additional expense during that portion of the 
year when steam is necessary for heating the build- 
ings; and this steam is also used in connection 
with the cooking apparatus in the kitchens. 

The dynamos are of the ‘‘ United States system,” 
and are connected to the engines by link belting, 
the arrangement at the switchboards being such 
that the small or the large, or both engines, can be 
used according to the needs of the building. The 
safety of the whole against placing too much load 
on the apparatus, is arranged for by an automatic 
circuit breaker which will switch out a dynamo 
whenever too much load is placed upon it. 

There are throughout the hospital 586 lights of 
one candle-power and also two Mogul incandescent 
lights of 125 candle-power each, these being placed 
over the operating rooms. The lighting station 
is kept perfectly dry and free from dampness by 
means of a heavy coat of cement laid on both 
the inside and the outside of the foundation walls, 
and also under the brick pavement. The appli- 
cation of electric illumination in this hospital 
has given most satisfactory practical results, as 
there is a great proportion of surgical cases here, 
in the examination of which the electric lights are 
of great value, and the use of lights protected 
by netting and connected to flexible conductors, 
enables examinations and operations to be made at 
all times of the night, thus permitting prompt 
action in many cases where it was formerly neces- 
sary to defer the operation until daylight. 

There has never been any gas in the wards 
for fear of the injury to the patients proceeding 
from the vitiation of the air caused by combustion, 
or the possible leakage of the gas, the only artificial 
light previously used being lamps, and those only 
when absolutely essential. 





ELECTRICITY ON THE EIFFEL 
TOWER. 
THE majority of persons who admire the colossal 
stature of the Eiffel Tower, who are astonished at its 
height, at the mass of iron which has entered into 
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its construction, and at the intellectual and material 
efforts which were necessary to the design and the 
realisation of such a great and original scheme, con- 
fine their wonder to what stands before them, 
astonishing them by its height and its proportions. 
But there are very few, certainly, who have any idea 
of the number and the complexity of the auxiliary 
services which the great work has involved ; it is 
true that all these are absorbed in the striking 
reality of the principal work, yet, nevertheless, the 
supplementary labours were attended with great 
difficulties, and reflect the highest honour on those 
engineers to whom they were intrusted. Amongst 
these auxiliary services that of the electric installa- 
tions is certainly the most interesting, and in con- 
fiding it to MM. Sautter, Lemonnier, and Co., 
M. Eiffel knew that he was placing the weighty 
responsibility in thoroughly reliable hands. From 
the following article our readers will be able to 
judge of the importance of the work carried out by 
this eminent firm. 

The electric installations of the Eiffel Tower may 
be separated into three distinct groups: 1. The great 
lighthouse which crowns the edifice ; 2. The two 
projectors placed on the fourth platform; 3. The 
various lamps lighting different parts of the 
tower. We will take each of these three installa- 
tions in its proper order. 

1. The Lighthouse of the Eiffel Tower.—Light- 
house illumination is one of the branches of the 
great establishmentof MM. Sautter, Lemonnier, and 
Co. ; the firm was, in fact, one of the first to under- 
take work of this class, for their house was founded in 
1825 by the French optician Soleil for the construc- 
tion of lenticular lighthouse apparatus, which Au- 
gustin Fresnel had then recently invented, and 
the greater number of lighthouses on this system 
which are now in use, have been constructed by 
them ; from the time their house was founded up 
to the present date, they have completed no less 
than 2061 such installations. It followed, there- 
fore, almost as a matter of course, that they were 
intrusted with the construction of the great signal 
light for the Eiffel Tower. The establishment of a 
beam of immense power at the extreme summit of 
the 300-metre column was obviously a necessity ; 
it was impossible to imagine the immense structure 
making no visible sign of its existence in the dark- 
ness. Some people have irreverently compared the 
tower to a gigantic candlestick, and the comparison 
is not altogether without excuse; all the more 
reason was there, therefore, that the light should 
burn brilliantly at its summit. This light was not 
intended to be seen from the foot of the tower, and 
there is no cause for surprise at the comparative 
indifference with which the night visitors to the 
Champ de Mars regard it, absorbed as they are 
moreover by the effect of the luminous fountains 
and the beautiful illuminations in the grounds. 
The object of the designers of the light at the 
summit of the tower was to produce a beam visible 
from a distance of 1500 metres from the axis of the 
structure, as far as the horizon, and of an intensity 
approximately equal at the varying distances at 
which the observers may be stationed. 

To really appreciate the beauty of the light, we 
would advise visitors (speaking from personal ex- 
perience) to go to the summit of the heights of 
Montmartre on a clear night. From the foot of the 
church of the Sacré Coeur, Paris is seen sparkling 
with a million lights, and to the right rises the 
gigantic tower, the beam from which streams across 
the sky like a splendid meteor. The spectacle is a 
striking one, and well repays the visitor for the 
trouble and fatigue of climbing up the slopes and 
mounting the staircases of the Buttes. The elec- 
tric light of the tower belongs to the category of 
ordinary lighthouse lights wita a dioptric drum 
23.62 in. interior diameter, and of the type adopted 
by the French Administration, only modified, as we 
shall presently see, in order to render the light visible 
1500 m. from the foot of the tower. Fig. 1, which 
represents the summit of the edifice, indicates also 
the general arrangements and the space allotted to 
the installation ; Fig. 2 shows the details of the 
optical system and of the lamp. The luminous 
centre is in the axis of the principal ring ; it was not 
considered advisable to extend the projector much 
beyond this, the continuous current giving the 
maximum of light at an angle of 40 deg. below the 
horizontal ; the apparatus throws the light to 
the horizon, concentrating it within an angle of 
about 1.5 deg. Five catadioptric prisms extend the 
drum in its lower part, and itis here that the modi- 
fication above referred to has been made; the 





object was to allow the beam to be seen at a dis- | 
tance of 1500 metres from the foot of the tower, the 
prisms having been calculated in such a way as to 
project the light atan angle of about 12 deg. below | 
the horizontal. This arrangement of prisms, of so | 
great divergence, which was really necessary on | 
account of the altitude of the light, has been em- | 
ployed here for the first time ; indeed it would be | 
without any object for ordinary purposes, as mari- | 
time lighthouses throw the totality of their beams 
to the horizon. This great angle of dispersion of 
the rays involved the necessity of special calculation 





troducing resistances into the exciting circuit ; we 
believe that this is the first time that’ an electric 
motor has been used for driving a lighthouse light. 
A number of lateral guide wheels are introduced 
to neutralise the effect of oscillations in the tower 
on the rotating movement. 

The luminous intensity of this great beam is equal 
to about 55,000 candles; that is to say, that its 
intensity is equal to that which would be produced 
by 5500 carcel lamps. The amplifying power of the 
dioptric drum is thirteen, so that the intensity of 
the light projected towards the horizon is magnified 




































A Fg. eitte 30 : 
~---= == -=—- Public aah 


{= myo 


\ 


ae 


Promenade 44 
Stalls.....20 
Figaro ....30 >170 
Various ..36 
---~ Staircases 40 


Kiosques 28 
--- Restaura* sof'%8 ‘ 





—1 9362 © eae 


and fashioning, for the five catadioptric prisms. The 
optical arrangement which we have described con- 
stitutes a fixed light, that is to say, a beam lighting 
equally over the whole circumference. The flashes 
are obtained by means of vertical plano-convex 
lenses, the full height of the apparatus, and which 
concentrate the light by increasing its intensity in 
the proportion of one to 7.68, that is to say, by 
making it eight times more powerful. The optical 
part of the installation is fixed on a revolving 
drum, which makes one complete turn in 
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thirteen times, and is therefore equal to about 
700,000 candles. In the catadioptric rings the 
light is distributed unequally in such a way that 
the various portions receive a stronger and stronger 
light as the distance of the beam from the foot of 
the tower increases. It is in this way that the 





90 seconds ; the flashes have each of them a dura- 
tion of 3 seconds, and their total period is equal to 
two-thirds of the time of one revolution. The 
movement of the drum is produced by a small 


electric motor placed above the apparatus, and_ 


which operates, by means of a pinion, a toothed 
wheel fixed on the movable drum. The small 
amount of energy required to drive the motor (half | 
an ampére and 50 volts) is taken direct from the | 
lamp circuit ; only asmall power is required for this | 
work because the revolving portion turns on a steel | 
_ with very little friction, and variations in 
the movement of the drum can be effected by in- | 


lower part of the first ring commences to throw a 
light at a distance of 1500 metres, taking in the 
Pont de Grenelle, La Muette, the Avenue des 
Champs Elysées, the Esplanade des Invalides, &c., 
and gives during the flashes a brilliancy of 24,000 
carcels ; at 1600 metres distant the intensity is 
50,000 carcels, at 1900 metres it is 64,000, at 2200 
metres it rises to 86,000, and at 4100 metres to 
99,000. 

The range of the light in clear weather should be 
127 miles, with 9 maximum intensity of 500,000 
carcels, but the curvature of the earth greatly 


























JUNE 21, 18809. ] ENGINEERING. 


793 























PROJECTORS AT THE PARIS EXHIBITION. 





7 





ant : =. 
ae 


WM | ‘ 
| 














Fic, 4. MANGEIN PROJECTORS ON THE EIFFEL TOWER. 


limits the range. At a level of 330 metres above that there were no intermediate obstacles. From 
the sea, which is the height of the lantern of the | careful observations which have been made the 
tower, the geographical limit is only 70.2 kilometres; | Eiffel Tower light is visible from the following 
taking the effect of refraction into account which | places: Chartres, 75 kilometres; Fontainebleau, 
flattens the rays, an observer placed at a height of | 60 kilometres; Beauvais, 66 kilometres; Orleans, 
300 metres could see the beam at a maximum dis- | 112 kilometres (from the top of the cathedral). 
tance of 141.2 kilometres, of course assuming | One observation has been reported at Bar-sur-Aube, 








a distance of 190 kilometres, but this is clearly 
impossible on account of the hills surrounding 
the town; in any case it may be stated with- 
out fear of contradiction that the signal light 
of the Eiffel Tower, on account of its position 
and its power hasagreater range than any other signal 
light in existence. The lamp employed is an electric 
régulator of a mixed type, either automatic or 
worked by hand, fed by a current of 100 ampéres 
and 70 volts ; this lamp is regulated from the lower 
part of the projector, three screwed rods controlled 
by a handwheel and gearing allowing it to be raised 
or lowered. The adjustment of the voltaic are is 
secured by a total reflection prismatic lens fixed to 
coincide with the optical axis of the drum. The image 
of the carbons is reflected on a screen conveniently 
arranged for the inspection of the person in charge 
of the apparatus. A mark on the screen makes it 
easy to bring the reflected image exactly to the 
desired point, that is to say to the axis of the re- 
flector. The carbons burned in the lamp are 1.18 in. 
in diameter, and they last for six hours. The 
coloured flashes are produced by two coloured glass 
screens placed in front of the vertical lenses ; they 
succeed each other in the following order: red 
flash, white flash, blue flash, fixed white beam, red 
flash, &c. 

2. Projectors.--Two projectors, placed on the 
Eiffel Tower below the platform of the great signal, 
supply the means by which the two long rays of 
electric light, now so familiar to every one in Paris, 
are thrown towards the horizon. These projectors 
are on the system devised by Colonel Mangin, who 
died about two years since. It may be of interest 
to refer briefly to the principles on which the work- 
ing of this apparatus depends. The first projectors 
employed were parabolic mirrors, which, in a geo- 
metrical point of view, afforded acomplete solution 
to the problem of making the ray from a luminous 
centre parallel. Unfortunately practical difticulties 
stood in the way of the adoption of this com- 
plete and simple theory, the difficulties of pro- 
ducing, either in glass or in metal, surfaces of 
geometrical accuracy. The obstacles in fact were so 
great that the use of parabolic reflectors had to be 
abandoned, and this led Colonel Mangin, then a 
military engineer, to endeavour to obtain parallel 
reflected rays by means of surfaces more easily 
obtained. Ultimately he produced the mirror 
which bears his name with two spherical surfaces, 
exerior and interior, of which the degrees of curva- 
ture were carefully calculated, taking into account 
the index of refraction of glass, in such a way that 
the reflected and refracted rays are projected 
parallel to the axis of the mirror. Without entering 
into detail we may refer to the diagram, Fig. 6, 
to show how the parallelism of the rays is obtained. 
This simple and ingenious solution gave a rapid 
impulse to the employment of projectors, and since 
1878 their application to the art of war has become 
almost universal. In France, where the invention 
had its birth and where it was developed, MM. 
Sautter, Lemonnier, and Co. have constructed for 
the fortress department and for the French Navy, a 
large number of projectors of different types ; they 
have also supplied a considerable quantity to foreign 
nations. Those which are placed on the fourth 
platform of the Eiffel Tower, upon the balcony that 
surrounds the office and laboratory of M. Eiffel, are 
of the 35.43 in. type, such as are made for French 
harbour defence. They are two in number mounted 
on a base provided with wheels which allow them to 
travel rapidly on a small Decauville railway. 
Fig. 4, which is engraved from a photograph taken 
from the summit of the tower, shows the actual 
installation. A special feature in their construction 
is that they can be inclined so as to project the 
electric beam at an angle of 45 deg., to light up 
near objects such as the monumental fountain, the 
central dome, &c. The lamp is of the mixed 
Sautter-Lemonnier type, and works with a normal 
current of 100 amperes. The divergence of the 
beam is obtained simply by shifting the luminous 
centre of the lamp. Under favourable conditions 
of observation, and by means of a good night glass, 
it is possible to distinguish the details of objects 
lighted by the beam, at a distance of four or five 
miles. All the public monuments of Paris are 
clearly visible, and the navigation on the Seine is 
quite brilliantly lighted up when the beam is turned 
upon the river ; only a few nights ago the light was 
used to good advantage by enabling men to work in 
unloading a damaged barge that was threatening to 
sink and block the channel. The beam from these 
projectors turned upon the observatory of Meudon, 
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has enabled M. Janssen to make a series of inte- 
resting spectroscopic observations. 

It is known that amongst the lines visible in the 
solar spectrum a certain number are peculiar to the 
solar atmosphere, whilst the presence of others can 
be traced to the atmosphere of our earth, but it is 
difficult to establish all the actual distinctions ; one 
solution consists in taking observations at as great 
a height as it is possible to reach. It was in this 
direction that M. Janssen, in spite of his advanced 
age, made last year a number of remarkable ex- 

eriments ; he caused himself to be assisted up 
Mont Blanc under the shelter of the Grands Mulets, 
and from the experiments he made there, concluded 
that all the oxygen lines in the spectrum are due 
to the atmosphere. Now he has calculated that 
the distance from the top of the Eiffel Tower to the 
observatory at Meudon (7200 metres) is approxi- 
mately equal to the height of the terrestrial atmo- 
sphere if its density was constant. The number of 
molecules of air encountered by the beam thrown 
from the projector would, therefore, be about the 
same as that of the molecules encountered by a 
solar ray; the disturbing influence due to the 
terrestrial atmosphere should therefore be about 
the same in both cases. This is the principle of 
the experiments from which M. Janssen has de- 
duced a striking confirmation of the theories which 
he had previously announced. It is satisfactory to 
see that an instrument, which, like the Mangin 
projector, is devoted: almost wholly to military 
purposes, can be converted in the hands of a 
physicist into a pacific weapon, a willing servant to 
scientific inquiry. 

If for a moment the reader will permit us to turn 
our back upon the Eiffel Tower and to which we will 
return directly, we will ask him to admire with us, in 
the central exhibit of Messrs. Sautter, Lemonnier, 
and Co., and placed in the middle of the Machinery 
Hall, an enormous projector 56 in. in diameter, 
and of which one can say that it is the Eiffel Tower 
amongst all other constructions of a similar kind. 
Hitherto, indeed, the largest projector of this type 
which has been made has been less than 24 in. in 
diameter. Such an increase in size is attended with 
difficulties almost impossible to over-estimate, espe- 
cially those connected with the construction of the 
mirror, for the problem was not to make aspherical 
mirror but one that should be aplanatic, in which 
the aberration due to sphericity should be wholly 
avoided. 

All the parallel rays of light reflecting on this 
large surface converge almost in a mathematical 
point, which is not more than one millimetre in dia- 
meter. The production of the glass was intrusted 
to the St. Gobain Works, and it was only after 
many failures that the large block was obtained 
without air bubbles, cracks, or other faults. The 
cutting of the mirror, which was executed in the 
works of MM. Sautter, Lemonnier, and Co., was 
found to be very difficult in the commencement, 
and it involved the necessity of a special and very 
perfectly arranged plant ; no one who has not had 
the special experience can imagine how difficult 
it is to obtain surfaces mathematically exact and 
conforming absolutely to data obtained by calcula- 
tion. The amplifying power of this great projector 
is enormous, being 5625 for a lamp of 150 ampéres, 
and giving from 10,000 to 11,000 carcels ; the in- 
tensity of the beam projected from this lamp would 
be therefore from 50,000,000 to 60,000,000 of 
carcels, or from eight to ten times the intensity 
given by the projectors that are placed upon the 
tower. Ata distance of 100 metres from the pro- 
jector the intensity is equal to that of the sun, 
assuming the calculation to be correct that the solar 
energy is equal to that which would be given out by 
a lamp of 6000 carcels upon a surface placed at 
one metre distance. The bean being equal to 
60,000,000 of carcels at one metre of distance, 
at 100 metres away the whole area lighted by 
the beam would receive as much as the sun could 
give when shining with its full force. But it is 
impossible for the eye to’ judge the values of 
these great luminous intensities, and it is for this 
reason very difficult to compare the values of two 
beams thrown by the Mangin projectors. In look- 
ing at the side of the beam the spectator only dis- 
tinguishes a stream of light of comparatively low 
intensity ; in looking at it direct the eyes are blinded. 
For this reason we should not be surprised if the 
effect of the beam thrown by the monster projector 
does not fulfil apparently all that is expected of it. 
Tt is as difficult for the eye to appreciate such great 


intensities, as it is to gauge the height of the Eiffel 


Tower when remaining within the limits of the 
Exhibition and trying to compare it with surround- 
ing buildings. It will be only at great distances 
when the beam is thrown upon objects very far 
away that the great power of the Mangin projector 
can be appreciated. One element of great im- 
portance which the eye fails to appreciate is the 
optical perfection of the reflector. The spherical 
aberration of a spherical mirror of 56 in. in dia- 
meter and of the same focal distance, would be 
such that at a comparatively short distance the re- 
flected light would disappear, diffused and scattered 
in all directions ; at a distance of some hundreds of 
metres from the projector it would be quite impos- 
sible to appreciate any difference whatever between 
two beams, one projected from an ordinary concave 
mirror the other of an aplanatic mirror; the diffi- 
culty would be almost as great as to appreciate the 
depth of a limpid and transparent lake, of which 
the bottom was visible. Before leaving the prin- 
cipal exhibit of MM. Sautter, Lemonnier, and Co. 
in the Machinery Hall, we may mention the light- 
house which crowns their collection ; it is an oil 
light of the second order in the focus of which an 
electric lamp of 60 ampéres has been placed. 
Although the construction of electric lighthouse 
apparatus is much more difficult and requires to be 
much more precise than that for oil lights, the 
arrangement of the prisms in this apparatus is so 
excellent that the effect produced is very satis- 
factory. The machinery for turning the light is 
placed in the base, and the appearance of the illu- 
mination is that of a fixed light with white flashes, 

3. The Incandescence Lighting on the Tower.— 
Besides the rows of gas lamps that at night line out 
the various platforms of the tower and the great 
arches beneath the first story, the restaurants and 
kiosks, the staircases, the offices and the printing 
establishment of the Figaro, the public promenades, 
and M. Eiffel’s laboratory are lighted by 300 incan- 
descence lamps, the arrangement of which is indi- 
cated in the sketch, Fig. 5, page 702. 

4. The Production of the Current.—The small 
electric installation that furnishes the current to 
the lighthouse, the projectors and the incandes- 
cence lamps, is placed in the southern pier of the 
tower. A Piloy two-cylinder compound engine of 
35 horse-power nominal, but which works to 
70 horse-power, furnishes the power ; it drives a 
very light six-pole dynamo of the so-called marine 
type, supplying 600 ampéres at 80 volts, and ata 
speed of 850 revolutions ; the dynamo is driven by 
a belt. Six cables carried upon porcelain insulators 
lead the current to the upper platform, two being 
required for the lighthouse and two for each of the 
projectors ; six other conductors serve for the in- 
candescence lighting, The means employed for 
regulating the dynamo and the motor are practically 
perfect, and even when the current from the light- 
house and the projectors is shut off, thé effect on 
the incandescence lamps is not appreciable. A 
second somewhat similar installation will soon be 
added to the one now in operation, raising the total 
value of the current available for the tower to 
1200 ampéres, or 130 electrical horse-power. The 
whole of this installation reflects the greatest credit 
on MM. Sautter, Lemonnier, and Co., and it should 
be remarked that they alone, of all the numerous 
sub-contractors employed by M. Eiffel, were ready 
on the day that the Exhibition was opened, and 
this in spite of the great difficulties connected 
with the lifting and erecting such delicate pieces 
as those of which the lighthouse and the projectors 
are composed. What added to the difficulty was 
that the erecting cranes having been removed, 
everything had to be carried up by hand. The 
result obtained is all the more remarkable since the 
order for the installation was only given out on 
February 20 last, whilst the other contracts had 
been settled eighteen months previously. Certainly 
the work would not have been so well and rapidly 
executed were it not forthe admirable organisation 
in the works of MM. Sautter, Lemonnier, and Co. ; 
but it would be superflous to speak in praise of this 
famous establishment. 





Tue Puysicat Socrety— Errata.—In our report of the 
meeting of the Physical Society in our issue of the 7th 
instant, the word “volumes” in Professor Rucker’s re- 
marks on the Rev. T. Pelham Dale’s paper, should be 
“densities,” and the report should therefore read: ‘‘ Pro- 
fessor Rucker thought the results pointed towards some 
relation between the densities of the molecules of different 
elements, and at the close of the meeting announced that 





on working out the relation he found the relative densities 
to be a series of numbers in geometrical progression.” 


NOTES. 
ProposeD ExHIBITION oF ELEcTRICAL ENGINEER- 
ING IN EDINBURGH. 

A proposaL has been made to hold an exhibition 
of electrical engineering and mechanical inventions 
in the capital of Scotland next year, and the in- 
fluential support promised to the scheme augurs 
well for its financial success, while the scientists 
and engineers associated with it guarantee, in a 
great measure, that the Exhibition will be worthy 
of the rapid development of electrical practice, 
which it is intended to illustrate. Every exhibi- 
tion is associated to a more or less extent with a 
great passing event or with the celebration of past 
memorable occasions, and the promotors of this 
scheme have decided on the year 1890, as it is likely 
to see the completion of one of the greatest under- 
takings in a branch of civil engineering, in the 
opening for railway traftic of the Forth Bridge. The 
claims of the Exhibition were laid before the Lord 
Provost, magistrates, and councillors of the city of 
Edinburgh on Tuesday with the view of securing 
their support, and the idea was very favourably 
received. A memorandum in favour of the 
Exhibition has been prepared and has been 
signed by such men as Professors Armstrong, 
Crum-Brown, and Chrystal, Mr. B. Hall Blyth, 
C.E., Mr. Arrol, of the Forth Bridge Works, Mr. 
Brown, of the well-known firm of electricians, 
King, Brown, and Co., and others, while Professor 
Tait and Lord Kingsburgh have agreed to become 
exhibitors. The memorandum refers to the rapid 
strides which electricity is making and speaks of 
the appropriateness of such a combination as elec- 
trical engineering and mechanical inventions. 
Looking to the assistance and support offered by 
probable exhibitors it is likely that the anti- 
cipations of success will be realised. Already 
the site is practically fixed upon, and it is suf- 
ficient in area to allow of those outside attrac- 
tions, which tend so much to insure financial 
success, while steps are being taken for the forma- 
tion of an association of guarantors under the Joint 
Stock Companies Acts. That no other exhibition 
is announced for next year is looked upon as a dis- 
tinct advantage, and the success of those held at 
Edinburgh and Glasgow lately is regarded as show- 
ing that public sentiment favours such undertakings. 


An OrFictaL STANDARDISING LABORATORY. 

On Wednesday last a combined deputation of the 
Institution of Electrical Engineers and of the Elec- 
trical Section of the London Chamber of Commerce 
waited upon the President of the Board of Trade to 
impress upon him the immediate necessity of the 
establishment of a Governmentstandardising labora- 
tory. The speakers were Lord Rayleigh, Sir William 
Thomson, Sir Vincent Barrington, and Mr. Cromp- 
ton. In different ways they pointed out that accord- 
ing to the Electric Lighting Act and the Model 
Provisional Order which is being framed, customers 
of supply companies were entitled to be charged 
according to meter, and that for the charge to be 
capable of being legally enforced, the meter must 
be ‘‘certified.” But there is no means provided by 
which a meter can be certified, and consequently 
the companies might find themselves unable to 
maintain their claims against their customers in a 
court of law. At present there are several com- 
panies in London pushing on their works with all 
possible speed, and there is the prospect that 
several hundred meters will be wanted in the 
course of next winter. Already the French and 
German Governments have provided facilities 
for the examination and certification of elec- 
trical instruments, and apparatus bearing the 
official indorsement fetches a better price in the 
Continental market than non-attested apparatus. 
On a very careful estimate it is calculated that the 
necessary apparatus, apart from buildings, to fulfil 
all present needs in this country, would cost, about 
4000/., and that the fees obtainable would cover 
the interest on this amount, besides partly defray- 
ing other expenses. The President of the Board 
of Trade made a guarded reply to the deputation, 
adding that if, on consideration, he admitted the 
necessity of an electric standardising department, 
there would still be the Treasury to be dealt with. 
It is, however, quite certain that both the Board of 
Trade and the Treasury will have to concede at 
least a part of the claims of the deputation before 
long. There is no better recognised duty of 
Government than to im a standard on buyer 
and seller, a matter which has been regarded as a 





royal prerogative since time immemorial. The in- 
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troduction of gas added a fresh form of measuring 
apparatus to those already sanctioned by Govern- 
ment, and now the spread of the electric light 
demands another. It is absolutely certain that the 
Board of Trade will have to take the matter up, 
and the sooner it stirs in the affair the better. 


STEAMERS FOR THE CASPIAN. 

According to telegrams from Azoun Ada, the 
Caspian outlet of the Transcaspian Railway, the 
quantity of goods conveyed during the winter from 
Bokara, awaiting despatch to the River Volga, 
amounts to three times the total of the correspond- 
ing period of last year. In view of this rapid 
growth of the Central Asian trade the Caucasus and 
Mercury Company has already ordered five new 
steamers for its Caspian service, and these will 
arrive as soon as the opening of the navigation 
allows vessels to be sent through the canal system 
from the Neva to the Volga. Besides the Caucasus 
and Mercury Company, several other companies are 
adding one or two steamers this year to the Caspian 
shipping, while, as usual, some ten or twelve tank 
steamers are to be added for the petroleum trade. 
These, however, will belong to the Baku refiners, 
not to the transport companies, who cater mainly 
for the trade between Russia on the one hand and 
Persia and Central Asia on the other. This over- 
sea trade yearly assumes greater dimensions, and a 
large growth in particular is expected this year, in 
consequence of the new policy adopted by the Rus- 
sian Government for drawing to the Caspian routes 
Persian trade that formerly traversed the Persian 
highways. For instance, goods from Meshed and 
Teheran, and vice versd, have hitherto been conveyed 
by caravans along the road running vid Shahrood. 
By anew arrangement they can be now sent from 
Meshed to Askabad, where Russian transport 
agents take charge of them, convey them by rail- 
way to Azoun Ada, and from Azoun Ada by steamer 
to the Persian port Enzeli, whence the distance by 
road to Teheran is only 200 miles, instead of nearly 
1000 miles by the longer caravan route. To en- 
courage this trade (the Russians have, of course, 
political as well as commercial objects in view) the 
goods are carried at very low rates, and no duty is 
imposed. While Persian trade is rapidly increas- 
ing, the traffic to and from the Transcaspian terri- 
tory is growing very large. To take one item alone ; 
all the fuel used on the 1000 miles of railway com- 
posing the Transcaspian line, as well as the fuel 
used in the Oxus steamers, and the factories the 


Russians are rearing in Central Asia, has to be sent | P® 


from Baku, and this will amount to 2,000,000 tons 
of oil refuse this year. From Turkestan in return 
come large quantities of cotton, silk, carpets, 
fleeces, and Aral fish. Thousands of tons of the 
latter are sent to the Volga yearly, and the Caspian 
steamers thus cater for a large and substantial 
trade. 








PARIS EXHIBITION NOTES. 

On Friday last the Pavilion of Brazil was officially 
opened to the public, M. Carnot assisting at the cere- 
mony. The building, which has been already described 
in our pages, was designed by the Paris architect, 
M. Dauvergne, and it comprises a central pavilion 
containing natural and manufactured products ; con- 
servatories, gardens, and terraces filled with Brazilian 
plants and flowers ; a tasting pavilion especially for 
coffee and maté, a small lake, and the pavilion of the 
Amazon; about 1600 exhibitors are in this egy 
which has been organised by a Franco-Brazilian syn- 
dicate. 

* * * 

The avenue along which the Decauville Railway runs, 
between the Esplanade des Invalides and the Champ 
de Mars, is so narrow that passengers have to be 
cautioned against extending their heads beyond the 
carriages; warnings to this effect, printed in large 
characters and in many tongues, are posted along the 
line of route; the caution in English, however, ‘‘ Take 
care of the trees,” seems to suggest a greater solici- 
tude for the avenue than it does for the passengers, 


* * * 


The programme which has been prepared by the 
Ingenieurs Civils of Paris, for the reception of the 
American visitors, is a very satisfactory one, and will 
certainly complete the triumphant success that has 
attended the undertaking from the day on which the 
party landed in Liverpool. The visitors arrived in 

aris yesterday evening, and this afternoon they 
will attend a reception given in their honour at the 
Pavilion of the British Executive Committee on the 
Champ de Mars; we believe we are justified in predict- 
ing that this reception will be particularly gratifying 
to the visitors as a special attention paid them on their 








arrival. The French programme commences to-morrow 
morning at ten hed with a general reception in the 
Exhibition by the Ingenieurs Civils, followed by a 
déjeuner on the first story of the Eiffel Tower, a sub- 
sequent ascent to the summit, and different visits to 
the Exhibition. On Monday morning at nine o’clock 
the sewers of Paris will be visited and various works 
will be thrown open, amongst others those of the 
General Paris Omnibus Company. On the 25th the 
party will again be taken over the Exhibition in 
the morning, and in the afternoon they will go to the 
Conservatoire, the Hétel des Invalides, and the Jardin 
des Plantes. On the 26th of June the Hotel de Ville 
and the Musée de Cluny will be visited in the morn- 
ing, and in the afternoon the American guests will be 
conducted over the Bibliotheque Nationale, the Ecole 
des Mines, and the factory at Sevres. Altogether 
there is no reason to doubt that the visitors will be 
delighted with their reception in Paris, and will take 
away with them many pleasant souvenirs of their stay 
there, 
* * * 

Assuredly one of the most interesting excursions 
made by the American engineers during their stay in 
Paris will be that of a party of fifty to visit the works 
of the Compressed Air Company. The date selected 
for this visit is Monday, the 24th inst., a day devoted 
to the inspection of miscellaneous works. The party 
will be conducted to the Rue Saint Fargeau, which 
they will reach at two o’clock ; on their arrival they 
will be shown over the works, inspect the different 
classes of engines and compressors, the methods of 
storage and distribution, and a number of interestin 
details which have been carried into practice. Sever 
applications of compressed air will be illustrated here ; 
the production of intense heat as applied to a crema- 
tory furnace in which the carcase of a sheep will be 
cremated ; the production of intense cold as applied to 
refrigerating chambers, in which meat has been pre- 
served for many months, and the corpse of an unfor- 
tunate fellow-creature has been reposing peacefully 
since last winter, converted into a block of icy marble. 
On leaving the works the party will be conducted to 
one of the principal central pneumatic clock stations, 
and afterwards they will be shown various industrial 
applications of compressed air for the production of 
mechanical power, finishing with the electric light 
station of the Eden Theatre. The party will after- 
wards be entertained at dinner by M. Popp, at his 
house in the Rue d’Aumale. We may add here 
that M. Decauville will be glad to receive any of the 
American visitors interested in his railway system, at 
his works at Petit-Bourg. 

* 


* * 


The Vieille Montagne Company have erected a 
vilion to contain their exhibits in the space between 
the Industrial Court and the Avenue de la Bourdon- 
nais, the facade of which is covered throughout with 
zinc plates, stamped into decorative forms, and in 
appearance difficult to distinguish from carved stone. 
Stamped zinc has been very largely employed for de- 
coration in many different parts of the buildings on the 
Champ de Mars; most of the ornaments on the central 
entrance is composed of it, as well as a great deal of 
the decoration in the great Central Gallery. Probably, 
however, the finest example of this class of work is 
to be seen outside the Mexican Pavilion, the doors of 
which are still closed to the public. 
* * 


* 


Last Sunday the new public gardens which occupy 
the old site of the Palace of the Tuileries, were opened 
to the public ; the gardens cover more than 12 acres 
and the works carried out in connection with them have 
been very extensive ; about 1000 cube metres of masonry 
—cellars, basements, and foundations of the palace— 
having had to be blasted out. In the course of the 
work an interesting relic of old Paris was discovered, 
a part of the ancient city wall having been laid open. 
It proved.to be the moat of Charles V. which joined 
the Tour de Bois situated near the Pont des Saints- 
Péres at the Porte St. Honoré. 


* * * 


One of the recent attractions at the Exhibition is the 
great Imperial diamond, weighing 180 carats, being 
44 more than the Regent diamond, and 74 carats 
heavier than the Koh-i-noor. This diamond belongs to 
a group of London capitalists, butit is exhibited in the 
French jewellery section in the Industrial Courts. 

* * * 


Many of the class juries have already commenced 
their work, which is being pressed forward with a good 
deal of energy just now. Naturally the French 
members are anxious to get through their labour as 

uickly as possible so as not to be detained in Paris 
psa the dead season ; many of the foreign members, 
however, are still absent, and in some cases the lists 
are far from being complete. In Class 41—Mining 
and Metallurgy—M. Daubrey, the eminent geologist, 
and ex-director of the school of mines, was elected 
president; M. Gillot, a Belgian metallurgist, was 
elected vice-president, M. Martelet is the rapporteur 





of the jury, and M. Boutan the secretary. There was 
a strong desire on the part of the jury that Sir Lowthian 
Bell should be elected vice-president, but in view of 
the fact that the exhibits in this country in Class 41 
are not numerous, and that the Belgian Section have 
ow their pavilion at the disposal of the jury, M. 
tillot was appointed. The jury is divided into three 
sections, the first dealing with precious metals, coal, 
bitumen, &c.; the second division takes iron and 
steel, including ores and refined metals, and the 
third devotes itself to manufactured metallic 
articles. There are about thirteen jurymen in 
each group. The French and Belgian courts will be 
visited before that of England, where the jurors 
of the second division will probably come about the 
fourth of next month; exhibitors in this class there- 
fore cannot be too earnestly recommended to have all 
the information that they wish to lay before the jury 
ready by that date. 
* * * 

Some curious details are published which give an 
idea of the temporary increase in the Paris population 
on account of the Exhibition ; these refer to the amount 
of provisions sold at the markets at Halles, last year 
and this. Taking for example the figures referring to 
the 11th of June, the following results are given : 


June 11, 1888. Junell, 1889, 


ons. Tons. 
Butchers’ meat 109 158.8 
Poultry 29.9 38 
Fish ... as 23.9 37.2 
Vegetables ... 423.4 1051.6 


These figures will tend to show that the number of 
people in Paris on the day in question were more than 
double than the normal population ; but what is very 
singular is that the consumption of butter and of eggs 
is only about one-half of that in 1888. On the other 
hand the sale of charcuterie has increased 50 per cent. 
which will be readily understood by aie the 
crowds of people who take their dinners daily with 
them into the grounds of the Exhibition. 


* * * 


The work of the congresses has commenced in good 
earnest, and during the last week a meeting has been 
held almost every day in the Palace of the Trocadero. 
On Monday last, at 2 o’clock, the congress of archi- 
tects held its first meeting; on Tuesday, at 4, there 
was a conference on Polar explorations ; while at half 
past ten the same morning, at the Palais des Enfants, 
another conference was Sela on the subject of viti- 
culture. On Wednesday, the 19th, at 4 o’clock, the 
subject discussed at a third conference was the situa- 
tion of the French vineyard industry. Yesterday, at 
2 o’clock, was the first meeting of the international 
literary congress, and to-day at 4 will be a conference 
of which Victor Hugo is the subject. The congress 
notices for the week are as follows: From the 15th 
to the 22nd of June the congress on physical exercises 
in education ; from the 17th to the 22nd, the archi- 
tects’ congress ; from the 17th to the 27th, the literary 
congress ; and from the 23rd to the 27th, the peace 
congress, 

* * * 

Amongst the interesting objects in the Retrospective 
Exhibition, Class 4, is a very beautifully made work- 
ing model of an Aveling 6 horse-power road locomotive, 
made by Mr. Stephen H. Terry, of Surbiton; this 
model is on a scale or 14 in. to the foot, and has a 
cylinder 1 in. in diameter and 1.25 in. stroke; the 
steam ——- is 50 lb. to the square inch, and the 
road wheels are geared in the proportion of 1 revolu- 
tion to 9 revolutions of the crank. The weight of the 
engine is 70 lb., and it will pull a load of 3 cwt. at a 
rate of four miles an hour ; the road wheels are fitted 
with Aveling springs, which prevent jarring and _in- 
crease the tractive power. The boilers and cylinders 
are lagged with asbestos millboard, and it is believed 
that this is the first time the material has been used 
for such a purpose, 

* 


” 7” 


In a recent article on the Swiss exhibits we failed to 
make quite clear which were the objects shown by the 
Swiss locomotive and machine works of Winterthur, 
and which were those of the Neuhause Company. The 
former exhibit a compound locomotive of the Mogul 
type, a mountain locomotive for the Briinig Railway, 
worked either by a rack or by simple adhesion, and a 
second mountain engine of a special type for the rail- 
way up Mont Pilate ; a tramway locomotive made b 
the same firm for exhibition could not be sent, as it 
was required for immediate service. The carriage 
attached to the Briinig engine and the carriage for the 
Pilate locomotive were made by the Neuhause Com- 

y- In Class 52 the Winterthur firm show a 120 
orse-power compound engine (Corliss type) for driving 
the shafting in the Swiss Section, a 40 horse-power 
engine, semi-portable 30 horse-power compound engine, 
and a gas motor (Kérting system), together with some 
dynamos, arc lamps, and fittings. 
7. ~ - 


Excepting in some parts of the Exhibition which 
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suggest the vestibule of the Agricultural Hall, it is 
extremely difficult, and in most cases quite impossible, 
to obtain information about the objects exhibited, 
printed information of any kind is conspicuous by its 
absence, and exhibitors are very seldom present to 
afford information. It is to be hoped, for the sake of 
the jury, that more interest may be shown in this 
respect during the next few weeks; the arrangement 
of classification adopted of necessity involves much 
more exertion on the part of the members of the jury 
than the classification carried out in 1878; if to this 
are added difficulties in obtaining information, the 
jury work will become more wearisome and unsatisfac- 
tory than usual, 
* * * 

During the six weeks that followed the opening of 
the Exhibition, 1,000,000 of passengers ervellot on 
the Decauville Railway, which, during those forty-two 
days, earned the gross revenue of 10,000/., or say 2401. 
per day. The total working expenses being 120/. a 
day, gory depreciation allowance, sufficient to 
make good all depreciations, these latter are 50 per 
cent. for the gross receipts. It is not likely that the 
traffic will fall off during the term of the Exhibition, 
and if it does not the earnings of this short length of 
2 ft. gauge railway will exceed 70,000/., and the net 
profits will be at least 35,000/. Of course out of this 
amount a tax will have to be paid to the Exhibition 
authorities, but when this has been done, the profit 
made by the concessionaire will be a very large one, to 
say nothing of the magnificent advertisement. which he 
will have obtained. 

* * * 


Sir Polydore de Keyser has returned to London, and 
is much missed at the Pavilion of British Executive, 
where he has devoted himself for some months past to 
every detail connected with the section. On the even- 
ing before his departure he gave a dinner to such of 
the members of the Executive and of the jury as 
were in Paris, thereby rendering the latter a signal 
service by bringing them intimately together at the 
commencement of their labours. In the course of the 
evening he made the very happy suggestion that the 
members of the jury should form themselves into a 
club, which should continue in existence until the 
whole of the jury work should be completed, and he 
placed his room in the pavilion at their disposal. At 
Sir Polydore’s suggestion Mr. Henry Temple Ellicott, 
of 42, Rue de la Chaussée d’Antin, member of the jury 
of Class 41 —Mining and Metallurgy—was unanimously 
chosen president of the club, and Mr. Aylmer was 
elected secretary. The scheme is a very useful and 
pleasant one, and will enable the British jury to keep 
in touch with each other while their work is going on. 
We may mention that Sir Polydore de Keyser has re- 
linquished his position as member of the superior jury 
in favour of Mr. H. Trueman Wood, 

* * * 


We cannot too strongly emphasise the fact that 
gentlemen who have undertaken the responsibility of 
acting as jurors, have accepted a serious labour which 
they are bound to carry out. We mention this because 
up tothe present time there is a deplorable indifference 
about these duties, shown by a large proportion of the 
jurors, and the British interests that they have under- 
taken to sustain are suffering in consequence. Beyond 
the fact of having accepted office some gentlemen have 
taken no further notice of the applications officially 
made to them, and others have intimated that they 
cannot come to Paris for the present. Meanwhile the 
jury work is being pushed forward with great activit 
in nearly every class, and it is evident that the Frenc 
Executive do not intend to wait the convenience of 
foreign jurors. When the work will be finished, and 
the report sent in with the suggestions for awards, 
British exhibitors will to a large extent feel, with 
some reason, that these reports will be more or less 
favourable to them according to whether the British 
jurors have attended to their work or have neglected it. 

* * * 


Considering the backward condition of the Exhibi- 
tion when it was opened, and how slow the process of 
getting it into a state of readiness has been, the jury 
work would have been most usefully delayed for 
another two or three weeks, Ever now many exhibits 
are not completed, and the catalogues of some sections 
are not published, while exhibitors appear to be for 
the most part quite unprepared with the necessary 
information to lay before the juries. The United States 
Section is, we believe, a brilliant exception to this 
rule, the information for the jury having been system- 
matically prepared, and in readiness some time since. 
We strongly advise British exhibitors to lose no time 
in getting ready everything which they wish to bring 
before the notice of the jury, and in having efficient 
representatives constantly in attendance when the 
jury visit their stands. 

7 x * 


Will the awards be lavishly or sparingly distributed? 
We incline to the opinion that in some form or other 
most of the exhibitors will receive official recognition. 


In the first place, it will be a graceful mark of appre- 
ciation on the part of the French Executive to bestow 
a diploma on every exhibitor who has done something 
to add to the attractions of the Exhibition, and, in the 
second place, it will be an inexpensive distinction, 
since all medals—gold, silver, and bronze—are to be 
represented by printed documents. For our own 
part we regret that the French executive did not 
abandon the imperfect and unsatisfactory system of 
deciding on the respective merits of different exhibits ; 
the plan has been a good one in its time, but the expe- 
rience obtained at Manchester and Glasgow proved 
that both the exhibitors and the public were perfectly 
well satisfied without any form of special examination 
and judgment, 
* * 

This is a point which must often perplex a careful 
and conscientious jury ; how, in making an award to 
distinguish between the exhibitor and the person pro- 
ducing the exhibit. At one end of the scale we have 
the agent who exhibits goods, which are avowedly his 
only by the act of purchase ; at the other end there is 
the exhibitor who shows objects of which the perfec- 
tion and the merit depend largely and perhaps wholly 
upon the skill of his employés. Such extreme cases are 
easy to deal with; it would be as unjust to make an 
award in favour of an agent pure and simple, as itwould 
be to withhold one from the exhibitor who has paid his 
workmen to produce the object which he shows. The 
neutral point between these two extremes is the centre 
of a wide range of debatable ground upon which the 
juror must tread with much hesitation and uncertainty , 

* * * 


Unless the special attention of visitors be called to 
the beautiful collection of Messrs. Webb and Sons, 
of Stourbridge, what are undoubtedly the finest speci- 
mens of glasswork in the Exhibition may pass un- 
noticed ; especially beautiful is their display of sculp- 
tured glass, which combines an extraordinary amount 
of technical skill and art workmanship. Many persons 
may doubt whether the result obtained is commen- 
surate with the great pains and labour involved in 
producing it. In general terms the process followed 
in producing this work is as follows: A vase or 
such other object as is to be made is formed by 
fusing together a number of thin layers of glass 
of different colours, these colours being selected of 
course with due regard to the effect of the finished 
work, This preliminary stage having been accom- 
dlished—and it demands the exercise of the glass- 
lower’s highest art—the pattern is traced upon the 
surface of the vase, and with suitable cutters the thick- 
nesses of glass are ground away to a greater or lesser 
depth. The first stage of the engraving process is 
succeeded by a number of others which have for their 
object the gradual bringing into relief all the different 
colours embedded in the vase. The effect of the finished 
work is, as may be imagined, very beautiful, but the 
process is slow and of course extremely costly. 

* * * 


In the Belgian Section of the Machinery Gallery 
there is displayed an extremely ingenious forin of fric- 
tion pulley ; the spaces between the arms of an ordinary 
pulley are filled in with wood, on the inner surface of 
which are closely inserted short lengths of steel wire, 
forming together. a strong and stiff brush ; this pulley 
runs loose on the shaft, and in contact with the brushes 
is a face-plate provided with teeth; by means of an 
adjusting nut at the back of the pulley, the brushes on 
the latter can be brought into more or less intimate 
contact with the teeth upon the face-plate, which is 
fast on the shaft. By this arrangement almost any 
amount of friction between the two surfaces can be 
obtained, and the exhibitor has devised an ingenious 
method of illustrating the practical utility of his inven- 
tion by driving multiplying gear which is used tocom- 

ress a strong spiral spring. He also exhibits a 
antastic application of the same system for arresting 
railway trains. The idea is not a new one, and we 
believe that for certain purposes of transmission it 
works very satisfactorily. 


* * * 

We are pleased to notice that the police on duty at 
the Exhibition take prompt action, and are not too 
tender in their treatment of those dishonest persons 
who attempt to evade the law and appropriate what 
does not belong to them by the surreptitious use of the 
detective camera, The regulations on this subject are so 
clear and so liberal that no person who wishes to take 
photographs within the Exhibition need have the least 
difficulty in doing so provided that he takes the proper 
course. If he does not he can only be classed amongst 
the tribe of pickpockets, and richly deserves to be 
treated omar. 

* * * 

Visitors to the Machinery Hall should examine the 
two extremely ingenious machines for making wood 
screws exhibited by the American Screw Company, of 
Providence, Rhode Island. In the first of these machines 
the steel wire, which is taken off a reel, is passed 





through a forging machine that cuts the blank to the 





proper length, points it, forges the enlarged head, and 
swages the slot, which does not extend across the head, 
but it stops short of the edges, an arrangement which 
strengthens the head and prevents it from splitting. 
The blanks thus formed are thrown into the hopper 
of the second machine, which is provided with an 
extremely ingenious feed, consisting of two plates 
placed parallel, and at such a distance apart as to 
allow the body of the blank to pass freely ; these plates 
are placed vertically in the hopper and have arising and 
falling motion given them, the top edges of the plates 
being cut at an angle. As the feed is withdrawn to 
the bottom of the hopper a number of the blanks slide 
into it, and hang vertically upon the wy inclined sur- 
face; as the feed rises these blanks are lifted with it, 
and when the top of the stroke is reached they slip 
down an inclined plane, always preserving a vertical 
position; at the bottom of this incline they pass 
one by one between long parallel dies, the surfaces 
of which are cut to a proper contour for forming 
the threads; a reciprocal motion is given to these 
dies and the blanks are gradually forced along to 
the end, the screw thread being pressed up from the 
body during their progress, When they are discharged 
into the hopper beneath the screws are entirely 
finished, and have a well-formed thread rolled upon 
them, the bottom of which is of the same diameter as 
theshank. The amount of work done by each of the 
"case “es the dies is so slight that the latter can 

e worked for many months at full capacity without 
any renewal of the dies being necessary. 


* * * 


The pavilion of the Paris Telephone Company has 
been opened during the last few days, and will well 
repay the trouble of inspection; it contains a com- 
plete central station, equipped with the newest instru- 
ments, and is kept in full working before the visitors. 
In the evening a number of rooms are thrown open to 
the public, these rooms being in telephonic communi- 
cation with the Opera, the Opéra Comique, and the 
Eden Theatre, 

* * 

At the summit of the Eiffel Tower there is installed 
a series of transmitting meteorographic instruments 
actuated by the variations in barometric pressure, by 
variation of temperature, direction and force of the 
wind, and other influences, and these instruments are 
connected electrically by means of subterranean con- 
ductors from the base of the tower to the Gallerie des 
Instruments de Précision in the Palais des Arts 
Libéraux. Here within the same glass case may be 
seen in actual operation, the records being made of the 
baro and thermo-meteorograph, and of the variations 
in the strength and direction of the wind transmitted 
electrically from a horizontal distance of a quarter of 
a mile, and from a height above the ground of close 
upon a thousand feet, and no better inducement to the 
public to make the ascent could be given than is sup- 
plied by the readings of the various recorders showing 
in torrid and airless galleries of the Exhibition how 
very different are the meteorological conditions ‘‘ up- 
stairs.” An interesting illustration of the perpetual 
freshness and strength of the wind at the top of the 
tower has been presented during the last week by the 

radual destruction of the great flag of the French 

epublic, which has been waving over the gay city 
during the past six weeks. A few days ago the red 
band disappeared altogether, leaving the blue and 
white of another nationality to keep guard over the 
tower, and this week another band has disappeared, 
and the tower is at present surmounted by a red flag, 
to which are attached two streamers, the sole remnants 
of its former upper and lower edges. 








SourH AmgRIcAN Iron On£,—Valuable iron ore mines 
which were recently discovered on the banks of the 
Orinoco are being worked and the product is being shipped 
to Philadelphia. 





Great INDIAN Pentnsuta Rattway.—This vast under- 
taking is steadily increasing in productivity. The capital 
account grows, but not very rapidly, and the profits are 
expanding in a more vigorous ratio. The capital expended 
at the close of 1888 stood at 24,445,196/. as compared 
with 24,148,262/. at the close of 1887, and 23,971,578/. at 
the close of 1886. The revenue acquired in 1888 was 
8,763,762l., as compared with 3,660,018/. in 1887, and 
3,598,6412, in 1886. The working expenses in 1888 were 
1,767,358/., in 1888, as compared with 1,714,290/. in 1887 
and 1,672,933/, in 1886. It follows that the net profit 
realised last year was 1,996,404/., as a with 
1,945,928. in 1887 and 1,925,708/. in 1886. The capital 
raised at the close of 1888 and 1887 was 24,876,864/., as 
compared with 24,662,164/. at the close of 1886. It 
follows that the net return realised last year upon the 
capital engaged in the undertaking was 81. 0s. 6d. per cent. 
per annum, as compared with 7/. 16s. 5d. per cent. per 
annum in 1887, and 7/. 16s. 2d. per cent. per annum in 
1886. The aggregate distance run by trains upon the 
system last year was 9,202,083 miles, as compared with 
8,870,468 miles in 1887 and 8,611,163 miles in 1886, The 
number of persons employed last year was 38,562, as com- 
pared with 37,809 in 1887 and 387,642 in 1886, 
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masa : - ft. in, 
iameter of piston-rods ... 0 3 
Length of slide blocks .. |. |. 1 3 COMPOUND EXPRESS LOCOMOTIVE; N.-E. RAILWAY. 
‘o of connecting - rods between 
centres ss fps pee eA 61 i 
Wheels (Cast Steel) : 
Diameter on tread (bogie) 3 7 
” ” (driving) 71 
Fea ue es om 4 7 
Thickness of tyres on trea a 0 3 
WR © ct tne Coded > de 0 5h 
Crank Axle (Steel) : 
Diameter at wheel seats ... 09 
99 bearings 0 8 
99 centre is A os | ge 
Distance between centres of bearings ... 3 10 
Length of wheel seats... es ane 0 7% 
” bearin P 0 9 
Diameter of << —_—a 0 8} 
Length bs va ae 0 5 
Distance between centres of cranks 2 0 
Bogie Axle (Steel) : 
Diameter at wheel seats ... 0 74 
»» bearings 0 6 
am centre 0 rt 
Length of wheel seats 07 
9 rings ee oot ss 0 9 
Distance between centres of bearings... 3 7 
Trailing Axle (Steel) : 
Diameter at wheel seats ... 0 8& 
eb bearings 07 
99 centre 0 
Length of wheel seats 07 
- arings he a 53 011 
Distance between centres of bearings... 3 8 
Frames (Steel) : 
Front centre of bogie to front bufferbeam 5 3 
Centres of bogie wheels ... es ce 6 6 
From centre of bogie to centre of driv- 
ing wheels ns “3 es ose ee O 
From centre of driving wheels to centre 
of trailing wheels a Poa a 8 8 
From centre of trailing wheels to back 
end of frame oS cas a 3 3 
Distance apart of frames... 4 0 
Thickness of frame res ia 01 
Distance apart of bogie frames ... 2 8 
Thickness of bogie frames 0 OF 
Boiler (Steel) : 
Height of centre of barrel from rails ... 7 8 
Length of barrel ... es se 10 7 
Diameter of barrel outside 43 
Thickness of plates ue es 00 
w smokebox tube-plate 0 0 
Pitch of rivets : ae as ee 
Diameter of rivets... 0 
Fire-Box Shell (Steel) : 
Length outsid es aa 6 0 
Breadth outside at bottom 3 11 
Depth below centre line of boiler 5 0 
Thickness of throat plate oi 0 08 
mm sides and top plate 0 0; 
4 back plate ... ue 0 0; 
Pitch of copper stays me 0 4 
Diameter of copper stays... es So 01 
Roof stays, cast-steel girder section. 
Inside Fire-Box (Copper) : | 
Length of bottom inside... 5 38 
Breadth ime se 3 3 
Top of box to inside of shell 1 af Wheels : ft. in, struments as galvanometers, electrometers, and in 
Depth of box inside < 5 9 Diameter of wheels on tread... ... 3 94 some of the instruments devised by Mr. Boys himself, 
Tubes (Brass) : Thickness of tyre on tread * - 08 as, for instance, his micro-radiometer and the gravi- 
Numberoftubes ... _ ... Axles: - tometer which was shown for the first time at the 
Length between tube-plates 10 114 Diameter of bearings 5 same conversazione, in which fine filaments drawn out 
Diameteroutside .. -.. ne EF en, —— eee 010. from melting quartz are shot across a room, by Mr. 
Thickness, No. 11 and No. 13 B.W.G. Diameter of wheel seats... .. «=. 0 7 Boys’s process, with a bow and arrow. 

Height of chimney fromrail .. ... 13 0 ae et a 4 Z he process is an important discovery for science, 
Heating Surface: aq. ft. ne SEW OeE Caees es BS... because quartz possesses especially valuable qualities 
ty q pecially q 

Oftubes .. 0... 1026.12 Frames : Onn for the supporting filaments of suspension instruments. 
»» firebox... Ks 7a 110. Distance between inside frames : i In the first place, it has very great tensile strength ; 

Thickness of inside frames aS : secondly, it is remarkably elastic, and exhibits no signs 

Total... ws 1136.12 ey weed —— — : : of fatigue, so that a constant zere may always be de- 

Seotieuiee 17.28 Ceondierat tank ; 3038 gals. pended upon ; and thirdly, its electrical resistance is 

Wuliathemes 6k. e Coal i ie atone extraordinarily high, so much so that (as we described 

g pressure, q oal space ... = eee a ee € n * x 

; Wish dh teedee tents ; tocenton in the article to which we have already referred) a pair 

Weight of engine empty tns. cwt. qr. oe tine saieale. .* 6 8 ey of electrically charged gold leaves supported by a little 

Bogie wheels Si 4 . - middle 2 Vo eae <8 stick of quartz will hold its charge unchanged for 

sa ine ” ae ce ” trailing ,, 5 17 0 hours, even in an atmosphere saturated with moisture. 

ae v0 ae hee st ae In order to examine the tensile strength and elas- 

Total weight 2 ek Wels, ss | SOM eae 94 ticity of quartz filaments, Mr. Boys has designed the 

. : Weight (full) : very beautiful apparatus illustrated by the diagram 

Weight of engine full : On leading wheels ... 12 0 0 on the next page, which shows the general arrange- 

Bogie wheels . - ; » middle ,, 10 0 O ment of the instrument and the principles upon 

ae ” es at s+ »» trailing ,, 11 16 0 which its action depends. It is of course clear that 

LINE 9» x See ———— the instrument is equally applicable to the testing 

Total weight 42 17 2 Total... —.. -- 33:16 0 of other filaments and fibres. The apparatus con- 

sists of a microscope cathetometer shown in the 

TENDER, MR. BOYS’S INSTRUMENT FOR TESTING | figure at M, which can be made to traverse a vertical 

7 reg _ . _* FIBR slide by means of a fine screw having a micrometer 

‘rom front buffer beam to centre o : M : head, the divisions of which are capable of being read 

leading wheels... ss, #8 : = our tot mates af tp ge segteicag he —_ directly to the one-thousandth as sdtibnatee To 

From centre ot leading to centre of ie ene I é yt wa yw e 7 Boys PRS. for the end of the microscope farthest from the eye-piece 
middle wheels ... ae sx a y apparatu: gne 7G. V. y8, P.t.S., for) . . ° ° 4 

From centre of middle to centre of trail- testing the tensile strength and elasticity of fine fila- |} attached the vertical tube T, which carries at its 

‘i h 6 4 * +a sy. | lower end an adjustable arm A fitted with a clamp C 

ng wheels es ie ae Ss ments such as would be applicable to suspension in 7s shoud al te bracket is fixed the bl 4 
From centre of trailing wheels to back © the end of a separate bracket is fixed the block a, 
buffer beam a or ti Ree * See page 538 ante. which supports, by means of a knife-edge, the beam B, 
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COMPOUND EXPRESS LOCOMOTIVE 
CONSTRUCTED AT THE COMPANY’S WORKS, GATESHEAD, FROM THE DESIG 


(For Description, see Puc 







--..L2 diauns, 






13 0 From Rail to top c* Chimney 






Cyl" High 


~Yiow Pressure 26524 






Wheels 7, 
























| 
| 
\ 
\ 
i 


—4{ 4% 


10 Saf ib 9? 






2'.0 
- 4° 0° betw. F™ 


| 


























VE; NORTH-EASTERN RAILWAY. 
DESIGNS OF MR. T. W. WORSDELL, LOCOMOTIVE SUPERINTENDENT. 


see Puge 707.) 














7 6 inside 












heels 7.1’, dia? ee bs 


| 
| 
| 
| 
| 
PP _ N\ Wheels 4:74 dia? a 
a 27.2 Total ae i A SPEER RR enna ee 


aeeasunion == 





if eee I eeeeeemeeineen 











*4iwaa, 








nsseMemssssa223e=s2== 















































JUNE 21, 1889. ] 


ENGINEERING. 





709 








which is weighted with a gravity bob W, and carries 
on a second knife-edge b the micrometer scale D, the 
opposite end of the lever being counterpoised by the 
adjustable weight P. The fibre to be tested has 
attached to it a pin at each end to facilitate its being 
fixed in the apparatus, it being stretched vertically 
between the scale D and the clamp C. 

When the micrometer head is turned, the catheto- 
meter M is lowered, carrying with it the tube T, and 
thereby putting a tensile strain on the fibre, which 
draws down the lever B, being itself stretched under 
the increasing pull of the lever. The extension of the 
fibre is measured by the movement of the scale D across 
the field of the microscope, and the deflection of the 
lever B is a measure of the force that is being applied 
to the fibre, which is obtained by subtracting the 
amount of extension of the filament from the distance 
traversed by the microscope, which latter may be de- 
termined with the greatest accuracy by the readings 
of the micrometer head. 

In adjusting the instrument the slide is first made 
vertical by means of levelling screws, the accuracy of 
the levelling being determined by means of a spirit 
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level placed in different azimuths on the top of the 
micrometer head. The counterweight P is next ad- 
justed until the knife-edges at a and at b are both in 
the same horizontal F pear and this adjustment is 
made when the scale D and the upper attachment pin 
of the fibre are in their proper position, the micro- 
scope being focussed so as to give a sharp definition of 
the divisions on the scale. The fibre having been 
attached to the upper supporting pin and suspended 
in its place, the length of the arm A is so adjusted that 
the lower supporting pin of the fibre hangs freely in 
the axis of the clamp & which is then tightened, and 
thus perfect verticality at the commencement of the 
pull is insured. The micrometer head is then slowly 
turned, readings being taken of each division of the 
scale D as it traverses and coincides with the cross 
wire of the microscope, and the force which thus ex- 
tends the fibre to each increment of one-twentieth of a 
millimetre is determined in the following way. 

If the adjustments of the instrument have been made 
in the manner described above, the moment due to a 
vertical pull is proportional to the cosine of the 
angular displacement of the beam, while that due to 
the gravity bob and the other portions of the beam 
varies as the sine of that angle, the actual tensile 
force applied at D being proportional to the tangent of 
the inclination of the beam. The vertical distance c b 
is a measure of the sine of the inclination, and when 
the angular displacement is small this distance is prac- 
tically a measure of the tangent of the angle, and it 
may be corrected to measure the tangent if very great 
accuracy be required. The true value of the force 
corresponding to various values of c b is, however, 
more rang 4 found by attaching weights to D and 
observing, by means of the microscope and scale, the 
weights which produce corresponding deflections. 

In this instrument there are two apparent sources 
of error, which, however, do not in any way affect the 
accuracy of the measurement. In the first place, it is 
evident that as the beam is deflected, the point 6 be- 
comes more and more distant from the microscope, 
and the pullon the fibre ceases to be vertical, but it 
must be also noticed that in doing so the scale D is 
carried out of the focus of the microscope, which has 
in consequence to be adjusted by being moved forward 
to the exact amount which the scale had receded by 
the movement of the beam, and thus the arm A carried 
by the end of the microscope is moved forward to an 
equal extent, the scale comes again into focus, and the 
fibre becomes again vertical. 

Again, in the case especially of the tube T being 
very long, it might happen that the ag of the tube 
and of the arm A might cause the fibre to appear to 
be more stretched than it really is, but the error due 
to this cause can be perfectly eliminated by finding, 
in the course of the experiment, the force that is being 


applied to the fibre, and afterwards placing weights on 
C until a pull of the same amount is obtained. Asa 
matter of fact, however, with ordinary fibres, the 
further movement of D under these circumstances is 
hardly observable. 

With this apparatus Young’s modulus for quartz and 
glass fibres has been determined, and the results show 
that the value for quartz fibres is very little higher 
than that of glass fibres, and that this is practically 
the same as in masses of glass ; while the tenacity of 
these fibres is far greater than that of the correspond- 
ing substances when made into thick rods, reaching, 
in _ case of quartz, to about 80 tons to the square 
inch, 

Mr. Boys has shown the apparatus described in this 
article in the course of his Cantor lectures at the 
Society of Arts, and it was an object of considerable 
attraction at the conversazione of the Royal Society 
three weeks ago. 





INDUSTRIAL NOTES. 

THE June report of the Amalgamated Society of 
Engineers states that the total membership of the 
society at the end of May was 56,877. Of this total 
1428 were on donation (out of work) benefit ; 1325 on 
the sick fund; and 1793 receiving superannuation 
benefit ; total on the funds, 4546. But of the 1428 on 
donation some 400 returned to work early in the pre- 
sent month—those being called out in consequence of 
a dispute. The total number on the contingent (strike) 
fund was 21 during the month of May. The expen- 
diture on the several benefits named was : Donation, 
6917. 2s. ; sick benefit, 537/.; superannuation, 7711. 4s. ; 
total, 1999/. 6s., or 94d. per paying member weekly. 
Expended from the contingent fund, 248/. 8s. 4d. 
The report states that trade during the month was 
remarkably good. It records an advance in wages of 
2s. - week at Chepstow and at Halye, in Cornwall. 
It also reports that Messrs. Brumer, Mond, and Co., 
of Northwich, have given the advance in wages asked 
for, and had agreed to raise the minimum rate to 34s. 

r week all round, and to pay the Manchester rate 
or overtime. The Hull employers agreed with their 
men to give ls. per week rise on the 6th inst., and a 
further ls. a week on August 3. Upon these terms 
the men resumed work on Thursday, the 6th of the 
present month. Of the 400 on strike at Hull, 120 were 
non-society men. 





The monthly report of the boilermakers and iron 
shipbuilders, just to hand, says: ‘‘ The returns from 
all our large districts show that there isan abundance 
of work for all hands. Fora considerable number of 

ears the shipbuilding trade has not been in sucha 
brisk and flourishing condition as itis at present. All 
the yards, in all the districts, are full of work, which 
makes the outlook for our members, for the next 
twelvemonths, a most cheering one, which we hope our 
members will take advantage of, and ‘make hay while 
the sun shines.’” It further says, ‘‘ That inquiries are 
as numerous as ever, but builders are now all pretty 
full up. In several establishments there is a scarcity 
of workmen, and, in consequence, operations are to 
some extent retarded.” The total number signing the 
book during the month was 529; members on donation, 
436; on superannuation, 353; on sick fund, 777; cards 
granted, 17; total, 2112. The rivetters’ dispute on 
the Clyde is the chief cause of the large increase of 
members on the funds, which shows an increase of 
421 over the previous month. The total increase of 
members during the month was 722. 

The expected agreement between the Clyde em- 

loyers and their workmen as to an established price 
fist has fallen through. The list compiled by the dele- 
gates and committee of the men was submitted to the 
employers, but the latter refused to agree to the pre- 
pared list. In consequence of this the rivetters left 
their work. Some of the firms, however, have lists of 
their own, under which the men continue working, 
while some other firms have aceepted the new list put 
in by the committees of the union. 

In consequence of the rivetters’ dispute the em- 
ployers of the Tyne and Wear have held a conference 
with those of the Clyde district as to the matters in 
dispute. It is expected that some agreement will be 
arrived at whereby the prices and conditions of labour 
in all the districts will be placed upon the same foot- 
ing, or as nearly assimilated to each other as possible. 

The branches are cautioned against admitting some 

laters into the society, who have been engaged for a 
imited time at the Forth Bridge works, as these men 
have not served a full term of apprenticeship. The 
society insists upon a five years’ term of apprentice- 
ship, from the time that a lad actually commences to 
learn the branch by which he intends to earn his 
living, even though he has worked at rivet-heating or 
other jobs, until he is eighteen or nineteen years of 
age. This is explained and defended in the report. 

The members are again cautioned against losing 
time through drink or neglect, and are informed that 
fines will be inflicted in every case. The following 





paragraph is significant—the full name is given, but we 





give only the initials: ‘‘H. M.,a plater, must return 
to the Elswick Shipyard and complete his work left 
unfinished. He has also weighed plates that cannot 
be found. Unless he returns and clears himself we 
shall expel him next month.” 

A delegate is required for the Clyde district in con- 
sequence of the resignation of one of those occupying 
that position. The following are the qualifications 
required of the applicants or of those nominated : 
‘*The applicant should be: 1. A first-class mechanic, 
and know the value of work, as he is ofttimes appealed 
to both by foremen and members to adjust prices. 
2. He should be a thoroughly honest man, one on 
whose word the employers and members can depend. 
3. He should be a peacemaker, and remove all little 
causes of irritation as they arise, and not add fuel to 
fire. 4, He should be a man of unimpeachable 
character.” These are qualifications and conditions 
which would do credit to any establishment. 

Whitsun week was utilised by the ironworkers for 
their general conference, which lasted three whole 
days at Manchester. The most important resolution 
carried was one for the abolition of Monday work. 
With this view the matter is to be brought before the 
Board of Conciliation and Arbitration in the North, 
the Midland Wages Board, and the districts of Lan- 
cashire, Yorkshire, and Staffordshire. The conference 
agreed to take action in the various lodges for the 
support the men ‘‘locked-out” at Askam and Millom, 
a subscription being started at the conference, to 
which every member contributed. Various rules were 
amended, and the rates of contribution were readjusted 
in some details, so as to be more uniform in their 
character and incidence. The conference resolved 
not to be represented at the annual Trade Union Con- 
gress—this union being one of the founders of that 
annual institution twenty-one years ago. 





The colliers of Durham are demanding an advance 
of 20 per cent. in wages; and immense gatherings of 
the men are taking place with the view of enforcin 
such demand. The request is that the advance shal 
take place from the present week. They also affirm 
the — of restricting all work to one shift 

r day. 

In the Yorkshire district matters are settling down. 
In Lancashire the men are preparing to enforce the 10 
per cent. advance. In Shropshire an advance of 2d. 
day on July Ist, and a further 2d. per day on Octo- 

r Ist, has been accepted, as equivalent to a 10 per 
cent, advance. In some of the work the advance will 
be a trifle over the 10 per cent. asked for. 

The wages difficulty in South Staffordshire has been 
settled on the same terms as in Yorkshire, the miners 
and the colliery owners having agreed to a 5 per cent. 
advance on July 1 and a further 5 per cent. on 
October 1. 

In the Bristol and Somersetshire coalfields the men 
are demanding the same, or similar terms to those con- 
ceded in Yorkshire; if these are not conceded the 
miners appear determined to give in their notices and 
strike. The day fixed for the notices is the 29th inst. 

In the Scotch mining districts the men are somewhat 
at loggerheads. In some parts the miners have agreed 
to give in their notices to terminate on the 29th inst., 
but in other parts the arrangements previously made 
have, it is alleged, been departed from. 

The Northumberland miners have been requesting 
an advance of 10 per cent. in their wages, at a meeting 
of the representatives of the coalowners and of the 
miners, held on Saturday last ; the former offered as a 
compromise 5 per cent. advance, and 4 per cent. to the 
mechanics. The representatives of the men undertook 
that the offer should be considered by the various lodges. 

The trade of Coventry is more prosperous just now 
than it has been for many years. There are many 
thousands employed in the manufacture of cycling 
machines, the Coventry make being regarded as ex- 
cellent, and very large wages are being earned in this 
comparatively new industry. Many men who only a 
few years ago were workmen at weekly wages, are 
now in a position of comparative aflluence. The new 
departure in the watch trade also has given quite a 
fresh lease of life to the watchmaking trade, Coventry 
ribbons are also much in request just now. 


The second batch of London artisans left London 
for the Paris Exhibition on Saturday last, 24 in 
number ; the first batch of 26 having returned home. 
The third and last batch will proceed to Paris on 
Saturday the 29th inst. Every facility has been given 
to these special workmen visitors, so as to enable them 
to prepare useful reports on the various branches of 
industry represented in the Exhibition, and those of 
France generally, They have not lacked social enter- 
tainment either, special care having been taken to 
accord to them a generous welcome, 





Tue AMERICAN Matts.—The transcontinental mails be- 
tween New York and the Pacific coast are being carried 
in about 22 hours less time than hitherto 














ENGINE 


[June 21, 1889. 

















_ jo 2NGINEERING. 
DAVEY’S SELF-CONTAINED MOTORS AT THE WINDSOR SHOW. 
CONSTRUCTED BY MESSRS. HATHORN, DAVEY, AND CO., ENGINEERS, LEEDS. 
(For Description, see Page 712.) 
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EXHIBITS AT THE WINDSOR SHOW. 
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HAY AND STRAW BALING PRESS BY MESSRS. J, AND F. HOWARD, ENGINEERS, BEDFORD. (For Description, see page 712. 








PORTABLE PETROLEUM MOTOR BY MESSRS, PRIESTMAN BROTHERS, ENGINEERS, HULL. (For Description, see page 712.) 
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THE DAVEY MOTOR. 

Since the date of our last notice of the Davey motor 
the designs have been to a great extent remodelled, 
and we now illustrate on page 710, two of the most 
recent types which will be exhibited during the en- 
suing week at the Windsor Show of the Royal i 
cultural Society. In our engravings, Figs. 1 and 2 illus 
trate the smallest and Figs. 3 and 4 the largest sizes of 
the motor exhibited. The former stands 4 ft. 9 in. 
high over all, and the latter 8 ft. As will be seen by 
the sections Figs. 1 and 3 on page 710, the cast-iron 
firebox formerly used has been abandoned in favour of 
those made of steel plates, the firebox for the smaller- 
sized engine being a simple vertical cylinder fed from 
the top, while that of the ag engine is of somewhat 
peculiar form as shown in Fig. 3, and is traversed 
above the fire by a series of bent water tubes. In both 
boilers the cast-iron external shell is retained. Both 
the engines illustrated are arranged for pumping, the 
smaller driving the pump direct, while in the case of 
the larger there are a pair of pumps on a separate 
base-plate and driven by gearing. 

We have noticed the Davey motor so often that itis 
scarcely necessary to add that it works with steam at 
about atmospheric pressure, which, after leaving the 
cylinder, is condensed in the condenser shown to the 
left of Figs. 1 and 3, The special object sought for is 
the production of a steam engine which may be worked 
with absolute safety from explosion in dwelling houses, 
and which may be intrusted to unskilled persons, such 
as gardeners and domestic servants, 

The motors illustrated were constructed by Messrs. 
Hathorn, Davey, and Co., Leeds, from the designs of 
Mr. Henry Davey, of 3, Princes-street, Westminster. 





HOWARDS’ HAY AND STRAW BALING 
PRESS. 

Art the Nottingham Show of the Royal Agricultural 
Society, last year, Messrs. J. and H. Howard, of Bed- 
ford, entered for competition a hay and baling press,* 
which had been hurriedly constructed. Since then 
the press has been greatly improved, and the one about 
to be exhibited at Windsor is of the form shown 
by the engraving on page 711. It will be seen that 
the man who was formerly employed in treading down 
the straw in the hopper to make it enter between the 
vertical compressing slat chains, is now replaced by a 
large horizontal feed roller; the gear has been 
strengthened, the two crank discs being exchanged for 
asingle one. The temporary truss hoops for holding 
the truss until the binding wire was applied, are done 
away with, and in place of them there is a lever truss- 
ing frame. This latter is a jointed frame which sur- 
rounds the straw as it issues from the machine, and 
by turning a lever this frame can be clamped firmly on 
the bale — with it. A binding wire is then 
placed round the bale close to the frame which is then 
released and moved backed to the mouth of the 
machine, ready to take another hold. The bale, which 
is formed in one continuous length, like the product of 
a sausage machine, is cut off into pieces by hand, the 
cut being made at a point where the weight overhangs 
the table ; this causes the incision to gape, and frees 
the knife as it descends into the mass. Three men 
are required, one to cut, one to bind, and one to feed. 
The machine makes splendid bales of uniform size and 
great density. 








MESSRS. BURRELL AND SONS’ ENGINES AT 
THE WINDSOR SHOW. 

ON page 698 we illustrate two engines sent to Messrs. 
Chas. Burrell and Sons, Limited, of Thetford, Norfolk, 
at the Royal Agricultural Society’s Show, at Windsor. 
The upper figure represents a 20 horse-power com- 
pound undertype engine with automatic expansion 
gear, while the lower shows a 10 horse-power _hori- 
zontal engine, also with automatic expansion gear. 
The illustrations show the details so clearly that it is 
needless to add anything by way of explanation, while 
Messrs. Burrell’s on is a guarantee of high 
quality of workmanship. 





PRIESTMAN’S PETROLEUM ENGINE. 

Messrs. PrirstMAN Brotuers, cf Hull, have sent 
tothe Windsor Sho wof the Royal Agricultural Society 
one of their petroleum motors arranged in the portable 
form illustrated by the engraving on page 711. <A 
complete account of the a of action of this engine 
will be found on page 481 of our forty-fifth volume, 
and, therefore, we shall confine ourselves at pre- 
sent to a brief notice of its leading features. The 
fuel used in the engine is ordinary paraffin oil, of the 
kind employed in lamps, and which experience has 
shown to be perfectly safe in handling and storage. 
The general arrangement of the engine recalls the Otto 
gas engine, and the cycle is the same. A pump forces 
air into the oil reservoir, and the blast carries the 
liquid forward ina fine spray or mist into a chamber 
kept hot by the exhaust from thecylinder. The heated 





* See ENGINEERING, vol. xlvi., page 42. 


gas vapour and air are drawn into the cylinder, com- 
ressed and exploded in the usual way, the ignition 
ing effected by an electric spark. 

An engine fed. by petroleum offers many advantages 
when constructed as a ‘‘ portable.” The fuel can be 
obtained in every village in Europe, while the only 
water required is for cooling the cylinder. There is 


;| no boiler, and consequently no sparks or hot ashes to 


be a source of danger. The engine runs practically 
without attention, and can be put into action in a few 
minutes. An engine of this kind can be seen at the 
maker’s offices, 73a, Queen- Victoria-street, E.C. 





THE PHYSICAL SOCIETY. 


At the meeting of the Physical Society, held on June &, 
1889, Professor Ayrton, F.R.S., vice-president, in the 
chair, Dr. Bond and Mr. Button were elected members. 
The following communications were made : 

A “Photograph of Lightning Flashes” was exhibited 
and described by Dr. Hoffert. The photograph was ob- 
tained during the storm on the 6th inst. whilst the camera 
was being waved about in the hands, and shows three 
similar and parallel flashes, thus proving that successive 
sparks in multiple flashes may traverse the same path and 
may be separated by appreciable intervals of time. The 
supposed primary spark is intersected by numerous tribu- 
tary ones spreading out on both sides, the second spark 
one tributary, and the third none. Faint bands of light 
pass across the plate parallel to the direction of motion, 
and these prove that some residual illumination exists 
during the intervals between the successive flashes. Evi- 
dence of a dark flash is also presented by the plate. 

Professor Herschel, who had taken photographs during 
the same storm, referred to the fluttering appearance of 
the flashes, and to their long duration; in many cases the 
time was sufficient to allow him to direct the camera 
towards the flash and make a successful exposure. He 
had also observed multiple flashes with the unaided eye, 
and on waving his hand about he had sometimes noticed 
about a dozen distinct images of it during one discharge. 

Mr. Gregory said that he watched the storm along with 
two others, and they could seldom agree as to the shape 
of the flashes, or on their simple or multiplex character. 
The want of agreement as to multiplicity, he thought, 
might be caused by their eyes being directed towards 
different parts of the sky when a multiple flash occurred ; 
the one who happened to be looking towards the fiash 
might be conscious of only ore impression, whereas the 
others in directing their eyes would receive the flashes on 
different parts of the retina. In some cases as many as 
three distinct flashes (occurring at intervals of about ten 
seconds) traversed the same path, and a number of the dis- 
charges presented a beaded or striated appearance. The 
beads seemed to remain after the main flash had faded, 
and this might account for the bands shown in Dr. 
Hoffert’s a 

Mr. C. V. Boys, in referring to multiple flashes, said 
that although his statements made in the discussion of 
Mr. Whipple’s paper on April 13 were not readily 
accepted, yet no one who watched the recent storm could 
doubt their existence. 

Professor S. P. Thompson thought the order of the 
flashes on the photograph may have been the reverse of 
that supposed, for he observed that the bands of light ex- 
tended on both sides of the (so-called) primary flash, 
whereas the outside of the third flash was quite dark. 
Mr. E. W. Smith noticed many cases of ‘‘ sympathetic 
discharge” in which a flash in the north seemed to precipi- 
tate another in the north-west within a few seconds, and 
in this he was corroburated by Mr. Gregory, who viewed 
thestorm from a different gree @ 

Mr. C. V. Burton thought the heating of the air by the 
first spark might give rise to the tributary sparks in sub- 
sequent ones. 

r. A. W. Ward mentioned a long flash observed at 
Cambridge, which passed from the zenith and struck 
some farm buildings at a distance, and he was particularly 
impressed by the considerable time occupied in its pro- 


** On the Methods of Suppressing Sparking in Electro- 
Magnets,” by Professor 8S. P. Thompson, . The 
object of ard yeeed is to classify the methods which have 
been suggested, and to draw attention to a novel method 
of some importance. The classification is as follows: 1. 
Mechanical Devices: (a) Simple —- switch ; (b) Break 
in magnetic field ; (c) Break under liquid; (d@) Wipin 
break (asbestos, &c., brushes); (e) Blow-out. Electrica 
Devices: (A) Use of condensers; (a) placed across gap, 
and (b) across terminals of magnet ; (B) Mutual induction 
protectors ; (a) copper sheath around core, and (6) layers 
of foil between winding ; (C) Short-circuit working ; (D) 
Differential winding; (E) High resistance shunt (non- 
inductive); (F) Voltameter or liquid resistance across 

ap; (G) Multiple wire arrangement of Mr. Langdon 
Scie ; (H) Electro-magnet with two bobbins in series or 
parallel. The merits and demerits of the different methods 
are indicated. The multiple wire arrangement used by 
Mr. Langden Davies in his harmonic telegraph consists in 
winding each layer separately and uniting all in parallel. 
The effect of this is to make the time constants of the 
layers different, and on breaking the circuit the energy is 
spent in mutual discharges. 

** 4 Shunt Transformer,” by Mr. E. W. Smith. Two 
conductors, A and B, of equal impedance, are placed in 
series between alternate current mains, and the same 
mains are connected —— the incandescent lamps in 
series. The conductor A has great resistance and B has 
large self-induction, and when their junction is joined to 
that of the two lamps, both lamps become brighter and the 
main current is reduced. These phenomena were shown 








before the Society. Since A may consist of lamps and B 
may be achoking coil, the arrangement will serve to in- 
crease the P D between the terminals of the lamps without 
wasting much energy. 

Experiments of a similar nature have been made on a 
Mordey transformer wound with three equal coils. One 
coil was used as primary and the other two as separate 
secondaries, their respective circuits consi.ting of lamps 
and an alternate current motor. Under these conditions 
the arithmetical run of the mean secondary currents 
exceeded the pri current by 14 per cent.; the 
secondary volts were 8 per cent. less than the primary. 
All these experiments strikingly illustrate the effects of 
acceleration and lag in alternate current circuits, and (as 
was pointed out by the author) show that meters register- 
ing ‘‘ampere hours” merely may give readings differing 
greatly from the numbers representing the energy used. 

** Notes on Geometrical Optics: (1) On the Deduction oy 
the Elementary Theory of Mirrors and Lenses from Wave 
Principles ; (2) On a Diopteric Spherometer ; (3) On the 
Formula of the Lenticular Mirror,” by Professor S. P. 
Thompson. Instead of deducing the formule for lenses 
and mirrors by means of ‘‘ rays” and the relations between 
angles of incidence, reflection, and refraction, the author 
considers it better to derive them from the curvatures im- 
pressed on waves at the bounding surfaces of the different 
media. Indices of refraction are replaced by their 
reciprocals, which express the relative velocities of light, 
and curvature is measured by the camber at the middle 
of chords of equal (but small) lengths. An example will 
assist in making the method of treatment clear. Suppose 
a' a', a a, two successive positions of a plane wave front 








in air which impinges on a curved surface EA F at A, 
and let the curvature at A be R, and the velocity con- 
stant of the substance h. Then whilst the part a travels 
in air to b, the part in the denser medium reaches C where 
AC=ha b, and a curvature F represented by BC is 
impressed on the wave which thus converges to a point 
Q. Since AC=h. ab=h. A B and 


BC _AB-AC , BO_, 4 


AB AB “SB 


and the relation between the impressed curvature and 
that of the surface becomes 


F = R(1-A). 
By successive application of the above method, all the 


ordinary lens problems may be treated, and the resulting 
expressions are simplified by being expressed in curva- 


tures. The ordinary mirror formula f= 3 becomes F= 


2R, and that for the lenticular mirror F'=2R+¥F. The 
method readily lends itself to the determination of the 
changes in the shape of wave fronts entering or emerging 
from surfaces of irregular outline. 

The diopteric spherometer has its outer feet situated on 
a circle of 44.71 mm. radius, and is provided with a screw 
of 1mm. pitch. The instrument so constructed reads off 
directly in ‘‘ diopteries,” i.¢., curvatures expressed on a 
scale in which that of a sphere of one metre radius is 
taken as unity. . 

‘On the Use of Biquartz,” by Mr. A, W. Ward. This 
is a mathematical investigation into the causes of the 
varying degrees of accuracy obtained by different observers 
who have used the biquartz in rotation measurements. 
Assuming that elliptically polarised light passes through 
the biquartz, the equation which must be satisfied to give 
equality of tint on the two halves is shown to be cos 
27.sin2¢. sin 2 ©-6=0, where tan y=ratio of axes of 
ellipse, é=rotation produced by quartz for wave length \, 
6=angle between plane of vibrations of analyser and that 
of x z, the axis of z being parallel to the direction of trans- 
mission, and w=angle between one axis of the ellipse and 
that of x. The equation is satisfied by either cos 2 y=0 
or sin 2 ?=0 or sin 2w-6=0. The first solution relates 
to circularly polarised light, and need not be considered ; 
the second can only hold for one particular wave length 
depending on the thickness of the quartz. and in inter- 
preting the third solution it is shown that a satisfactor 
result is only obtained when the light is plane polarised. 
The deductions are in accordance with experiment, for 
the biquartz has been used with considerable accuracy 
when experimenting on isotropic media, but with doubly 
refracting substances, where the light is liable to become 
elliptically polarised, the results are very discordant. 








CanapiaNn Paciric Rattway.—It is announced that the 
Canadian Pacific Railway is practically completed across 
Maine, and that it will be opened this month for business 
from British Columbia across the continent, and to Europe 
from Halifax. nee 

AUTOMATIC STOKING.—We are requested to supplement 
the account of the conveyor illustrated on page 679 of our 
last issue, by stating that the automatic stokers, which it 
feeds are of Vicars’ pattern, and these were fitted to four- 
teen of Messrs. Abram Lyle and Sons’ boilers, by Mr. 
George Howatson, of 20, Bucklersbury, London, 
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‘atent on any of the grounds mentioned in the Act. 


GUNS. 


1584. T. Nordenfelt, London. Improvements in 
Quick-Firing Guns, (8d. 5 Figs.] February 2, 1888.—The 
object of this invention is to enable the gunner who lays the 
gun to retain his position behind it, when fired, even if the gun is 
allowed to recoil a certain distance. The breechblock A is mounted 
on the axis B, on which is also the lever handle. D is the wedge 
at the back of the breechblock ; it is withdrawn when the axis is 
turned, and then both wedge and block together turn about the 
axis and leave the breech free. E is the striker and F its spring. 
G is the sear lever for retaining the striker when cocked. An 
axis, carried by the cradle or carriage of the gun, has the trigger 











finger descendirg from it at one end, and at the other end an 
arm which comes in front of a corresponding arm on a horizontal 
axis carried in the mounting, so that with the parts in the firing 
position when the trigger axis is turned the aforesaid horizontal 
axis turns with it. Upon this latter axis is a second arm I?, which, 
when the breech is closed comes above the rear end of the sear 
lever G, and when the trigger is pulled, forces downwards this 
end of the lever and sets the firing pin free. When the gun is 
fired it recoils, whilst the part carrying the trigger remains with 
the cradle or carriage, of which it forms a part, or to which it is 
attached. (Sealed February 15, 1889). 


2075. A. Sauvee, London. (J. B.G. A. Canet, Paris.) 
Improved Carriage for Quick-Firing Guns. ([8d. 4 
Figs.) February 11, 1888.—The drawing shows an elevation of 
the carriage carrying the gun. The gun A is carried in a hydraulic 
cylinder B, secured to the frame C by trunnions, and serving as a 
brake. Theframe rests upon a pivot plate D, and the collar E 
on the gun serves as the brake piston. During the recoil the 
liquid, which fills the space left between cylinder B and the gun, 

s from rear to the front of piston E, through the passage 
ormed by the clearance left between the piston and the inner 
surface of the cylinder. The diameter of the gun being greater in 
front than in rear of the piston, the liquid displaced during the 
recoil is forced back, opening the valve S, and then passes into a 
cylinder F, in which is arranged a piston G acted upon by springs 
mounted on a rod I, and which abut against a stop fixed to the 
cylinder B. At the end of the recoil the liquid under pressure 
passes back into the cylinder by asmall orifice formed in the valve, 
































and slowly runs the gun out. To the frame is secured a bracket 
carrying a shaft provided with a handwheel. An endless screw 
on the shaft actuates a wormwheel, the movement of which is 
transmitted to the gun through a tooth sector mounted on the ring 
O in which the gun slides. The automatic opening of the breech 
by the action of the return of the gun to the firing position after 
recoil is effected by means of a vertical arm a mounted on the rod 
I, and carrying a slide block b working in grooves formed in the 
ring O. The slide block carries a trunnion on which is mounted a 
tube c, within which moves a piston whose rod d is articulated 
to a main lever, whose free end acts through a roller on another 
lever keyed to the vertical axis of the operating lever of the breech 
screw. When the gun recoils the piston of the accumulator in its 
movement carries with it the rod I and tube c, the main lever 
being retained by a stop fixed to the gun. The tube contains a 
spring which brings the parts back to their original position. 
(Sealed February 22, 1889 


2312. J. Vavasseur, London. Improvements in 
Apparatus for Moving Guns on da Ship, in 
Forts, and other Places. (8d. 2 Figs.) February 15, 1888,— 
The object of this invention is to provide convenient means for 
withdrawing the gun from the port-hole or embrasure by running 
it inboard. The gun mounting is ofa well-known form, consisting 
of a cradle A in which the gun can slide, its recoil being checked 
by hydraulic compressors B. The cradle is supported by trunnions 
C supported by a fixed stand, not shown. The apparatus for 
moving the gun consists of a trolley @ provided with wheels b, 
which run upon rails or guides ¢, fixed to the underside of the deck 
of the ship or to the roof of the fort. Pivotted to the trolley a is 





a lever d, one end of which carries the split link d', which, when 
the apparatus is to be used, is made to embrace the lug e upon the 
gun, or the cradle in which the gun is mounted, and is secured to 
it by a pin f. The other end of dis provided with a screw h, whose 
end is free to turn in a bearing on the underside of trolley. By 
turning the screw the gun can be raised into the position shown 
in dotted lines. j isa link, the upper end of which is pivotted to 
vhe trolley, and whose lower end can be secured to the rear end of 
the gun in a similar manner to the lever d. This link steadies the 
gun whilst it is being moved. The trolley a is connected to the 





8 23/2. 


wheels by means of the pivots a), so that it, together with 
the lever d, screw h, and link j, can be turned up when not in 
use. Links are fixed to the trolley, to which tackles can be 
attached so as to draw the trolley with the gun to the rear. For 
withdrawing the gun, the trolley is run forward, and the end of 
lever d is connected to the gun ; the other end of the lever is then 
depressed by the screw h and the gun lifted off its bearings, so that 
bens trolley with the gun can be run inboard. (Sealed March 1, 
1889). 


16,950. G, Quick, London. Improvements in the 
Construction of Ordnance. [6d. 1 Fig.) December 9, 
1887.—This invention relates to a new form of joint for joining 
together the parts of those guns which are built up of tubes and 
sections of tubes. A is the inner tube of the gun. The various 
sections B', B*, B*, which constitute the intermediate tube B, 
are united to one another and to the outer jacket C by means of 
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vention relates to improvements in that class of meters for 
measuring fluidsin which two uncontrolled, unconnected, or in- 
— pistons or rams are employed, each of which is so 
related to the valve arrangements of the other, that cach piston or 
ram, at seme point of its stroke, reverses the valve of the other ; 
and the objects of these improvements are, first, to cheapen the 
construction of the slide valve faces; second, to lighten the 
istons or rams thereof; third, to obviate or mitigate the shock or 
low at the end of the stroke of the piston or ram ; and, fourth, to 
the y of the registering mechanism. The means 
adopted for cheapening the construction of the slide valve faces 
consist in casting the face A, Figs. 1 and 2, with side fillets B in- 
tended to form the guides for the slide valve ; these side fillets are 
so shaped and related to the slide face A, that by means of a suit 


Py 





x 








ably-shaped cutting tool, shown in Figs. 3 and 4, both the slide face 
A and the required undercut groove B! in the guide fillets B tor 
the reception of the side flanges of the valve, can be shaped and 
finished at one operation, so as not to require any handwork what- 
ever. Fig. 3 is an elevation, and Fig. 4an underside view of the 
cutter. It is arranged in a machine so as to revolve on the axial 
line X X. The cutting edges C operate upon the face A, the 
cutting edges D form the undercut groove B!, the cutting edges K 
shape the inner edges of the guide fillets B, and the cutting edges 
F the top of the guide fillets. Heretofore the guide fillets have 
been made in pieces separate from the slide faces, and secured 
thereto by screws or otherwise ; by thisimprovement, the separate 
construction and attachment of the guide fillets is avoided, and 
7 _— much facilitated and cheapened. (Sealed March 
. le 


4336. J. Allmann, Manchester. (HZ. Abegg, Zurich, 
Switzerland.) Improvements in Fluid Meters. (8d. 
4 Figs.) March 21, 1888.—In the body a of the machine is an 
annular chamber b of a section, one side being formed 
by the cover plate c attached to a by bolts d fitting in recesses. 
In the chamber b is a piston /, the ends of which fit closely to the 
surface of the cavity orchamber b. g is a slide valve free to move 
to and fro in the annular cavity, the extent of its movement being 
determined by the length of a slot h in which works a pini. This 
valveis hollow and is divided into two parts by a division j, and 
= with ports k, k! for permitting the passage of the fluid to 

d through the valve g on the way to and from the mea- 














conical male and female screw threads formed on the ends of the 
said sections, so that any two parts may be screwed together 
during the process of shrinking by a very much smaller amount of 
rotation than would be required if the threads were parallel as in 
ordinary cases. By this method of construction, not only a quicker 
union of the parts is obtained, but also greater strength at the 
joints. (Sealed December 21, 1888). 


GAS BURNERS. 


2991. C. von Buch, London. Improvements in In- 
candescence Gas Burners. [6d.) February 28, 1888.—This 
invention consists in forming the ‘*mantle” of the lamp of a thin 
film of platinum, or other highly refractory metal or alloy, electro- 
lytically deposited. The film will be improved by the sheet, form- 
ing the mantle, being dipped for a momentor twoin a solution of 
chloride of gold, before it is put in the electro-depositing bath of 
sulphate of copper. The mantle may also be formed by carbonis- 
ing the ‘‘core” and electrically depositing upon it platinum, or 
other refractory metal. (Sealed April 9, 1889). 


5722, O. Imray, London. (C. 4. von Welsbach, Vienna.) 
An Improvement in Bunsen Burners, (6d. 3 Figs.) April 
17, 1888.—This invention relates to a construction of Bunsen 
burner in such manner as to produce a circular flame with in- 
ternal as well as external air supply. The gasentering at G 
through small holes in a thin plate g into a cavity A, into which air 
enters through apertures a. From A the gas and air ascend atube 
T, which exp to a diameter equal to that of the desired flame. 
This expansion is covered by wire gauze W, serving to mix the gas 
and air, and distribute the mixture uniformly through the enlarged 
part B of tube. The mixture then ascends a passage C between 








the tube B and an internal tube or thimble D closed at its lower 
end and tapering to a larger diameter at its upperend. To the 
lower part of D there lead several inlets ¢ for air outside tube B, 
these inlets being formed by short tubes ing the 1 
passage C. The mixture of gas and air issues from the annular 
mouth between the tubes, and being ignited forms a circular flame 
which receives air not only from the outside, but also from the 
interior of thimble D, to which the air is admitted by the inlets e. 
The upper part of tube B and of thimble D may be of metal ; it is, 
however, preferable to make those parts which are next the flame 
of steatite or such like material. (Sealed December 21, 1888). 


METERS. 


1478. J. J. Tylor, London. Improvements in 
Liquid Meters. (8d. 10 Figs.) January 31, 1888.—This in- 








suring chamber. These ports, as well as the inlet ports o, and the 
outlet ports p of the casing, are so distributed that the trans- 
verse pressures on the valve oppose and balance each other and 
allow the valve to be easily moved. As shown, the valve is in 








such a position that a fluid entering in the direction of the arrows 
will find its way along the passage », through the ports o and the 
ports & to the bottom end of piston f, which it will impel forward 
along the annular cavity. At the same time the higher pressure 
of the entering fiuid will act against the end of the valve, so as to 
overbalance the lower pressure at the other end of valve and tend 
to keep itin the position shown. As the piston descends it causes 
the valve g to move forward, so that the ports k! will be opposite 
the ports 0, and the ports k opposite p, and the fluid wil pase 
under the piston at the left-hand end of valve, forcing it backwards 
along cavity 6 until by its impact against the valve the latter is 
caused to resume its original position. The fluid in front of the 
piston, at each stroke, is forced forward and caused to pass through 
the epons p and passages r to the outlet pipe m. The movements 
e 


of the valve g are recorded by means of a spindle s having a crank 
t, whose pin fits into the valve. (Sealed March 1, 1889). 
LUBRICATORS. 


325. T. Saunders, Danbury, Con., U.S.A. Improve- 
ments in and relating to Lubricators for Car Axles, 
(8d. 4 Figs.) January 8, 1889.—1n this invention the axle-box 
A, bearing B, and journal C, are of the usual construction. The 
= or oil spreader D is composed of flexible absorbent fabric, and 

as pendent wicks whose lower ends rest upon the bottom of 
the axle-box, so that the wicks and pad will be freely saturated 
with oil placed in the axle-box, the wicks extending through the 
pad for better contact with the journal. The pad is suspended, 
80 as to be in free flexible contact with the journal, upon vertical 
spring supports J, J', each —— secured to one end of the pad, 
80 as to afford a hinging effect, by means of holder plates F, each 
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having a hinge tube occupied by the top of a support, and gang 
staples I which pass through the pad an thooagh a perforation 
in | yw F, and are then clinched. This arrangement of the pad 
and its supports enables the latter to be swung towards each other 
and folded up towards the underside of pad, thus providing for a 
minimum of bulk, and enabling these parts to be readily 

into an axle-box and as readily removed. L is a keeper for pre- 
venting the lower ends of the = supports moving towards each 
other, and consisting of two plates hinged together on a central 
longitudinal line, so that it may be folded more or less to enable 
its ready insertion and removal from the usual lid-covercd opening 
of an axle-box. (Sealed April 30, 1889). 
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H. Taylor, Heaton, Newcastle-on-Tyne, 
Improvements in the Method of and Means for 
Supplying Lubricants under Pressure, (8d. 1 Fig. 

January 10, 1888.—The improvements relate to means for supply- 
ing lubricants under pressure and consist of deriving the pressure 
from the boiler feed, or in utilising the boiler feed pressure to force 
the lubricant. The connection with the boiler teed. ipe is effected 
through a tube A. B is a non-return valve, Pe ro a vessel to 
contain the supply of lubricant. D is a funnel inlet for the lubri- 
cant, E a screw for closing the oil inlet, F the outlet for the 
lubricant, G a screwed spindle for locking the valve B, and H isa 
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395. 


sight-feed lubricator. The valve B may be placed in any con- 
venient position in and controlling the passage between the source 
of pressure and the sight feed oy or vessel containing the 
lubricant. When the lubricant has to be displaced from the 
—- by air pressure, the arrangement represented is em- 
ployed, an air space being provided above the lubricant. Thisair 
space is secured by the funnel form of the inlet D. When the 
lubricant has to be displaced by water pressure, the water inlet 
from tube A is at the lower instead of the upper part of chamber 
C, and the outlet Fis at or near the upper Toten of at the lower 
(Sealed March 1, 1889). 


North Shields, Northumberland, 


part of the chamber. 


7i21. J. Hogg. 
An Improved Consumption Indicating Lubricator. 
8d. 1 .] May 14, 1888.—The lubricator consists of a metal 


(8d. 

cylinder fitted at one end with a valve or cock for filling it and 
delivering the oil where required. The other end of cylinder is 
also fitted with a valve or cock to drain it and also to admit steam, 
water, or air under pressure from the boiler or pumps, behind a 
piston fitted in the cylinder, A is the cylinder, B the cup into 
which the oil is poured, and C a two-way cock for admitting oil 
into cylinder from cup B, or delivering it therefrom into pipe D 
which conveys it to the engine. The two-way cock E admits 
steam, air, or water under pressure through pipe F to act upon 
the body of water behind the piston, ant dichneges the water 








when piston is forced back through drain pipe G. The piston-rod 
K is fitted with the cross-handle M on which are pointers indicat- 
ing on the graduated plate N, the quantity of oil which has been 
consumed by the engine. A small air valve O allows the air in 
cylinder to escape when the oil is being poured therein. The 
piston and the body of water next it are forced along the 
cylinder until it is rege when the cock is closed and the drain 
valve opened, and the piston being forced back to the other end 
of cylinder the water of condensed steam is forced out. The oil 
delivery valve is now closed, and the filling valve, as also the air 
valve, are opened, and the oil poured into the cylinder, when the 
delivery valve and steam valve are opened and the filling valve 
and drain valve closed, and the piston again acts to force out the 
oil. (Sealed December 21, 1888). 


MISCELLANEOUS, 


185. A. Clifford, Dartford, Kent. Improved Water 
Spray Apparatus for Extinguishing Fires. (8d. 1 Fig.) 
January 5, 1888.—This invention consistsin the use of a pipe per- 
forated with holes all over its length, which is fixed in any Sbattlon, 
to suit its purpose, in buildings, &., and Me ma with water 

pes are 


} | invention is to provide means whereby one shaft is ca 


1071. A. 8. Bo 


Clutch, (6d. 2 Pp mre age 


y. An re goa ge 4 

igs.) January 24, 1888.—The obj of this 
used to re- 

volve with another only when the latter is revolved in one direc- 
tion. A ring A is secured concentrically on the one shaft or other 
appliance F, whilst on the other shaft D is secured the spiral cam 
C, the outer edge of which corresponds with the inner periphery 
E of ring A, and between the two are placed a number of rollers 
B, or cones, or balls, or similar appliances suitable for use with the 
particular forms of the peripheries G and E, which rollers or other 





appliances are of such different sizes or diameters duly to fill the 
space between the spiral periphery or edge G of the cam C and the 
inner periphery or edge E of the concentric ring A. At or near 
the shoulder or elbow H can be fitted an adjustable stop, behind 
which is a spring to force and keep all the rollers or other appli- 
ances close up together. When the eam C is revolved in the one 
direction the rollers will be jammed tightly between the spiral 
edge G and the inner periphery E, whereby the ring A will be re- 
volved therewith, but when cam C is revolved in the other direc- 
tion the rollers B will be allowed to run freely, and the ring A will 
not be revolved therewith. (Sealed February 15, 1889), 


1292. A. Wilson, Tulse Hill, Surrey, and N. W. 
Chittenden, London. An Improved p Hook or 

up! . (8d. 5 Figs.) January 28, 1888.—Fig. 1 is a plan 
of the coupling with its two parts detached, and Fig. 2 is an 
elevation showing the two parts in the act of coupling them 
together. The two parts A and B are secured to the parts it is 
desired to connect. Should it be desired to connect two chains 
together, the rear of each part A B may be in the form of a link 
A' and B' to be secured to such chains. The forward end of the 

rtion A of the hook consists of two arms a, a!, with a space 

tween them, which opens out at its rear end into an enlarge- 
ment a*, The forward end of the part B consists of an arm b of a 
size to fit the s between the arms a, a), and having at its ex- 
tremity a head 0! to fit the enlargement a*. At the rear of arm b 
a shoulder b2 is formed which abuts against the ends of the arms 











a,a', When the two portions are connected ether, these 
abutting surfaces are so shaped as to interlock while permitting 
the two portions to turn, for which purpose projections on one 
surface enter recesses in the other. The two parts A and B are 
of the same thickness, so that their upper and lower surfaces are 
flush with each other when the arm b occupies the space between 
a, a!, and in order to maintain the parts in this ition a sleeve C 
is slid along the part B until it occupies a position both over the 
arms a, a!, and over the arm b, thus preventing the two parts A, B 
turning. For preventing the sleeve C shifting, an india-rubber 
ring D is employed, which tightly surrounds the part B in rear of 
sleeve C, and which, when the sleeve is in its extreme forward 
position, is pulled along until it is brought behind the rear end of 
same, when it enters a groove provided all round the surface of 
the arms a, a', and arm b!, when the same are interlocked. 
(Sealed March 1, 1889). 


1471. A. V. Newton, London. (A. Novel, Paris.) Im- 
rovements in the Manufacture of osives. [6d.] 
anuary 31, 1888.—The object of this invention is to combine the 

substances, nitro-glycerine and nitrated cellulose, with or without 
nitro-starch, or nitro-dextrine, or both, so as to produce an explo- 
sive substance of a horny or semi-horny character, and capable of 
being reduced to grains suitable for use as a propeller of projec- 
tiles. Powdered nitrates, chlorates, or picrates, may be com- 
bined with the explosive d d of nitro-glycerine 
and nitro-cellulose, with or without the addition of nitro-starch or 
nitro-dextrine, with a view to economy, or for the purpose of 

ickening or retarding the explosivecombustion. (Sealed March 








from the main or a large tank. The perforated p pplied 
with an independent tap to each room, stage, &c. The taps used 
are the ordinary high-pressure screw-down stop-cocks, which are 
operated automatically by means of a wheel E attached to the 
spindle B of the tap. The rim of this wheel is made (J shape, and 
in itis fixed the end of a chain, metal cord, or other substance 
that will stand fire. The chain is wound round the wheel in the 
groove and a weight F attached to the end of it. On the other 











side isa weight G, which is heavier than the weight F, and is 
attached to the outside of the groove in wheel E, with a piece of 
string or other combustible material, and hangs down to about 
the same length as the chain attached to F. The weight G keeps 
the tap shut off, but when a fire occurs and the flames reach the 
string, the string is burnt and the weight G drops off the wheel 
and releases the weight F which pulls round the wheel and lifts 
the valve of the tap. Thespindle B runs on ball bearings D, and 
the wheel is fastened to the spindle by athumbscrew C. In the 
main pipe a tap is fixed near the external wall of building, which 
may be used for turning off the water after a fire, (Sealed De- 
cember 21 1888), 





26, 1889), 


1589. H. E. Newton, London. (EF. Theisen, Cologne, 
Germany.) Improvements in Apparatus for Evaporat- 
ing and Cooling Purposes, (8d. 4 Figs.) February 2, 
1888.—This invention relates to apparatus in which rotating 
lifting devices are used in the evaporating and cooling of liquids 
in conjunction with means for causing the circulation of a stream 
of hot or cold air, or of hot products o' bustion, through or 
between such lifting devices, from the centre to the periphery, 
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or in a reverse direction, or in both directions, so as to act in the 
most efficacious manner on the liquid under treatment. Refer- 
ring to the drawings, discs s rotate within the inclosing vessel 7, 





formed with a multiple trough-shapéd bottom, and filled and 


supplied with the liquid to be evaporated. The discs are mounted 
upon a hollow axle a, which may form part of the exit flue b for 
the heated gases from the furnace, and may be closed at its outer 
end. The air or gases flow through perforations in the axle and 
between the discs, and to a flue or upper aperture of the 
vesselr. Through this aperture the air or gases, with the pro- 
ducts of evaporation, may either escape direct into the chimney, 
or they may be conducted, for further use, into a second appa- 
ratus, in which they will enter the hollow axle, and pass between 
the discs, or in which they will first pass through or between the 
discs, and escape through the perforations of the hollow axle. 
They may be conducted through a series of such apparatus in any 
of the ways above described. A modification of the apparatus is 
also described and illustrated. (Sealed February 15, 1889). 


2497. G. Thomas Manchester. (P. Fischer, Lyons, 
France.) Improvements in Temperature ey 
ee. (8d. 4 Figs.] February 20, 1888.—The lower pa 
of the apparatus is placed in the vessel, kier, or room in which a 
certain temperature is to be maintained, and is filled with mer- 
cury. It is supported in a casing b', and its top part is closed by a 
diaphragm c composed of a circular corrugated metal disc, 
strengthened by one, two, or more corrugated rings superposed to 





form aspring. The outer edges of the disc and rings are bent over 
and secured between the parts b, b'. In the part 6 is fitted a plug 
d resting upon c, and supporting the end of a hollow spindle e, 
whose upper end bears against a diaphragm c! similar toc, support- 
ing the stem g' of a valve g, which controls the admission of the 
heating or cooling fluid from h to i, in communication with the 
vessel, kier, room, &c. (Sealed March 1, 1889). 


2569. A. Sauvee, London. (J. B. G. A. Canet, Paris. 
An Improved Armoured Turret, [lld. 4 Figs.) February 
21, 1888.— This invention relates to an improved armour turret, 
and consists in the employment of a casing of sheet metal which 
entirely lines the turret, and in which are placed the various appa- 
ratus, such casing being set in a block of concrete, so that the 
use of all masonry is avoided. It also consists in the combined 
use of connecting-rods and cam grooves, permitting the whole of 
the system to turn round an axis situated as nearly as nme ag at 
the — surface of the armour plating. (Sealed Fe ry 22, 
1889). 


$017. C. D. Abel, London. (P. Kotliarewski, St. Peters- 
burg.) Apparatus for Indicating the Speed of Flow 
of Liquids or Gases. (8d. 2 Figs.) February 28, 1888.— 
Thisinvention relates to apparatus whereby the s of a current 
of water, air, or other fluid is indicated by sounds given at intervals 
of time, the duration of which is used as a means for determinin; 
the speed of flow. It consists in the combination with a suspende 
frame of a shaft carrying vanes, whereby it receives rotary motion 
from the current, and a tube closed at both ends and containing a 
sliding weight, which tube is rotated on a transverse axis by the 
said shaft so as to cause the weight to fall alternately from one end 
of the tube to the other end, thus producing sounds. (Sealed April 
9, 1889). 


4547. T. L. Seaton, Padstow, Cornwall. Improve- 
ments in Vessels, Ap ~ “—~ and Appliances for 
r 


Separating Solid Ma m Wa or other 
Liquids During the Process of g or Soften- 
ing the same by Treatment with Chemical or other 


Re-agents. (8d. 2 Figs.) March 24, 1888.—This invention 
relates to apparatus for separating solid matter from water or 
other liquids during the process of purifying or softening the same 
by treatment with chemical or other re-agents, and consists in 
the application and employment of balls either solid or hollow, or 
of ealieten size, or of varying sizes, in a chamber or vessel through 
which the water or other liquid under treatment is allowed to flow, 
the external surfaces of such balls, or the external and internal 
surfaces of such balls, being utilised for the precipitation of solid 
matter or other impurities during the process. (Sealed April 9, 
1889), 


15,651. G. F. Evans, Somerville, Mass., U.S.A. I 
provements in Frictional Gearing. (8d. 7 Figs.) 
October 380, 1888.—This invention relates to friction gearin, 
mechanism by which motion is communicated between two paralle 
shafts, and consists in the combination with two pulleys, the sur- 
faces of which are in close proximity, but not contiguous, and the 
endless band which loosely encircles one pulley and passes between 
the two pulleys of the adjusting mechanism, composed of the 
boxes vertically movable in the hangers, and operating cams, 
whereby the panes are caused to approach or separate one from 
the other. (Sealed February 22, 1889). 


16,702. J. Haywood, Wotton-under-Edge, Glouces- 
. “improvements in 5 t Pins or rs. 
(6d. 8 Figs.) November 17, 1888.—The object of this invention 
is to construct pins or cotters in such a manner that they may be 
more readil placed or pressed into the holes formed for their re- 
ception, par f have their ends pressed back expeditiously and with 
ease. For this purpose the ends of the split cotters or pins are 
tapered, inclined, or pointed, and have one leg or end made longer 
than the other, whereby the ends may be easily bent over by 
means of a hammer or other ordinary instrument, and the diffi- 
culty hitherto experienced in commencing to press the same 
apart, is obviated. (Sealed March 1, 1889). 
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DOVETAILING MACHINE. 


CONSTRUCTED BY THE BRITANNIA COMPANY, 
(For Description, see Page 729.) 





1 4 air for transmitting power, dates back as far as the 
THE een F fr ERGY BY | construction of the Mont Cenis Tunnel. In a 


| report addressed to the company only a few months 
(Concluded from page 690.) 


In preceding articles it has been told how a great of cost, efficiency, &c., and institutes a comparison 


and apparently very prosperous industry has been between the expense attending the transmission of | 


developed in Paris by the compression of air at a this source of energy from a large central station, 
central station and its distribution through a vast with that incurred in producing it at a large number 
network of mains to thousands of subscribers’ in of independent installations. The following is a 
whose workshops and homes an unfailing source of summary of M. Frangois’ report. He first points 
mechanical energy is always at hand. 


new industry, have described the modes by which | 


the various applications which are in daily use, and employed to compress the air required for working 
a number of the apparatus employed for utilising | cranes and a number of other machines, including a 
the compressed air. It now remains for us to 100-tonhammer. In Paris, of coursethe installations 
examine briefly the economical and practical side are much more complicated and numerous, ranging 
of this apparently happy solution of a great and | in extent from 100 horse-power motors to those of 
complicated problem, but before attempting to do | force sufficient to drive sewing machines. Taking 
this thoroughly, we prefer to wait until experi-| the experience gained after regular working for 
ments which will be shortly carried out, shall have | about eighteen months with a 3000 horse-power 
been completed. Meantime there is plenty of | installation, and taking into consideration the fact 
material at hand for a preliminary investigation, | that this amount is quite inadequate to meet actual 
and in concluding our notice of the subject for the | demands from users of power who desire to become 
‘present we propose to confine ourselves to the! subscribers, M. Frangois has based his investiga- 


ims that have been put forward by the company tion on an installation of 6000 indicated horse-power | 


and their engineer, M. Joseph Francois, of Seraing, | available for compressing the air. He points out 
whose long experience with the use of compressed that in order to obtain a cube metre of air at an effec- 


ENGINEERS, 


ago, M. Francois investigates the various questions | 


We have out that Paris is not the only place where com- | 
traced the history and rapid development of this pressed air is used on a large scale as motive power; | 
leaving out of consideration many underground | 
the air is compressed and afterwards distributed, workings, he refers to the great Italian steel works | 
and we have illustrated in some detail a number of | of Terni, where a force equal to 1500 horse-power is | 


COLCHESTER. 






HU iil 
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tive pressure of 85.3 lb. per square inch, the engines 
should develop 1,207,911 foot-pounds in the steam 
cylinders. A cube metre of air compressed to 
85.3 lb. per inch, and at a mean temperature of 
53 deg., weighs 18.55 lb., and involves the com- 
pression of 242 cubic feet of air. To this work, 
which represents the expenditure of power upon the 
air. delivered into the reservoir, has to be added 
that absorbed by the flow of the compressed air 
through the mains, the velocity of which, to obtain 
the most economical results, ought not, it is stated, 
to exceed 26 ft. per second ; the experience of the 
Paris company appears to have established this 
rate, and the mains are made sufficiently large to 
maintain it as closely as possible. Under such 
favourable conditions, the loss, it is claimed, 
will not exceed 7.1 1b. per square inch, involving 
an additional work of 39,781 foot-pounds, and 
bringing the total expenditure upon the cube metre 
of air, delivered to the subscriber at 85 lb. per 
sq. in., to 1,207,911 plus 39,781, making a total of 
1,247,692 foot-pounds, which is the total amount of 
work that has to be exerted by the steam engine, a 
duty which will be always guaranteed by any respon- 
sible maker of steam engines and air compressors. 
M. Francois then passes on to consider the 
amount of useful work that can be obtained from 
this cube metre of air delivered into a suitable 


motor, that being the main point at issue and upon 
which the economy of the system depends. 


To 
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obtain the highest amount of duty M. Popp intro- 
duced the method of heating the air before allowing 
it to pass into the motors, as has already been ex- 
plained, and in many cases he has also adopted 
the practice of injecting a small spray of water 
into the air so heated. It is stated that a num- 
ber of experiments made at the St. Fargeau 
station of the Oompressed Air Company showed 
that if the efficiency of the air before it is heated be 
represented by 1, this efficiency will be raised to 
1.42 by heating the air to 200 deg. Cent., and if 
a jet of water be injected into this heated air, the 
efficiency will be raised to 1.90. Making a. full 
allowance for waste arising from leakage, lost 
spaces in the motor, &c., the cube metre of air com- 
pressed to 85.3 lb. per square inch would perform 
useful work equal to 578,640 foot-pounds in the 
cylinder of the air motor; if heated at 200 deg., 
this efficiency would be raised to 810,000 foot- 
pounds, and with the water injection to 1,084,900 
foot-pounds. As the work done in the steam 
cylinder was 1,247,692 foot-pounds, it follows that 
under these last and most favourable conditions the 
efficiency of the air motor would rise as high as 
.869 per cent. It is claimed that this large increase 
in duty is secured by a very small expenditure of 
fuel and water, amounting to no more per horse- 
power and per hour than .44 1b. of coke. and 6.6 lb. 
of water. For small motors the air is heated by a 
gas jet, as we have already explained. If theabove 
figures are correct, the expense incurred for heating 
and water injection does not exceed one-tenth of a 
penny per horse-power and per hour. From the 
experiments made at St. Fargeau, M. Francois has 
prepared the following Table : 

TasLe I.—EZfficiency of Compresesd Air under Different 











Conditions. 
| | 
| | Heated 
sale Cold § Heated and 
Air. | Air. | Saturated 
| Air, 
1. Weight of air used per indicated | 
horse-power per hour in the cylin- 
der of the air motor Ib. 1098.8 | 78.500 58,609 
2. Volume of air measured at the 
exhaust per indicated horse- 
power per hour in the cylinder cf 
the air motor -- Cft, 1363 974 Fe 
8. Temperature of compressed air 
delivered to the motor deg. C. 20 209 200 
4. Temperature of air at the exhaust 
—55 0 +650 
Percentage of efficiency 462 =—.648 -869 


This Table shows that under the most favour- 
able circumstances the compressed air delivered to 
a motor, even through a long length of main, will 
give out more than 85 per cent. of the work that 
was exerted to compress it. In investigating the 
actual cost, M. Francois assumes, however, that in 
practice the duty will not exceed 80 percent. The 
cost of production includes a number of items, as 
follows: 1. Interest and sinking fund to repay 
first charges—12 per cent. 2. The actual cost of 
producing the compressed air ; coal, stores, labour, 
and maintenance for the boilers, engines, and com- 
pressors, as well as the plant. 3. The cost of mains 
and maintenance of the air motors. 4. Cost of 
management and administration. The following 
Tables show in detail what, according to M. 
Francois, would be the cost under these four heads: 
TaBLe II.—Cost of First Establishment for a Central 

Station of 15 Engines of 400 Horse-Power each, with 

Boilers, &c. 


£ 

1. Cost of land Se pA de és ‘ 14,000 

2. Buildings, engine foundations, boiler 
settings, shafts, &c. .. oa me ee 18,000 

3. an oy boilers, compressors, reservoirs, 
pipes, &... oe - os oe ne 84,000 

4. Mains, 24,000 metres (15.75in. in diameter), 
10,000 metres (2 in. to 4 in.) .. am pam 54,000 

5. Air engines, with foundations, pipes, fittings, 
6. Unforeseen expenses, commissions, &c. 10,000 
T 200,000 


‘otal .. . + = i. = 
At 12 per cent. the interest ou this sum 
amounts to 24,000/. a year, or 64.51. per day. 
Tasie ILI.—Cost of Production of Compressed Air. 
In the following Table the consumption o? coal is taken at 1.76 Ib. 
rt indicated horse-power per hour, the time of running at 16 
ours per day, and the cost of fuel at 26 francs per ton. 


1. Cost of coal (96 tons at 26 francs) 
2. Twenty stokers.. “ “s 
3. ae assistants. . si ar ae . 
4. Fifteen engine drivers and compressor 
attendants sa ci a8 “ oe 
5, Six cleaners 
6. ,, labourers r 
7. Two foremen Se es 
8. Lighting, oil, stores, &c. és 
9. Water se . sa ve ‘ 
10. Maintenance of engines, boilers, &c. .. 
11. Office staff, engineers, &c. om Ke 


Sh 
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— 
_ 
= 


Total per day... 
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TaBLE 1V.—Cost of Air Motors and General a oa 
8. 


1. General supervision 0 
2. Light, oil, stores, &c. 40 
3. Maintenance ve = 40 
4. Cost of general direction 20 0 
Total cost per day = as is 36 0 
Summary of Daily Expenses. " 

2 

1, Interest and sinking fund : 64 5 
2. Production of compressed air .. 144 0 
3. Cost of air motors. . 2 16 0 
4. General direction .. 20 0 


Total cost per day os os o- 244 6 

The sum of 2441. 5s. gives, therefore, the actual cost 
of the power transmitted by compressed air with an 
installation of 6000 horse-power, working on an 
average of sixteen hours a day. Of course it is not 
pretended that with the small motors anything like 
86 per cent. of efficiency can be obtained, and it is 
evident that in such applications the saving as com- 
pared with hand labour must be so great as to 
allow the efficiency to fall to a very low figure 
before it would cease to be profitable to employ 
compressed air. Assuming for larger motors of 
10 horse-power and upwards an efliciency of 80 per 
cent., the 6000 horse-power at the central station 
would deliver 4800 horse-power through the mains, 
which for a period of sixteen hours per day would 
represent 77,800 horse-power hours at a cost of 
244I. 5s., or 8 centimes per horse-power hour at the 
air motors; allowing 20 per cent. for waste, friction, 
&c., and 1 centime for the coke and water used 
in treating the compressed air before delivery 
into the motors, the total expense would amount to 
11 centimes per horse-power per hour of useful work 
done in the air motors, it being assumed that 
engines of 10 horse-power and upwards are em- 
ployed. In Paris the minimum cost of working 
steam engines of 10 horse-power and upwards is 
12 centimes per horse-power, and that of gas engines 
25 centimes. Comparing these prices with the cost 
of power obtained by electric transmission, M. 
Francois takes the price list by the General Elec- 
trical Company of Berlin, who supply current to 
subscribers, under the sufliciently onerous condi- 
tion that they are not to work them in the winter 
between gunset and eleven at night ; the charge per 
horse-power per hour made by this company is 47.5 
centimes. 

The foregoing is the substance of M. Francois’ 
report, which we publish without any comment ; as 
other investigations will before long be made, it is 
worth while placing the conclusions of M. Frangois 
upon record, if only to afford a subject for com- 
parison. Very shortly the station at St. Fargeau 
will be raised almost to the total of 6000 horse- 
power, upon which the deductions in the report are 
based, and it will then be possible to ascertain 
how nearly the practical conditions of working ap- 
proximate to M. Francois’ deductions. It is evident 
that there is nothing unreasonable in the efficiency 
which he assigns to the compressed air delivered 
cold, at 46 per cent., therefore the main interest of 
this part of the question is whether the system of 
heating the compressed air and combining it with 
vapour doubles its efficiency. We have no reason 
to doubt M. Francois’ figures, which, if correct, 
should certainly prove that compressed air is the 
most economical medium for transmitting power 
that can be obtained. But the results claimed are 
so remarkable that we may be excused if we hesitate 
to accept them until they have been confirmed by 
other experimenters. With the same reserve we pub- 
lish the following Tables prepared by the company, 
and showing the comparative costs of compressed 
air and electrical transmission : 

TABLE V.—Estimated Cost of a Compressed Air Installa- 
tion for the Transmission of Power for Electric Lighting 
(70,000 Horse-Power). 

1. Compressed air. The following estimate assumes the central 
station to be situated in the neighbourhood of Billancourt, and 
that a distance of 7000 metres has to be traversed by the pres- 
sure mains, before the district to be supplied is reached. The 
cn supplied is assumed to be 70,000 borse-power, includin 


osses in transmission, &c. The district supposed to be suppli 
is that of the Opéra Sebastopol. 





(A) Purchase of land at 20 francs per square metre, £ 
MA ac! the Se ee) ey. Look BMAIDRO 
Erection of factory at 40 francs per square 

metre .. *" se ee ne os ae 80,000 
75 engines each of 1000 yf tated at 20007. .. 150,000 
150 steam generators of 500 horse-power each, 

20007. .. a. 26 ae os os -. 300,000 
Engine foundations at 807. per engine 6,000 
Boiler settings at 80/. per boiler .. ~ 12,000 
Five chimneys, “‘_" -» at 6001. each .. ae 3,000 
Air compressors, with accessories, reservoirs, 

&c., 1 . per 1000 horse-power as oh 75,000 
Miscellaneous, including belts, pulleys, counter- 

Sans Se. -. ee es ye ee ‘ia 4,000 
Pipes, mains, and fitting 8,000 
Unforeseen expenses . . 22,000 

Total cost of station 700,000 





(B) Purchase of buildings for receiving stations at 





40 francs per square metre, 50,000 square £ 
metres.. es ae ‘a on os “s 80,000 
75 aéromotors at 20001. we -- 150,000 
150 reheaters at 400/... a ve ae AA 60,000 
360 dynamos at 600/. each (2000 ampéres and 
100 volts) .. re me “ ze -- 216,000 
Foundations; 80/. per motor, and 10. per 
dynamo os - a * aS & 9,600 
Transformers and conductors ; 600/. perdynamo 
of 1000ampéres..... ce mr wh «- 216,000 
Miscellaneous, belting, countershafting, &c. 10,000 
Pipes and fittings .. om oe rf 000 
Conductors... & 000 
Unforeseen expenses. . 14,400 
Total cost of receiving stations .. -- 780,000 
Mains, eight lines, 15.75in. in diameter 112,000 


Total cost of installation, say, 1,600,000/. 


TaBLE VI.—Estimated Cost of an Electrical Central 
Lnghting Station (70,000 Horse- Power). 

As in the preceding Table, the station is supposed to be located at 
Billancourt, and the same district isto be served as before. The 
total power to be available is 70,000 horse-power, including 
losses in transmission. 


1. Purchase of land at 20 francs per square £ 
metre (60,000 square metres). . “we we 48,000 
2, Construction of works at 40 francs per ; 
square metre... es 2 oe a 96,000 
3. Steam engines, 75 each of 1000 horse-power 150,000 
4. Boilers, 150 each of 500 horse-power.. 300,000 
5. Engine foundations 2 res “ 6,000 
6. Boiler settings . 12,000 
7. Shafts and flues .. an as en as 3,000 
8. Dynamos, 450 at 6007. An additional number 
of dynamos is necessary on account of losses 
in the long circuit i ae aie .. 270,000 
9. Transformers, 450 at 6007. as ‘“s - 70,000 
10, Miscellaneous, belting, countershafting, &c. 14,000 
11. Pipes and fittings. . ee = = : 8,000 
12, Unforeseen expenses 31,000 
Total .. Me is re -- 1,208,000 
Conductors. Four cables for 6000 ampéres, for 
a current of 18,000 ampéres and 2000 volts, at 
26.681. per metre run <t ty. -. 720,000 
Total .. - 1,928,000 


The difference in favour of the compressed air 
installation is thus shown to be about 20 per cent., 
and the deduction is made, that since the installa- 
tion, including mains, costs 1,600,000/., as com- 
pared with 1,208,000/. for the electric station 
without cables, that an advantage lies with the 
former, so far as cost is concerned, when the length 
of lead reaches about 3600 metres : 

1,600 oco sa 1,208 000 _ 3661 metres. 
26.68 x 4 

We have not before us any data to show the 
actual development of the Compagnie Parisienne 
de l’Air Comprimé, but a statement of the number 
of installations in active work towards the close of 
last year will serve to give an idea of the number 
and variety of industries which have availed them- 
selves of this means of obtaining motive power ; 
since then the number of subscribers has largely in- 
creased, and one section of the great public lighting 
scheme of Paris has been carried out by the com- 
pany. At the date we speak of there were seven cen- 
tral stations fed from the installation at St. Fargeau, 
forthe distribution of electric light; they represented 
a total force of 750 horse-power given off by the 
air motors, and of these six were of 100 horse- 
power each. Four theatres, fourteen cafés and 
restaurants, two hotels, the same number of news- 
paper offices and of clubs, and sixteen private 
houses were electrically lighted by the same means. 
Sewing machines were driven in thirteen different 
establishments, ice was produced in four, and the air 
formed the motive power for driving machine tools 
in thirty-four different shops. Sixteen printing 
offices availed themselves of the same means, and 
in thirty-five other establishments it was also 
employed. Among the various applications there 
were a number of sanitary establishments that were 
on the list of subscribers ; in six instances it was 
employed for raising wines and spirits ; it was also 
used for working lifts, shearing metals, and cutting 
stuffs, for ventilation and for driving mills, and to 
a large extent for wood-working machinery. At the 
end of last year over 1200 horse-power was distri- 
buted daily through the mains ; of this 478 horse- 
power found employment amongst 276 subscribers 
for various industrial purposes, and 803 horse-power 
wereabsorbedin supplying 6220 incandes¢tence lamps 
and 145 arc lamps. Since that date, as we have seen, 
the demands of subscribers have gone on increasing 
until the reserve of engine power at St. Fargeau 
was of necessity absorbed to supply the existing 
demands, and it became necessary to extend the 
main station in the way we have described. At the 
end of last year the situation of the company appears 
to have been as follows: The subscribers who had 
made themselves liable for periods of from five to 
ten years brought in a revenue from various in- 
dustries of 24001. ; for lighting, of 18,400/. ; and 
for the pneumatic clocks, of 38801. ; besides these 
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there were a number of subscribers who paid by the 
records of their counters ; of these, 2920/. was paid 
for miscellaneous industries, and 6400/. for electric 
lighting. At that time also several important in- 
stallations were in progress which have since been 
finished ; amongst others was the Bourse de Com- 
merce, who spent 4000/. on an installation ; refrige- 
rating companies paying 4000/. a year, and the Eden 
Theatre 4800/. a year ; there were also a number of 
miscellaneous applications, amounting to 3200/1. a 
year. Thesesumstogether brought the total revenues 
of the company to about 34,000/. a year, the expenses 
being 30,4001. for that part of the installation which 
was in full operation ; this sum included interest 
on loans at 6 per cent. and interest on capital at 
5percent. At the beginning of the year the works 
were not running at anything like their full capacity, 
so that a large amount of capital on which interest 
was being paid was earning nothing. The financial 
condition became more favourable a short time later 
when a large number of other installations were com- 
pleted. It is said that this year the company will 
be in a position to pay regular dividends of 10 per 
cent. upon its share capital, and if all that is claimed 
for the system be substantiated, there appears to be 
no reason why such a rate of interest cannot be 
maintained or even exceeded. 

We repeat that we do not hold ourselves in any 
way responsible for the figures we have given in 
this article ; they have been furnished to us by the 
company whose good faith is evident because they 
court investigation, and are even now making 
arrangements fora series of trials to be conducted 
by wholly independent experts. Naturally the 
most interesting feature of the system is that by 
which the efficiency of the compressed air is claimed 
to be doubled by the application of heat and of a 
certain proportion of water. Apart from the incon- 
venience resulting on the extreme cold produced at 
the exhaust, for large motors at least, the permanent 
success or failure of the system depends upon 
the high degree of efficiency that can be ob- 
tained. For small motors this question is com- 
paratively of little importance, because even 
with an efficiency of 30 per cent. the balance of 
advantages would rest with the compressed air 
as compared with power produced by other inechani- 
cal means or by manual labour. The great electric 
lighting installation which the company has just 
completed between the Rue Royale and the Opera 
will afford, after a few months, absolute data as to 
the relative economy of the system, and a means of 
comparison between it and the other installations 
of the other electric companies. Under every aspect 
this great industry for the transmission of power, 
of which the station at St. Fargeau is the centre, is 
a most interesting one, and it may be predicted 
with certainty that if the reports of independent 
engineers confirm that of M. Francois, applications 
on an equally large scale will soon be at work in 
other cities besides Paris. Inagreat many instances 
the advantage of being able to promote ventilation 
and to obtain a supply of pure air in the workshop 
is an advantage of great importance, and is one that 
is shared by no other medium of energy after it has 
done its work ; unlike the waste products from the 
gas engine, or exhaust steam, or the discharged 
water froma hydraulic motor, the expanded air after 
having done its work in the cylinder can be turned 
directly into the apartment where the engine is at 
work. There are so many other purposes to which 
the system may find an application, that its field 
of usefulness appears to be a very wide one indeed. 
For refrigerating purposes it is already in success- 
ful use in Paris, and to a modified degree it may 
well serve to reduce the temperature of houses in 
hot climates ; the production of intense heat for 
metallurgical purposes, and the aérification of water 
are also two other practical uses of which the ulti- 
mate list will probably be a long one. 








THE THEORY OF THE STEAM 
ENGINE. 
(Concluded from page 685.) 

In attempting to determine the expansion curve 
which a pound of steam will produce, when we are 
given the manner in which heat is supplied to it, 
we can only get a correct answer by the use of the 
calculus. For if given one point on the curve we 
require to find another at a definite distance from 
it. Then one of the quantities entering into our 
equation is the area of the curve between the points; 
but to know this we require to know the form of 
the curve, i.e, the very thing we are trying to 








obtain, hence we cannot obtain a definite result. 
We can, however, for the case we are going to con- 
sider, viz., the supply of heat zero, or adiabatic 
expansion, obtain one certain property of the curve 
by reasoning derived from the saturation curve. 
We saw that to keep steam dry, or at least to keep 
it all steam as it expands, necessitates that we 
supply heat to it. Hence we say that during adia- 
batic expansion the steam, if commencing dry, 
must necessarily partially condense. Although, 
however, we cannot obtain perfect results, yet we 
can get very approximate ones by the following 
method : 

Let 1 (Fig. 12) represent the pressure and volume 
of a pound of steam. We require to find its volume 
when it has expanded adiabatically to p,. We have 

Heat supplied =I, —I, + area of curve 1 to 2, 
or 
0=I,—I,+area of curve 1 to 2. 

Now if 2 be not very far from 1 we may with 
fair accuracy take the curve to be a straight line 
between 1 and 2, and doing this we get then 


Pit Pa (vy-Vi)=h-Ip 


whence we find V., and hence we know where 2 is, 
and so on to a next point 3, &c.; but we shall in 
this manner be getting farther away from the true 
curve every time, and hence, when we require 





sation in the central mass visible as a cloud, and 
this was exactly what was seen. Suppose, on the 
other hand, the piston were pressed in, then we 
should expect superheating, and when the piston 
was pushed 
clear, so that there was no condensation, and 
no doubt there actually was superheating. As a 
still further confirmation of the correctness of the 
theory, we have the results when saturated ether 
vapour was experimented on. 
expansion of ether remaining saturated, we find 
that it requires heat to be taken away during ex- 
pansion, or vice versd, heat must be supplied to it 
during compression to keep it dry saturated ; it 
behaves then exactly the reverse of steam, and we 
should then, reasoning as in steam, expect adiabatic 
expansion to produce superheating, and compres- 
sion to produce condensation, and this again is 
exactly what did happen, the cloud forming on com- 
pression, but not during expansion. 
interesting if the advocates of liquefaction as an 
absolute necessity for the performance of work 
would explain how ether vapour manages to perform 
its work. 

We have now obtained results about certain par- 
ticular expansion curves, but we have said nothing 
about whether they are the expansion curves in an 
actual steam engine ; all we have said is, if these 
be the curves, then these are the results; but now 


in the steam remained perfectly 


If we work out the 


It would be 
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accuracy, we must check our results by the true 
formula, which, as we stated above, is obtained by 
use of the calculus. This formula is 

Ts + loge T=a constant, 
L and x having the meanings we have assigned to 
them all through, and T being the absolute tem- 
perature, i.c., +461. We will see, however, what 
the first formula tells us for a small expansion, say 
of pure steam at 70 1b. to 501b., we should have 

Vi=1, for 70 Ib. P,=144 x 70, T, —I,=(h, +L,—P)7) - 

(h, +x2L:—a2P2v9 

V.=x, x (v2 for 501b.) P2=144x50 (See preceding 
article). 
And we should substitute these values, getting an 
equation for «,, the work being long, we give simply 
the result, viz., x.=.98 nearly, thus just about 
2 per cent. of the steam has liquefied, and the 
liquefaction would increase as we expanded farther. 
There is, however, a peculiarity about the liquefac- 
tion during adiabatic expansion ; if instead of com- 
mencing with pure steam we commenced with 
water, then evaporation would take place instead 
of liquefaction, while for a certain proportion of 
steam and water at any given temperature, a small 
adiabatic expansion produces neither liquefaction 
nor condensation. 

We have now by means of our simple equation 
answered two most important questions regarding 
the expansion of steam, the correctness of the 
answers being unassailable when the principle is 
admitted ; moreover, these results have had their 
correctness proved by actual experiment as follows. 

The experiments were made by Cazin ; he took a 
metal cylinder with glass ends, kept at the correct 
temperature ¢° by an oil bath; pure steam at tem- 
perature ¢° pressure p was admitted to the cylinder, 
the piston of which could be moved backwards or 
forwards. Now of course to have pure adiabatic 
expansion we require a perfectly non-conducting 
cylinder, which this was not, but this difficulty can 
be got over by making the experiment quickly, so 
that heat has not time to get from the metal into, 
at any rate, the body of the steam, although it 
may into the parts against the surface ; the central 
mass then no doubt expands adiabatically. What 
then does our reasoning lead us to expect when the 
piston is suddenly pulled out? Evidently conden- 

















how do these results appear in actual engine indi- 
cator diagrams? Also what about the other parts 
of the stroke, viz., admission, exhaust, &c.? For 
although we have seen it argued that only the ex- 
pansion must be considered, we hardly think any 
engineer would expect to get reliable knowledge of 
a process by carefully ignoring three-fourths of it ; 
one thing at a time is well, but not one thing and 
that only. 

We must compare first an actual indicator dia- 
gram with our curve of 
— of steam, to see what is the relation between 
them. 
cator diagram, the height from the line O X repre- 
sents steam pressures ; in that then it agrees with 
our curve ; but now what do the horizontal dimen- 
sions mean ? The length of the diagram may be said 
in a way to represent the stroke of the piston since 
it bears a certain relation to it, but we require the 
abscissee to represent volumes, so that multiplied 
by pressures the areas represent work done ; this 
we can effect by taking the length to represent, not 
the stroke, but the stroke multiplied by the area of 
the piston, then the area of the diagram represents 
work ; we can put it thus: 

Let p,, be the mean pressure per square inch, or 
P,, per square foot, A=area of piston in square 
feet, s=stroke in feet, then we know 


ressure and volume of a 


In Fig. 13, abe def represents an indi- 


Work done in the single stroke= e x ye Axs 
=Pm x As 


Then the mean breadth of the diagram represents 
Pm, and the length being taken to represent As on 
the proper scale of inches to the cubic foot, P,, x As 
is the area of the diagram, and so, on these scales, 
it corresponds to the simple curve of pressure and 
volume. 

Next, where is the axis O Y that we are to mea- 
sure volume from? O X we know, being the zero 
line 14.7 lb. below the atmospheric line ; but to 
settle O Y we must consider that we want distances 
measured from O Y to represent the volume of the 
steam that is expanding. Take now, for instance, 
the end of the stroke ¢, then the length from a to e 
represents the volume of the 
but there is more than this volume of steam in the 
cylinder, because there is the clearance ; similarly 
at c the cut-off, say it were at one-third, then we 
have one-third the piston displacement, i.e. b c, plua 


iston displacement ; 
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the clearance, as the volume at the instant of 
cut-off. We see then that O Y must be placed so 
that the distance from a b to O Y represents the 
clearance on the same scale that the length of dia- 
gram represents the piston displacement As, and 
then taking any point of the diagram, the pres- 
sure and volume of the steam between the slide 
valve and piston at that point of the stroke are 
represented by the distances from O X and OY 
respectively. 

Again, we require to know what weight of steam 
we are dealing with. It is not necessary to draw 
diagrams for the one pound, but we must know 
how many pounds the diagram is for. Now there 
is of course nothing in the diagram itself to tell us 
this ; neither will the size of the cylinder tell us, 
because we do not know what sort of mixture of 
steam and water we use, hence the volume does not 
give us the weight ; the only way we can get this 
weight is by weighing the feed water, then allowing 
for all losses, jacket water, leaks, &., we can, by 
dividing by the number of strokes, obtain the 
weight of steam and water which passes through the 
cylinder at each stroke. We have not yet, however, 
got at the state of the steam, because there is a 
certain amount of the steam in the clearance space 
which does not pass through the engine at all, but 
simply gets compressed by the entering steam, 
expands again with the other steam, and so on over 
and over again ; it may be, and probably is the case, 
that the same particles do not continually undergo 
this process, but some particles always are doing so, 
and it might as well be always the same so far as 
the results go. 

In estimating the quantity of steam which does 
not pass through the engine, we find its volume 
from the indicator diagram at some convenient 
pressure, the most convenient being what is called 
the terminal pressure, got by producing the expan- 
sion curve beyond the release d, to cut the end 
ordinate in k; we have to do this because the 
release takes place before the end of the stroke ; we 
then say that the quantity of steam expanding in 
the cylinder is a cylinder full at the terminal pres- 
sure p, (cylinder includes clearance, and this is 
simpler than saying it is a clearance full plus the 
piston displacement up tod, at the pressure pz ). 
Now the amount of steam shut up in the clearance 
depends on the position of the point of compression 
J; itis V, at pressure p,, or V, at pressure pa, a 
showing the admission ; but it is best to measure 
this also as a volume at p,, so produce the com- 
— curve fa up to cut the pressure line through 
;in m, and we say the volume V,, at the pressure 
px is shut up in the clearance each stroke, but V; at 
the pressure p; is the total amount contained in the 
cylinder after admission, so that the part V; — Vin 
or mk must be the volume at pressure p, of the 

uantity which is alternately admitted and expelled. 

here is only one doubtful point in the preceding, 
which is, that we ought properly to show that 
V,, and V; are volumes of steam is the same state as 
regards dryness; this, however, we cannot do, 
because we have very little means of judging in 
what state the steam as at m would be; it is pro- 
= however, that any error due to this would be 
small. 

We have now m k as the cubic feet of steam used, 
on the scale that the length of diagram represents 
piston displacement, and we see that this quantity 
is affected greatly by the amount of compression ; 
it may be, as in our Fig. 13, greater than the piston 
displacement, or equal to it, or even less by having 
an earlier compression. It follows that it is not a 
necessary consequence of having clearance that we 
use more steam than if there were none. The extra 
steam used is represented by m », which may be 
plus, zero, or minus ; m » for this reason is some- 
times called the effective clearance. 

We can proceed now to deduce the state of the 
steam at the end of the stroke as it would be if 
the expansion extended to k, for we have both 
the volume and weight of the steam used per stroke. 
Thus, say, the feed water tells us we use N pounds 
of steam per stroke. Then the volume of each 


pound in the state it would be in at k is mt cubic 


feet, i.e, 


tk te = “ 

Hence, then, we know 2; , and we could proceed 
to calculate the wetness at any other point, as in 
the case of hyperbolic expansion. For variety, 
however, and also because of its great practical 


(vx volume of dry steam). 





value, we will show how to find it, or at least 
exhibit it, graphically. Produce the horizontal 
through k to k', so that 
==, 
wk 

i.e., sk’ is the volume the whole of the expanding 
steam would occupy if dry, and so on for the whole 
expansion curve. We thus get the dotted curve 
c! k', which is the saturation curve for the whole of 
the expanding steam. We could, of course, only 
get k!, in the way described ; but now knowing what 
would be the result of the above, we say describe 
the saturation curve on such a scale as to pass 
through k’, then by the converse it follows that for 
any point, say c, ¢ c' represents what would be the 
volume if the steam expanding were dry ; but ¢ c is 
what its volume actually is, and at once, then, we 
get that a volume cc! of steam must have existed 
as water, occupying practically no volume. We see, 
then, that at any point the horizontal distance be- 
tween the curves represents the volume at that 
pressure which the water present would occupy if 
evaporated. 

The curve just drawn does not conveniently tell 
us whether the steam gets wetter or drier, because 
the horizontal distances represent volumes of steam 
of different pressures, hence we draw another curve 
by reducing all the abscissze of the saturation curve 
in the proportion x, to 1. This new curve then 
will pass through k, and will at every point give the 
volume the steam would occupy if it were of dry- 
ness x; ; it is shown dotted, and in the case we 
have drawn we see that the steam is wetter than at 
k to commence with and gradually dries. The mis- 
take is sometimes made of reckoning the vertical 
distances between the curves, but this is liable to 
lead to error if great care be not used, and is 
decidedly not so plain or convenient. Next we 
will consider what quantities of heat must be sup- 
plied to produce the expansion we have here given ; 
to do this we have but the one equation : 

Heat supplied during expansion = Ix — I, + area between 

cd and O X, or expansion area. 
We take the expansion right up to k, although it 
never really reaches there, simply for simplicity, it 
makes no practical difference ; and we have for 
I,, — I. as in preceding case. 
hy — he + Xk Ix — Px xv; — (ae Le - P. Xe ve ) 

per pound, which we must multiply by the actual 
number of pounds expanding, i.e., 


Nx #*, 
mk 

All these quantities are known, and so is the area, 
and hence we find the heat supply. We cannot for 
want of space show the process numerically, but the 
invariable result is that a heat supply, and generally 
a very large one, is required ; in one actual case* 136 
thermal units per pound were required, and the ques- 
tion arises, where didit come from? One answer is 
from the jacket ; but this was only 16, so where 
did we get the remaining 120? One answer we are 
always coming across is, that it obtains the heat from 
itself; and then it is worked out how much steam 
must necessarily condense, and we are told here is 
the cause of cylinder condensation ; but the least 
consideration shows the absurdity of this. The steam 
cannot obtain the heat from itself during the expan- 
sion, because the 136 thermal units represent a supply 
to produce its changes, and the changes cannot pro- 
duce the supply, and then the supply produce them. 
It must be from another body, and we have not far to 
look for that other body ; the only one in contact 
is the cylinder surface, and from this then the 
heat must come ; there is absolutely no escape from 
this conclusion; it is no theory but undoubted 
fact. But now let us goa step further back and 
ask whence came the 120 thermal units which the 
jacket did not give to the cylinder (in fact it would 
be more than 120, because the 16 was the jacket con- 
tribution during the whole stroke and not expansion 
only). To this again there is but one possible 
answer; only one thing capable of giving heat to the 
cylinder has touched it, viz., the hot steam during 
admission, and this must have given to the cylinder 
by liquefying its store of heat; we can from our 
figure find how much is so given ; we know 2, the 
boiler steam would be probably dry, so for each 
—_ of boiler steam admitted 1—x, lb. are con- 

ensed under the constant pressure p. (ornearlycon- 
stant), hencethey give up(1 —«,. )L, thermal units for 
each pound of steam supplied. In the case we are 





* Cotterill’s Steam Engine. 





considering 421 thermal units per pound were so 
supplied, of which the steam during expansion took 
away 120, leaving 301, which must then be got rid 
of during exhaust, because otherwise the cylinder 
would be accumulating heat, which we know it 
does not do, but keeps at a steady mean tempera- 
ture. Now we can see at once that this 301 
thermal units is waste, and worse; it is taken out 
of the energy of the steam on admission, stored up 
uselessly during the forward stroke, and then 
thrown away into the condenser, actually impeding 
the engine by increasing the back pressure. We 
see then how liquefaction produces its injurious 
effects. 

Seeing what a perfect account we can obtain of 
the transfers of heat between the cylinder walls and 
the steam, it may be asked where then is the 
necessity for theories of cylinder condensation, or 
in fact how is there room for theory at all? To this 
we answer that theories such as cylinder condensa- 
tion being due to work, only prove a want of 
grasp of the subject; but there is room for a 
theory, or a point at any rate for discussion 
in the question as to how the cylinder walls manage 
to transfer these large quantities of heat backward 
and forward in such short times. The transfer of 
heat through definite thicknesses of metal is a slow 
process, and hence some draw the conclusion that 
the cylinder must be coated always with a thin film 
of water which plays the part of transmitter to and 
fro of heat, others hold that the heat penetrating 
but an indefinitely small distance into the metal, 
and the process being alternate absorption and re- 
jection, the speed of heat transmission may be in- 
creased sufficiently for the effects to take place 
without the presence of water. These are interesting 
points and worthy of discussion, but they do not 
in the least affect our results obtained; we say that 
the quantities of heat must be and are supplied, and 
no questions concerning what may be the precise 
condition of the inside surface can affect that. 

We have seen now then, that given the weight of 
feed water used by an engine, an indicator diagram, 
and the cylinder and clearance dimensions, we can 
determine absolutely the amounts of heat supplied 
at all parts of the stroke and where they come from. 
We have taken a simple engine only, want of space 
prevents our considering the compound and triple, 
nor do we deem it for the purpose of these articles 
very desirable to do so, our object has been to show 
the absolute certainty and definiteness of the cal- 
culations, as opposed to the doubtful nature they 
are often credited with; for this purpose simple 
cases are better than complex, one great drawback 
tothe advance of this subject being the tendency to 
reason on the most complex questions before study- 
ing how with certainty to answer simple ones. By 
the equation we have used, and we may add, 
some idea of what is logical reasoning and what is 
not, this being plentifully absent in some attempts at 
treatment of the theory, we can answer not perhaps 
all, but by far the majority of questions concern- 
ing the heats supplied to, or abstracted from, steam 
in its passage through any actual engine, or even 
through any conceivable engine. Should the writer 
have ton fortunate enough to inspire in some a 
desire for further study of the more different ques- 
tions he cannot advise them do better than read 
Cotterill’s Steam Engine, on the teaching in which 
these articles are principally based. 

At the conclusion we may again call attention to 
the fact that our sole theories have been the con- 
vertibility and equivalence of heat and work, and 
the conception of internal energy as a thing abso- 
lutely fixed when one knows the physical state of a 
body. We would also particularly note that neither 
the ‘‘ perfect gas” nor the ‘‘ Carnot principle” has 
appeared, and if the sole effect of the articles be 
only to give those ill-treated quantities a much 
needed rest, the writer will not deem his labour 
wasted. 





THE WINDSOR SHOW. 

Tus week the Royal Agricultural Society is, 
under the most favourable auspices, holding at 
Windsor its Jubilee Show. An excellent site of 
about 120 acres has been appropriated to it in the 
Windsor Park close to the well-known Queen 
Anne’s Ride, and this site has been effectively laid 
out by the surveyor and superintendent of works 
to the Society, Mr. Wilson Bennison. Warned by 
the disastrous experience at Kilburn in 1879, the 
officials of the Society have been most careful in 
providing suitable roads and preventing the break- 
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ing up of the surface of the land during the opera- 
tion of getting the exhibits into place, and up to the 
present—thanks, no doubt, largely to the dry 
weather—the ground has remained in admirable 
condition. The Royal Agricultural Society have, 
during the past few years, been so exceptionally 
unlucky in having heavy rain during the Show 
week, that until the present meeting is fairly over 
it appears rash to prophesy what the result may 
be; but up to the present, at all events, the 
weather has been all that could be desired, 
and there appears to be every chance of the 
Society at last achieving a financial success 
within the metropolitan district. It is some- 
what singular that the three Shows previously 
held in the neighbourhood of London should have 
resulted in losses to the Society. Thus that held 
at Windsor in 1851* produced a loss of 12941. ; 
that held at Battersea in 1862 gave rise to a deficit 
of 36341. ; while at the disastrous meeting at Kil- 
burn in 1879 the loss was no less than 15,0641. 
This is the more remarkable as Shows held at large 
towns in the provinces have almost without excep- 
tion been most beneficial to the Society, that at 
Manchester in 1869 producing a profit of 9153I. ; 
that at York in 1883, 52001. ; that at Derby in 1881, 
45001. ; that at Leeds in 1861, 44711.; that at 
Nottingham in 1888, 4228/., and so on. 

In the importance of its contents, the Windsor 
Show ranks far ahead of its predecessors. It is 
true that the number of implement entries—7446 
this year—has been exceeded at four previousShows, 
and notably at Kilburn in 1879, when the number 
reached 11,878 ; but the stock exhibited has never 
but on one occasion reached half the present num- 
ber. Thus, except at Kilburn, when there were 
2879 stock entries, the number exhibited has never 
exceeded 1986 (the number shown at Battersea in 
1862), while at Windsor the stock numbers no less 
than 3997. We may add that at the present Show 
the lines of shedding allotted extend to a length 
of no less than 15,602 ft., of which total length 
10,378 ft. are devoted to the accommodation of 
stock, 2496 ft. to machinery in motion, and 2728 ft. 
to other exhibits, including seeds, models, &. As 
regards the portion of the Show with which we 
are specially interested, the following Table will 
explain how the present exhibition compares with 
its predecessors during the past twenty years : 











| | 
: Number of | Number of 
Year. | Place of Meeting. Stands. | Exhibits. 
1869 | Manchester 395 7,724 
1870 | Oxford a x 406 7,851 
1871 | Wolverhampton . 363 7,650 
1872 | Cardiff pa 308 5,843 
1878 | Bull... 329 5,634 
1874 | Bedford 361 5,931 
1875 | Taunton 284 4,214 
1876 | Birmingham 420 6,414 
1877 | Liverpool 428 6,930 
1878 | Bristol 435 6,837 
1879 | London 704 11,878 
1880 | Carlisle 288 4,196 
1881 | Derby 293 5, 
1882 | Reading 391 6,102 
1883 ork... ‘i 401 | 6,058 
1884 | Shrewsbury 367 | ~—s 5,241 
1885 | Preston 360 5,313 
1886 | Norwich 322 4,656 
1887 | Newcastle ... es 283 3,616 
1888 | Nottingham oe 368 4,717 
1889 | Windsor “| p53 | 7haae 





As regards the quality of the exhibits in the im- 
plement section, we may say at once that the 
Windsor Show takes high rank. Excellent design 
and good workmanship is to be met with on every 
hand, and in fact the exceptions are so insignificant 
that they practically escape notice. Of course the 
character of the prizes offered each year by the 
Society has a material effect on the nature of the ex- 
hibits, and on the present occasion it has given rise 
to a great development of dairy appliances. The 
prizes this year are allotted to eleven different 
classes as follows: Class 1, For a fruit and vege- 
table evaporator suitable for use on a farm. 
Class 2. Fora paring and coring machine. Class 3. 
For a collection of hand tools for road making.t 
Class 4, For a strong dairy thermometer with broad 
mercury column, to float upright in milk or cream 
at about 40 deg. Fahr., and to be scaled in a 
very bold clear manner from 40 deg. to 120 

* On this occasion no implements were exhibited on 
the Show ground, these occupying a special division of 
the gost Exhibition in Hyde Park. 


+ Curiously enough there are no entries for competition 
in this class, 








deg. Fahr. Class 5. For a collection of non- 
returnable parcel post boxes to carry from 1 lb. 
to 51b. of butter. Class 6. For a collection of 
non-returnable parcel post boxes to carry from 5b. 
to 10 lb. of butter ; and Class 7. For a vessel to 
contain preserved butter, closed hermetically, with- 
out the use of solder. The four remaining classes 
refer to dairy designs, and the prizes for them are 
offered by the Surveyors’ Institution. They are as 
follows: Class 8. Design for the best cheese dairy 
for a farm of under 100 acres. Class 9. Design for 
the best butter dairy for a farm of under 100 acres, 
Class 10. Design for the best cheese dairy for a 
farm of over 100 acres; and Class 11. Design for 
the best butter dairy for a farm of over a 100 acres. 
To adjudicate upon the awards in these classes and 
also upon the allotment of the silver medals which 
the Society offer for new implements, a very strong 
list of judges has been selected, these gentlemen, 
moreover, having the benefit of the long experience 
of Mr. William Anderson, the consulting engineer 
to the Society ; while under the auspices of Mr. 
Jacob Wilson, the honorary director, the whole of 
the working arrangements of the Show have been 
admirably carried out. The secretary of the Society, 
Mr. Ernest Clarke, is also to be congratulated on 
the improvements which he has effected in the 
official catalogues. By the addition of a few pages 
Mr. Clarke has found it possible to supplement the 
catalogue proper by a variety of most useful infor- 
mation, such as the programmes of the proceedings 
during the different days of the meeting, postal 
and telegraph arrangements, time tables of the 
various railway services, &c. The indices, also, are 
excellent. We must, however, say no more about 
these general matters but proceed to deal with the 
exhibits in the implement department. 


Stream ENGINES AND Bomers. 


Inasmuch as there are this year no competitive 
engine trials, bringing into official notice the pro- 
ductions of certain exhibitors, it will be convenient, 
in dealing with the motors of various kinds, to fol- 
low, in the case of each class, the numerical order 
of the stands on which they are shown. In saying 
this, however, we in no way intend to alarm our 
readers by leading them to suppose that we in- 
tend to mention all the engines on the ground 
in their numerical order. On the contrary, the 
number of which we shall have to speak will be 
very few, as we propose to confine our remarks 
solely to those engines in which some new feature 
is to be found. This will necessitate our leaving 
unmentioned a number of exhibits of meritorious 
design and excellent workmanship, but in which 
there is no point of novelty requiring description. 
And here we: may repeat, what we have stated on 
former occasions, that every year witnesses a steady 
improvement in the average workmanship of the 
engines exhibited at the Royal Agricultural Society’s 
Show. The workmanship turned out by our leading 
firms of agricultural engineers has long been admi- 
rable, but between the production of these firms 
and those turned out by other makers lower in the 
scale there was formerly a vast gap, not only in 
matters of design, but also in quality of materials 
and workmarship. Of course there were some 
exceptions, but as a rule this was the case. Gra- 
dually, however, this gap has been closing up, and 
every year we notice fewer specimens of rough con- 
struction and doubtful proportions, the result 
being, as we have said, a steady rise in the average 
quality of the engines shown. 

To deal, however, with such of the steam engines 
at Windsor as are marked by special features. 
Messrs. Robey and Co., of Lincoln, are this year 
the occupiers of stand No. 1, and they make agood 
show on the line of stands facing the entrance 
gates. Amongst other things they exhibit a neat little 
sugar mill mounted on one bedplate with a diagonal 
6-horse engine and vertical boiler. The mill can 
deal with about 2 tons of cane per day and has rolls 
18 in. in diameter by 27 in. long, these being con- 
nected with the engine crankshaft by a train of 
gearing. The installation also includes a suitable 
juice-pump, and the bedplate on which the whole 
is mounted, divides into two parts for con- 
venience of transport. Messrs. Robey also 
exhibit a horizontal engine fitted with the 
arrangement of gear which we illustrated on 
page 453 of our last volume, double-beat valves 
being used for steam admission and slides for 
the exhaust. The engine is similar to one exhibited 
by the firm at Nottingham last year, and it is 
noticeable as being, with the exception of one at 








the stand of Messrs. Ransomes, Sims, and Jefferies, 
Limited (to be noticed presently), the only engine 
on the ground fitted with a trip gear and double- 
beat steam valves. Considering the steady rise 
which is taxing place in steam pressures, and the 
difficulties experienced with ordinary slides when 
worked with the higher pressures now common, we 
anticipate that the next few years will see a vast 
change in this respect in existing practice. Before 
leaving Messrs. Robey’s stand, we may notice a 
high-speed vertical engine with very large bearing 
surfaces and substantial proportions generally, The 
engine is shown coupled direct to a Holmes dynamo, 
which it is constructed to drive at 400 revolutions 
per minute. The engine has a cylinder 6} in. in 
diameter, with 6 in. stroke. 

Close by, Messrs. Aveling and Porter, of Rochester, 
have, as usual, a good show of their agricultural 
locomotives, &c., but they are showing no novelties 
this year, and we must pass them by with a word of 
commendation for their good workmanship. Next 
to them come Messrs. John Fowler and Co., 
Limited, of Leeds, who have several exhibits re- 
quiring notice atourhands. First, we may mention 
the high-speed compound engine (Scott’s patent), of 
which we give a section on page 723. The engine 
has a single crank, and the cylinders, which are 
respectively 7 in. and 12 in. in diameter, with 9 in. 
stroke, are arranged tandem fashion. The steam, 
entering at S, maintains a constant pressure on the 
top of the small piston, and with the parts in the 
position shown in the engraving—that is to say, 
with the pistons at the top of their stroke—the 
steam so entering is cut off from access to any other 
part of the engine. As, however, the pistons de- 
scend, the small one H passes the port p, while at 
the same time the valve V kas also descended 
so as to uncover the port p*. The steam from 
the upper end of the high-pressure piston can 
then flow through the ports p and p* (at a 
rate controlled by the throttle valve T) to the un- 
derside of the high-pressure piston. This access of 
steam to the two sides of the high-pressure piston 
continues until about the middle of the up-stroke, 
when the piston passes the port p, thus sharply 
cutting off the steam from the lower end of the 
cylinder. The steam below the piston then expands, 
the pressure in the lower end of the cylinder falls, 
and the excess of pressure on the upper side of 
the piston serves to counteract the momentum 
of the reciprocating parts. At the same time the 
valve V rising places the port p? in communication 
with that marked p*, leading to the upper end of the 
low-pressure cylinder, and the steam expanded in 
the lower end of the small cylinder during the up- 
stroke continues to expand in the upper end of the 
low-pressure cylinder during the down-stroke, the 
flow from one cylinder to the other continuing 
until the port p* is closed by the descent of the 
valve V. Finally, the steam having done its work 
in the upper end of the low-pressure cylinder, can 
be either exhausted direct or—as is the case in 
the engine exhibited at Windsor—it can first be 
admitted by the valve V? and ports p* p* (the 
passage leading from the latter port being shown in 
dotted lines) to the lower end of the low-pressure 
cylinder, it being finally, during the next down- 
stroke, exhausted from that end of the cylinder 
through the port f+ to the exhaust E. At Z and 
Z' are metallic stuffing-boxes through which the 
piston-rod passes. The governor by which thethrottle 
valve T is controlled is mounted on the flywheel, 
and it has two weights X X, which are drawn 
towards the centreof the wheel by adjustable springs. 
The whole arrangement will be readily understood 
from our engraving. Inthe engine at Windsor a 
spring (not shown in our illustration) is arranged 
to act on the rod R, and by means of this spring 
the speed of the engine can be adjusted to a limited 
extent while running. As will be seen from our 
section, the engine is quite boxed in, and the crank 
runs in oil and water contained in the lower part 
of the casing. Theengine at Windsor is not shown 
atwork. We give, however, on page 723, copies of 
a set of indicator diagrams taken from one of these 
engines employed for electric lighting purposes at 
Messrs. Fowler’s works. The diagrams were taken 
at a speed of 400 revolutions per minute with a 
Crosby indicator, the pressure used being 140 Ib. 
per square inch. 

Messrs. Fowler and Co. also show a compound 
road locomotive mounted on springs, the arrange- 
ment for enabling the gear to act properly without 
being interfered with by the rise and fall of the 
engine relatively to the driving axle, being different 
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to that which they have previously used for this 
purpose. In the present engine—the driving gear 
of which we illustrate on the opposite page—the 
two pinions a a of the compensating gear maintain 
a constant position with regard to the driving axle, 
but they are capable of moving endways on their axes 
relatively to a gimbal ring b which surrounds the 
driving axle at this point and which has a pair of 
trunnions cc at right angles to the axes of the pinions 
above mentioned. These trunnions slide endways 
in suitable brackets dd on a large geared wheel e 
which forms part of the train of gear driven by the 
crankshaft, and thus while the gimbal ring serves to 
convey the rotary motion of this wheel to the com- 
pensating gear, it at the same time (by the end 
motion of its trunnions and of the compensating gear 
pinions on their axes) serves to accommodate the 
motion of the engine relatively to the driving axle. 
Another, and a prominent, exhibit on Messrs. 
Fowler’s stand is a horizontal engine of the com- 
pound intermediate receiver type, with cranks at 
right angles, constructed to drive an electric light 
installation at the house of Colonel North, at Eltham. 
This engine has cylinders respectively 10 in. and 
16 in. in diameter, with 20 in. stroke, and is in- 
tended for a speed of 120 revolutions per minute. 
The flywheel, which is 10 ft. in diameter, is grooved 
for five 1jin. ropes. The engine is fitted with a 
Hartnell four-ball governor, actuating expansion 
valves of the Bodmer type, in the valve chests of 
both the high and low-pressure cylinders, the cut- 
off in the two cylinders being thus altered simul- 
taneously, an advantage when great variations of 
load have to be dealt with. 

We have next to pass to another part of the Show 
yard, where Messrs. Richard Garrett and Sons, of 
Leiston, have a number of exhibits, practically of 
their standard types. We notice, however, on their 
portables and thrashing machines a new pattern of 
wrought-iron wheel which they appear to be ex- 
tensively adopting. This wheel, which is termed 
a tension wheel, is illustrated by our engrav- 
ings annexed. The spokes above the nave are 
in tension, and do not bring a shearing strain 
on a single rivet, as is the case of the usual angle 
iron wheel. The spokes, which are of round iron, 
and secured as shown in Figs. 2 and 3, are disposed 
to the right and left of the vertical centre line of 
the wheel in transverse section, both in the nave 
and in the tyre, and when a side thrust is brought 
on to the wheel for every spoke in compression 
there is one also in tension. 

Messrs. Clayton and Shuttleworth, of Lincoln, 
have no novelties in engine construction this year, 
but their exhibits are of their usual excellent 
finish, and show many minor improvements in 
detail. We notice that in the traction engine ex- 
hibited, the piston is provided with a tail rod 
working through the back cover, and the engine 
has also a neat and simple spring footplate formed 
of wooden battens fixed to a couple of flat steel 
bars curved under so as to form springs. An engine 
of the ‘‘under-type”’ class at their stand is, we notice, 
fitted with Tyrrell and Deed’s governor and auto- 
matic expension gear, which we illustrated on page 
241 of the present volume. 

We now come to the department of machinery 
in motion, where we may commence our survey 
at the stand of Messrs. Ransomes, Sims, and 
Jefferies, Limited, of Ipswich. We last week illus- 
trated (see page 691 ante) a new pattern of ‘ under- 
type” engine which this firm are exhibiting, and 
we have now only to notice a new type of horizontal 
engine which forms a prominent feature at their 
stand. This engine is fitted with double-beat steam 
inlet valves actuated by an arrangement of gear 
which is controlled by a Proell governor, while the 
exhaust valves are of the Corliss type, and are 
placed at the bottom of the cylinder. We hope 
shortly to illustrate this engine, but meanwhile we 
mention it as an interesting illustration of the grow- 
ing tendency to abolish slide valves to which we 
have already referred. Messrs. Ransomes’ other 
engines are of their standard types and usual excel- 
lent workmanship. 

Close by, Messrs. Hathorn, Davey, and Co., of 
Leeds, show examples of the new patterns of Mr. 
Henry Davey’s safety motor, These we illustrated 
and described last week (see pages 710 and 712 
ante), and we need not therefore say more respect- 
ing them here. Next comes the stand of Messrs. 
Richard Hornsby and Sons, Limited, of Grantham, 
who have an excellent collection of engines, but of 
their ordinary patterns. We may, however, notice 
avery neat example of a small hoisting or winding 


engine (4 horse-power), capable also of being em- | condensing, with automatic expansion gear and 


ployed for pumping purposes, a clutch enabling the 
winding drum to be then thrown out of gear. 
There are no special novelties about this engine, 
but its general design and proportions are very good. 

The next steam engine we have to notice is an 
8 horse-power agricultural locomotive at the stand 


of the Farmer’s Foundry Company, Limited, of | 


Ryburgh, Norfolk, which is fitted with an air sur- 
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‘provision for adjusting the governor for different 


speeds while running. They also show in connec- 
tion with one of their vertical engines an example 
of Hopwood’s boiler, a very promising type of 
vertical steam generator, which we illustrated on 
page 41 of our last volume. 

At the stand of Messrs. Charles Burrell and Sons, 
Limited, of Thetford, the most noticeable exhibits 
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WROUGHT-IRON WHEEL, BY MESSRS. RICHARD GARRETT AND SONS, ENGINEERS, LBISTON. 
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TANK LOCOMOTIVE, 3-FT. GAUGE, BY MR. W. G. BAGNALL, STAFFORD. (See page 724.) 


face condenser for condensing a portion of the 
exhaust steam. This condenser consists of anumber 
of thin rectangular sheet-metal chambers arranged 
side by side with air spaces between them, the 
group being placed by the side of the boiler, and 
the chambers being connected with the exhaust by 
a pipe. The water produced by the condensation 
of the exhaust steam in these chambers drains down 
into the feed tub. The engine is fitted with Cooper's 
reversing expansion gear. 

Messrs. Marshall, Sons, and Co., Limited, of 
Gainsborough, exhibit no novelties in engine con- 
struction this year, but they have an exce)lent 








show of their standard types, including a horizontal 





are the two engines which we illustrated on page 698 
of our last issue, and a 5 horse-power engine fitted 
with Proctor’s digger. This latter engine is a com- 
pound, with the two cylinders placed parallel to 
each other, the high-pressure cylinder being at the 
higher level. The two piston-rods are coupled to 
the same crosshead, this latter having long blocks so 
as to enable it to efficiently deal with any tendency 
to twist which might be caused by any unequal 
distribution of strain between the two pistons. The 
two slide valve spindles are also coupled to the same 
crosshead, so they derive their motion from a single 
set of valve gear. The arrangement isa simple and 
convenient one for small engines. 
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ARRANGEMENT OF GEAR FOR SPRING-MOUNTED TRACTION ENGINE, BY MESSRS. JOHN FOWLER 
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SCOTT’S HIGH-SPEED ENGINE, BY MESSRS. JOHN FOWLER AND CO., LIMITED, LEEDS. 








MQ 


SS 
NGG 


WY 


EXHIBITS AT THE WINDSOR SHOW. 




















—Y 


YY 


Yj, 
Yj 


Fig.1. 














ty 


















































| 
PAYG, 
WWW 
v2 SOQ 





Bh KOK 





























= SE 





oil & Water 




















a, 





TEN pss —* 
Wit VSS 





SS 
PUD ee 





































































er 
aul 




















(See page 721.) 























i 
SOS Som 


AND CO., LIMITED, LEEDS. (See opposite page.) 


Fig. 2. 
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Smithfield Show, and which we illustrated on page 
|587 of our last volume. The present engine is, 
| however, modified in many details. Amongst these 
|we may mention that it is not compounded, and 
| that its cylinder is fitted with two steam inlet and 
two exhaust valves, these being operated by cams 
formed on a sleeve mounted on a horizontal shaft 
which is driven from the crankshaft. This horizontal 
shaft also carries the governor, which is coupled to 
the sleeve already mentioned, so as to control the 
leut-off by shifting the sleeve endways, and thus 
varying the parts of the cams which operate the 
valves. The engine is also titted with helical 
gear. Messrs. Eddington and Steevenson likewise 
show examples of a new form of driving band 
consisting of a wire rope with cylindrical blocks 
fixed on it at equal intervals. This band runs 
in a groove formed in a series of castings which 
are bolted to the periphery of the engine flywheel, 
these blocks having spaces between them corre- 
sponding to the pitch of the blocks on the rope. 
No doubt under certain conditions this will form a 
convenient driving-band, but it is open to the in- 
convenience that the circumferences of both the 
driving and driven pulleys must each be multiples 
of a comparatively long pitch—that is if the band 
is to work without slip. The mode of fixing the 
| grooved castings to the pulleys is also susceptible 
of improvement. 

| Atan adjoining stand Messrs. John and Henry 
|Gwynne, of Hammersmith, exhibit examples of 
their ‘‘ Invincible” centrifugal pumps combined 
with engines. In one example exhibited a vertical 
engine driving a centrifugal pump direct is mounted 
|on a platform fixed at the firebox end of a loco- 








Messrs. Ruston, Proctor, and Co., of Lincoln, are | with automatic expansion gear. Messrs. Eddington | motive boiler, this boiler being fired from the side. 


another of the leading firms who have no novelties and Steevenson, of Chelmsford, exhibit a light trac- 
in engine construction this year ; but they, never- | tion engine provided with attachments by which it 
theless, make an excellent display, their exhibit in- | can be converted into a road roller. 
cluding a well-finished horizontal condensing engine of the type which the makers exhibited at the last 


The engine is 


| The engine is protected by a roof over it and the 
| whole makes a very neat arrangement. In another 
example exhibited the engine is also similarly 
mounted on a platform attached to the firebox of a 
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locomotive boiler, but the pump is driven by a 
helt, it being mounted on a separate carriage, the 
shafts of which can be attached to the boiler so as 
to resist the pull of the belt. 

Close by, Mr. W. G. Bagnall, of Stafford, amongst 
a variety of examples of permanent way and rolling 
stock for portable railways, shows the neat little 
four-wheeled locomotive, of which we give an en- 
graving on page 722. This engine is for a 3 ft. 
gauge, and will haul a load of 60 tons on a level. 
A special feature in its design is the position of the 
tank, which is placed under the smokebox end of 
the boiler, thus effecting a good distribution of 
weight, the leading wheels carrying rather more 
than half the total load when the engine is full, 
and rather less than half when the tank is empty. 
As compared with the saddle tank it has the ad- 
vantage of allowing the boiler to be raised, without 
getting too high a centre of gravity, thus giving 
more room for getting at the motion, &c., and 
enabling a deeper firebox to be used. Engines of 
this type are doing some good work on heavy 

radients, notably at Spezia, where there are three 
ocomotives working on a line 5 kilometres long, 
having gradients of 84 per cent. (rather over 1 in 
12) and curves of 10 metres radius. The average 
gradient for the whole line is 6 per cent. 

Messrs. Davey, Paxman, and Co., of Colchester, 
have an excellent collection of exhibits, but they 
show little novel in the way of engines this year. 
They have, however, an ies, Ree compound port- 
able of a new pattern, in which the engine proper is 
built entirely on a frame of channel iron, this frame 
being bolted to four wrought-iron brackets, which 
are, in turn, rivetted to the boiler. Of course, all 
working strains are taken by the engine frames 
proper, and the arrangement is such that the engine 
can be very readily removed from the boiler either 
for convenience of transport or for use as an inde- 
pendent horizontal engine. The engine is fitted 
with automatic expansion gear, and is of good design 
generally. Messrs. Davey, Paxman, and Co.’s ex- 
hibits also include a series of their ‘‘ Essex” boilers, 
a vertical type of which we have already spoken 
favourably. Adjoining them, Mr. Henry Sykes, of 
Bankside, Southwark, shows a small quick-running 
engine driving a centrifugal pump direct. This is 
apparently an ordinary slide valve engine made 
single-acting, and with the working parts boxed in. 
At the next stand Messrs. Wallis and Steevens, of 
Basingstoke, show, amongst other exhibits, a trac- 
tion engine fitted with a new arrangement of feed- 
heater. This consists of an annular chamber sur- 
rounding the base of the chimney, this chamber 
being divided into three parts, namely, a central 
part (occupying the greater part of the height) 
through which the exhaust steam circulates on its 
way to the blast nozzle, and upper and lower 
divisions which are connected by vertical tubes 
traversing the space occupied by the exhaust 
steam. Through these tubes the feed water circu- 
lates on its way to the boiler, the upper and lower 
compartment being made with cross partitions which 
compel the water to ascend one tube and descend 
the next, and so on until it has passed through the 
whole series. Provision is made for thoroughly 
draining the exhaust chamber, and the whole 
arrangement is neatly worked out. 

Messrs. W. N. Nicholson and Sons, of Newark- 
on-Trent, show one of their ‘* Universal” engines 
mounted on a wrought-iron girder frame under a 
locomotive boiler, thus forming a semi-fixed ‘‘ under- 
type” engine. These ‘* Universal” engines of 
Messrs. Nicholson’s are so designed that they can 
be utilised in a variety of ways either independently 
or mounted on a boiler, and they constitute a very 
useful type. Another pattern of engine designed 
with the same object in view is to be seen at the 
stand of Messrs. J. and H. Mclaren, of Leeds. 
This is a compound engine of a type patented by 
Mr. Druitt Halpin, and it is in this case shown 
mounted on the top of a locomotive boiler, making 
a semi-fixed engine. The engine part proper, 
however, is so designed that it can be placed 
beneath the barrel of the boiler if desired or used 
as a separate horizontal engine. The cylinders are 
provided with Mr. Halpin’s ribbed liners so as to 
increase the surface upon which the jacket steam 
acts, and in working out the details of the design 
generally much attention has been paid to obtain- 
ing adaptability to different arrangements and sim- 
plicity in the steam connections, &c., when the 
engine is mounted on a boiler. At the stand of 
Messrs. Burlingham, Innes, and Co., of Hitchin, is 
a small horizontal engine, Edwards's patent, which 


appears to have been designed with a view of ob- 
taining an engine of very limited length, the crank 
being driven by a block working in a slotted cross- 
head, and asimilar ‘‘ dog-crank”’ arrangement being 
used for transmitting the motion from the eccentric 
to the valve. The eccentric itself is mounted on a 
sleeve with a spiral feather, so that by moving the 
sleeve endways the cut-off can be varied or the 
engine reversed. 

We have now, wethink, mentioned all the steam 
engines in which there are any special features, and 
we must next deal with the gas engines and petro- 
leum motors, the latter constituting quite a special 
feature in the Show at Windsor. 


Gas aND PetrotEuM Morors. 


After many years of patient trial and experiment 
petroleum engines have, at length, attained a recog- 
nised position in the mechanical world, and are 
destined to play a great part in the future. Each 
day the supply of oil increases, while as a conse- 
quence the price diminishes, and there is every 


and just before each ignition the flame is driven 
violently upon it by means of an air jet of consider- 
‘able intensity. This jet is derived from the 
bellows seen in the engraving, and it raises 
|the metal to vivid incandescence. When this 
‘state is attained the slide is rapidly displaced, 
and carries the platinum opposite a port open- 
ing into the cylinder. The gaseous mixture is 
thus fired, and a working stroke is made. The 
valves are all operated from a countershaft parallel 
to the crankshaft, and driven at one-third its speed. 
A second engine of somewhat larger size also forms 
part of Mr. Knight’s exhibit. 
Both the types of oil engines, just referred to, 
work with the ordinary paraffin or kerosine oil used 
|in lamps, and which can be stored and handled with 
perfect safety. The next engine, that of Mr. G. W. 
Weatherhogg, of Swinderley, near Lincoln, is work- 
ing with benzine or light oil, which needs greater 
| care in manipulation. It is of one horse-power, and 
is mounted on wheels to render it portable. The 
spirit is delivered by a pump into a vaporiser, and 





PETROLEUM MOTOR, BY MR, 


prospect that the fall will be very rapid as the com- 
petition gets keener and means of transport and 
storage are improved. At the Windsor Show the 
petroleum engines make a capital display, and 
attract much attention, not only for their merits, 
but for the possibilities of development which they 
suggest. In our last issue we illustrated by a per- 
spective engraving the portable petroleum motor of 
Messrs Priestman Brothers, which is one of the 
most interesting novelties to be found in the 
immense display at Windsor Park. It performs its 
work capitally, and its merits have been recog- 
nised by the award of a silver medal. Messrs. 
Priestman also show two stationary engines of 
the same kind, one of which is driving a dynamo 
machine, which lights the stand. Although some- 
what foreign to our subject, we cannot pass over 
the very beautiful examples of hammered iron, 
brass and copper work, which support the electric 
lamps. These, and indeed the entire electric in- 
stallation, are the work of Messrs. Lea, Sons, and 
Co., of Pengwerne Works, Shrewsbury, and are 
most capital examples of artistic handicraft. To the 
engineer who knows the nicety required in small 
forgings they are a marvel of skill. 

On the adjoining stand is the paraffin oil engine 
of Mr. J. H. Knight, of Barfield, Farnham, Surrey. 
It is of half horse-power, and like all oil motors its 
mode of operation resembles that of a gas engine. 
It is, however, of the three-cycle type, as distin- 
guished from the two-cycle or Otto type ; that is, a 
scavenger charge of air is passed through the 
cylinder to completely expel the products of com- 
bustion. The oil is delivered by a tiny pump into 
a vaporising chamber at the rear of the cylinder. 
This chamber is kept hot by contact with the 
heated cylinder end, and its temperature can be 
raised at starting, and at other times if necessary, 
by a lamp, which is clearly shown in the engraving 
on the present page. The most striking feature of 
novelty is the igniter. This is a piece of platinum 








fixed in a cavity in a slide. In its usual position 
this platinum stands in front of the flame of a lamp, 


J, H. KNIGHT, FARNHAM. 


together with the air, is drawn into the cylinder by 
the retreating piston ; the pump is under the con- 
trol of the governor, and when the speed exceeds 
the determined amount no more vapour is admitted 
to thecylinder. The valves are worked from aside 
shaft, and the ignition is by a heated tube. 

The gas engines form quite an imposing colony 
at one side of the Show ground. At the head of 
them is the stand of Messrs. Crossley Brothers, 
Limited, of Manchester. They show four engines 
of 9, 3, 2, and 1 horse-power nominal respectively. 
All are fitted with their tube ignition, which has 
now superseded the old slide. This form of appa- 
ratus has, of course, been used by many makers, but 
Messrs. Crossley have added to it a timing valve 
which admits the gaseous mixture to the tube at the 
proper moment. This valve is opened by a cam 
on the side shaft and is closed by a spring. The 
cams which operate the gas and exhaust valves are 
mounted on a sleeve which can be moved endwise 
to prevent the compression taking place when the 
engine is being turned by hand for starting. One 
of the engines is combined with a neat form of 
friction hoist, and one with a pump for domestic 
purposes. In every case the designs and workman- 
ship are beyond all praise. 

Messrs. Dick, Kerr, and Co., of Kilmarnock, 
make a capital show with four engines varying from 
6 to } horse-power. We have recently* given such 
a full account of the engines that there is little to 
add, except that one of them is made with a flat 
valve in place of separate admission and ignition 
valves. 

Next to this stand is that of the Campbell Gas 
Engine Company, of Well Lane, Halifax. This 
engine has an explosion every revolution, the 
mixed charge being first drawn into a pump beside 
the cylinder, and then forced suddenly into the 
cylinder when the piston has reached the end of its 
working stroke, At this moment a large port opens 
to the exhaust, and the waste gases escape partly by 
their own pressure and partly by the scavenging 

















* See vol. xlv., page 361, oe 52 
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action of the incoming charge, which drives them 
forward as it fills the cylinder. The piston then 
returns and compresses the charge, which is ex- 
ploded by a hot tube at the inner end of the stroke. 
The governor is of the hit-and-miss type and shuts 
off both air and gas from the pump. 

The British Gas Engine and Engineering Com- 
pany, Limited, of Mansfield-road, Gospel Oak, 
N.W., show a 6 horse-power and a 2 horse-power 
engine made according to Mr. Atkinson’s most 
ingenious and successful design. The late trials of 
the Society of Arts have so fully demonstrated the 
merits of this engine that there is nothing more 
to add, except that it is being taken up in America, 





an ordinary separator. The Aylesbury Company 
also show two new patterns of hand separators. 
The Dairy Supply Company bring forward three 
novelties—a milk warmer, a milk raiser, and a 
small lactocrite. The former is a heated surface 
over which the milk flows in cascades to the 
separator, the object being to scald it, so that the 
skim milk may keep longer without turning sour. 
Immediately on leaving the separator it falls into a 
small centrifugal pump working on the spindle, and 
is raised to a sufficient height to flow over a capillary 
refrigerator. Thus the milk is not kept warm for 
more than two minutes. The lactocrite is a centri- 
fugal apparatus for containing test tubes filled with 
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SHAKERS FOR THRASHING MACHINES, BY MESSRS. ROBEY AND CO., LINCOLN. 










(See page 726.) 











where it has excited very great enthusiasm among | a mixture of milk, sulphuric acid, and acetic acid. 
the experts who have taken part in its trials, It is | After a few minutes’ turning the butter fat is com- 
probable that before the next Show some engines | pletely separated, and the percentage can be ascer- 
of very large size will be at work. | seme equally as well as by an elaborate analysis. 

The list of gas engines is closed by that of, Messrs. Farmer, Roby, Clark, and Co., Limited, 
Messrs. J. E. H. Andrew and Co., Limited, of of Gainsborough, exhibit Hansen’s separator, which 
Stockport, who have a capital display. At this | we described in connection with the last Smithfield 
stand there is a plant at work at the manufacture| Show. Messrs. R. A. Lister and Co., of Dursley, 
of water gas. The process employed is that which |Glos., contribute a separator manufactured by 
has been so often explained of late in connection | Messrs. Koefoed and Hauberg, of Copenhagen. 
with the late water gas boom, and needs no special | The most noticeable feature in its construction is 
description. In an adjoining officethe Farnehjelm | that the drum has no positive connection with the 
magnesia incandescence light can be seen. | spindle, and therefore can be lifted out for cleaning 

without the slightest difficulty. The upper end of the 
spindle is a hemisphere, and takes into a correspond- 
ing seat in the bottom of the drum, which is dished 
upwards like the base of a wine bottle. This 
dishing is carried so far that the centre of gravity 
of the drum is below its point of application to the 
spindle, and hence it stands in stable equilibrium, 
and can adjust itself to the best position for run- 
ning without vibration. 

The separator shown by Messrs. Freeth and 
Pocock is manufactured by Messrs. Watson, Laid- 
law, and Co., of Glasgow, who are well known for 
their centrifugal apparatus. The milk and cream 
are delivered through passages in the side of the 
drum, and without the use of a skimmer. It is 
stated that the product is particularly free from 
froth. When the drum stops the skim milk empties 
through a hole in the bottom. 

The universal churn of Mr. G. Hathaway, of 
Chippenham, is designed to prevent all possibility 
of the cream “going to sleep.” It consists of a 
barrel mounted on trunnions, at right angles to its 
longitudina] axis, in a frame, also carried on trun- 


IMPLEMENTS. 


As usual the dairy is a great source of attraction 
at the Show, and is always surrounded by a crowd 
of persons eager to pick up some ‘‘ wrinkles” for 
improving their own practice in butter-making. 
The chief exhibitors are the Aylesbury Dairy Com- 
pany, Limited, of St. Petersburgh-place, London, 
W., and the Dairy Supply Company, Limited, of 
Bloomsbury, London ; there are also many other 
firms which make good displays. The former com- 
pany bring forward an entire novelty in a machine 
which will produce butter almost immediately after 
the milk is admitted to it. In appearance and action 
it resembles a centrifugal separator, but near the 
centre of the drum there is mounted a stationary 
grid or comb, carried from the cover. This comb 
is fixed to an eccentric boss provided witha handle, 
by which the comb can be moved up into contact 
with the rotating wall of cream. The effect is some- 
what like that of a disintegrator ; the fat cells are 
broken upand coalesce to form butter, which runs 
out at the spout from which the cream appears in 





nions arranged at right angles to the first trunnions. 
A pulley fixed on one of the trunnions of the barrel, 
is connected by a belt with another pulley riding 
loosely on one of the trunnions of the frame. If 
now the frame is rotated the barrel will also rotate; 
it may be on its longitudinal axis, or it may be end 
over end, according to its position at the time in 
the frame. If now the pulley on the frame trun- 
nion be held stationary by a clutch, the barrel will 
commence to rotate about its trunnions, and 
constantly change its position with regard to the 
frame, and consequently the cream is thrown from 
side to side and from end to end, and in various 
other ways in alternation. The motion is constantly 
varying in its character, the cream never falling 
twice inthe same way. The churn is entirely with- 
out beaters or other internal arrangements, and the 
whole of one end takes off, giving great facilities 
for cleaning. 

Another novel dairy appliance is the railway milk 
churn shown by the Redcliffe Crown Galvanised 
Iron Company, of Bristol. In cross-section this 
can is not a circle, but is like the letter D. It has 
a strong rim at the foot, and in the flat side there 
are mounted two wheels, while at the top there isa 
strong handle. The object of the design is to do 
away with the practice of rolling the cans along 
station platforms. The shape of the can renders this 
impossible, while by pulling at the handle it can 
be made to run easily on its wheels, with much less 
commotion of the contents than by the present 
method of transportation. 

To cool milk after it has left the cow, and to 
keep it sweet for some hours before delivery, 
Messrs. Baldwin and Amies, of Ashbourne, show a 
circular refrigerator. As is usual in such apparatus 
the milk runs over the outside while cold water cir- 
culates inside. The inlet and delivering nozzles are 
both brought to the top, so that the apparatus can be 
connected to flexible hose and placed in a can of 
milk. Provided a sufticient supply of cold water 
is obtainable the whole of the early milking can be 
kept till the afternoon supply comes in, and both 
can be despatched to the train together. If the 
railway is at a considerable distance this represents 
an appreciable economy. 

Messrs. Freeth and Pocock, of Vauxhall, S.W., 
also show an improved railway churn of very con- 
siderable merit. The ordinary deep bottom band 
upon which the churn is rolled, and which has to 
resist all the shocks received in transit, is replaced 
by a tubular flange about 1} in. in diameter. A 
strip of iron of the required size is drawn through a 
die and bent into a tube with a slot in one side ; it 
is then rolled into a circle, the ends being brazed 
together. Thecan is made with the sides projecting 
below the bottom, the sides being doubled back 
upon themselves to give them additional strength. 
The rim thus formed is passed into the slot in the 
ring, the dimensions of the parts being so propor- 
tioned that the bottom of the rim bears against the 
inside of the tube, and the outside of the tube bears 
against the bottom of the can. All the parts are 
then made fast with solder. It will be seen that the 
tubular flange offers a splendid surface on which 
the can may be rolled without damage to a station 
platform, and that from its construction the flange 
can never be driven up over the can, as sometimes 
happens at present. 

The notices which have appeared from time to 
time in the daily papers have aroused a great deal 
of interest in the ‘‘ Strawsonizer,” which may be 
regarded as the central attraction in the implement 
department of the Show. It is exhibited by 
Strawsons, Limited, of London and Newbury, 
and is an apparatus for the distribution of seeds, 
powders, and liquids. Its action is based on the 
familiar principleexhibited in the perfume atomiser, 
and in the apparatus used in gardens to spread fir- 
tree oil and other insecticides over flowers. The 
matter to be disseminated is slowly fed into 
a blast of air by which it is driven forward and 
spread in a fine cloud. This cloud slowly falls, 
and the powder or spray which forms it, -is de- 
posited in a uniform layer on the ground. The 
strawsonizer consists, in its larger sizes, of a 
two-wheeled vehicle adapted to be drawn by a 
horse ; upon this vehicle there is mounted a fan 
driven from the travelling wheels through two 
countershafts connected by spur gearing and a belt. 
The air from the fan is delivered to an atomiser or 
distributor, which is variously constructed according 
to the kind of material to be dealt with. When it is 
liquid, such as petroleum, each distributoris formed of 








a fine central jet connected to the liquid reservoir, 
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CONVEYORS FOR AUTOMATIC STOKERS; MESSRS. J. AND P. COATS’ THREAD MILLS. 
CONSTRUCTED BY THE ANTI-FRICTION CONVEYOR AND GRINDING MACHINERY COMPANY, LIMITED, LONDON. 


(For Description, see Page 728.) 
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and surrounded by an air pipe of much larger dia- 
meter. Sometimes there are several jets in one 
tube. For spraying ground crops it is usual to 
employ two groups of single jets, five in each, set 
at the rear of the vehicle to embrace an angle of 
about 120 deg. For vines and hops the jets, some 
of them multiple, are arranged:to deliver in a 
vertical plane, the effect recalling a peacock’s 
tail, except as regards the colour. When seeds 
and sand are to be distributed a different form of 
nozzle is employed. The material is placed in 
a hopper with an adjustable mouth; from this 
it runs down a shoot from which it is delivered 
by a roller, and allowed to drop into a wind blast 
proceeding from a rectangular aperture. The air 
current catches the seed or powder and scatters it 
overa wide area. The uniformity of the distribu- 
tion is perfectly wonderful ; at the stand are to be 
seen varnished boards which have been placed in 
the path of the strawsonizer. They were laid 
down with the varnish wet, and with a few leaves 
of various plants and ferns laid upon them. The 
leaves were removed after the powdering and the 
varnish allowed to dry and fix the dust. So even 
was the distribution that the silhouettes are per- 
fectly recognisable, every detail of the edges of the 
delicate leaves and grasses being clear and distinct. 
It is stated that such small quantities as } cwt. of 
powder and one gallon of liquid can be made to cover 
an acre, and that two to four acres can be treated per 
hour. The strawsonizer appears to have a successful 
future before it, forit certainly fills a great want. The 
utility of all insecticides depends upon every leaf and 
clod being covered, so that the pests for whose de- 
struction theyare designed, shall find no refuge from 
their action. Similarly with seeds, each requires 
its own little area, and if two are placed together 
they blight each other’s growth. 

A distributor for farmyard manure is shown by 
Messrs. W. Crosskill and Sons, of Beverley. It is 
practically a cart with a bottom composed of a 
travelling apron built of slats. This apron con- 
stantly carries the load towards the tail of the cart, 
where it is caught by a revolving toothed roller 
which flings it out broadcast on the land. The 
rate of delivery can be adjusted to distribute 
10, 15, or 20 loads of manure to the acre. In 
order to completely empty the vehicle there 
is a false front, which is attached to the travel- 
ling apron, and which keeps the manure heaped 
up as it travels backwards. .\ stop motion is 
provided to throw the gearing cut of connection 
with the cart wheels when the false front has 
reached the end of its traverse. 

Messrs. Wilson and Banks, of 2, Alfred- 
place, Edinburgh, show an artificial manure dis- 
tributor of very simple construction. It consists 
of a V-shaped hopper mounted on wheels, and pro- 
vided with shafts by which it can be drawn. In the 
hopper there revolves a shaft upon which are 
mounted, at intervals of 6 in., discs with ratchet 
teeth formed around their circumferences. The 
edges of these discs pass through slots in the side 
of the hopper, where they meet with revolving 
brushes. As the discs turn, the spaces between 
the teeth become filled with manure, which is 


























carried outwards until it meets the brushes. 
These not only clear it off the discs, but spread 
it in a shower, so that it is deposited evenly over 
theland. By means of change wheels the speed 
of the discs can be varied, and the quantity of 
manure adjusted to the requirement of the soil and 
the crop. 

Among the few prizes.offered this year was one 
for fruit evaporators. There appears to have been 
only one entry, viz., Messrs. Ph. Mayfarth and Co., 
of Frankfort-on-the-Main. They show four different 
sizes of apparatus, all, however, described as being 
according to the ‘‘ Ryder Patents.” Each evapo- 
rator comprises an inclined shoot containing three 
or four banks of trays with perforated bottoms. At 
the lower end of the shoot is a furnace, consisting 
of a firebox with a chimney. This furnace is sur- 
rounded by a casing, and in the space between the 
two there is a circulation of air, which becoming 
heated, passes up the shoot through and between the 
trays of fruits. In this way the water is gradually 
driven off, and there remains the dried pulp ready 
for packing. The machines exhibited ranged from 
the size suitable for domestic use to that for a large 
farm. 

Another class of machines for which prizes were 
offered was paring and coring machines, and here 
again there is only one entry, and that from 
abroad, the firm being Messrs. Goodell and Co., of 
Antrim, New Hampshire, U.S.A. The smaller 
machines have been seen before, but the largest 
shown is, we believe, new to this country. It will 
core, pare, and slice twenty-five apples a minute, 
and can be driven by hand or power. While one 
apple is being treated two others can be placed on 
the forked prongs ready. When the first is com- 
pleted the second is carried forward, and its axis 
put in gear with the turning mechanism. Three 
tools then advance to it; a scoop, like a cheese 
taster, runs up its centre and bores a cylindrical 
hole through it ; a knife, like a spokeshave, presses 
against its periphery, travelling round and taking 











off the peel; and a blade cuts into it, point 


foremost, and divides it into a long spiral, 
the point of the blade going right into the 
central cavity. When the cut is completed 
the apple is pushed off its core, and the next fruit 
is brought up tothe tools. Thisinstrument appears 
better adapted to the large American apples than to 
our English specimens. When the inside and out- 
side is removed from ordinary-sized fruit very little 
remains, and there appears small hope that our 
farmers will even do a large business in ‘‘ apple 
rings.” However, in good years when it is difficult 
to sell the fruit at any price, the machine should be 
valuable in the manufacture of ‘‘ whole fruit” 
preserve. 

Messrs. Robey and Co. are introducing to the 
agricultural public a new arrangement of shakers 
for thrashing machines. These are worked by a 
single crankshaft. The method of producing the 
shaking motion is entirely new and consists, as shown 
in the engraving on page 725, in supporting the 
shakers at one end upon short connecting-rods b con- 
nected to the ends of levers a. To these levers a 
rocking motion is given by the connecting-rod c 
from the eccentric d, which is fixed on the end 
of the crankshaft e, thus producing a pure up-and- 
down motion of the shakers at the drum end F, 
which is the most favourable for the purpose. The 
motion for conveying the straw from the drum over 
the outer end of the shaker is produced in the ordi- 
nary way by a crank e, which, however, is of much 
smaller throw than usual, each revolution giving 
but a few inches of travel to the straw, while it 
gives double the amount of shaking motion at the 
drum end F. The up-and-down motion is also 
adjustable to suit different varieties of grain and 
different lengths of straw by means of a slot in 
the eccentric d, which can be regulated to give long 
or short strokes to the oscillating lever g. 

Messrs. Richard Hornsby and Sons, of Grant- 
ham, show a thrashing machine distinguished by 
having only one fan in place oftwo. This arrange- 
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NEW STATION OF THE CALEDONIAN RAILWAY AT DUNDEE. 
MR. THOMAS M. BARR, M. INST. C.E., ENGINEER. 
(For Description, see Page 739.) 
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Fig.56. Plan showing arrangement of Wind Bracing. 














thus kept partially exhausted, instead of containing 


the lower fan draw a part of its air from the a plenum. In addition to the saving of power there 


chamber usually served by the upper fan, which is|is an auxiliary advantage that the leakage of 
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|air to the upper chamber is inwards and not out- 
wards, as heretofore. 

Messrs. W. Foster and Co., Limited, of Lincoln, 
have added to their thrashing machine a set of ex- 
tension shakers, consisting of a set of steel arms 
projecting beyond the usual shakers. These move 
alternately, all the even-numbered arms rising, 
while the odd ones fall. They are mounted 
on two concentric shafts, the outer shaft being 
slotted for each alternate arm to pass through 
it, and these shafts are reciprocated in opposite 
directions. 

A novel form of grain elevator, by Messrs. Frank 
Allchin, Linnell, and Co., of Northampton, was 
in course of erection when we called at their 
stand. The grain is propelled by an air jet, and 
it is stated that it can be delivered through bent 

ipes either upwards or downwards, as desired. 

e nozzle consists of a pipe within which is 
screwed a tapered bush, which leaves a small ad- 
justable annular space between itself and the pipe. 
Through this space air at 20 lb. pressure is emitted, 
creating a vacuum below it, by which the grain is 
sucked up, and forming a blast by which the ma- 
terial is carried forward. If the claims made on 
behalf of this apparatus ehould be realised, it should 
prove most serviceable in unloading ships, as it 
avoids much of the trimming now required. The 
nozzle and the pipes conveying the air to the air 
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inlets can be connected to flexible hose, and car- 
ried about in the hold. 

The Pulsometer Engineering Company, Limited, 
make asplendid display of pulsometers ; one of the 
specimens is capable of throwing 80,000 gallons an 
hour, and forms a very striking feature in the Show. 
Quite recently a most noteworthy improvement has 
been introduced intothe pulsometer, by which its efti- 
ciency has been increased some 40 per cent. Instead 
of the steam being allowed to follow the water the 
entire length of the stroke, it is now cut off at about 
half-stroke, and the remainder of the work is 
performed by the expansion of the fluid. The 
means by which this is effected are shown in 
the annexed diagrammatic view. It will be seen 
that in place of the ordinary upper valve there 
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is a special ball valve a. This valve a is 
the distributing valve and corresponds to the 
main slide valve used in engines having cut-ofl 
gear. Above this valve a, but between it and the 
steam pipe e, there is fitted a cut-off valve b. This 
valve corresponds to the expansion slide used in 
ordinary expansion gears. This valve ) has the 
upper end of its stem formed into a piston, which 
works in the cylinder c, the piston and valve 
being actuated by differences of pressure within and 
without. The top side of the cylinder c is con- 
nected with pipes of suitable proportions to the 
steam pipe e and also to the space between the 
main and cut-off valves. 

The action of the arrangement is as follows: 
Steam being turned on, the differences of pressure are 
such that the valve b will be opened, and the steam 
will flow through, past the distributing valve a into 
one of the chambers, partly driving out the water ; 
when about half the water has been discharged the 
differences of pressure within and without the 
upper valve are such that it will close and keep 
closed until the distributing valve a has moved 
over to this side, thus allowing the remainder of 
the stroke to be finished by the expansion of the 
steam shut in the chamber. This action continues 
regularly and automatically, the cut-off valve 
admitting and cutting off steam only to the 
chamber that is left open by the distributing valve. 
It will be seen that with this arrangement it is 
impossible to have, at the end of the stroke, a 
flow of live steam into the rising main, such asis to 
be found in the cruder forms of vacuum pumps. 

In addition the Pulsometer Company show three 
sizes of Fleuss’s icemaking machine. This operates 
on the well-known principle of subjecting the 
water to a vacuum of such a degree that it will 
evaporate freely, and then in absorbing the aqueous 
vapour by sulphuric acid. The rapid evaporation 
carries off so much heat that ice is formed on the 
water. As the vacuum has to be very good, the 
pressure being only about § in. of mercury, it needs 
a pump of special construction to obtain it. The 
pump used is made tight, and its clearance 
spaces are filled at each stroke, by means of oil, 
which is kept circulating between the suction 
and the delivering side of the bucket. In 
this way the pump is made so efficient that 
a film of ice appears before it has been worked 
three minutes. For places where ice cannot be 
bought these machines should prove most useful, 
the cost of the ice being stated to be one farthing a 
pound, when the acid can be bought for one penny 
a pound. 

On page 276 will be found engravings of ap- 
paratus of the kind which is being exhibited at 





Windsor by the Anti-Friction Conveyor and Grind- 
ing Machinery Company, Limited, of 16, Mark-lane, 
London. Fig. 4 shows a spiral conveyor of rect- 
angular section, which is mostly used for carrying 
light materials, while Fig. 5 shows a spiral of T 
section, which is specially suitable for carrying 
coal, cement, and the like. Spirals of this kind 
have been fitted to an installation for feeding auto- 
matic stokers at Messrs. J. and P. Coats, of 
Paisley, the arrangements being illustrated in Figs. 
1 to 3. These stokers, which are according to 
Vicar’s patent, and which were erected by Mr. 
G. S. Howatson, are so arranged that their hoppers 
are supplied without the use of regulators; when 
one is full the conveyor carries the coal to the next. 
Slides are only used when it is required to cut off a 
hopper altogether. 

The East Yorkshire Cart and Wagon Company, 
Limited, of Beverley, show a new combined imple- 
ment designed to facilitate the operation of sacking 
grain, which is more or less contaminated with dirt 
and other seed. The grain is fed into a hopper 
from which it falls in a broad thin stream across an 
air blast. The current carries off all the light 
kernels, while the remainder drop on to a riddle, 
which divides it according to size, before it is de- 
livered to an oscillating screen by which the small 
corn and seeds are extracted. The cleaned grain 
is raised by an elevator to a sufficient height to be 
easily delivered into sacks. The machine is driven 
by hand, and should be very useful to persons 
dealing in grain in a small way. 

There are several new designs in carts and wagons 
to be found in the Show ground, but only one need 
claim attention here; the remainder aim at in- 
creased convenience in use rather that at novel 
features in construction. The cart shown by Mr. 
George Rowe, of New-road, Lower Edmonton, 
Middlesex, is distinguished by a very neat tipping 
motion, which enables the body of the cart to be 
tilted to any desired extent with the greatest ease, 
Across the shafts are arranged two bars; in the 
front bar there is concealed a screw on which works 
anut. Parallel with the screw, and connected to 
the nut, isa chain, which passes through the front 
bar, runs round a pulley at each end of it, through 
the rear bar to the centre, and then upwards at each 
side of apivotted vertical frame. Thechainis endless, 
and when the screw is turned the entire length of 
the chain travels. A pin on the body of the cart 
takes into one of the links of the chain, where it 
passes round the pivotted frame, and rises or falls 
with it when the screw is turned. By drawing back 
the pin the cart can be tipped in the old-fashioned 
way. The merit of the arrangement lies in the 
concealment of the working parts; nothing is 
visible except a short length of the chain, the screw 
and nut being perfectly protected from wet and dirt. 

The remarkably good hay harvest, already nearly 
completed, has reduced the interest in ensilage to 
a very low ebb for the present. There appears 
to be only one new exhibit dealing with this sub- 
ject. although most of the former methods of treat- 
ing wet crops are found exemplified on the Show 
ground. The novel apparatus is sent by Messrs. 
Freeth and Pocock, of Wandsworth-road, Vaux- 
hall, London, and is the invention of Mr. J. E. 
Leuty. Beams of timber are laid crosswise under 
the stack, and at each end stirrups are slipped on 
to them. From these stirrups treble hoop iron 
bands run up one side of the stack, over the top 
and down the opposite side, compressing it firmly. 
As the material consolidates, the bands are 
tightened daily. To this end each set of bands 
is divided on one side of the stack a few feet 
above the ground level, and is provided with a 
kind of hook-and-eye joint. The eyepiece consists 
of a long bar pierced with holes at intervals, while 
the hook is square, and is bent almost at right 
angler. Each set of bands is tightened in suc- 
cession by means of a lever, and when brought to 
the requisite tension is fixed by putting the hook 
into the nearest eye. The eye-bar is provided with 
guides in which the hook slides. The whole of the 
bands are well galvanised, and the apparatus 
promises to be effective, as owing to its compara- 
tive cheapness the bands can be placed very near 
together. 

o remedy one of the difficulties connected with 
mowing machines, namely, the tendency of the 
fingers to work loose sideways, Messrs. Crocker 
and Co., of Dorchester, have introduced a new form 
of finger bar. Instead of being a flat plate this has 
two longitudinal corrugations. The fingers are not 
bolted to it, but each is provided with a lug which 





passes through a slot in the bottom of one of the 
corrugations in the plate, and is secured by a taper 
steel pin, which lies in the corrugation. By this 
construction a very firm sideways hold is obtained 
on the finger, and it can always be tightened by 
driving the pin forwards. 

Quite an unusual form of hay tedder is exhibited 
by Mr. John V. Gibbons, of Tetsworth, Oxon. 
Instead of the forks being attached to a rotating 
drum, each is pivotted to a fixed point, and is 
coupled by a connecting-rod to a crankshaft. The 
result is that the fork has a motion closely resem- 
bling that of one wielded by hand. Each tine of a 
fork is made of a piece of steel rod twisted into a 
helix near its root to give it elasticity in all direc- 
tions. The complete set of forks can be raised and 
lowered bodily according to the thickness of the 
crop and the nature of the ground. 

Edwards’ patent chaff-cutter is shown by Messrs. 
John Crowley and Co., with a sifting apparatus 
attached to it for the purpose of taking out all dust 
and long lengths from the chaff. 

Nearly every Show seesa new attempt to produce 
an adjustable curn screen, and the present is no 
exception to the rule. This year it is Messrs. 
Penny and Co., Limited, of Lincoln, who show a 
cylindrical screen, in which the width of the open- 
ings can be varied at will. Two cylinders of sheet 
steel are placed the one within the other. Each 
has a large number of short circumferential slots 
punched in it; when the two cylinders are so 
placed that the two sets of slots are exactly super- 
posed the full size of the openings is exposed. If, 
however, the inner cylinder be drawn endwise on its 
shaft a part of every slot becomes blinded and the 
opening diminished. In this way the slots may be 
set to any width between zero and the full dimen- 
sions. ‘The motion is effected by a screw which 
passes up the shaft and bears against a key which 
passes through a transverse slot in the shaft and is 
fixed to the boss carrying the inner cylinder. 

Mr. Henry Lander, of Mere, Wiltshire, shows a 
new form of cultivator. This is a roller formed 
with long radial teeth or prongs, designed to sink 
into the soil and turn it up, The clods are forced 
between the roller and a saw-like fixed scraper, 
while those which remain between the teeth are 
forced out by stationary prongs on the frame. 

There is always a good display of brickmaking 
machines at the Show, and this year Mr. T. F. 
Middlemiss, vf Bishopstoke, shows a novel hand 
moulding press, capable of turning out 5000 bricks 
a day, in good condition. It consists of a circular 
table on which are mounted four moulds, each of 
which is, in succession, brought under the die and 
hopper. Before a mould is filled a stop is brought 
up under the table to support it ; the die is forced 
down by a lever and withdrawn, the brick is cut off 
by a wire frame, and the table is rotated to bring 
up the next, while the former is emptied by a boy 
and the brick carried off. The machine is extremely 
portable, and will make all kinds of fancy patterns. 

A very neat rising top circular saw frame is made 
by Messrs. E. Jacobs and Co., of 105, Queen 
Victoria-street, E.C. The table is supported at 
each end by toggle levers, the central joints of which 
are connected to a right and left-handed screw. As 
the screw is turned the table rises or falls. Messrs. 
T. James Syer and Co., of 45, Wilson-street, Fins- 
bury Pavement, E.C., show a capital carpenter’s 
bench, for two men. 

Mr. Harrison Carter, of Mark-lane, E.C., has 
added to his well-known disintegrator an appliance 
by which a product of any determined degree of 
fineness can be obtained from it. The draught in 
the machine carries the powder into a long box, on 
the floor of which it settles, the coarse sinking first 
and the finest travelling the furthest before coming 
to rest. Inthe bottom of the box is a travelling 
band carrying scrapers which carry the material 
towards the far end. Below the settling box is 
another with scrapers travelling towards the disinte- 
grator. If a slide be opened in the floor of the 
upper box all the material on the one side of that 
slide will be swept into the bottom box and back 
into the machine, while the finer material will be 
carried forward to be bagged or otherwise treated. 
The apparatus is exceedingly simple and effective. 

Huntingdon’s 5-ft. centrifugal roller quartz mill 
is shown by the makers, Messrs. Davey, Paxman, 
and Co., of Colchester. It consists of a stationary 
pan with a vertical rotating shaft in its centre. At 
the top of this shaft is a wheel to which are pivotted 
at equal intervals four dependent spindles, capable 
of oscillating radially. At the bottom end of each 
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spindle is a roller or edge runner revolving ina 
horizontal plane, and running in contact with a 
steel path fixed inside the pan. The shaft revolves 
rapidly, carrying the rollers round with it, these 
latter being pressed by the centrifugal force against 
the path and grinding the quartz. It is claimed 
that a mill of this size will do as much work as a 
battery of ten heavy stamps, while it costs far less 
fur foundations, and can be driven for half the 
power. 

Among the amusing novelties of the Show are 
some rollers by Mr. Edward Pratt, of Uxbridge. 
These vary from two to five tons in weight. The 
smaller one is designed to be moved bya man who 
travels on the roller, and turns it by means of gear- 
ing. The larger one is worked bya horse who also 
travels with it, walking perpetually up a kind of 
flat treadmill, consisting of an inclined travelling 
table, which is geared to the roller. 

Iu conclusion we may note that the protection of 
the Show from fire was entrusted to Mr. J. H. 
Heathman, of Endell-street, London, who supplied 
hydrants, engines, &c. 








DOVETAILING MACHINE. 

WE illustrate on page 715 a handy little dove- 
tailing appliance designed for use in small shops. 
It is employed in conjunction with a circular saw, and 
enables a workman to partly cut dovetails with great 
speed ; the pieces are not actually removed, two sides 
only being cut with the saw, and the third cut being 
made by hand with a chisel. 

Fig. 1 represents the appliance in use, Fig. 2 shows 
a front view of it, Fig. 3 represents the two parts of 
it side by side, while Fig. 4 is a side view. The two 
parts of the joint are cut on the two frames in Fig. 3 ; 
the mortises being cut on the inclined frame and tenons 
on the horizontal frame. Both frames are mounted on a 
board: which can be slidden backwards and forwards on 
the table of the saw, parallel with the plane of the 
saw, which passes through a slot in the board. If 
the workman is cutting the mortises he clamps the 
inclined frame to the board at right angles to the saw. 
He then places the timber upon the frame holding a 
gauge (Fig. 1) against one side of it, the end of the 
gauge taking into a mark of a scale on the frame. He 
then pushes the board forward, carrying the timber 
over the saw, and cutting a gate through it. He then 
returns the board and adjusts the timber to the next 
mark of the scale, when he cuts another gate, and so 
on to the end. He then reverses the timber and cuts 
the other set of gates, after which the remainder of 
the work must be done by a chisel. The tenons are 
cut on the other frame. This is horizontal and is 
placed at an angle to the plane of thesaw. The whole 
appliance is exceedingly simple and inexpensive, but 
it enormously decreases the expense of dovetailing as 
compared with hand work, and should find its way 
into all small workshops. It is made by the Britan- 
mn Company, of Houndsditch, E., and Colchester, 

SSCX. 


PORTABLE ELECTRIC LIGHT ENGINE. 

On page 718 we illustrate a road locomotive engine 
of six nominal horse-power manufactured by Messrs. 
Aveling and Porter, Rochester, and adapted for elec- 
tric lighting under the patent of Mr. T. A. Aveling. 
In previous arrangements of this character, the dynamo 
has been fitted on a bracket at the front of the engine 
and driven by a belt, but in wet weather this was very 
liable to slip, causing unsteadiness in the lamps. To 
avoid this Mr, Aveling places the dynamo on asteel 
plate rivetted to the top of the boiler above the crank- 
shaft, &c., as shown by the sketch, and drives it by 
spur gearing, a pinion on the dynamo axle gearing 
with a spurwheel fitted on the engine flywheel. Slot- 
ways are made in this plate, to allow of the dynamo 
being thrown out of gear by a hand lever when the 
engine is to drive other machinery. The principal 
dimensions of the engine are : Extreme length, 15 ft, 
2in. ; extreme width, 6 ft. 6 in. ; diameter of driving 
wheels, 5 ft. 6 in. ; width, 14 in. ; diameter of front 
wheel, 3 ft. 6 in. ; width, 8 in. ; and total weight of 
engine about 9 tons, 








THE “LINOTYPE” COMPOSING MACHINE. 

WE have from time to time brought to the notice of 
our readers the latest developments in type-composing 
and allied machines, and we again to-day return to 
the subject and illustrate on page.719 a machine 
quite recently introduced into this country from 
America, under the name of the Mergenthaler compos- 
ing machine. This is, in reality, a type-composing 
and casting machine, which in addition automatically 
distributes its type matrices, so that they are again 
ready for use immediately after the casting process. 
The full illustrations, and the somewhat detailed 


ar en which we give of this interesting machine, 
are full 


y warranted by the great ingenuity displayed 





in designing it, and the excellent mechanical skill so 
ably exercised in its production. 

Briefly the operation consists in releasing, by means 
of a touch on a key, a matrix, which matrix travels ina 
trough to a convenient position, where it is joined by 
other letters until a line of any desired length is formed. 
The line of matrices is then brought opposite the open- 
ing of a type-casting apparatus. The line is cast, 
placed into the composing-stick, and the matrices are 
distributed, while the operator continues to work the 
keys on the keyboard at the rate of some 5000 ems 
per hour, producing cast lines or bars of type. The 
whole of the work is automatically performed at the 
instance of one operator, the machine itself being driven 
by power, of which, however, a very small amount is 
required. Turning now to our illustrations, Fig. 1 is a 
general view, prepared from a photograph taken by our- 
selves, of the machine now exhibited by the Lino- 
type Company at 37, Southampton-buildings, W.C. 
This view shows to the right a keyboard containing 
over 100 keys, and behind it an equal number of 
vertical tubes, each containing a set of matrices, and 
so arranged that the more frequently used letters are 
contained in the longer tubes and the rarer letters in 
the shorter. The tubes, of which Fig. 2 is a side view 
showing the gear for releasing one matrix each time the 
corresponding key is touched, contain matrices of the 
shape shown in Fig. 4. These are stored verticall 
above each other, standing on their narrow ends, wit 
an index letter showing on them on the front edge, and 
the matrix for the same letter engraved on the back 
edge. On touching the key, the lowest matrix in the 
corresponding tube drops into the inclined trough, in 
which it is carried along, supported by two wires, by 
an air blast supplied by the pipe shown on the right. 
The matrix finally stops against a movable partition 
in an extension of the trough, which partition is 
worked forward to the extent of one letter each 
time ; when a word is finished, a space is inserted from 
the space box, shown in the engraving just above the 
lower end of the inclined trough, and the next word is 
then proceeded with, until a line of desired length is 
composed. Thisthe operator can read at a glance by 
means of the letter stamped on each matrix, which 
faces him. If he finds an error he brings forward 
the letter or letters he requires, takes out with his 
fingers what is wrong, and inserts the correction; the 
line is now to be properly spaced, and this is done in 
a most ingenious manner. On reference to Fig. 3, it 
will be seen that the spaces consist of two wedge- 
shaped pieces, one sliding on the other. When the 
line is otherwise completed, a compositor, if unprovided 
with this device, would have to insert hair spaces, here 
and there, to make up the correct length, and even with 
the greatest care his spaces would in all probability 
not be all equal, while with this mechanical spacing 
device they are all absolutely alike, without the 
exertion of any intelligence or labour. The longer 
of the wedges is simply forced up in each of the spaces 
simultaneously by a cam, until the line completely 
fills the space assigned for it, and in this condition it 
is brought by touching a handle opposite the open 
slot of a type-casting apparatus, consisting of the 
usual pump immersed in the molten metal. This metal 
is kept at its correct temperature by means of a ther- 
mometer which automatically adjusts the supply of 
gas, thus preventing overheating or undue cooling. 
By operating a lever a cast is then taken, and the 
bottom and sides of the cast line of type are faced off, 
leaving only three slight ridges on the flat side, corre- 
sponding to the underside of type, see Fig. 5, which 
is the word ENGINEERING produced by machine. The 
complete type line is brought forward into a little 
platform lift, which pushes it up above two clips into 
what may be termed the composing-stick, and which 
in our illustration is shown nearly in the centre of the 
machine filled with type bars, which are removed for 
further locking up when a column is filled. Should it 
be desired any number of casts can be taken, and 
after this is done, the matrices and spaces which have 
served to cast this line, are lifted up by the elevator to 
the left of thetubes into a receiver, and from here carried 
along a steel bar by means of a wire conveyor, shown in 
our illustration, until they arrive over their respective 
tubes, when they drop into these and are again ready 
for use. How this is accomplished will be understood 
on reference to Fig. 4, which shows one of the 
matrices ; it will be observed that at its upper end 
it has a number of fine teeth which engage with fine 
ridges on a steel bar, placed exactly over the tubes, 
and along which the matrices are carried by the con- 
veyor. This bar has certain of the fine ridges cut away 
for each letter, and each letter is, in its turn, only sup- 

orted on a certain number of teeth, so that for each 
etter there is a point on the bar at which it is not sup- 
ported, and it then drops into the tube allotted to it. 
That a machine capable of } carga, all the functions 
described satisfactorily and with the rapidity which the 
setting of 5000 ems per hour requires, must of necessity 
contain a number of working parts, and very in- 
geniously and carefully designed and manufactured, is 
self-evident. The introduction into such delicate 
mechanism of a metal melting-pot and pump, and the 





formidable devices for trimming bars of type must 
have brought with it additional difficulties, yet the 
machine appears to operate with remarkable exact- 
ness and precision, and during our visit a very inge- 
nious appliance for stopping the operation of the 
machine in case anything goes wrong, did not come 
into operation. If, for instance, one of the matrices 
does not drop straight into the tube assigned to it, and 
gets caught between the bar and mouth of the tube, it 
would cause electric contact between two pieces other- 
wise insulated from one another, and would stop the 
machine until the obstacle had been removed. As a 
piece of mechanical work, it will be admitted by any 
careful investigator that it leaves little to be desired, 
it being both of substantial design and excellent work- 
manship. It requires but little space, it being about 
5ft. long, 3 ft. wide, and 5 ft. high. 

The question probably most frequently asked by 
printers to whom the machine is shown will be ‘‘ How 
do you correct?” Very simply by throwing out one 
or more lines and reproducing them, the casting of 
separate lines offering in this respect no doubt great 
facilities over the plan adopted in some of the ma- 
chines designed for the same purpose, where a con- 
tinuous matrix is produced in papier-maché, in 
which a cast is afterwards taken in the usual way. 
The interest taken in type-composing machines 
in this country by the ——e printing firms, has at 
all times been pretty keen, and a great deal of experi- 
mental work has been done in a quiet way by some 
of the largest employers of compositors, but it appears 
that, so far, nothing quite satisfactory has been dis- 
covered, and repeated failures have made people who 
are much interested in the’matter, extremely cautious. 
Nevertheless this new invention has been well received ; 
several of the leading firms are showing a very lively 
interest, and return to the subject again and again, 
while we learn that one of the principal London news- 
papers displays particular activity in its investigations 
into the merits of this new labour-saving machine. 
That it is of very great utility generally, and destined 
to effect a great saving of labour, time, and expense in 
a number o — establishments, we have no doubt, 
and we shall be pleased to hear of the progress it will 
undoubtedly make in this country as it has done in 
America, where it has been in practical work in several 
newspaper offices for some time. Of course no machine 
can ever replace handwork altogether, and it would, 
even, be unreasonable to expect it to do a great variety 
of work, for that would probably unnecessarily com- 
plicate its parts and make them less fit for the work 
which they might otherwise be excellently suited to 
execute. 


THE PAGET WARP WEAVER. 

WE have already, in one of our general notices of 
the Paris Exhibition, called attention to the warp 
weaver and knitter designed by Mr. Arthur Paget, of 
Loughborough, which forms one of the most interest- 
ing exhibits in the British Section in the Machinery 
Hall, if indeed it is not the most important machine of 
its class in the whole Exhibition. The machine will, 
we are glad to notice, form the subject of a paper 
which will be read by Mr. Arthur Paget before the 
members of the Institution of Mechanical Engineers 
during their meeting at Paris next week. We have 
no desire to anticipate this paper—which we hope to 
publish in extenso in due course—-but we give on pages 
730 and 734 of the present number three perspeccive 
views of the machine, which will serve to indicate its 
general construction. 

One of the most striking features of the new machine 
is its adaptability to the production of a vast variety 
of fabrics of apparently the most diverse kinds, and 
the collection of samples of a number of these fabrics 
which accompanies the machine at Paris deserves 
careful examination. The machine is also capable of 
automatically ‘‘shaping” articles of clothing while 
they are being woven, and articles of any number of 
equal or varying width can be produced simultaneously 
with a perfect selvedge to each edge of every width 
and with a loss of space of only 7 in. or less per pair 
of relvedges. By anew arrangementalso all ‘‘ guides” 
are threaded simultaneously when a warp is finished 
and a new warp commenced, the machine being only 
kept standing about 20 minutes when each warp beam 
is finished, as against three or four hours under the old 
system of tying in every thread. 

The machine shown at Paris is for a width of 84 in., 
and the speed is 120 revolutions per minute, each revo- 
lution making one row of stitches or loops right across, 
being 1008 loops per revolution, or 120,960 loops per 
minute. The power of production of the machine is 
enormous. Thus a machine attended by one girl can 
turn out in a week of 55 hours from 350 to 430 dozens 
of ladies’ clouds, or 35 to 50 dozens of fringed towels, 
or from 50 to 10 dozens of bodies for ladies’ vests, fully 
fashioned. On —— goods the girl attending the 
machine requires the aid of a young girl for two 
minutes at each fringe. The machine is also capable 
of producing many kinds of cloth at the rate of from 
250 to 300 yards per week of 55 hours on the full 
width of the machine. 
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NOTICE OF MEETING. 

INSTITUTION OF MECHANICAL ENGINEERS.—The summer meeting of 
this Institution will be held in Paris, and will commence on Tues- 
day, July 2nd. The following papers have been offered for reading 
and discussion : ‘‘ Description of the Lifts in the Eiffel Tower,” 
by Mr. A, Ansaloni, of Paris. Supplemented by results of work- 
ing to date, communicated verbally by Mr. Gustave Eiffel, Presi- 
dent of the Société des Ingénieurs Civils. ‘ The Rationalisation 
of Regnault’s Experiments on Steam,” by Mr. J. Macfarlane Gray, 
of London. ‘‘ On Warp Weaving and Knitting without Weft,” by 
Mr. Arthur Paget, vice-president, of Lousbeeseeh. **On Gas 
Engines, with Description of the Simplex Engine,” by Mr. Edouard 
Delamare-Deboutteville, of Rouen. ‘On the Compounding of 
Locomotives Burning Petroleum Refuse in Russia,” by Mr. Thomas 





Urquhart, locomotive superintendent, Grazi and Tsaritsin Rail- 
way, South East Russia. ‘‘ Description of a Machine for making 
Paper Bags,” by Mr. Job Duerden, of Burnley, communicated 
through Mr. Henry Chapman, honorary local secretary.—Outline 
programme. Monday, July Ist. The secretary’s office will be 
open from 3 p.m. to 6 p.m. in the laboratory adjoining the large 
lecture theatre of the Conservatoire des Arts et Métiers, Rue 
Saint Martin. Tuesday, July 2nd, at 9.3C a.m., there will be a re- 
ception in the large lecture theatre of the Conservatoire des Arts 
et Métiers, by the bers of the Reception Committee of the 
Société des Ingénieurs Civils ; to be followed by the reading and dis- 
cussion of papers. In the afternoon the members will visit the 
Exhibition, and in the evening there will be a reception at the 
house of the Société des Ingénieurs Civils, 10, Cité Rougemont. 
On Wednesday, July 3rd, at 9.30 a.m., reading and discussion of 
papers followed by visits to works ia the afternoon, and in the 
evening by the Institute dinner. On Thursday, July 4th, there 
will be at 9.30 a.m. reading and discussion of papers, and during 
the rest of the day visits to works, including those of Messrs. 
Sautter, Lemonnier, and Co. On Friday, July 5th, members will 
visit the Exhibition and lunch on the Eiffel Tower, by invitation 
of the Socicté des Ingénieurs Civils. In the afternoon they will 
visit works in Paris, and in the evening they will visit the Exhibi- 
tion to see the electric lighting. On Saturday, July 6th, there will 
be two alternative excursions to visit Mons. Decauville’s Portable 
Railway and Rolling Stock Works at Petit-Bourg, and to visit the 
new Calais Harbour works in returning to England. The following 
works in Paris will be open tothe visit of the members from 2 to 
5 p.m.: Wednesday afternoon. Edison’s Electric Light Works, 
Rue du Pare, Ivry ; Paris, Lyons, and Mediterranean Railway Loco- 
motive Works, 1, Rue de Charolais, Avenue Daumesnil; Messrs. 
Rouart Fréres, Gas Engines, &c., 137, Boulevard Voltaire. Thurs- 
day afternoon. Popp’s Compressed Air Power Supply, 8 to 16, 
Rue St. Fargeau; Boudenoot’s Vacuum Power Supply, 41, Rue 
Beaubourg ; Sewers, Place du Chatelet and Place de la Madeleine. 
Friday afternoon. Bon Marché Electric Lighting and Repairing 
Shops, corner of Rue de Sévres and Rue du Bac ; Edison Electric 
Installation in the Cours du Conseil d’Etat, Palais Royal ; Western 
Railway, Hydraulic Machinery, &c., St. Lazare Station. 
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INDIAN GOLD MINING. 

For a good many unlucky speculators Indian 
gold mining is an enterprise of evil significance. 
The first attempts in that direction were conspi- 
cuously unsuccessful owing, it would now seem, to 
the mistaken zeal with which the first pioneers of 
the modern enterprise attacked the wrong district 
to begin with. The mistake wasvery natural, for the 
first flourishing reports of Indian gold discoveries— 
published with the authority of the Indian Govern- 
ment about ten years ago—all related to the dis- 
trict called the Wynaad, near the Neilgherry Hills, 
the uplands of South-Western Madras. Thither 
Sir Andrew Clarke, then Member of Council for 
Public Works, despatched Mr. Brough Smyth, the 
well-known Australian expert, who had been invited 
over to give his opinion on the character of the quartz 
reefs in that locality. He was immensely pleased with 
them, and his reports to Government as to the 
wealth they probably contained, created a great stir 
of interest, not only in India but in this country, 
about the years 1879 and 1880. Nor have the 
results, looked at in one way, discredited his judg- 
ment. There can be no doubt that the Wynaad 
had been a goldfield of great importance. But its 
conformation in a very hilly country, where the 
lodes could be worked by driving adits into the 
mountain-side, and these adits made self-draining, 
so that no pumping was necessary, was highly 
favourable to the primitive operations of native 
miners in the past. Old and long-abandoned work- 
ings, the existence of which was not suspected at 
first, have been since discovered, and though no 
doubt the Wynaad may still have prizes for some 
lucky explorers in the future, the gilt has been very 
much rubbed off that large piece of gingerbread. 
The Indian Mines Company, of Glasgow, formed 
in the year 1880, the Devalla-Moyar Company, 
floated in London a year or so after, and other 
associations of a similar nature, have all been dis- 
appointed, and for along while Indian gold mining 
was regarded by shareholders with empty pockets 
as something between a delusion and a swindle. 

The new aspect of the undertaking set in with 
the proof of the real value of the Mysore goldfields. 
These are at present worked in the neighbourhood 
of a station on the Madras and Bangalore Railway 
called Colar-road, near Bangalore, and the present 
companies, are all the outgrowth of an arrangement 
made between the Maharajah of Mysore, and a 
body of speculators known as the Colar conces- 
sionaires. An interesting account of the native 
operations, by means of which the value of the lodes 
was tested in the first instance, is given in a 
pamphlet before us by one of the first explorers. 

‘** By-and-by came the villagers—the men with 
their native spades, native hoes, and native ham- 
mers, to dig and mine and pound quartz; the 
women with chatties (earthenware pots), whole and 
broken—the broken parts, if large, the more useful 





—and huge slices of bark taken off a tree as bark is 
taken off an Australian gum tree—to wash the soil 
or pounded stone or rather wash it away, and see 
what residue remains ; and well up in that work 
they proved themselves to be, no Australian or 
Californian digger ever manipulated a cradle or 
washed out a panful with defter fingers or in a more 
skilful manner. All were well accustomed to such 
labour, for in the rainy season—though the rain is 
never very heavy—all, old and young, assemble and 
wash for gold, and make, day by day, better wages 
— are to be got by herding cattle or tilling paddy 
elds.” 

With the help of such simple appliances the fields 
have, no doubt, been worked with more or less 
energy at different periods for ages. And since the 
Mysore companies have regularly got to work, their 
European engineers have been amazed to find to 
what great depths the old native miners contrived 
to penetrate—in many cases to over 200 ft. below 
the surface. Here in Mysore, quite unlike the 
Wynaad, the country is flat and does not lend 
itself to adit driving. Some system of drainage 
must be resorted to, and the natives seem in 
former years to have opened out great quarries 
rather than shafts, and to have burrowed down 
from the bottom of these along the face of the lodes, 
and must have got out the water by carrying 
it away in ‘“‘chatties” or earthen pots. How- 
ever, though their perseverance must have been 
wonderful to have enabled them to get on with the 
work at all in this way, they have made buta little 
impression on the gold deposits of the Colar conces- 
sion, the treasures of which have been kept in re- 
serve for the machinery of modern civilisation. 

When the character of the Colar reefs was 
thoroughly established, a great many new companies 
were formed to work them. The Mysore Gold 
Mining Company, the first that got to work, 
has up to the present time produced upwards 
of a quarter of a million ounces of gold. The 
Ooregum, Nundydwog, and Balaghat Companies 
are meanwhile rapidly coming to the front with 
good returns, and the South-East Mysore is espe- 
cially promising. The work is carried out in all 
cases, so far, by the familiar processes of stamp- 
ing or amalgamating, with the use of Frue vanners 
to concentrate the tailings for after treatment. 
The Mysore Company has sixty head of stamps 
at work, the Ooregum twenty, and the Nundydwog 
fifteen. The Balaghat, Nine Reefs, and the South- 
East Mysore are at present working away with ten 
heads ; all will, no doubt, be supplemented and 
duplicated or triplicated as the mines become 
further developed. 

The territory in which all these companies work, 
and perhaps where many yet unborn will work, 
is no more than about ten miles long by a mile and 
a half in width. Through this run two principal 
lodes or reefs—the ‘‘champion” and the ‘‘ Maha- 
rajah,”’ and at least four other parallel lodes proved 
to be gold bearing, but which are not yet being 
worked upon. 

The flatness of the country denies all the Mysore 
companies alike the privilege of using water power 
for driving their —_ They have to work with 
steam, and will no doubt as time goes on, reduce the 
cost of this agency by entering into some compre- 
hensive and co-operative arrangement for the im- 
portation of their coal. Fortunately, even if Indian 
coal will not suit (and it is believed it will), that 
is an easy matter, as coal, loaded at Cardiff or 
elsewhere, is put on railway trucks at Madras and 
taken up to the mines. 

The next important development of the field will 
be concerned with the exploitation of the ‘‘ Maha- 
rajah block,” an interesting set in which both the 
great lodes mentioned above converge. Several 
trial shafts have been sunk on this property, and 
the quartz from these already tested is described, in 
some reports on the subject, as the richest seen on 
the field. One of the lodes will measure 45 ft. 
wide, and others are from 12 ft. to 18 ft. Alto- 
gether there seems good reason to look forward to 
the profitable absorption by the Colar region of far 
more engineering skill and capital than has been 
laid out upon it as yet. 








THE COST OF A STRIKE. 

Tue Chicago, Burlington, and Quincy Railway 
has lately published its annual report for 1888. 
Although traversing a new country, which it has 
done its share in developing, this is not a new line. 
The first section of twenty miles was opened in 
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1852, and in 1855 the company reorganised under 
its present name, and for the 34 years since it has 
been one of the most successful and growing rail- 
ways that has ever existed. In 1857 it paid a 
dividend of 15 per cent. From 1863 to 1881 it 
paid a regular dividend of 10 per cent , and from 
that time forward to this last unlucky year, it has 
paid a regular quarterly dividend of 2 per cent. or 8 
per cent. forthe year. From the small beginning in 
1852 it has grown to be a huge system, and at the 
close of 1887 its lines, under the company’s name, 
covered 4693 miles, besides 1333 miles which, 
though in reality equally the property of the com- 
pany, were worked under other names, and the 
accounts keep distinct, and 95 miles which are 
owned and used jointly by other companies, 
making a total of 6121 miles. Its capital has 
grown in proportion, and at the end of 1887 
amounted to 76,392,505 dols., besides a bonded 
debt of 85,255,708 dols., and a contingent debt on 
its branch lines of 6,011,000 dols., or together 
167,659,213 dols. 

In the month of February of last year a strike 
occurred on a question of rating the engine drivers, 
the company wishing to make a distinction in 
favour of seniority and superiority over the new 
and untried, or those who were more or less 
deficient in these qualifications. On this appa- 
rently common-sense regulation the Brotherhood of 
Engineers decided to strike, and at short notice, or 
practically no notice, 2500 men left the company’s 
employment, and for a short time the service was 
suspended. Other men by degrees were got to 
work, and long before the dissatisfied engine 
drivers could persuade themselves they were 
beaten and must seek work elsewhere, the line was 
efficiently manned and the service was continued as 
before. The report before us shows the cost of 
this operation to the company and to its share- 
holders. It deals with no other losses ; the loss to 
the men and to their families, the heavy drafts 
made upon the funds of different associations that 
- a teeta or pretended to do so with the men, 
the loss to the tradesmen who found their business 
paralysed by the sudden inability of so large a 
population as this strike represented to continue 
their usual payments ; or the still greater loss sus- 
tained by the public and the traders who had 
learned to use the railway as a daily necessity, and 
who were thus exposed to delay or defective service. 

During the year 1888 the company extended 
their system by the opening of 224 miles of addi- 
tional road, the average mileage worked in 1887 
being 4239 against 4859 in 1888, so that in making 
the comparison between the earnings and receipts 
of the two years it must be borne in mind that the 
last year’s figures are on an increased mileage of 
620 miles. 


dols. 
The gross receipts for 1887 were 27,576,078 
” ” ” 23,789,168 
A decrease of ... 3,786,910 
The operating expenses for 1887 were... 16,097,913 
” ” ” sai bse 18,882,460 
An increase of 2,784,547 
Making the net earnings for 1887 11,478,165 
” ” ” 1888 4,906,708 
Less for 1888 ... Be 6,571,457 
The percentage of working expenses to 
receipts in 1887 ... ae Ae “ 58.38 p. c. 
The percentage of working expenses to 
receipts in 1888 ... 79.37 p. c. 


In 1887 the controlled lines, whose earnings and 
receipts are kept separately from the ‘‘Q” line 
proper, contributed to the general total a net gain 
of 1,620,000 dols. ; as the strike extended to these 
lines as well, last year they contributed nothing. As 
the fixed charges, interest on bonds, and other 
priorities of the Burlington system amount to 
5,996,712 dols. per annum, the net receipts, as 
above, show a deficiency of over 1,000,000 dols. loss 
for the operations of the year. The opening of 
620 miles of additional road might reasonably have 
been expected to have produced a gross receipt of 
1,500,000 dols., besides the general addition and 
improvement due from these extensions and the 
general development of the country, which, in pre- 
vious years, have made up for the extra mileage 
worked. Of these receipts 40 per cent. or 600,000 
dols. is the proportion on the new mileage that 
ought to have swelled the gross receipts of the com- 
pany and added to its net gain. 

Putting all these figures together the gross loss to 





the company by this unfortunate and unjustifiable 
strike would figure down as under : 


dols. 

Decrease of net earnings for the year 6,571,457 

Loss of receipts on 620 miles of new road 600,000 
Loss of earnings on Hannibal and St. 

Joseph and other controlled roads 1,620,000 
Damage done to machinery and rolling 
stock still to be brought into accounts, 

say ... ae ee ~ Ses eee 709,543 

Total 9,501,000 


This last figure is an estimate that may prove 
altogether inadequate. Much of the damage done 
was wilful and malicious, but doubtless the larger 
proportion was from the employment in the first 
instance of unskilful and improper men, the com- 
pany being compelled to make use of any labour 
that offered, regardless of the ineflficiency in many 
cases of the proffered help. It is safe to say that 
2 per cent. on the value of the rolling stock is a 
small estimate of the damage which has still to be 
made good, and which was a direct result of the strike. 
As a proof of the effect on the working expenses of 
this damaged property, it may be observed that, 
although the receipts of the present year are largely 
in excess of any previous year, the working expen- 
diture is so much larger that it neutralises the 
benefit. In the month of February, for instance, 
the receipts this year are about 112,000 dols. more 
than the corresponding month of last year, the 
month before the strike, but the extra cost of 
repairs and maintenance wipes this out, and leaves 
a net deficit of 63,000 dols., as compared with the 
net earnings for the month. 








DR. JOHN PEROY. 

WE regret to record the death of Dr. John Percy, 
which occurred on Wednesday, June 19, at his 
house in Bayswater. It will come as a surprise to 
many persons to learn that Dr. Percy’s degree was 
obtained at the medical school of the University 
of Edinburgh, and that for some years he prac- 
tised as a physician. His career affords a striking 
example of the way in which a man’s natural 
tastes and genius will lift him out of the groove 
in which he has been placed by education and 
circumstances, and which he may be capable 
of filling with credit, and will set him in quite 
a different one, where ;his talents will enable 
him to take a leading position. It is a far cry 
from medicine to metallurgy, although chemistry 
forms a sort of intermediate stepping stone to bridge 
the passage. It was while holding the post of 
physician to the Queen’s Hospital at Birmingham 
that Dr. Percy first turned his attention to finding 
the chemical explanation of metallurgical processes, 
and in this he was so far successful that, when the 
School of Mines was established in 1851, an offer 
was made to him to fill the post of lecturer on 
metallurgy. At that time he was thirty-four 
years of age; he immediately gave up _ the 
practice of medicine and settled in London, 
devoting himself to science. For twenty-eight 
years he held his post of lecturer, and during that 
time he gained a world-wide reputation, which will 
not readily lapse. It was his great object to publish 
an exhaustive treatise on metallurgy, and to this he 
devoted years of his life. The first volume came 
out in 1861, dealing mainly with the subjects of 
fuel, copper, and zinc. It was followed in 1864 by 
a voluminous treatise on iron and steel, and in due 
course other volumes appeared, dealing more or 
less completely with lead, silver, and gold. It was 
always the intention of Dr. Percy to complete his 
great work and to bring it up to date, and so recently 
as his presidential address before the Iron and 
Steel Institute, in 1886, he referred to this matter, 
asking the assistance of the members in obtaining 
information as to new processes. It was, however, 
recognised at the time that a book of such magni- 
tude could not be rewritten atthe advanced period of 
the author’s life. 

Dr. Percy was born in 1817, the son of a Not- 
tingham solicitor, and he took his degree of M.D. 
at the age of twenty-one. Afterwards he studied 
in Paris, and went on a botanical tour in the 
Pyrenees. After his return he established himself 
in Birmingham, where he conducted some remark- 
able researches on the effect of alcohol in the 
animal economy, and carried out some curious ex- 
periments on monkeys. These latter are recorded 
in a paper contributed to the Zoological Society 
entitled ‘‘On the Management of Monkeys in Con- 
finement.” He also read a paper before the British 
Association ‘‘On Contributions to the Chemistry 





of Diabetes.” His physiological researches were, 
however, cut short when he came to the School of 
Mines, and after that time he was fully occupied in 
his experiments and the production of his great 
book, which has been translated into both French 
and German. In 1877 the Ironand Steel Institute 
recognised Dr. Percy’s services to metallurgy by 
the award of the Bessemer Medal, and when he lay 
on his death-bed the news was brought to him that 
the Society of Arts had given him the Albert Medal 
‘in recognition of his achievements in promoting 
the arts, manufactures, and commerce, through 
the world-wide influence which his researches and 
writings have had upon the progress of the svience 
and practice of metallurgy.” Among the general 
public, Dr. Percy was best known by his numerous 
letters published in the Zimes over the signature 
‘¢'Y.” In the Houses of Parliament he had a wide 
acquaintance among the members, owing to his 
position as superintendent of the ventilation, while 
in artistic circles his collection of a magnificent 
historical series of English water-colour drawings 
pointed him out as a man of great taste. His 
talents were very varied, and were associated with 
acommand of vigorous and pure English, which 
rendered his writings on all subjects pleasant to 
read and easy to understand. For years he was 
at the head of metallurgical teaching in this country, 
and the news of his death will be received with 
regret in every laboratory. There is scarcely an 
English metallurgical chemist of note who was not 
at some time a pupil of Dr. Percy. 








THE GREAT MODEL OF THE EARTH 
AT THE PARIS EXHIBITION. 

Amone the many specially interesting things to 
see at the Paris Exhibition it would be difficult to 
single out any one feature or exhibit as being more 
interesting than all the others, but just at the foot of 
the Eiffel Tower (a somewhat vague description of 
its situation, for almost everything in the Exhibition 
is just at the foot of the Hiffel Tower), between the 
Palais des Arts Liberaux and the Palais des Enfants, 
is a domed building which contains an object the 
interest of which is not exceeded by anything in 
the Exhibition, and which must be placed in the 
very foremost rank as a valuable object of instruc- 
tion. 

This is the model of the planet on which we live, 
constructed and finished with the utmost accuracy 
to the scale of one millimetre per kilometre, that is 
to say, this great model of the globe is one-millionth 
of the natural size of the earth, and this is carried 
out in design and execution, with consummate 
skill, whether regarded from a scientific, from an 
artistic, or from a mechanical point of view. 

This great work, conceived and elaborated by 
M. Th. Villard and M. Ch. Cotard, has been carried 
out by the following gentlemen: M. T. Seyrig 
(engineer), M. Albert Tissandier (architect), MM. 
Jung, Keechlin, Tachard, and Zuber (assistants), 
MM. Pillet and Schmid, contractors, and the geo- 
graphical painting of the globe, as well as the 
internal and external decoration of the building, 
has been done with immense skill by the Société 
Ouvriére des Peintres, of which M. Buisson is the 
director. The cardboard surface, every panel of 
which is of truly spherical form, and is coated with 
a specially prepared plaster, was supplied by M. 
Ikelmer. 

MM. Villard and Cotard have in this work 
been supported by a highly representative and 
powerful committee, of which the president and 
vice-president were respectively the Emperor of 
Brazil and the Comte de Flandre, and the scientific 
committee consisted of the following eminent and 
representative men of science: M. F. de Lesseps, 
president of the Geographical Society (chairman) ; 
M. Antoine d’Abbadie, of the Academie des Sciences; 
M. Bouquet de la Grye, chief hydrographer to the 
Navy ; M. Cheysson, chief engineer of the Ponts 
et Chaussées ; M. Derrécagaix, director of the Geo- 
graphical Department to the War Office; M. Faye, 
president of the Bureau des Longitudes ; M. Gran- 
didier, vice-president of the Geographical Society; 
M. Janssen, director of the Observatoire de Meu- 
don; M. A. de Lapparent, vice-president of the 
Geographical Society; M. Laussedat, director of 
the Conservatoire des Arts et Métiers ; M. Levas- 
seur, professor in the Collége de France; M. 
Loewy, sub-director of the Paris Observatory ; 
Professor Mascart, director of the Bureau Météoro- 
logique ; M. Maunoir, general secretary of the Geo- 
graphical Society ; M. Milne-Edwards, Professor 
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in the Muséum ; Admiral Paris, of the Académie 
des Sciences ; M. de Quatrefages, honorary pre- 
sident of the Geographical Society ; and M. Gaston 
Tissandier, editor of La Nature. 

It will be readily understood that the con- 
atruction of an accurate model of the earth one- 
millionth of its natural size has not been done 
without encountering many difficulties. It meant 
the building up of a sphere the diameter of which 
is 12.732 metres, or very nearly 42 English feet, 
and painting on it all the details of the surface 
of the earth, followed by its erection under a 
domed building in such a way that every portion 
of its surface can be easily seen and examined. 
The globe is built upon a framework or skeleton 
of wrought iron, forming a number of meridianal 
ribs attached at the poles to a central vertical axis 
or shaft. The outside surface of these meridians 
is covered with wood, to which are fixed the 
panels upon which the geographical surface is 
painted. The panels are formed of sheets of a 
special kind of hand-made millboard of the requi- 
site spherical curvature, and, as we have already 
stated, are covered with a hard coating of plaster. 
The spherical surface is divided into forty segments 
each of nine degrees of longitude, and these are each 
made up of ten tapering bands or panels, the width 
of the equatorial band being exactly one metre 
along its horizontal centre line; there are therefore 
400 of these panels of different sizes, and the geo- 
graphical painting upon them was done before they 
were fixed in their places, which was effected in such 
a manner as to facilitate their removal and replace- 
ment when the globe is taken away at the close of 
the Exhibition. 

The building which surrounds the globe is a 
twelve-sided iron and glass structure, surmounted 
by a dome, the globe being supported from below 
on a vertical axis. The building is entered by a lift 
which lands visitors on a platform near the top, 
somewhere opposite the latitude of Spitzbergen, 
but the North-polar regions may be examined by 
passing over the North Pole by means of three 
light iron semi - bridges or stairways, uniting 
radially at the centre immediately over the axis. 
Except at the part opposite the door of the lift 
the platform is not level, but is so constructed as 
to form a spiral gallery descending by an almost 
imperceptible slope until it reaches the ground 
after making a number of turns ; thus every portion 
of the earth’s surface can be minutely examined, 
and, moreover, as the globe is capable of being 
turned on its axis with the greatest ease, the whole 
circumference of any parallel of latitude may be 
looked at without the observer changing his posi- 
tion, and so perfect is the centring and balancing of 
the globe, that although it weighs nearly thirteen 
tons, a boy can with the greatest ease rotate it by 
means of a handwheel attached by bevel and inter- 
mediate gearing to the South-polar end of the axis, 

The execution of the cartographical portion of 
the work is extremely beautiful, and it must be 
remembered that the surface is of such a size (no 
less than 525 square feet), that very considerable 
detail can be well shown upon it; not only are the 
forms of countries and the contours of large districts 
easy to be depicted, but even cities may have their 
general form and size drawn to scale and some of 
the principal thoroughfares represented, For 
example, the city of Paris on this globe is very 
nearly a centimetre long, and occupies a space large 
enough for the Seine, and even the Exhibition, to 
be fairly marked, as well as some of the principal 
streets and buildings. Thus the actual proportions 
between the areas of great cities and those of conti- 
nents, oceans, and the earthitself, are for the first time 
accurately shown, and, as every one is fairly familiar 
with the size of the city in which he lives, he is 
enabled by this model to form a tolerably accurate 
—" of dimensions of the great divisions of the 
earth. 

Perhaps the most striking illustration of this, 
and proving the great value of the model as an 
educational object, is the fact that not only are the 
dimensions of the seas and continents altogether 
different from the mental estimate one is accus- 
tomed to make, but their very positions seem to 
take one by surprise. This is easily accounted for by 
the fact that the maps in an atlas are all necessarily 
of the same size, their scales being chosen so as to 
reduce each country or continent to the dimensions 
suitable for the size of the plates. Again, it is custo- 
mary to place a continent in the middle of the map, 
the ocean being represented only by a very small 
portion to the right or left of it as the case may be, 





and few people have any clear conception, for 
example, of how very small or how very far North 
Europe is, how far North is the Indian Peninsula, 
or how far South are Australia, New Zealand, and 
Cape Horn. The great globe at Paris, however, 
reveals these things at a glance, When the observer 
is at a level considerably above equatorial regions 
of Africa, Europe is altogether invisible, it is round 
the corner, or, as the sailors would say, ‘‘ hull 
down,” and India and even Ceylon are far above 
the level of the eye. Australia and New Zealand, 
on the other hand, are invisible southward, the 
steamer routes leaving Colombo and Galles on the 
North, pass diagonally over the apparently bound- 
less ocean, and disappear over,. or rather 
under, the rotundity of the water to the South- 
east. But by far the most surprising fact that 
is clearly illustrated by this superb work, is the 
enormous size of the Pacific Ocean. The eye of 
the observer may have a considerable range of posi- 
tion North and South and East and West of its 
central region, and yet see no Jand in any direc- 
tion, the whole globe, seen from points within this 
area, being only of water with here and there 
groups of small islands sprinkled, as it were, over 
its surface. Numbers of steamer routes are seen 
to come from nowhere and end in nothing, and one 
has to walk through a considerable arc of the circle 
before land appears on either side. 

Let us now consider the earth in relation to 
some other bodies of the solar system, and see what 
their sizes and distances would be if they were 
modelled on the same scale. Commencing with 
our own satellite, the Moon would be represented 
by a ball 114 ft. in diameter and placed on the oppo- 
site side of the Exhibition, somewhere in the French 
picture gallery, about a quarter of a mile away. 
The Sun would, however, require to be represented 
by a sphere nearly a mile in diameter and placed 
93 miles off. Or to put it in a still more familiar 
way, a ball the area inclosed by whose equator is 
equal to that of Hyde Park, placed on the shore at 
Dieppe, would very fairly illustrate the relative 
size and distance from the Champ de Mars of a 
model of the Sun to the same scale as the model 
globe. And if this solar model were placed on the 
same centre as that of the globe, the Moon revolving 
in its orbit around the same centre, would be nearly 
half way beneath the surface of the sun, which would 
inclose the Gallerie des Machines at the further 
end of the Champ de Mars. On the same scale the 
diameter of the planet Jupiter would be about 
500 ft., about half the height of the Eiffel Tower, 
that of Saturn would be a little more than a third 
of that height, while Venus would be about the 
same size as the globe, and Mercury about half the 
size. 

The construction and decoration of the building 
are extremely interesting and instructive. The 
twelve girders which form the cupola are tied 
together in a very secure manner by the spiral 
framework which forms the inclined gallery, and 
which compels each visitor to circumnavigate the 
earth some five or six times before he can reach the 
exit ; there is an elegant appearance of lightness in 
the whole structure. Around the panels on the 
outside of the cupola are painted the names of some 
of the great geographical discoverers, such as 
Strabon, Malte Brun, Marce Polo, Christophe 
Colomb, Vasco de Gama, Bougainville, Magellan, 
and Cook ; and on the twelve panels inside are in- 
scribed the names of great explorers who have 
added to the geographical knowledge of the world. 
Thus we have the names of Liou Agn, Dumont 
d’Urville, 1841 ; John Ross, 1834; R. Caillié and 
Laing, 1830; Cassini-d’Abbadie, 1850; MacClure 
and Barth, 1855 ; Livingstone, 1857 ; Kane, 1858 ; 
and De Khanikoff, 1861; H. R. and A. von Schla- 
gintweit, 1859; Burton and Speke, 1860; Duvey- 
rier, 1864; and Baker, 1867; Grandidier, 1872; 
and De Brazza, 1879. 

An exceedingly interesting series of statistical 
and geographical diagrams are also placed upon the 
same panels, The first gives the population of the 
different continents and quarters of the globe; then 
follow two panels giving the populations of the 
countries in Europe, then the populations of the 
capitals and great cities of Europe, followed by the 
populations of the countries of Asia, and next 
the populations of the great cities of Asia. Then 
the populations of the African countries, then that 
of North and Central American countries, followed 
by a Table showing the populations of South 
American countries, finishing with the populations 
of the great towns of Australia. 





One of the most interesting diagrams is a section 
of asmall portion of the earth’s crust, drawn to the 
same scale as the globe (one millimetre to one kilo- 
metre), the mountains as well as the depths of the 
sea being drawn to the same vertical scale as the 
rest of the diagram. On this diagram are also 
shown the probable limit of the atmosphere, 300 
kilometres (186 miles) ; and the depth of the zone 
entering which meteorites become incandescent, 
200 kilometres (124 miles). 

On the next panel is a diagram showing the 
comparative heights of the principal mountains and 
ranges on the earth, the limits of vegetation, and 
the regions of perpetual snow; this diagram is 
drawn to a vertical scale of five centimetres per 
thousand metres, a scale in which the Eiffel Tower 
would be a little over half an inch in height. 

The next panel shows the length of railways and 
of telegraph lines of the principal countries of the 
world, and affords a good deal of interesting infor- 
mation which our space will not permit us to even 
abstract. After a large panel setting forth the 
names of the committee and collaborateurs of MM. 
Villard and Cotard in the installation there follow a 
series of highly interesting statistical tables. One 
giving the annual production of pig iron of the prin- 
cipal countries of the world, Great Britain being 
very far ahead of allothers. Next a curve diagram 
showing the increase of population of the great 
states of Europe and America. 

The next two Tables are interesting and instruc- 
tive, the first showing the mean annual number of 
telegrams per country and per hundred inhabitants, 
from which it is curious to find that Australia comes 
first by a long way, and that the little countries of 
Belgium and Switzerland come next; thus Aus- 
tralia has 250 per each hundred of the population ; 
Belgium, 150; Switzerland, 100; Great Britain, 
90 ; United States, 90; France, 80; Holland, 80; 
and Germany, 40. 

The next Table is so interesting, and we venture 
to think so unexpected, that we give it in full; it 
is a statement of the number of letters passing 
annually through the post offices of the different 
countries per inhabitant ; the difference between 
the great empire of Russia and the little country of 
Switzerland 1s most remarkable. 


Great Britain .. 
Australia 
Switzerland 
Belgium ... asa 
United States .. 
Germany 4 
Holland ... 
France ... 

Italy 

Spain... 
Portugal... 
Japan 

Russia 
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The next two Tables show the number of sailing 
ships and the number of steamships respectively be- 
longing to different countries ; in both of these Great 
Britain is very far ahead of other nations. 

In the annual production of coal, which is the 
subject of the next table, Great Britain is, of course, 
a long way in advance of other countries, yieldin 
159 million tons, the next in order being the United 
States, whose output is 108 million tons. The last 
of these statistical tables is illustrative of the com- 
mercial activity of the different nations of Europe, 
in which Great Britain stands practically alone, 
her commercial enterprise being represented by no 
less than 15,456 millions of francs, or 618,240,0001. 

We have, in an earlier part of this article, pointed 
out the striking contrast between the area of the 
ocean and that of the land. The actual figures are 
given in a separate table, setting forth the areas of 
the various oceans and continents, and summarising 
them we find that the five oceans occupy 573,0C0,000 
square kilometres (say 221,000,000 square miles), 
or 73.4 per cent. of the earth’s surface, while the 
five continents occupy 136,100,000 square kilo- 
metres (say 52,500,000 square miles), or 26.6 per 
cent. of the earth’s surface. 

The whole model is painted in oil paint, the 
mountains being shaded so as to give the appear- 
ance of relief, but when it is remembered that the 
highest mountains on the earth (say those of 
27,000 ft.) would, on the model, be raised only 
about ,'; in. above its surface, it will be seen that an 
attempt to represent the mountains in relief would 
have been an absurdity. Fora similar reason the 
flattening of the earth at the poles is not taken 
notice of in the model, for on the 40-ft. globe the 
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difference between the two diameters would be less 
than seven-eighths of an inch. 

The colouring of the ocean is made to represent 
its various degrees of depth. Thus the shallower 
portions—those under 1000 fathoms—around shores 
and islands are coloured pale blue, between 1000 
and 2000 fathoms a darker shade, becoming darker 
in five stages, until the great ocean depths exceeding 
4500 fathoms are reached, which are painted very 
dark blue. Across the sea are drawn upon the globe 
the great steamer routes, the coasting vessels festoon- 
ing between port and port, while the ocean routes 
“aa round the globe from continent to continent 
in their apparently endless tracks, the French 
routes being coloured red, the British routes being 
coloured blue, while those of other nations, when 
finished, will be represented by yellow lines. The 
lines of telegraph communication, whether over 
land or under sea, are gilt. 

It is an interesting fact that if the model were 
rotated at the same angular velocity as that of the 
diurnal rotation of the earth, its surface motion 
would hardly be visible, for a point at the equator, 
where the surface speed is greatest, would move at 
the rate of only half a millimetre per second or 
about an inch a minute. 

In this splendid installation, carried out as it has 
been by MM. Villard and Cotard, a most valuable 
addition to educational science has been made, for 
although there may be nothing new to geographers 
in it, still we venture to believe that never before 
have the form, dimensions, and physical features 
of the earth on which we live, been so clearly and 
accurately brought to the imagination, or in a way 
better calculated to leave a lasting impression. We 
are aware, and many of our readers will remember 
it, that some thirty years ago there was in the 
centre of Leicester-square a ‘‘ Great Globe,” but 
this, while possessing several points of interest, was 
positively mischievous as an educational agent, for 
the figure of the earth was represented by a hollow 
sphere, the earth, so to speak, being turned inside 
out, the observer being in the interior ; and there 
can be little doubt that the effect of such a model 
would be confusing to the mind, and not a source 
of accurate information, and it involved still more 
impossible relations to be considered in _ refer- 
ence to the earth as a member of tbe solar system, 
while the alternations of day and night and the 
variation of the seasons could only become hope- 
less masses of confusion. 

We are glad to find that MM. Villard and Cotard 
have made every portion of the model portable, so 
that it may be moved to a permanent home at the 
close of the Exhibition. 








NOTES. 
Exxectric Licgut in Giascow. 


ANOTHER step has been taken in connection 
with the proposal to retail electricity for light- 
ing purposes to the citizens of Glasgow. It will 
be remembered that in our issue of May 17 we 
described a small station which Messrs. Muir, 
Coulson, and Mavor, Glasgow, had established to 
supply electric light to warehouses, public build- 
ings, and private dwellings. They have given 
notice to the effect that they purpose carrying the 
scheme to its full extent, and the corporation, who 
supply the city with gas for lighting purposes, have 
this week agreed to give the necessary notices of 
their intention to apply for a provisional order to 
carry out a similar scheme. Of course the mere 
notice does not bind them in their future action ; 
but their idea, undoubtedly, is to so arrange matters 
that they will have the control of the electric as 
well as of the gas lighting of the city. At the 
meeting of the corporation it was stated that they 
must state their willingness to carry out the scheme ; 
but ‘it would depend upon the conditions which 
were applied to them whether they thought it 
daseebla or practicable to agree to them’’—the con- 
ditions being those fixed by the Board of Trade. The 
position taken up by the Board of Trade in a case 
where a private company and the local authority 
or corporation are at issue, is clearly explained in a 
report by Major Marindin, R.E., in which he 
says that, although the wishes and opinions of the 
local authorities in the areas proposed to be supplied 
should be consulted and deferred to as far as 
possible, the mere objection by a local authority to 
the introduction of a company proposing to supply 
electric light, upon general grounds, should not be 
considered sufficient to exclude such company, un- 
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less the local authority should express its intention 
to undertake the supply and give evidence that it 
proposes to apply for permission to doso. At the 
present time the corporation are the largest con- 
sumers of electricity generated at the station of 
Messrs. Muir, Coulson, and Mavor, the municipal 
buildings being lighted throughout by electricity, 
and it is thought, although no official information is 
forthcoming on the subject, that it is likely an 
arrangement will be come to between that com- 
pany and the corporation. In any case it is very 
probable that Glasgow citizens will, before long, 
have a choice between electricity and gas, and at 
present the desirability of the corporation having 
the supply under immediate control is being freely 
discussed. 


THe Great SIBERIAN Raiiway. 


During last winter the engineers employed the 
previous year in surveying the route for the Great 
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Siberian Railway, have been busy preparing their 
report, and the outcome of their labours is con- 
sidered highly satisfactory by the Russian Govern- 
ment. The surveys have practically demonstrated 
that the undertaking will be an exceedingly light one. 
| Throughout the whole distance the country is flat, 
‘and the gradients will not exceed 1 in 120. The 
|largest engineering work will be the bridge over 
the Irtish, and this will be only 630 yards long. 
| The other bridges will not exceed 200 or 300 yards 
| in length. The late Minister of Railways, General 
| Paucker, who went carefully over the report a few 
weeks before his death, arrived at the conviction 
| that to lay the line, provide a moderate rolling stock, 
and temporary bridges, would not involve a cost 
of more than 25,000 roubles (2500/.) the verst— 
a verst being two-thirds of a mile. General 
Paucker was of opinion that no vigorous attempt 
should be made to construct the line, until the 
whole of the plans were complete, and that when 
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this was the case the railway should be energetically 
prosecuted and finished in five or six years. It is 
not expected that his death will have an unfavour- 
able influence on the undertaking, as it is a pet 
scheme of the Emperor’s. The route-selected runs 
from Zlatoust, vid Kourgan, Omsk, Tomsk, Kansk, 
Irkutsk, the southern Baikals, Posolskaya, Tchita, 
Sraitensk, the Amoor, and Khabarovka, to Vladi- 
vostock. All opposition to this on the part of rival 
schemes has been abandoned, and the attention of 
the Russian Government and publicists is entirely 
devoted to planning the quickest and readiest 
financial method of construction. With a view 
to facilitating matters the Russian Government 
has invited the Imperial Russian Technical Society to 
appoint a committee of experts to assist the Ministry 
of Railways by its advice in matters where local or 
professional knowledge may be valuable. Thecom- 
mitttee sits several times a week, and is allowed to 
have access to the archives of the ministry. Mean- 
while the line to Zlatoust from Ufa, which is practi- 
cally the first section of the railway, is being pushed 
on, and a start has been made at the Vladivostock 
end. The success enjoyed by Russia, in her recent 
operations for converting her debt, has inspired the 
conviction that no serious difficulty would be enter- 
tained in raising an internal loan for the construc- 
tion of the railway. In view, therefore, of the 
favour in which the line is held by the Czar, the 
Government, and the Russian people, there seems 
every reason for believing that Siberia will be 
entirely traversed by a railway within the next ten 
years, if not sooner. Canada should take the utmost 
advantage of the delay. 
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The Metallurgy of Gold; a Practical Treatise on the 
Metallurgical Treatment of Gold-Bearing Ores, including 
the Processes of Concentration and Chlorination, and the 
Assaying, Melting, and Refining of Gold. By M. 
E1sster. London: Crosby Lockwood and Son, 1888. 

WE should allow this book to pass without notice 

were it not that we consider it our duty to call 

attention to the character of the information which 
the author sets before the readers of the present 
day. 

The table of contents indicates that the several 
matters detailed on the title-page are treated in the 
volume; and after reading the preface one naturally 
supposes, as there is nothing whatever interposed 
to lead to the contrary inference, that the book 
contains useful information embodying the most 
recent improvements, and based on the practical 
experience of the author, who describes himself on 
the title-page as ‘‘ mining engineer and metallur- 
gical chemist, formerly assistant assayer of the 
United States Mint, San Francisco.” 

To our great surprise and astonishment, we find 
that the book consists almost entirely, both as 
regards letter-press and plates, of reprints either of 
matter from two books published respectively ten 
and twenty years ago, or of information obtained 
from two trade circulars, and although this matter 
is copied in most cases word for word and page after 
page from the originals, there is no reference to this 
free use of published material as far as we can see, 
beyond the following statement on page 3: ‘‘A 
portion of our fifth chapter is devoted to an account 
of his operations as described by the late Professor 
Guido Kustel,” and an acknowledgment on page 
148 of the source of the origin of the description of 
Miller’s gold refining process (ten pages). 

In support of our statement we will give a 
few examples: Some forty pages are covered with 
material from Division 5 of ‘‘ Chemistry as Applied 
to the Arts and Manufactures,” published in 1878, 
these pages including almost all of Chapter I., Sec- 
tion II., dealing mainly with the properties of native 
and pure gold, and, with the exception of the part 
of Chapter VI. devoted to the Miller process, all of 
Chapters VI. and VII., treating of the melting, 
refining, assaying of gold and the chemical examina- 
tion of gold ores. The greater part of this is copied, 
as we have said, word for word, but here and there 
in the course of a paragraph a slight alteration may 
be observed. ‘‘The richness of its colour’ in the 
original becomes ‘‘ its richness of colour.’ ‘In 
malleability and ductility it exceeds all other 
metals” becomes ‘‘it is more malleable and ductile 
than any other metal.” The statement, page 68 
in the original, ‘‘ Gold may sometimes be obtained 
in crystals by cooling, but when these are formed it 
is more by accident than design, for it is impossible 
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to regulate the rate of cooling,’ appears in the 
following form on page 9 of the present volume,” 
‘*Tt is sometimes crystallised by cooling, but 
when such is the case, it is, I believe, more by 
accident than design, as it is impossible to regulate 
the rate of cooling.” We could multiply extracts 
from this source, but space will not permit, and 
we will now turn to Kustel, to whose descrip- 
tion of chlorination ‘‘a portion of our fifth chapter 
is devoted.” ‘‘Our fifth chapter” consists of 
thirty-six pages, of which twenty-six are copied 
verbatim from Kustel’s ‘‘ Concentration and Chlori- 
nation,” published in 1868; but this book furnishes 
material for many other pages, e.g., 13-15, 18-20, 
31-32, 44-46, &e. 

The whole description of the Frue vanner, pages 
91-108, the information on pages 69-74, and other 
material, are reproductions from the two trade cir- 
culars of Messrs. Fraser and Chalmer. There is 
not a word about hydraulic mining or about new 
pulverising machinery, or about new developments 
in chlorination. In ‘‘ Chemistry as Applied to the 
Arts and Manufactures” there are certain diagrams 
described and lettered, there is also a diagram 
lettered but not described ; in the volume under 
review these diagrams are reproduced, together 
with descriptions, but where the descriptions are 
omitted in the original they are also omitted by 
Mr. Eissler. This peculiarity is also noticeable 
where Messrs. Fraser and Chalmer’s catalogues 
have been embodied wholesale. 

The foregoing will suffice to show how the author 
has set to work todescribe the present position of 
gold mining. This he most decidedly has not done, 
although he might easily have done it by extending 
his system of copying to more recent literature, and 
as a preliminary, attending a course of instruction 
at the Royal School of Mines or some such institu- 
tion for the purpose of picking up hints as to the 
style of information most necessary and most suit- 
rable for a work of this class. We hear a second 
edition of this book has appeared, and we hope the 
author has, in the interim, picked up some further 
information, so as to make the book worthy of the 
present decade. 
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Propos—eD MgemoriAt To Srr WILLIAM Pearce, BaRr., 
SHIPBUILDER.—For some time there has been a strong 
undercurrent of public opinion in favour of erecting a 
memorial in Govan, the seat of the Fairfield establish- 
ment, to Sir William Pearce, Bart., the late head of the 
renowned Fairfield Company, and the first member of 
Parliament for Govan. A public meeting of the residents, 
called by the chief magistrate of the burgh, has been held 
with the result that the scheme has been fairly inaugurated 
with an enthusiasm which is sure to bring success. The 
movement is without political significance. The idea is 
rather to recognise philanthropy and generosity, to com- 
memorate that skill and enterprise which the deceased 
baronet brought to bear on the development of shipbuild- 
ing and engineering, this resulting in a material F sera 
ing of the Stems between this country and the colonies 
and possessions, and assisting in binding together the 
British empire and cementing the friendly relations exist- 
ing between the American people and ourselves. These 
are the motives which actuate those engaged in the con- 
cern, and they are certainly well grounded. An influential 
, and looking to the success 
which attended the efforts of the people of Govan in their 
project to honour the memory of John Elder, there is 
every reason to expect an entirely satisfactory result, 
Of course no decision has been come to as to the form the 
memorial will take: the subscriptions are first to be 
collected, 
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ZINC AS AN ANTI-CORRODANT. 
To THE Epitor oF ENGINEERING. 

S1a,—The effect of the combined electrolytic, thermic, 
and chemical action set u by the juxtaposition of dis- 
similar metals exposed to hook is instanced in the results 
of the recent application of zinc circulating plates to a 
Lancashire boiler. 

The zinc plates were curved concentrically to the flue 
plates of the boiler, and were arranged so as to divide the 
ascensional from the descensional currents. The plates 
were 4 in. thick and rested at a distance of about 2 in. 
from the upper surface of the flues, After an experiment 
ree over a period of three months the plates were 
examined ; those parts resting immediately over the fur- 
nace were found to bealmost entirely oxidised away, merely 
a central metallic film of zinc remaining. The remainder 
was principally a crust of zinc oxide and carbonate as per 
analysis annexed. 

The lesson of this experiment is, that zinc is an im- 
proper (because too expensive) metal to employ as an 
anti-corrodant in parts of boilers exposed to high tempera- 
tures, such as in positions in close proximity to the fur- 
nace parts of flues. 

The following is the analysis of the zinc crust referred 
to and made by Mr. Norman Tate, F.C.S. : 


Per Cent. 
Oxide of zinc... 6 a ee .. 98.48 
Carbonate of zinc ... = “ ss 2.52 
- erry 
Sulphate of Sad dep a oe ise 1,52 
Oxide of lead ... we va < xe 0.60 
Insoluble matters... ve ‘se on 0.55 
Carbonaceous matters ye a .. trace 
100.00 
Yours truly, 


Liverpool. B. H. Tawarrs. 





THE RACING OF SCREW PROPELLERS. 
To THE EpiTor oF ENGINEERING. 

Sir,—In answer to the question of your correspondent 
“W.C. P.,” it is considered that the racing of the screw 
propellers is due chiefly to the fluctuations of the horizontal 
velocity of the water passing through the propeller, fluc- 
tuations which are not noticed in comparison with the 
vertical pitching motion of the vessel which is so much 
more evident to our senses. In wave motions the two 
components, vertical and horizontal, must coexist, and in 
deep sea waves we may consider them to be equal. Sup- 
pose the propeller is working at an average slip of 
10 pee cent., and that the fluctuations of speed of the 
water past the ship and through the propeller, due to the 
wave motion, amount to 5 par cent. of the average 
velocity of the ship through the water, the slip of the 
propeller and load on the engines will vary about 50 per 
cent above and below the mean lod, so that considerable 
comes will be manifested, especially when the waves are 

ong. 

For racing to take place there is no need for the pro- 
peller to break the surface of the water; but as this 
breaking of the surface is frequent with racing, and a 
pitching motion is inseparable from wave motion, we 
notice these manifestations, and not the imperceptible ad- 
junct of periodic fluctuations of feed of the propeller, 
the ruliag cause in the phenomenon of racing. 

June 25, 1889, . G. Ganensmz. 





THE “STRONG” LOCOMOTIVE, 
To THE Epitor OF ENGINEERING, 

Str, —As a fortnight has now elapsed without eliciting 
a reply from Mr, Bremme to my letter in yours of the 
7th inst., referring to his gear, I presume he declines to 
support the claim he made to be the inventor of that upon 
the ** Strong” locomotive. 

But in your issue of last week T notice a communication 
from Mr. Joy, at the tail end of which he refers to that 
part of my letter in which I pointed out that although 
the larger part of his gear is Hishwetite invention, 
ignores the fact, and claims it as his own. As the re- 
marks he makes, although evasive, are apparently in- 
tended as a contradiction of my statement, I have to 
ask you to allow me to put the matter before your 
readers, many of whom are largely interested in the sub- 
ject, in a way that will admit of no further controversy 

tween him and me, and at the same time demonstrate 
the exact relationship Hackworth’s, Marshall’s, and 
Bremme'’s gears bear to each other. 

The following sketches show the nature of those gears 
as described ia the specifications of the several patents. 
To order that they may be conveniently compared they 
are shown as of equal dimensions and in the same 
position, that is, as they would be with the piston at half 
stroke and the reversing lever at mid gear. 

In Fig. 1, Hackworth shows a radius lever vibrated, and 
at the same time reciprocated along » grooved block by 
means of an eccentric, the two motions so produced 
operating a valve rod attached to the radius. 

The travel of the valve is varied, and the engine is 
reversed by turning the block upon its centre through a 
small angle in one or the other direction. 

In Fig. 2, Hackworth describes a modification, in which 
a swinging link is used in place of the grooved block, and 
the variation in the travel of the valve and reversal of the 
engine are effected by angling the pillar upon which the 
link swings. In his specification he describes a con- 
siderable number of other modifications, all based upon 
the same principle, which he states in part of his first 
claim to be ‘* The arrangement and combination of ma- 
chinery for deducing two motions from one eccentric, 
crank, or radial pin, one motion for working that which 
is termed the ‘lead’ of the slide valve, and the other 





motion at right angles with the former whereby I obtain 
a variable expansion and reverse motion.” 

Fig. 3 shows Marshall’s gear to be identical with Hack- 
worth’s modification, Fig. 2, except that the swing link 
is placed inside instead of outside the valve rod, a varia- 
tion which beyond reversing the motion of the valve, has 
no effect upon the action of the gear. : i 

In Bremme’s gear, as shown by Fig. 4, the swing link 
is not only placed inside the valve rod, but in addition 
it is turned upside down, an alteration which has a very 
powerful effect, as the reversalof the arc in which the 
end of the link swings destroys all uniformity in the re- 
ciprocations of the valve, and renders the gear, as Hack- 
worth designed it entirely useless for any practical purpose, 
Bremme, neither in his drawings or in his text, describes 
or even indicates any modification of Fig. 4, andit is that 


Bremme 1879 





therefore upon which he bases hisclaim to the gear applied 
to the ‘‘ Strong” locomotive. It is quite likely that he soon 
found good reason for <n the swing link round again 
into its proper position, for all the gears I have seen bear- 
ing his name have been so made, but doing so carried him, 
it appears to me, outside his patent claim and brought him 
foul of Hackworth’s modification No, 2. 

In comparing Joy’s gear with Hackworth’s, it will be at 
once seen that it contains all Hackworth shows except 
the eccentric. Joy’s radius lever, valve rod, grooved 
block, and swinging link are all in Figs. 1 and 2, the only 
distinguishing feature being that in Hackworth’s the radius 
rod is operated by an eccentric, and in Joy’s by the con- 
necting-rod. For a combination of old parts with new ones. 
Joy’s patent may be valid enough, I am not concerned now 
to contest the matter, but what I have objected to is that 
Mr. Joy not only claims his combination, but sets up, as 
understand, a right to the sole use of Hackworth’s old parts 
as well, When I pointed out in my recent letter to you that 
he was doing so I expected from him a very different reply 
to that contained in yours of the 14th inst. How his gear 
can be “‘entirely different from and independent of the 
Hackworth gear,” as in that letter he says it is, seeing 
that the greater part of it is Hackworth’s, passes my com- 
prehension, and that such was ‘settled ten years ago, 
and has been admitted ever since” is a very bold assertion 
indeed. If Mr. Joy is content to meet a definite state- 
ment of facts in this vague and roundabout manner I have 
nothing more to say, except that it would interest me 
and many more I could name, and I have no doubt your 
general readers also, if he would state who it was settled 
ten years ago that this gear was entirely different from 
and independent of Hackworth’s. How such a difficult 
feat was accomplished would also be worth knowing. 

Yours we &e, 


ALTER PAYTON, 
Larkfield, Richmond, June 21, 1889, 





THE SOCIETY OF ARTS ENGINE TRIALS. 
To THE EpiToR OF ENGINEERING, 

Str,—With regard to the Society of Arts gas engine 
tests, Mr. Atkinson seems to think only of high results 
without due regard to construction, 

Looking at the matter full in the face without taking 
into consideration toggle joints, racers, and ‘‘ heavy 
flywheels,” but looking at the parts from which the power 
is derived, viz., the cylinder and jiston, we find that 
both the “Otto” and the “Atkinson” cylinders are 
94 in. bore, but that owing to the stroke being different, 
the volume of the ‘‘ charge” before compression in the 
Atkinson engine, as measured from the cards published, 
is only one-third of that of the ‘‘Otto.” In order, 
therefore, to get the power out of the engine from a 
succession of small charges, Mr. Atkinson has to fire 
over double the number per horse-power, and as the 
heat of the charge at its maximum amounts to 2500 deg. 
Fahr. against 3000 deg. in the ‘‘ Otto,” his overworked 
small cylinder, with his piston working at such a high 
velocity, and at such a great heat, stands a great chance 
of being a good subject for the repairing engineers, 

He however gains one advantage in not allowing time 
for so much of the heat of the explosion to pass into the 
water jacket, thus evieing a little economy over the 
** Otto,” but perhaps it will prove in time that it would 
be beneficial to his oe eel es cylinder to let this heat 
get away, and thus to sacrifice his ‘‘ little all.” In this 
respect c has already a little help, as although he claims 
great things for his quick expansion, yet per horse- 








—_ he loses more heat through the exhaust than the 
* Otto.” 


Mr. Atkinson’s engine is most ingenious, but to make 
a lot of small explosions take the place of one large one, 
without giving the cylinder time to cool, seems a step in 


the wrong direction to 
Yours ey 
A Gas ENGINEER. 


GAS BATTERIES. 
To THE EDITOR OF ENGINEERING. 

Sir.—I notice in your last issue of the 21st, you 
mention a gas battery constructed by Mr. Ludwig 
Mond and 5 . Carl Langer, which evidently is prac- 
tically the same as some devised and desciibed by me in 
the English Mechanic, Nos. 1245, 1246, 1249, 1252, 
1253, 1255, 1257 of this year’s issue, and as I have reason 
to believe that I am entitled to the credit of being the first 
to introduce either pierced or wire mesh plates covered 
with platinum black, and also the method of passing air 
over or through the battery in order to evaporate the 
surplus water, and by generating ozone in the plate to 
raise the electromotive force of the cell, I should feel 
obliged if you will publish this. For nearly four years 
I have given this subject my exclusive attention, and the 
above methods have been known and practised by me for 
the last two years, as my letters to the English Mechanic 
will show. 

Hoping you will insert this in fairness to myself, 

Yours faithfully, 
ALFRED TREERY. 











SINKING PILES BY WATER JETS. 
To tHE Epiror or ENGINRERING. 

Srr,—In your issue of May 17, 1889, in an article on 
the Calais Harbour works, it is stated that all the piles 
were sunk by means of water jets, ‘‘ which we believe 
had never been previously employed in this particular 
manner.” 

As an answer to this assertion I send herewith a 
pamphlet on ** The Water Jet as an Aid in Engineering 
Construction,” published in 1881 by the Engineering De- 
partment of the United States Army.” As you will see 
by the pamphlet, the method is a very old one, and the 
wonder is that, being so simple, it is not resorted to 
oftener. The contractors for Government harbour works 
on the Great Lakes now make use of it in proper situa- 
tions, but it took some time to introduce it. 

Very respectfully, your obedient servant, 
Cuas. E B. Davis, 
Major of Engineers, U.S. Army. 
United States Engineer Office, 366, Milwaukee-street, 
Milwaukee, Wis., June 14, 1889, 





THE PHYSICAL SOCIETY. 
AT the meeting of the Physical Society, held on June 


I| 22, 1889, Professor Reinold, F.R.S., President, in the 


chair, Major P. Cardew, R.E., and Mr. A. W. Ward, 
M.A., were elected members, The following communica- 
tions were made: 

© Note on Some Photographs of Lightning and of ‘ Black’ 
Electric Sparks,” by Mr. A. W. Clayden. The lightning 
photographs, three in number, were obtained during the 
storm on the 6th inst. Two flashes seen on one plate 
show a complicated and beautiful structure; one of them 
is a multiple flash, and flame-like appendages point up- 
wards from every angle. The other is a broad ribbon, 
and although the plate shows signs of movement, the dis- 
placement is not in a direction such as would produce 
ribbon like effect from a simple flash. The second plate 
shows four flashes, none of which are ribbon-like, though 
the camera had moved considerably. The third plate was 
exposed to six flashes, one of which was believed to pass 
down the middle of the plate, but on development only a 
triple flash in one corner of the plate was seen. Careful 
search, however, revealed the central flash as a dark one 
with a white core, and other dark flashes were subse- 
quently found. 

The plate was very much over-exposed, and this sug- 
gested that black flashes might be due to a sort of cumu- 
lative action caused by the superposition of the glare 
from a white cloud upon the normal image of the flash. 
To test this, sparks from a Wimshurst machine were 
photographed, and before development, the plates were 
exposed to diffused gaslight for a short time, ‘The bright 
sparks yielded normal images with reversed margins, and 
the faint ones were plo: aa reversed. Other experi- 
ments showed the reversal to spread inwards as the time 
of exposure to gaslight increased. Finally, reversal was 
effected by placing a white screen behind the spark to 
represent a white cloud, the only illumination being that 
of the spark itself. 

In the discussion which followed, Mr. W. N. Shaw 
exhibited a photograph, taken during the same storm, 
which is particularly rich in dark flashes branching out- 
wards from an intensely bright one. In some places the 
bright line has dark edges, and in one part a thin bright 
line runs along the middle of an otherwise dark portion of 
the flash. In answer to Mr, Inwards, Mr. Shaw said the 
plate was exposed about half a minute, and the former 
thought that under those conditions the appearance of 
the plate did not contradict Mr. Clayden’s hypothesis. 

Speaking of the same photograph, Professor Perry con- 
sidered that Mr. Clayden’s observations would explain 
the result, for to reverse a bright flash required more ex- 
posure to diffused light to reverse it than a faint one did. 

Professor Ramsay reminded the meeting that Professor 
Stokes’ “‘ oxides of ni m” explanation was still possible, 
and Mr.C. V. Burton asked whether the effect might be due 
to faint sparks cutting off light from brightly illuminated 


as. 
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clouds, just as a gas flame absorbs light from a brighter 
source. 

In reply Mr. Clayden thought the “‘ oxides of nitrogen” 
hypothesis improbable, and said his experiments did not 
enable him to answer Mr. Burton’s question. As regards 
Mr. Shaw’s plate, he believed the diffused light from the 
clouds would be sufficient to reverse the fainter tributary 
flashes, although it was insufficient to reverse the primary 
one. 

From data obtained when the ribbon flash was taken he 
had made some calculations, which gave the height of the 
clouds as about 1000 yards, and the ribbon flash 1300 yards 
long and 100 yards wide. 

“* Researches on the Electrical Resistance of Bismuth,” by 
Dr. Ed. von Aubel. The paper, which was in French, 
was taken as read. A translation will appear in the Pro- 
ceedings of the Society. 

“* Expansion with Rise of Temperature of Wires under 
Pulling Stress,” by J. T. Bottomley, M.A., F.R.S. The 
investigation was to determine whether the coefficient of 
expansion of wires depends on the stress to which they 
are subjected, and was undertaken in connection with the 
secular experiments on the elasticity and ductility of 
wires, now being conducted at Glasgow University. 

Two wires about 17 ft. long, of the same material, were 
suspended side by side within a tube through which 
steam could ba passed to change the temperature. One 
wire was loaded to half, and the other to one-tenth its 
breaking weight, and in the preliminary experiments the 
elongations were read by a Guineké microscope catheto- 
meter. About 150 heatings and coolings, extending over 
three months, were necessary to bring the heavily loaded 
wire to its permanent state, so that consecutive expan- 
sions and contractions were equal. When this stage was 
arrived at, hooks of peculiar shape were attached to the 
lower ends of the wire. These hooks form a relative 
geometrical guide, and their horizontal parts mutually 
support a small table, which carries a plane mirror. If 
the wires cupent or contract unequally the mirror becomes 
tilted, and the relative displacement is observed by means 
of a telescope and scale fixed nearly vertically over the 
mirror, 

From experiments on copper wires, the coefficient of 
relative expansion was found to be 0.32 x 10~® per degree 
Centigeade, or about »; of the ordinary linear expansion 
of the miterial. The heavily loaded wire expanded most. 
The results for platinoid give 0.27 x10~® as the relative 
coefficient under the conditions named above; this is 
about ;'; of the ordinary linear expansion which, from 
separate experiments, was found to be 15.4x 10~°, 

Mr. H. Tomlinson thought the probationary period for 
copper might be considerably shortened by repeatedly 
putting on and taking off the load, and by subjecting the 
wire to torsional oscillation, With iron wires this would 
not be the case, for they behave in a most peculiar 
manner, and require long periods of rest after each oscil- 
lation. From experiments he had conducted during the 
last two years, he found that the permeability of iron 
could be enormously reduced by repeated heatings and 
coolings whilst undergoing magnetic cycles of small 
range, 

Mr. Gregory said the paper threw considerable light 
on some experiments on the sag of stretched wires upon 
which he was engaged. He also suggested heating the 
wires by electric currents. 

In reply, Mr, Bottomley said he had considered it im- 
portant t> leave the wires untouched after being sus- 
pended, and as regards heating by electricity, he thought 
that convection currents would make the temperature non- 
uniform, 

Owing to the absence of Professor S. P. Thompson, his 
‘* Notes on Geometrical Optics” were postponed. 








LAUNCHES AND TRIAL TRIPS. 

On Tuesday, the 18th inst., Messrs. McKnight and Co., 
Ayr, launched a screw steamer of 2000 tons’ carrying 
capacity, constructed of steel by them for Messrs. James 
and Alex, Wyllie, Troon. The vessel. which is named 
Lord Aberdeen, is of the following dimensions: Length, 
245 ft.; breadth, 34 ft ; and depth of hold, 17 ft. ‘The 
engines, which are of the triple expansion type, have 
been constructed by Messrs. Hutson and Corbett, Kel- 
vinhaugh, Glasgow. The cylinders are 21 in., 34 in., and 

6 in. in diameter respectively with a stroke of 39 in. 
Steam is generated in two steel boilers 13 ft, Gin. in 
diameter and 10 ft. long. 





Messrs. Arch. McMillan and Son launched from their 
yard at Dumbarton, on Tuesday, the 18th inst., a steel 
screw steamer of 2200 tons for Messrs, Wm. J. Woodside 
and Co., Belfast. The vessel, which is named Bawnmore, 
is 230 ft. long, 39 ft. broad, and 23} ft. deep. The pro- 
pelling machinery has been constructed by Messrs. Duns- 
muir and Jackson, Govan, and is of the tri-compound 
type, with cylinders 22 in., 34 in., and 56 in. in diameter, 
by 39 in, stroke. The condensing surface is 1553 square 
feet. Two boilers, 13 ft, 3 in. in diameter and 10 ft. 9 in. 
long, supply the steam at a working pressure of 160 lb. 
There are six furnaces, each 3 ft. 2 in. in diameter, the 
great area being 114 square feet, and the heating surface 
3246 square feet. The propeller has four blades and is 
14 ft. in diameter, the pitch varying from 17 ft. to 20 ft. 
The indicated horse-power is exp scted to be 1300 


On the 24th inst., Messrs. Schlesinger, Davi-, and Co. 
launched from their shipbuilding yard, Wallsend - on- 
Tyne, a large steel screw steamer named the Leconfield, 
built to the order of Messrs. G. R. Sanderson and Co., of 
Hull. The vessel is of the following dimensions: Length 
between perpendiculars, 285 ft.; breadth moulded, 39 ft.; 
depth moulded, 21 ft.5in.; she is designed to carry a 
deadweight of 3300 tons, ‘The engines, of the triple-e:- 





pansion description, are 170 nominal horse-power, having 
cylinders 21 in., 33 in., and 54 in. in diameter, and 42 in. 
length of stroke. The boilers are of steel, two in number, 
working at a pressure of 160 lb. per squareinch. The 
machinery has been constructed by Messrs. Black, Haw- 
thorn, and Co., Gateshead, and together with the bull has 
been erected under the superintendence of Mr. Robert 
Carson, of Hull, the owners’ superintendent engineer. 








NOTES FROM THE NORTH. 
._ Guasaow, Wednesday. 
Glasgow Pig-Iron Market.—There was a quieter feeling 
in the pig-iron warrant market last Thursday. Business 


was less active, and prices weakened, in the case of Scotch | } 


iron, to the extent of 2d. per ton, but 1d. of the decline was 
recovered near the close. Dulness was also the rule with 
Cleveland iron, and prices closed 4d. per ton down. 
Hematite iron was in fair demand, but the closing price 
showed a decline of 1d. per ton. The settlement prices at 
the close were—Scotch iron, 42s. 6d. per ton, Cleveland, 
37s. 74d ; hematite iron, 48s. 44d. per ton. A firmer feel- 
ing was apparent in the market on Friday forenoon, and 
the price of Scotch iron rose to 423. 8d. per ton cash, The 
close was scarcely so strong, and 1d. per ton less was after- 
wards accepted. In the afternoon, however, up to 
423, 94d. per ton cash was paid, and the closing settlement 
prices were—Scotch iron, 42s, 9d. ; Cleveland, 37s. 9d. 
hematite iron, 488. 9d. per ton. The upward movement 
which set in on Friday became more pronounced on 
Monday forenoon, the price of Scotch iron going up to 
43s. 1d. per ton cash, The advance was mainly attri- 
butable to one or two bears endeavouring to cover their 
oversold accounts. It was evident, however, that the 
prospective labour troubles and the advance in the 
value of the raw materials, had something to do with 
the rise, which could not be owing to any improvement in 
the foreign demand, which continues to dull, and 
gives no sign of getting better. The advances made 
during the day were—on Scotch iron, 6d. per ton ; on 
Cleveland, 9d. per ton; and on hematite iron, 6d. per 
ton, the closing settlement prices being, respectively, 
433. 3d., 38s. 6d., and 493, 3d. per ton. ‘hese advances 
were equal to an improvement in value to the holders of 
stock to the extent of fully 44,000/. In “sympathy with 
dulness in the other speculative markets the pig-iron 
market was less active yesterday. The rapid advance of 
prices on Monday brought out a number of sellers, with 
the result that prices gave way to some extent in the 
forenoon market, and the decline was continued in the 
afternoon, the cash price for Scotch iron being 34d. per 


ton down on the day. The settlement prices at the close | M 


were—Scotch iron, 433, O4d. per ton; Cleveland, 383. 3d. ; 
hematite iron, 48s, 9d. per ton. Somewhat improved re- 
ports from America, and one or twoother circumstances, 
had a stiffening influence on the market this forenoon, 
a scarcity of warrants assisting in raising the prices. 
Scotch iron advanced 24d. per ton Cleveland 44d., and 
Cumberland hematite warrants, 14d. per ton. At the 
close in the afternoon sellers were asking 43s. 3d. cash 
for Scotch iron, 88s. 8d. per ton for Caled and 
493. to 493, 1d. per ton for hematite warrants. The 
following are the quotations for several of the special 
brands of No, 1 Scotch iron; Coltness, 543. 6d. per 
ton ; Summerlee, 53s, 6d. ; Langloan, 533. ; Gartsherrie, 
Calder, and Glengarnock, 51s. 6d.; Shotts (at Leith), 
52s8.; Carron (at Grangemouth), 533. 6d. Last week’s 
shipments of pig iron from all Scotch ports amounted 
to 6381 tons, as compared with 8310 tons in the corre- 
sponding week of last year. They included 1450 tons 
for the United States, 215 tons for Canada, 140 tons for 
India, 170 tons for France, 595 tons for Italy, 536 tons for 
Germany, 250 tons for Holland, smaller quantities for 
other countries, and 2830 tons coastwise. An additional 
blast furnace has been blown in at Glengarnock Iron 
Works, making eighty-three, against eighty-six at this 
time last year. The stock of pig iron in Messrs Connal 
and Co.’s public warrant stores yesterday afternoon stood 
at 1,026,796 tons, as compared with 1,026,991 tons yester- 
day week, thus showing for the week a decrease of 195 
tons. 


Shipments of Machinery, dc., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following: 
Locomotive engines, of the value of 10,840/., for Barce- 
lona and Calcutta; cotton mill machinery, rice mill, 
tea-making, and other machinery, valued at 17,548/. ; 
blooms, plates, bara, and other steel manufactures, of the 
value of 7100/. ; pipes and other castings, malleable iron 
plates, tubes, bars, sheets, and miscellaneous iron manu- 
factures, valued at 21,7001. 


Contract for Locomotives.—It is stated that Messrs. 
Neilson and Co., of Hyde Park Locomotive Works, 
Glasgow, have secured the contract for fifty engines and 
tenders required by the Midland Railway Company. 
The price at which the contract has been taken is under- 
stood to have been a very low one, the competition for 
the order having been very keen. 


The Malleable Iron and Steel Trades.—In the Scottish 
malleable iron trade there is a want of specifications for 
shipbuilding material, owing to the rivetters’ strike, 
and in several cases makers are reported to have been 
taking this class of work at ratherless money. Noorders 
of consequence for unbranded iron for the east have, as 
yet, come into our market. Merchants in the south are, 
however, understood to have sold at certain prices for 
delivery in India, and they have been waiting in the ex- 
pectation of being able to cover their sales at reduced 
rates here. These orders, it is believed, are bound to be 
placed within the next week or two at the market prices. 
As yet, few orders for malleable iron have been received 
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from Canada, but the home trade is good, and there are 
also considerable export orders available, There has lately 
been a very brisk demand for iron hoops. No first-class 
house has broken its price for the higher grades of iron. The 
lowest grade of common bars is quoted at 5/, 15s. to 6/. ; 
second grade common, 6/, 2s. 6d. ; best, 62. 12s. 6d. ; firat 
grade common, 6/. 53. ; best, 67, 15s.; angles, 5l. 15s. ; 
hoops, 6/. 153. ; sheets, 7/, 12s. 6d.—all less 5 per cent. 
The steel trade continues very busy. Two firms have 
accepted orders lately at reduced prices, under special 
circumstances, and some merchants have been quoting 
angles at 5s. reduction; but the principal makers have 
made no change whatever in their prices. They are fully 
employed, and in the case of boiler Fae the pressure 
for delivery is very great. The Steel Company of Scot- 
and’s prices are to-day maintained at the highest point, 
as follow: Angles, 6/, 12s. 6d.; ship-plates, 7/, 12a, 6d. ; 
boiler plates, 8/. 10s.; rivet bars, 7/. 5s.—all less 5 per 
cent. discount for delivery in the Glasgow district. 


Gas Coal Contracts. —The Cval Contracts Committee of 
the Glasgow Gas Trust have just purchased well-nigh 
200,000 tons of cannel and other varieties of coal for the 
financial year 1889-90, which began on the Ist inst. They 
had about 700,000 tons on offer, one of the tenders bein 
for a lot of 50,000 tons of a well known Ayrshire canne 
coal. Generally the prices differed very little from those 
at which the same kinds of coal were purchased a year 
ago, or at the last autumn contracting. It is stated 
that there are about 80,000 tons of last year’s still ts 
be delivered, in addition to which there was a fair 
amount of coal in stock at the three gas works belonging 
to the Gas Trust at the annual stocktaking a month 
since. During the year ending on the 3lst of May, the 
amount of coal consumed was about 300,000 tons, being 
fully 22,000 tons more than the quantity carbonised 
in the year 1887-88; and as it is confidently antici- 
pated that about 330,000 tons will be required this year, 
it is evident that some additional purchases have yet to 
be made, These, however, will probably be deferred 
tillthe autumn. There is every chance that, in conse- 
quence of the moderate terms on which the coal contracts 
have been closed and the advanced prices got for the 
residual products, a reduction in the price of gas—to the 
extent of 2d. per 1000 ft. at least--will be made at 
the August meeting of the Town Council sitting a3 the 
Gas Commissioners. 


Manufacture of Portland Cement.—It is just possible 
that the manufacture of Portland cement may, by-and- 
by, be started on the Clyde. The North British Chemical 
Company, whose works are situated in the Clydebank dis- 
trict, will very shortly have in practical operation Mr. A. 
. Chance’s very successful process of recovering sulphur 
from alkali waste, the residue of which, after yielding up 
its sulphur, consists almost entirely of carbonate of lime 
in a very fine state of division, and may be regarded as 
the basis of Portland cement. Suitable for admixture 
with it there is found in the same district an excellent 

uality of clay. Mr. E. C. C. Stanford, the managing 
aun of the company, has lateiy carried out numerous 
experiments in the direction indicated, with the result 
that the cement which he has made possesses a very much 
higher breaking strength than that which is so extensively 
used on the Clyde and in Glasgow, 


New Steelmaking Concern.—The negotiations have now 
been completed for the starting at Renfrew of the new steel- 
making concern which was spoken of some time ago. A site 
extending to some 15 acres, on the lands of Porterfield, 
belonging to the Renfrew Town Countil, has been made 
ever to the new company at the price of 15/. per acre. 
This concern was projected about a couple of years ago, 
when various more or lesseligible sites for the works were 
examined, but the project remained for many months 
very much a scheme on paper. Nothing of an authorita- 
tive character has yet transpired regarding the actual 
promoters of the scheme. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
John Brown and Co., Limited.—In the annual report of 
this company, with balance-sheet to March 31 last, the 
directors refer to the great changes that the business of 
the company has undergone during the past few years, 
and the substitution of the manufacture of large steel 
forgings and patent ribbed flues in place of the steel rail 
and ship-plate trade. These departments have, however, 
taken a considerable time to bring into profitable opera- 
tion, while during the past year the armour plate depart- 
ment has been, to a large extent, unemployed. The 
present balance-sheet cannot, therefore, be expected to be 
a very satisfactory one. The large press is working well, 
and the orders on hand will keep it fully employed for a 
considerable period; the ribbed flues have given great 
satisfaction, and the demand is steadily increasing. In 
the colliery department the year has been a most 
unsatisfactory one. The demands made by the 
miners upon coalowners producing coal chiefly employed 
for locomotive and gas purposes like this company, 
with contracts to July, 1889, have been disastrous. New 
contracts have, however, been made at higher prices, and 
the prospect of the coal and coke trade is better than it has 
been for years. The Spanish mines continue to work in a 
satisfactory manner. ‘The gross profit, 50,1237. Os, 11d., 
from which has to be deducted debenture and loan interest, 
leaves a net profit for the year of 33,637/. This, with the 
balance brought forward from last year, 21,125/, 15s. 5d., 
makes the undivided profit 54,762/, 15s. 5d. A dividend 
on the preference shares was paid in December last, 
amounting to 3945/. 3s. 11d., and the directors now re- 
commend a dividend of 5 per cent., or 3/. 16s. per share 
on the ordinary shares, in addition to the usual further. 
dividend on the preference shares. These dividende-will 
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absorb 41,460/, 16s. 7d., leaving the balance to be carried 
forward 9356/, 14s. 11d. 


The Strike at the Haigh Moor Colliery, Altoft’s.—At 
the Haigh Moor pit of Messrs. Pope and Pearson’s, about 
120 persons are out on strike in consequence of the owners 
discontinuing to pay the premium of 7s. 6d. for 30 tons 
of coal that has hitherto been given at the pit. The strike 
only affects a eas of the pit, and as a number of men not 
affected by the alterations are continuing working, the 
management are enabled to supply the demand for coal 
without much difficulty. The terms offered to the men 
as a substitute for the premium have been rejected, and 
the miners are now in weekly receipt of strike pay from 
the Yorkshire Miners’ Association. The premium formerly 
paid was only conditionally with on working place 
sending to the pit’s bank 30 tons of coal between Friday 
morning and Thursday ——s in each week ; and the 
present terms offered are an advance per ton without the 
conditions as to quantity. The miners state the advance 
offered will not cover the loss to them consequent on the 
stoppage of the premium. 


South Yorkshire Enginemen and their Wages.—A special 
meeting of representatives of enginemen from the various 
lodges in the South Yorkshire district, was held at the 
Clarence Hotel, Barnsley, to take into consideration the 
best means of obtaining an advance of wages. After fairly 
discussing the subject it was unanimously decided to issue 
an application to the employers. The meeting was 
adjourned to July 20th next, to receive the reports and 
consider the same. The enginemen interested in the 
wages movement embrace nearly all of those employed at 
the various collieries in South Yorkshire, who contend 
that they have a right to participate in the general 
advance of wages given to the miners, 


Opening of another Seam at Tankersley Colliery.—On 
Saturday, the first step towards the opening out of the 
Flockton seam of coal by Messrs. Newton, Chambers, 
and Co,, took place at their Tankersley Colliery. It is 
proposed to win the coal from the existing Silkstone shaft, 
at a distance of some 40 yards from the surface. It is 
from 27 in. to 30 in, in thickness, and is the same bed as 
that obtained at the Ledgett Colliery, Tankersley. 


The Iron Trade.—At the forges the bar, hoop, and 
plate mills are well employed. he recent improvements 
reported in connection with the steel trade are well main- 
tained, and in the different branches carried on in the 
district, the tone continues to improve. The business 
doing in railway material of all kinds keeps up well; at 
the principal works overtime is the rule. Amongst iron- 
founders increased pay is to be observed ; stoves and 
grates are in good demand, and castings of all descriptions 
are in better request than for some time past. 


Large Orders for Armoured Plates.—Messrs. John 
Brown and Co., Limited, of the Atlas Steel and Iron 
Works, have received orders for the whole of the side 
armour for two of the new warships which are being con- 
structed for the British Navy. These ships are to be 
named the Repulse and the Renown, and Messrs. Charles 
Cammell and Co., Limited, have obtained similar orders 
for other two to be called the Hood and the Royal Sove- 
reign. The weight required for each ship is 1264 tons, 
making in all 4956 tons. The plates will be from 14 in. to 
18 in. thick, and the length 8 ft. 6in. The work is to be 
proceeded with at once, and delivery to be completed by 
the end of March, 1890. The present is the largest order 
for armoured plates that has been received in Sheffield for 
some years. 

Advance in Railway Rates.—The directors of the South 
Yorkshire Railway have decided to advance the rates for 
the carriage of coal and coke by 25 per cent. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
good attendance on ’Change and the market was much 
stronger than it has been for some weeks, but only asmall 
amount of business was transacted. On the previous day, 
however, a good deal of iron changed hands at higher 
rates than have recently been ruling. Sellers do not 
care about doing business at —— for forward delivery, 
as offers would not cover the cost of production. The 
general —— by merchants for early f.o.b. delivery 
of No. 3 g.m.b, Cleveland pig iron is now 38s. 6d. 
wd ton, or 9d, more than when we last reported. 

usiness is reported to have been done at 38s. 3d., but 
only odd lots changed hands at this figure. Stocks con- 
tinue to decrease et Middlesbrough No. 3 warrants 
are 38s, 5d. cash. Grey forgeiron is 37s, 6d. per ton, and 
is difficult to obtain. The hematite pig iron trade is 
quiet. East coast brands, mixed numbers, are 50s. at 
works. In the manufactured iron trade there is no new 
feature. Prices are firm, with a slightly upward ten- 
dency. The demand for steel is rather better, and prices 
have somewhat improved, heavy rails being 4/. 12s. 6d. ; 
ship-plates, 7/. to 7/. 2s. 6d. ; and angles, 6/, 12s. 6d. 


Engineering and Shipbuilding. — All the engineering 
establishments in the North continue very busy, and many 
firms are heavily pressed for delivery. Shipbuilders re- 
com more inquiries. It is stated that there is a proba- 
— “ some good Admiralty orders coming to Middles- 

rough. 


The Sait Trade.—The salt trade has developed into a 
very important industry on Teesside, and large cargoes 
are frequently being shipped from Middlesbrough to 
foreign ports and coastwise. We understand that the 

romoters of the salt-boring a oo at Seaton Carew 
ve, at length, been rewarded by the discovery of a brine 





spring at a depth of 1150 ft., the inexhaustibility of which 
is assumed by its having stood the test of a couple of 
months’ pumping. 

The Coal and Coke Trades.—Every description of fuel is 
in good request and prices are high. Coke for blast fur- 
nace purposes continues very scarce, and is quoted 15s. 6d. 
to 16s. per ton for delivery at Middlesbrough. 








MISCELLANEA. 
Tue Corporation of Daventry have called in Mr. Bailey 
Denton, of Palace Chambers, Westminster, to prepare a 
scheme of sewerage and sewage disposal for that borough, 


At the Friary and Holroyd’s Brewery Company, Guild” 
ford, a 250 ft. artesian bored tube well has been com: 
pleted in fourteen days by Messrs. C. Isler and Co., wel 
engineers, London. The well is 6 in. in diameter, and 
lined the best part of the way. The supply obtained is 
over 12,000 gallons per hour. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom for the week ending June 16, 
amounted, on 16,0323 miles, to 1,385,613/., and for the 
corresponding period of 1888, on 15,959? miles, to 
1,250,521/., an increase of 73 miles, or 0.4 per cent., and 
an increase of 135,092/., or 10.8 per cent. 


Ata meting of the board of directors of the Pennsy]- 
vania Railroad held last Wednesday, the President, Mr. 
Roberts, stated that the loss to the line through the floods 
at Johnstown and elsewhere would probably not exceed 
1,500,000 dols., thcugh an accurate estimate of the loss 
had not yet been made, 


The Russian army is to be supplied with a new rifle of 
smaller calibre than that now in use. It is an ordinary 
breechloader, not a repeater or magazine rifle, and will 
carry 6000 ft., at which range it will be — to pene- 
trating three deal boards 1 in. thick placed 1 ft. apart. 
The powder to be used is a new invention, giving a greatly 
increased muzzle velocity compared with that at present 
in use, 


The Committee of the House of Lords on Unopposed 
Bills passed on Monday the Omnibus Bill of the Metro- 
politan Railway Company, which, among other powers, 
authorises the company to use “‘ electricity on their rail- 
ways or any mechanical or other power other than steam 
power, either in addition to or in substitution for steam 
power.” This Bill has already been sanctioned by the 
House of Commons. 


Ata paper read before the South African Philosophical 
Society, Mr. R. H. Hammersley-Heenan, M. Inst. C. E., 
stated that owing to the ravages of the teredo and that 
other marine pest, the Chelura terebrans, the greenheart 
timbering of the jetties constructed in 1878 at Port Eliza- 
beth, which cost 25,000/., would shortly have to be re- 
placed. The Chelura tercbrans is said to be even more 
destructive than the teredo, as it always attacks the ends 
of the timber or the joints of the framing. 


The Galatea, one of the belted cruisers, which has 
been waiting at Portsmouth for months for her bow 
and sternchase 9.2 guns, received them temporarily on 
Saturday. She has also tried her machinery alongside 
and is ready for her gun trials. The Howe has received 
three of her complement of 67-ton guns, but it is not 
expected that the others will be in place until the 16th 
proximo. As the new ships at Portsmouth are completed 
they are passed into the Steam Reserve in readiness for 
commissioning for the manceuvres, 


A test of the Hawkesbury Bridge was made on April 24 
last under the direction of Mr. Dean, inspecting engineer 
of the Public Works Department, representing the engi- 
neer-in-chief of railways. Six freight engines of 65 tons 
each, sixteen trucks loaded with steel rails, each truck 
weighing 32 tons; and two brake vans, each weighing 
10 tons, were made up in two equal trains and run over 
the bridge. The average deflection of the different spans 
was 24 in. Single engines were afterwards run over the 
bridge at a speed of 35 miles an hour with a deflection of 
4 in. 

Judgment was delivered last Wednesday in the im- 
portant action instituted by Messrs, King, Brown, and 
Co., electrical engineers, Edinburgh, against the Anglo- 
American Brush Electric Light Corporation, 7c the Brush 
patent for ——— winding. Lord Trayner holds that 
the invention claimed in the defendants’ final specification 
was larger and different from that set forth in their pro- 
visional specification, and further that Mr. Varley in 
1876, anticipated Mr. Brush. He therefore declared, as 
asked by the plaintiffs, that the letters patent were un- 
tenable, and found the defendants Jiable in expenses, 
The case on appeal will be taken to the House of Lords, 


ag we to a Parliamentary paper just published, 114 
new breechloading guns were issued for sea service be- 
tween January 1 and December 24, 1888, including 
forty-seven 6 in. and thirty-three 5 in. guns. The 
same paper contains a statement of ships waiting for 
some portion of their armament. The Victoria requires 
14 guns, the Sans Pareil 15, the Camperdown 10, the 
Australia, Narcissus, and Galatea two each, the Aurora 
12, and the Sharpshooter two. The return also gives par- 
ticulars of calibre and weight of guns, the name of the 
manufacturer of outstanding guns, the dates by which 
they were originally promised, and the dates by which 
they are expected to be delivered. 


The annual general meeting of the Chesterfield and 
Midland Counties Institution of Engineers will be held 
to-morrow (Saturday), in the lecture-room of the Stephen- 
son Memorial Hall, Chesterfield, at 2.45 p.m., when 


some alterations in the rules of the society will be pro- 
posed, The following papers will also be read; ‘‘ Past 





and Present Methods of Banking Coal at Annesley, with 


a Brief Description of Mechanical Appliances adopted 
to facilitate the Labour,” by Mr. Joseph Timms; ‘‘ The 
Mechanical Ventilation of Collieries, with a Description 
of a New Form of Inclosed Mine Ventilator,” by the 
Rev. G. M. Capell: ‘‘ Electric Lighting and the Trans. 
mission of Power by Electricity,” by Mr. T. M. Winstan- 
ley Wallis, 


MM. Durand-Claye and P. Debray have made a num- 
ber of experiments with the object of ascertaining the 
amount of expansion of Portland cement mortar. The 
test-pieces used were of square section 2 ft. 7.1in. long and 
0.47 in. edge. They were made ona marble slab, and when 
sufficiently set were transferred to a glass tube closed at the 
bottom but open at the top. A small fork rested on the 
upper end of the cement in the tube, and actuated a lever 
by which any movement of contraction or expansion 
of the long rod of cement was magnified ten times. In 
this way it was found that the addition of calcined mag- 
nesia to the cement considerably increased its expansion, 
and samples of cement mixed with water, containing 
0.6 per cent. of sulphate of magnesia, expanded more than 
similar samples mixed with river water. 


The Railway and Canal Traders’ Association have 
issued a circular in connection with those recently 
published by the Board of Trade, in which it was 
suggested that the objectors to the classification proposed 
by the railroads should place themselves in communica- 
tion with the companies with a view to arranging the 
differences. The circular issued by the Association states 
that it is most undesirable to deal with the objections 
piecemeal, as proposed by the Board of Trade, and re- 
marks that it isonly by securing and preserving concerted 
and fully organised action on the part of the traders that 
the questions of principle involved can be satisfactorily 
dealt with. The secretary of the Association is Mr. Edwin 
Clements, Eastcheap- buildings, Eastcheap, London, E.C, 


Our American cousins have long boasted of their 
ingenuity in mechanical matters, and one of these geniuses, 
hailing from Pittsburg, has recently surpassed himself 
in the matter of what is stated, doubtless correctly, to 
be an entirely novel form of electric traction. The inven- 
tion is thus described in Zhe Iron Age: ‘‘ The idea is to 
propel each car without a cable, without a slot rail or 
any overhead wires, or even a central station and power 
houses. The vehicle is a combination car, of which the 
one part is occupied by the passengers, and the other by 
the motive power. The latter consists of the prime 
mover of a gas engine, tanks filled with condensed gas 
and a dynamo. The electric motor, however, will be 
placed under the second part.” Fortunately the high 
standing of American engineering is based on better 
foundations than the above example, in which, how- 
ever, it would seem some capitalists have been foolish 
enough to invest. 


Mr. H. A. Stoltenberg, C.E., of Chicago, has proposed 
a system of elevated railroads for that city which in some 
respects differs from the plan adopted in New York. In 
the first place the proposed lines are to be carried at a 
much greater elevation, about 120 ft. above the level of 
the streets. In this way not only will the noise caused by 
the trains be less audible below, but:the light will be less 
obstructed, and as at this elevation the line will clear the 
roofs of the highest houses, much easier curves can be 
adopted than are in use at New York. Lifts will be used 
for raising the passengers to the stations. Whether this 
plan is wagers to an underground system is an open 
question. Mr. Stoltenberg, whilst acknowledging that an 
equally good line could be obtained by going 60 ft. below 
the level of the road, not unjustly complains of the awful 
state of the atmosphere on some portions of the London 
Metropolitan. his objection should, however, not 
apply to the City and Southwark Subway, now nearly 
finished, in which the trains are to be run by electricity, 
and which is situated at about the depth below the surface 
recommended by Mr. Stoltenberg. 


Dr. Frankland reports to the Registrar-General the 
results of the chemical analyses of the waters supplied to 
the inner, and portions of the outer, circle of the metro- 
polis during the month of May. Taking the average 
amount of organic impurity contained in a given volume 
of the Rant Ceamens’s water during the nine years end- 
ing December, 1876, as unity, he finds that the propor- 
tional amount contained in an equal volume of water 
supplied by each of the metropolitan water companies and 
by the Tottenham Local Board of Health was—Kent 0.8, 
Tetacnhen: 1.1, Colne Valley 1.5, New River 2.0, South- 
wark and East London 2.2, Lambeth 2.3, West Middlesex 
and Grand Junction 2.4, and Chelsea 2.8. The water 
drawn from the Thames and supplied by the Chelsea, 
West Middlesex, Southwark, Grand Junction, and Lam- 
beth companies was of better and more uniform prod 
than in April. It was in every case efficiently filtered 
before delivery. The water obtained chiefly from_ the 
River Lea by the New River and East London Com- 
panies was efficiently filtered, that supplied by the first- 
named company being of better quality than any of the 
Thames derived waters, whilst that sent out by the East 
London Company was equal to the best of these waters. 
The deep-well waters of the Kent and Colne Valley com- 
panies and of the Tottenham Local Board of Health 
were, as usual, of a high degree of organic purity, the 
Kent Company’s water being especially distinguished in 
this respect. The Colne Valley Company’s water was 
softened before delivery, and was thus rendered suitable 
for washing. These waters require no filtration. They 
were clear and bright. Seen through a stratum 2 ft. 
deep, the waters presented the following appearances: 
Kent, Colne Valley, and Tottenham, clear and colour- 
less ; New River, clear and nearly colourless ; the remain- 
ing waters, clear and very pale yellow, 
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The new goods shed is built of brickwork with plated 
girders carrying a roof, the framing of which is of 
timber. The goods shed is 420 ft. long, 128 ft. broad 
inside measurement, and the roof is carried on three 
spans, 56 ft., 42 ft., and 30 ft. respectively in width. 
The shed is fully equipped with hydraulic cranes, 
traversers, and capstans, supplied by Sir W. G. Arm- 
strong and Mitchell, of Newcastle, for working the 
traffic. There are two loading benches and four lines 
of rails running the whole length of the shed. 

At the eastern end the building is two stories in 
height, the upper story being occupied as a store, which 
extends a length of 120 ft. along the shed, and the 
full width of theshed. The floor of this store is carried 
on longitudinal and transverse wrought-iron plate 
girders supported on cast-iron columns. The store is 
provided with hydraulic cranes for communication 
with the loading benches in the shed below. The 
offices for the staff working the goods traffic are 
situated at the east end of the goods shed and store, 
fronting South Union-street, but some distance back 
from the line of street. The intervening space is 
occupied as an entrance yard, in which are situated 
the weigh-house, carting offices, boiler and engine- 
house for hydraulic machinery, &c. The goods offices 
are two stories in height, of brick, relieved by white 
brick corners, cornices, &c. At the west end of the 
goods shed, in the goods yard, a straw shed, with 
number-takers’ offices and bothies for the men, is pro- 
vided. 

The next section of work undertaken was the con- 
struction of a new engine shed with stable accommo- 
dation for forty locomotives, and having the necessary 
workshops, tanks, turntables, &c. This building, 
which is 280 ft. long by 130 ft. broad, is also on new 
ground at the west end of the station, the site of the 
old engine shed being needed for mineral sidings. 

These changes having been effected and the ground 
for the new passenger station thus cleared, work in 
connection with it was started five months ago. 

The main building, of which Fig. 3 is an elevation,* 
will have a frontage to Dock-street, one of the principal 
thoroughfares in the city, of 150ft., with a height of 
from 40 ft. to 50 ft. It is to be in the Scotch baronial 
style of architecture, having two crow stepped gables 
to the front or facing eastwards. The north gable 
will have angle turrets 5 ft. in diameter. A 
battlemented parapet will run between the turrets 
and on the top of the wall between the gables, 
There is a tower at the south end of the building 
fronting Union-street, rising to a height of 120 ft., in 
which is situated the main doorway for the offices, 
&c. The lower part of the tower has projecting 
buttresses at the corners, and the upper portion has 
circular turrets thrown out at the corners, connected 
with battlemented parapets. The roof of the tower is 
slated and has three clock dials 7 ft. indiameter. The 
front elevation of the tower is shown on Fig. 3, while 
Fig. 8 shows the south elevation. Fig. 12 shows a 
sectional elevation looking south and Fig. 10 a section 
through tower. Over some of the doors and windows 
on the ground floor and in the attics are to be finely 
carved coronals and cornices, with the thistle engraved 
in a prominent position. The building, which will 
be representative of its style, is being built with 
Dumfries stone. In front of the building there will be 
a glazed verandah (see Fig. 3) 48 ft. long and 23 ft. 
wide, covering in the area in front of the booking hall. 
It is to be supported on three cast-iron columns 
with light lattice girders, constructed of steel with 
cast-iron ornamental monogram brackets underneath. 
Surmounting the roof will be a cast-iron cresting 3 ft. 
deep, with ‘Caledonian Railway” in gilded letters, 
The accommodation provided in the building is to be 
extensive. The Sosliae hall is to be 49 ft. long by 
35 ft. 6 in. wide, the office itself being 26 ft. 6 in. by 
13 ft. 2in., with five booking windows. It is to be 
constructed of pitch pine with the upper panels glazed 
with fluted glass pot. preety glass of various tints, 
The entrance to the booking hall isto be by three doors 
in the front wall, each 6 ft. wide, and to the platform 
there are to be two openings each 8 ft. wide. This may 
be seen from the elevation of the party wall within 
the building (Fig. 6). In addition a separate exit, 
direct from the arrival platform, is being provided, to 
which reference will be made. On the one side of the 
hall is to be the parcel office, 35ft. 6 in. by 31 ft. 9in., 
and on the other, telegraph cffice, station master’s 
room, &c. On the floor above (Fig. 4) will be situated 
the company’s offices, and on the top floor the station 
master’s residence (Fig. 5), the staircase being in the 
tower at the extreme south of the main building. The 
stairway and towers are shown on sections (Fig. 12). 

The station stretches from the back of this building 





* By an engraver’s error in our illustrations of this 
station, published in our issue of the 14th inst., the 
elevation, Fig. 3, page 670, has been turned round the 
tower, being put at the north instead of at the south end 
of the station, and the elevation does not therefore accord 
with the pons plan Fig. 4. Figs. 1 and 2 will be found 
on page 679; Figs. 3 to 12 on e 670; Figs. 13 to 27 on 
two- plate of June 14; Figs. 28 to 45 on two-page 
plate of present issue; Figs, 46 to 56 on page 727, 





in a westerly direction for a length of 450 ft., and the 
width varies from 90 ft. to 110 ft. (see ? seg Fig. 2, and 
also the plan of old station Fig. 1.) The walls are of 
red Pitfour brick, with white brick, at the angles, open- 
ings, and crevices; they are 24 ft. from the rail level to 
the bottom of the girders. They are 3 ft. thick at the 
butts and 18 in. in the panels, The foundation consists 
of concrete 3 ft. deep and varying in width from 4 ft. 
to 5ft. 6in. In the north wall—next to which is the 
arrival platform—there are, as shown on Fig. 15, 
eight gateways each 10ft. wide, which give egress 
to another of the principal thoroughfares. Here a 
carriage verandah 21 ft. wide and 210 ft. long is to be 
constructed similar to that already referred to. On 
the other side, where the departure platform is situated, 
is the waiting-room accommodation in a building 270 ft. 
long, and 18 ft. Gin. broad inside (see Fig. 14). The 
rooms are all large, some of them 20 ft. long and well 
ventilated, Fig. 13 shows the outside elevation. Sec- 
tions of this building are shown by Figs. 16 to 21, and 
the exact positions of these sections will be gathered by 
a reference to plan Fig. 14. 

The roof of the station is to be carried on fifteen 
transverse girders placed at 30ft. centres (Figs. 23 
and 24), ig. 25 shows a part of the south wall 
of the station, showing the end view of the roof- 
ing, and the building giving accommodation to the 
boilers, lamps, oil, &c., while Fig. 26 is a plan, and 
a section of the same building is also shown. Nine of 
the girders will be 90ft. long and six 110ft. long. 
They will all be 10 ft. deep at the ends and 10 ft. 9in. 
at the centres, and are being constructed entirely of 
steel. The flange plates for the 90-ft. girders are to 
be 16in. by gin., the web plates 18in. by Zin., the 
angles 3}in. by 34in. by }in., and the bottom plates 
15in. by Zin. In the case of the 110-ft. girders, the 
top flange plates are to be 16in. by 4in., the angle- 
irons 34 in, by 34 in. by 4in., web plates 18 in. by 4in., 
and the bottom flauge is to be composed of plates 15 in. 
wide by }in. and gin. The details of the girders and 
the jointings are shown in Figs. 28 to 45. The 
diagonal bracing at the centre of the girders is to be 
by two bars each 3in. by 3in. by gin., while at the 
outer end of the girders there are four similar bars, 
The main girders will have fitted to the ends 
three rollers, each 3in. in diameter (Fig. 50), so as 
to allow for any expansion or contraction owing to 
the variation of the temperature. These rollers will 
work on cast-iron bed-plates, checked at the sides to a 
depth of 1 in. to fit the rim of the rollers. The bed- 
plates are to be sunk into the masonry work to the 
depth of 3in. The play allowed to the rollers will be 
about an inch. Running parallel with the shed walls 
there will be placed light lattice girders connected to- 
gether through the webs of the main transverse girders 
(Figs. 46 and 37), and between the ends of the lattice 
and the main girders are to be placed steel springs to 
allow of —— and contraction (Fig. 46). The roof 
couples will sit on the top of the main girders, and are 
to be secured to shoes rivetted to the top flange at 
10 ft. centres (Figs. 37 and 33). The roof is to be 
entirely glazed, and the glazing is to be carried by 
light angle-iron purlins running across the shed 
between vertical screens (Fig. 37). The arrangements 
for ventilation are shown in the same figure. Wind 
bracing is also to be provided between all the couples 
right across the shed, and is shown by Fig. 56. The 
gutters are to be constructed of steel } in. thick, and 
they are to be placed on the top, directly over the 
main girders, so that no available light will be 
shut out. The smoke boards are to be 3 ft. 6 in. 
wide and 17 ft. 6 in. above rail level, being secured 
to the under flange of the main girders. On the 
westmost girder there is to be fixed a vertical gable 
screen extending from the top to the level of the 
bottom flange, and the whole of it is to be glazed with 
yy in. rolled plate glass. On the top of the screen 
there will be a heavy moulded cornice with a ridge 
cresting finished with ornamental standards and a 
scroll at the rake of the roof (Fig. 35 with details and 
Fig. 36). Figs. 37 and 38 show other two of the complete 
transverse girders. With the various figures there are 
given drawings of details ; but as the reference letters 
on these are clearly shown on the figures to which 
they apply it is not necessary to deal further with 
them. 

In the old station there was only a centre platform 
with two docks, one on each side (Fig. 1) ; but in the 
new station there will be separate arrival and departure 

latforms for the main line and also for the Newtyle 

sae (Fig. 2). They will be from 21 ft. to 23 ft, 
wide, and the former platforms will be each 800 ft. 
long, while those for the branch line will be each 
600 ft. 

The engineer of the station is Mr. Thomas M. Barr, 
M. Inst. C.E., district engineer for the Caledonian 
Railway Company, while Mr. E. G. Moon, C.E., is 
resident engineer. The contractors for the buildings 
are Messrs. Kinnear, Moodie, and Co., Glasgow. The 
total cost of the new station, including the goods, loco- 
motive, mineral, and passenger accommodation, is about 
100,000/. The building does credit alike to the company 
and to the enterprising people of Dundee, 





INDUSTRIAL NOTES. 

THE demand of the Durham miners for an advance 
of 25 per cent. seems a very large order for a single 
movement in the rate of wages. A large employer of 
labour describes the demand as ‘‘a stifler.” But 
the explanation given by the miners is that it 
represents the 124 per cent. previously taken off, with 
the addition of 124 per cent. advance upon the old 
wages, In any case, the spirit of compromise is so 
general just now that some easy solution of the im- 
pending difficulty is anticipated. 

The Northumberland miners have agreed to accept 
the 5 per cent. advance offered by the coalowners. 
The majority in favour of the compromise was as two 
to one. Thus the Yorkshire miners, and those in some 
districts of the Midlands, as well as in Northumber- 
land, have effected a settlement which will avert a 
strike, and avoid that serious disturbance in the con- 
dition of trade and the labour market which was at 
one time anticipated. 

But there are other districts in which no settlement 
has been effected up to this date. Lancashire has not 
decided ; nor have the Bristol and Somersetshire coal- 
fields yet agreed upon any terms of compromise. 
Meanwhile the date of the expiry of notices is ap- 
proaching. 

Hitherto the arrangements made with the miners 
have not included the colliery enginemen, the banks- 
men, the surface labourers, or the coke burners, em- 
ployed in and about the collieries. These men are 
now demanding that they should participate in the 
general advance conceded to the miners. Those 
employed in the South and West Yorkshire colliery 
districts have decided to ask for the advance from and 
after the 2nd of July, that is to say, the day after the 
miners get their advance. Some of the men are asking 
for a 10 per cent. increase in their wages, but as the 
miners have accepted 5 per cent., with a promise of a 
further 5 per cent. in October, probably some such 
compromise may be agreed to in this case. 





The rivetters’ strike on the Clyde is being very stub- 
bornly contested on both sides. It is not easy to 
obtain the exact numbers of those on strike, but they 
are said to be from 1400 to1500 men. Those indirectly 
affected will be perhaps quite as numerous. Many 
complaints are made as to the attitude of the rivetters 
towards the holders-up and the boys—generally lads 
from fourteen to eighteen years of age. As the work 
is done in gangs of four—two rivetters and two holders- 
up or labourers—the former, it is said, seldom give 
much consideration to the latter in any action taken. 
Even in a “‘ drinking bout” if the rivetters leave work 
voluntarily the holders-up are thrown idle without 
compunction, and with the loss of their wages. The 
union tries to minimise this injury by the infliction of 
fines for frequent absence from work, 


Some sad disturbances have taken place in Bohemia 
as an Outcome of the recent strike of the miners. Ina 
previous Note we referred to the complaints of the 
men that the masters had not been faithful to their 
promises. The resumption of work was therefore 
accompanied by discontent. Notwithstanding this the 
men continued at work, but with complaints as to the 
non-fulfilment of the terms upon which work was re- 
sumed. This smothered, but smouldering feeling of 
discontent, broke out by mere accident at the recent 
festival at Kladus, when the houses of the director 
of the mines and of the mayor were attacked. Some 
of the rioters were shot and others were arrested. 

The ironstone miners at Brixworth, near Northamp- 
ton, have struck for an advance of wages. They 
allege that, through the reductions effected in the last 
few years, their present wages scarcely exceed the 
amount paid to the agricultural labourers of the 
district. 





The ironmoulders of Scotland are experiencing a 
run of work such as they have not enjoyed for many 
years. There is a difficulty in finding a sufficient 
number of men to fill the shops in some districts. 


The Amalgamated Society of Engineers have ap- 
pointed two delegates to attend the International 
Congress of Labour to be held in Paris during next 
month, At the congress held in London last year the 
Society was strongly opposed to the action of the 
Continental delegates and their socialist allies in this 
country. The Northumberland miners have also ap- 
pointed delegates to attend the International Labour 
Congress, but they have fortunately selected represen- 
tatives who will not be likely to forget what is due to 
English trade unionism. 

The Lancashire miners threaten to strike unless 
their demands are complied with. In the Nottingham 
district the wages question has been practically settled. 
In South Wales the question is kept alive by some of 
the more boisterous a the men, otherwise it is believed 
that a compromise could be effected, satisfactorily to 
all, generally speaking, 
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In the Scottish mining districts the wages question 
is approaching a settlement. In Fifeshire they appear 
to have agreed ; in Stirlingshire and Ayrshire they are 
still actively at work ; it is only in Lanarkshire that 
the settlement hangs fire. But it is probable that the 
wages question among the miners generally will be 
arranged by the beginning of July. 





The Parliamentary Committee of the Trade Union 
Congress have been in solemn council preparing for the 
forthcoming congress at Dundee, and discussing the 
measures affecting labour now before Parliament. The 
resources of the Committee are somewhat curtailed by 
the recent votes of some of the unions of the country. 


The monthly report of the Associated Blacksmiths 
of Scotland bring the accounts down to the end of the 
first week in June. At that date there were 1829 
financial members, an increase of 77 during the month. 
The total number of members ‘‘ idle” was 8 only ; in 
the month there were 26 on idle benefit, costing 
131. 9s. 4d. Besides these, 24 received protection 
benefit, costing 4/. 6s. Those on sick benefit were 77, 
costing 87/. 9s. ; on superannuation benefit 16, costing 
167. ; funeral benefit, 347. The total expenditure for 
the whole month was 211/, 15s. 6d., or 1s. 9d. per 
member for the month. 


With regard to the state of trade there is no com- 
plaint whatever, the returns showing ‘‘ good,” 
*« steady,” ‘* moderate,” and ‘‘ fair,” in all cases. An 
advance of wages is reported from Greenock of one 
halfpenny per hour in some instances, in others at the 
rate of 74 per cent. on time and piece rates, the 
employers dating the advance back from March 4, 
and April 5 respectively. The men express their 
gratitude to their employers for the way in which 
they have acted. At Edinburgh an advance has been 
given in some instances, but in one case the men are 
on strike. At Paisley it appears that the advance was 
only given partially, the result being that the secre- 
tary is in correspondence with a large firm upon the 
subject. In other districts the wages question is 
similar to what it is at Edinburgh and Pei. 





Some of the South Staffordshire ironworkers have 
rather unexpectedly made a demand for an advance in 
wages, neither the employers nor the workpeople 
being connected with the Midland Wages Board. The 
demand is that the wages shall be paid on the scale of 
the Northern Board, as recently declared. The move- 
ment has, it appears, the sanction of the Ironworkers’ 
Association. 

Trade is very brisk in the Sheffield district, in most 
branches, but there is a scarcity of puddled iron. 
Puddlers are so scarce that sometimes the furnaces 
have to be idle for want of men. There is great 
activity in armour plates, and the orders on will last 
forsome time. The same cry of scarcity of puddlers is 
heard in the Warrington district, and the weather has 
often interfered with their work. The dispute of the 
under hands has been practically settled by the conces- 
sion of the ‘‘ bounty shilling,” for three months in some 
cases, in others temporarily, until the matter can be 
finally considered. In the present state of trade, and 
comparative scarcity of hands, the question is not 
likely to eventuate in a strike. 

A dispute has occurred at the Silverdale Iron Works, 
North Staffordshire, among the shinglers at the steam 
hammers, who have, it is stated, been urged to stamp 
the iron at 4d. per ton below the recognised price. 
But the feeling is such that it is probable that the 
affair will be amicably settled. 

A movement is on foot in the Cleveland district to 
put a stop to Sunday labour, which, it is said, largely 
prevails there. The men say that it could, in most 
cases, be easily dispensed with by a little forethought 
and foresight. 


In the debate in the House of Commons on Tuesday 
last, with reference to the Berne Labour Conference, 
Mr. John Morley, M.P., quoted the leading article in 
ENGINEERING of last week on the eight hours’ question, 
as evidence of the state of feeling thereupon. The 
debate generally showed a good deal of tilting and some 


pantomimic balancing upon a very tight rope. Truly, 
‘* we are all Socialists now.” Let us ask a few ques- 
tions, however. hours’ day is to be fixed 


If the eight 
by Parliament, is it to % applied all round to all 
trades? Is overtime to be abolished? Is Parliament 
to regulate what shall be a day’s work? Is Parliament 
to fix the wages of the workers for the eight-hour day? 
What about our foreign trade if these matters are fixed 
and regulated by law? 


ROYAL METEOROLOGICAL SOCIETY. 

Tue last meeting of this Society for the present 
session was hela on Wednesday evening, the 19th in- 
stant, at the Institution of Civil Engineers, 25, Great, 
George-street, Westminster, Dr. W. Marcet, F.R.S. 
President, in the chair. Mr. T. J. Moss-Flower, Mr. 
A. H. Halder, Mr. R. A. Naylor, and Mr. C. B. Pen- 
lington were elected Fellows. 

Mr. W, Marriott gave a very graphic and interesting 








account of the recent thunderstorms which have prevailed 
over this country. On Sunday, June 2, a thunderstorm 
— across the country in a northerly direction from 

iltshire about 3 a.m., and reaching Edinburgh by 10.44. 
It travelled at the rate of about 50 miles an hour. It is 
possible that this storm travelled still further north, and 
reached Kirkwall at 3.37 p.m. A severe thunderstorm 
prevailed over the neighbourhood of the Tweed between 
ll a.m. and noon, and was accompanied by hail of very 
large size, some of the stones being 5in. in circumference. 
A very destructive storm occurred over the whole of the 
north-west of England and south of Scotland during the 
afternoon; much damage was caused by lightning, and 
bie large hail fell over an extensive area. Some of the 
hailstones measured 7 in. in circumference and weighed 
7 oz. During the night of the same day a severe 
thunderstorm prevailed over Norfolk, and this was alsc 
accompanied by very large hailstones, some of which were 
5 in. to 6in. in circumference. On Thursday the 6th, 
thunderstorms prevailed during the afternoon over the 
whole of the south-east of England—that which passed 
over the metropolis about 9 o’clock was remarkable for 
the brilliant and continuous display of lightning. During 
the same night and in the early morning of the following 
day a very destructive storm prevailed over the eastern 
counties, much damage being done by the lightning in 
the north-west of Norfolk. ovens hailstorms occurred 
between 2 and 3 a.m. both at Margate and Ipswich. 
During the afternoon of the 7th destructive thunder- 
storms prevailed over the whole of the southern counties, 
much damage being done by lightning, while at Tun- 
bridge Wells there was a most remarkable hailstorm. 
One of the hailstones, which was weighed, was actually 
half a pound in weight. 

An interesting collection of over forty photographs of 
lightning taken during the storm on June 6 was also ex- 
hibited to the meeting. In addition to the sinuous, 
ribbon, and meandering flashes of lightning several photo- 
graphs showed knotted, multiple, and dark flashes, 

The following papers were also read : 

“ The Climate of British North Borneo,” by Mr. R. H. 
Scott, M.A., F.R.S. 

“On the Variation of the Temperature of the Air in 
England during the Period 1849 to 1888,” by Mr. W. 
Ellis, F.R.A.S., F.R. Met. Soc. 

** Atlantic Weather and Rapid Steamship Navigation,” 
by Mr. C. Harding, F.R. Met. Sos. 

‘* Meteorological Phenomena observed during 1875-87 on 
the Neighbourhood of Chelmsford,” by Mr. Henry Corder. 

“ Rainfall in China, and Meteorological Observations 
made at Ichang and South Cape in 1888,” by Dr, 
Doberck, F.R. Met. Soc. 





DRYING IN VACUO. 
Description of an Apparatus for Drying in Vacuum.* 
By Mr. Emit Passsure, of Breslau. 


Communicated through Mr. SamuzL GEOGHEGAN, of 
Dublin. 


Wet By-Products.—The by-products consisting of wet 
ins from breweries, distilleries, &c., and of root-chips 
rom sugar manufactories, form, in many cases, food-stuff of 
great value; but on account of the great quantity of water 
they contain, they are subject torapid destruction by decom- 
position, and their nutritious qualities, especially, suffer 
most. The same cause also prohibits their carriage over any 
great distance. In the case of wet beer grains, for instance, 
carriage has to be paid for about 75 per cent. of water. 
Hitherto therefore it has n necessary to utilise these 
by-products on the spot where they are produced, or at 
least in close proximity thereto, as well as with the least 
sible delay. The natural consequence is a low price 
or such a of which moreover, the supply is often 
greater than the demand, and thus prevents their realising 
anything like their market value, particularly during the 
hot summer months, when plenty of other food-stuff is to 
be had. The old plan of preserving such perishable sub- 
stances in pits or silos is only a very rough and poor 
remedy, and does not answer its purpose at all com- 
pletely ; for, notwithstanding all precautions, decomposi- 
tion sets in, and a loss of as much as 50 per cent. in the 
nutritious qualities is generally sustained, while at the 
same time the moisture is by no means reduced, and con- 
sequently carriage still remains impracticable. 

Importance of Drying.—It has long been endeavoured 
to overcome these disadvantages by removing the surplus 
moisture by drying the by-products, so as toallow of storing 
and transporting them, and at the same time realising their 
full market value. The result of such endeavours has been 
the construstion of different kinds of drying machines, 
which has,certainly been a step in the right direction, inas- 
much as drying is undoubtedly the surest and safest way 
of preserving this class of perishable substances. ©The 
removal of the water overcomes at once the two great 
obstacles previously encountered. The rapid decomposi- 
tion ceases, and carriage to a distance becomes practicable, 
because the reduction in weight is very considerable. The 
consequence is that these by-products, so dried, fetch their 
full market value. 

To solve this problem, however, has not been an easy 
task, because, besides the necessity of keeping the expenses 
of drying as low as possible, a low temperature also has to 
be employed during the drying process, wherever it is 
uner that the dried substance should retain its chemical 
composition unchanged, which in any article of food is a 
most important point for enabling a profitable result to be 
obtained. In general two drawbacks have rendered them- 
selves conspicuous in connection with the drying machines 
hithertoin use: either, in order to shorten the drying pro- 
cess as much as possible, and to make it sufficiently eco- 
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nomical, too great a heat has been employed, with the 
unavoidable result of seriously deteriorating the nutritious 
qualities of the material ; or else, when a | Ae time and 
a lower temperature have been employed for drying, the 
capacity of the machines has been so small that the work- 
ing expenses have rendered the process unsuccessful com- 
mercially, In both cases the advantages of drying are 
outweighed by the disadvantages incurred ; and it is on 
this account that the drying of such perishable by-pro- 
ducts has not become so general, as it ought to have done 
in consideration of its importance. 

Requirements in Drying.—The following are considered 
by the author to be the three essential requirements for a 
successful and economical process of drying: Firstly, 
a evaporation of the moisture ; secondly, quick drying 
at a low temperature; thirdly, large capacity of the appa- 
ratus employed. 

The removal of the moisture can be effected in either of 
two ways: either by slow evaporation, or by quick evapo- 
ration, that is, by —- 

Slow Eva tion.—The principal idea carried into prac- 
tice in machines acting by slow evaporation isto bring the 
wet substance repeatedly into contact with the inner sur- 
faces of the apparatus, which are heated by steam, while at 
the same time a current of hot air is also passing through 
the substance for carrying off the moisture. This method 
requires much heat, because the hot-air current has to 
move at aconsiderable speed in order to shorten the dry- 
ing process as much as possible ; consequently a great 
quantity of heated air passes through and escapes unused. 
As a carrier of moisture hot air cannot in practice be 
charged beyond its full saturation ; and it is in fact con- 
sidered a satisfactory result if even this proportion be 
attained. It is evident that a great amount of heat is 
here produced which is not used, and the expense of drying 
is ee high ; whilst with scarcely half the cost for 
fuel a much quicker removal of the water is obtained by 
heating it to the boiling point. 

Quick Evaporation by Boiling.—This, as is well known, 
does not take place until the water to be evaporated is 
brought up to the boiling point and kept there, namely, 
212 deg. Fahr. or 100 deg. Cent, under atmospheric pres- 
sure. The vapour generated then escapes freely. Liquids 
are easily evaporated in this way, because by their motion 
consequent on boiling the heat is continuously conveyed 
from the heating surfaces right through the liquid. But 
it is different with solid substances, and many more diffi- 
culties have to be overcome, because convection of the 
heat ceases entirely in solids. The substance remains 
motionless, and consequently a much greater quantity of 
uired than with liquids for obtaining the same 
results. With less heat such results would only be possible 
if there were a great difference between the boiling point 
of the water contained in the substance to be dried and the 
temperature of the heating surfaces ; but tocarry this out 
in practice under atmospheric pressure would be imprac- 
ticable, because steam of the required high temperature 
for the heating surfaces would be of too high a pressure. 
Another drawback is that the temperature of bviling 
water under atmospheric pressure is so high that in most 
cases the nutritious qualities of the material to be dried 
would be seriously impaired thereby, and the value of 
the whole material as food-stuff would thus be lessened. 

Evaporation in Vacuum.—All the foregoing disadvan- 
tages are avoided if the boiling point of water is lowered, 
that is, if the evaporation is carried out under vacuum. 
This plan is widely known and used for liquids, but not 
so for solid substances. For the latter it has first been 
successfully applied in practice by the author’s vacuum 
drying apparatus, which is designed to evaporate large 

uantities of water contained in solid substances, in as 
short a time and at as low a temperature and expense as 
possible. Former plans for drying solid substances have 
not possessed the capacity of the author’s apparatus, firstly 
on account of their having been attempted on a much smaller 
scale, with much smaller heating surface ; and secondly, 
on account of the water being evaporated by boiling under 
atmospheric pressure, whereas the evaporation cannot be 
done at less expense, in shorter time, and in smaller space, 
except when it is effected ina vacuum. Although it has 
often enough been tried to use a vacuum in practice for 
the drying of solid substances, as it has been so success- 
fully employed for liquids, yet the attempt has always 
been given up again; and even for laboratory work the 
author is not aware of the plan having anywhere been 
applied. 

Apparatus for Drying in Vacuum.—As shown in the 
engravings to be found on page 739, the drying 
apparatus consists of a top horizontal cylinder A 
surmounted by a charging vessel C at one end, and 
a bottom horizontal cylinder B with a discharging 
vessel D beneath it at the same end. Both cylinders are 
encased in steam jackets heated by exhaust steam. In 
the top cylinder works arevolving cast-iron screw S with 
hollow blades, which is also heated by exhaust steam. 
The bottom cylinder contains a revolving drum of tubes 
T, consisting of one large central tube surrounded by two 
dozen smaller ones, all fixed in tube-plates at both ends ; 
this drum is heated by live steam direct from the boiler. 
The substance to be dried is fed into the charging vessel 
C through two manholes, and is carried along the top 
cylinder A by the screw creeper to the other end, where it 
drops through the valve U into the bottom cylinder B, in 
which it is lifted and carried along in the reverse direc- 
tion by blades attached to the drum T; from the other 
end of the bottom cylinder it falls into the discharging 
vessel D through another valve V, having by this time 
become dried. The vapour arising during the process is 
carried off by an air pump through a dome and air valve 
on the top of the upper cylinder, and also through a 
throttle valve on the top of the lower cylinder; both 
of these valves are supplied with strainers. 

As soon as the discharging vessel D is filled with dried 








742 





ENGINEERING. 





[June 28, 1889. 








material, the valve V connecting it with the bottom 
cylinder is shut, and the dried charge taken out without 
impairing the vacuum in the niger _ When the 
charging vessel C “ey replenishing the intermediate 
valve ij between the two cylinders is shut, and the | 
charging vessel filled with a fresh supply of wet material ; | 
the vacuum still remains ep pay in the bottom | 
cylinder, and has to be restored only in the top cylinder | 
after the charging vessel has been closed again. 

The practical success of this apparatus is owing tu the | 
employment of the vacuum and to the arrangement of the | 
heating surfaces, as well as to the general construction, | 
whereby the charging of the wet substance and dis- 
charging of the dried are effected without destroying the | 
vacuum in the bottom cylinder, which constitutes the 
main drying chamber of the apparatus. In this vacuum | 
the boiling point of the water contained in the wet | 
material is brought down as low as 110 deg. Fahr. or | 
43 deg. Cent.; the difference between this temperature 
and that of the heating surfaces is amply sufficient for | 
obtaining good results from the employment of exhaust 
steam for heating all the surfaces except the revolving 








ture as only 87 deg. Fahr. or 30 deg. Cent. vapour already 
rises from the malt and is carried off by the air pump. After 
two hours’ drying at this low temperature the malt is dry 


| enough for steam to be used instead of hot water, without 


incurring the danger of overheating the malt and thereby 
forming inside the grains a hard or horny yellowish sub- 
stance called glass-malt, which is unfit for the production 
of beer or alcohol, and displaces oe of the soft powdery 
flour that otherwise constitutes the whole content of the 
grains. After another hour or two the malt is quite dry, 
the complete drying thus occupying only from three to 
four hours, instead of the forty-eight usually necessary 
in the old kilns. When dry astill higher heat 1s applied to 
the malt for a short time, in order to give it the appear- 
ance which it is considered good malt for brewing ought 
to possess. In some cases it would be practicable for a 
brewery which does its own malting to use apparatus of 
this kind in the hot summer months for the drying of 
beer grains, and during the winter for malting. But if 
the apparatus is intended to be used for malting only, a 
few modifications are advisable ; and in most cases it pays 
better to dry the beer grains all the year round, because 
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drum of tubes. Under atmospheric pressure this differ- 
ence of temperature would not exist; and to the same 
cause is also due the short time occupied in drying, not- 
withstanding the low temperature employed. The water 
contained in the solid substance to be dried evaporates as 
soon as the latter is heated to about 110 deg. Fahr., and 
as long as there is any moisture to be removed the solid 
substance is not heated above this temperature. The 
dried product therefore remains perfectly unaltered in 
every respect, and is not in the least impaired in its 
chemical composition and nutritious properties by the dry- 
ing process. But it is not time only that is gained; there 
is also a great saving in the cost of drying, because all the 
heat expended is here urefully tc and the vapour 
leaving the apparatus is fully charged with moisture, 
which is a result widely different from that obtained by 
slow evaporation under atmospheric pressure. For solid 
substances containing moisture, therefore, this vacuum 
“— apparatus is considered to be the most economical. 

f all the water were evaporated from the substances to 
be dried, the latter would of course be heated up to the 
same tempereture as the heating surface, and would 
thereby be injured. This was one of the drawbacks 
connected with former plans of drying; but it does not 
occur in the regular working of the vacuum apparatus, 
became such substances as beer grains or distillery grains, 
oats, barley, &c., are never completely dried, but are 
always taken out of the apparatus while still retaining 
from 7 to 12 per cent. of moisture. Even if they con- 
tained less, they would rapidly absorb again from the 
atmosphere such a quantity of moisture as their chemical 
compotrition allows, 

Practical Applications.—This plan of drying is already 
in use for various solid substances, and the result has in 
every case been remarkably satisfactory. Wet grains 
from a brewery or distillery, containing from 75 to 78 per 
cent, of water, have by this drying procees been converted 
in some localities from a worthless incumbrance into a 
food-stuff highly valued and sought after. The water is 
removed by evaporation only, no previous mechanical 
pressing being resorted to; hence absolutely the whole of 
the solid matter is retained, of which, in any process of 

ressing, a large proportion would have been carried off 
in a dissolved state in the water The result is a dry 
food-stuff, rich in quality and good in appearance. 

From malt the removal of the moisture which it contains 
has to be effected very carefully, and required in the old- 
fashioned kilns as much as forty-eight hours, because the 
low temperature necessary could be secured only by slow 
combustion ; this method was and always is a risky one. 
In the first stages of the drying of malt the temperature 
has to be kept very low; and in the vacuum apparatus, 
therefore, hot water, of which the temperature is easily 
regulated by a thermometer, is used instead of steam as 
the heating agent at the outset, while at the same time as 
high a vacuum as possible is created in the drying cy- 
linders by an air pump of special construction. In Figs. 
3 and 4 is shown an air pump consisting of a pair of 
vertical mune soins pumps, worked from opposite ends 
of a crankshaft, which is driven by a steam cylinder 
and controlled by a pair of heavy flywheels; it gives a 





vacuum of 29 in, of mercury. Even at so low a tempera- 


in a wet state they do not fetch a price approaching what 
they do after being dried. Wet grains can be given only 
to milch cows or to cattle for fattening; whilst dried 
grains, being a splendid substitute for oats, can be given 
to horses and also to sheep, &c., for which they have 
hitherto been unavailable. 

At Messrs. Guinness’s brewery in Dublin the members 
had the opportunity at the last summer meeting of seeing 
the two machines there employed. In each of these the 
top cylinder is 20 ft. 4in. long and 2ft. 8in. in diameter, 
and the screw working inside it makes seven revolutions 
per minute; the bottom cylinder is 19 ft. 2in. long and 
5 ft. 4in.in diameter, and the drum of tubes inside it 
makes five revolutions per minute. The drying surfaces 
of the two cylinders amount together to a total area of 
about 1000 square feet, of which about 40 per cent. is 
heated by exhaust steam and 60 per cent. by live steam 
direct from the boiler. There is only one air pump, which 
is made large enough for three machines ; it is horizontal, 
and has only one air cylinder, which is double-acting, 
17?in. in diameter and 17} in. stroke; and it is driven at 
about 45 revolutions per minute. As the result of about 
eight months’ experience up to the beginning of the pre- 
sent year, the two machines were found to have been 
working quite satisfactorily, and to have been drying the 
wet grains from about 500cwt. of malt per day of twenty- 
four hours, which is in excess of the estimated and 
guaranteed quantity. 

Roughly speaking 3 cwt. of malt give 4 cwt. of wet 
grains, and the latter yield 1 cwt. of dried grains ; 500cwt. 
of malt will therefore yield about 670 cwt. of wet grains, 
or 335 cwt. per machine. The quantity of water to be 
———— from the wet grains is from 75 to 78 per cent. 
of their total weight, or, say about 512 cwt. altogether, 
being 256 cwt. per machine. Instead, however, of obtain- 
ing only one-third of the malt in the shape of dried grains, 
the author often gets 38 per cent. or more, according to 
the system of brewing. While the value of grains before 
and after drying depends of course very much upon the 
local markets, the following figures are believed by the 
author to represent a fair average for this country: Wet 
grains fetch from 1s. 6d. to 1s. 9d. per quarter of mashed 
malt (3 cwt.), whilst dried grains are sold at from 4s. 6d. 
to 6s, 6d. and upwards per hundredweight, which repre- 
sents about one quarter of mashed malt. 

Grain damaged at sea can be dried by this apparatus 
with the greatest advantage and economy; as can also 
grain harvested in a wet season, and containing too much 
moisture to be stored at once, as is often the case with 
barley, oats, wheat, rye, &c., for which hitherto kiln- 
drying has had to be resortedto. Insuch cases the water 
only adheres externally, and is not contained within the 
grains themselves, asitis in brewery or distillery grains ; 
it is therefore evaporated rapidly, and thus the dryin 
capacity of the apparatus is largely increased. In gene’ 
the quantity of water to be removed is not more than 
from 20 to 30 per cent. of the whole weight of the wetted 
material ; hence an apparatus which evaporates 20 tons 
of water out of beer grains in twenty-four hours dries 
easily in the same time 200 tons of grain containing only 
20 to 30 per cent. of moisture. Of course an alteration in 
the mode of charging and discharging becomes necessary, 





in order tO render the drying process altogether con- 
tinuous ; and this is easily arranged by means of per- 
forated revolving plates or discs, or other similar ap- 
pliances, 

The above examples are only a few of those in which 
this plan of drying can be applied with great advantage 
and with the best results. Chemicals also offer a + 
field, in which this method of drying in vacuum could 
introduced with good effect. 





NOTES FROM THE SOUTH-WEST. 
Welsh Ports.—The tonnage movement of Cardiff last 
year was 8,076,333 tons. That of Llanelly was 112,726; 
that of Newport, 2,431,732; and that of Swansea, 
1,238,765 tons, 


Cardiff.—The inquiry for all descriptions of steam coal 
has been comparatively limited. The best qualities have 
made 13s. 6d.; good dry coal, 12s, 6d.; and Monmouth- 
shire, 11s. to 11s, 3d. per ton. The house coal trade has 
been rather flat, and there is, of course, little probability 
of any material improvement taking place until the 
autumn. Shipments of patent fuel have been of about 
average importance. The demand for foundry and fur- 
nace coke has continued good. The manufactured iron 
and steel works have been well employed and prices have 
ruled firm. Heavy section steel rails have made 4/. 15s. 
to 41. 17s. 6d.; and light section ditto, 5J. 5s. to 57. 15s, 
per ton. 

Welsh Coal for the Navy.—It appears from a Parlia- 
mentary return that purchases of coal for the use of the 
Royal Navy have been made as follows from Welsh col- 
lieries in 1888-9: Hill’s Plymouth, Merthyr, 4700 tons; 
Albion, Merthyr, 3000 tons ; Insole’s, Merthyr, 4400 tons; 
Cory’s, Merthyr, 12,500 tons; Harris’s Deep N a 
11,400 tons; Dowlais, Merthyr, 56,350 tons; Hood’s, 
Merthyr, 61,100 tons; Lewis, Merthyr, 3000 tons; 
Locket’s Merthyr, 6900 tons; Nixon’s Navigation, 4800 
tons; Ocean, Merthyr, 500 tons; Powell Duffryn, 9750 
tons ; Camb. Navigation, 3300 tons ; Ynysfeio, Merthyr, 
1500 tons ; Tylor’s, Merthyr, 19,150 tons; and Standard, 
Merthyr, 15,600 tons. 


Bristol Wagon Works Company, Limited.—The 25th 
ordinary general meeting of this company was held at 
Bristol on Monday. Sir J. Weston presided and moved 
the adoption of the report, which recommended a divi- 
dend of 84 per cent. for the past year. He observed that 
the company had made a larger profit during the twelve- 
months than in any previous year during the company’s 
career. The business had been excellent, the returns 
exceeding those of the previous year by between 36,0001. 
and 40,000/. The year just entered upon was also one of 
great promise, the company having orders on hand to 
the amount of 70,0007. The report was adopted, and a 
dividend of 83 per cent. per annum was declared. A 
resolution altering the title of the company to the Bristol 
Wagon and Carriage Company was also adopted. 


Wages in Wales.—An adjourned delegate meeting of 
the colliers of South Wales and Monmouthshire was held 
on Friday at Merthyr. The consideration of the clauses 
of a proposed revised scale was resumed and concluded, 
a few alterations being made. It was agreed that the 
sliding scale agreement should remain in force for a 
further period of twelve months and that it should be 
determined by three months’ notice. 


A Floating Elevator.—A large floating elevator has 
arrived at Newport from London, to the order of Messrs. 
Spiller and Co. (Limited). The elevator is built after an 
American patent by the London Patent Elevator Com- 
pany, its cost being 14,000/. The elevator is carried on 
a barge-shaped hulk 120 ft. long, 31 ft. beam, and having 
a draught of 12ft. Upon this rests a tower 77 ft. high 
from the water level, 24 ft. square at the base, and 16 ft. 
square at the top. The tower is formed of iron pillars 
and girders running from bottom to top, and filled in with 
stays of iron and a framework of wood, the whole bein 
covered with galvanised sheeting. The tower is fitte 
with a pair of engines of about 30 horse- power nominal for 
working the machinery, as well as with powerful steam 
winches and windlasses for moving about the dock, hoist- 
ing the anchor, &c. The elevator proper is constructed 
on the bucket principle ; it is about 50 ft. long, and it 
will discharge at the rate of about 500 quarters per hour. 


Rhymney Iron Company, Limited,—After a dividendless 
interval of six years, the directors of this company are 
enabled to recommend a dividend at the rate of 1 percent. 
per annum, carrying forward 22,4741, to serve as working 
capital. The company is profiting from the improved 
prices current for steel and coal, 


The Barry Dock.—It has been decided to open this 
dock July 18. Lady Windsor will perform the opening 
ceremony. 

Saltash.—A Local Government Board inquiry was held 
on Tuesday at Saltash with reference to a scheme for a 
constant water supply for the borough. The estimated 
outlay is 6000/7. 

The Bristol Coalfield.—A strike of miners is threatened 
in the Bristol and Radstock districts of the Bristol coal- 
field. About 2500 miners have threatened to goout. The 
men demand an advance of 5 per cent. in July and 
October. 

Lundy Island.—The committee formed recently at 
Bristol for the purpose of promoting a harbour of refuge 
for the Bristol Channel has adopted a memorial to Lerd 
George Hamilton, the First Lord of the Admiralty, pray- 
ing that he will use his influence with the Government in 
making Lundy Island a fortified coaling station for the 
Bristol Channel and a harbour of refuge for that part of 
Her Majesty’s fleet upon which the defence of the Bristol 
and St. George’s Channels might devolve in case of war. 
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STEAM ENGINES. 


13,781. G. F. Redfern, London. (£.J. Woolf and J. F. 
Wiltiamson, Minneapolis, U.S.A.) Valve Gear for En- 
gines. [lld. 8 Figs.) September 24, 1883.—The general object 
of this invention is to obtain a valve motion which will correspond 
absolutely to the motion of the piston. The drawing shows 
part of a locomotive embodying the invention. lis the main 
driving axle, and 13is an eccentric thereon, lying directly together 
with the crank; 14 isthe eccentric strap provided with an extended 
arm 15, having at its outer end a bearing for a pivot pin; 16 isa 
standard, mounted loosely on the axle, and provided with a bear- 
ing for a rock shaft 17, extending outward toward the arms of the 
eccentric straps ; 18 is a crank lever secured to shaft 17, and con- 
nected to the enginecab ; 19 is a slide block guide secured to the 
outer end of roek shaft at a point in the guide offset towards the 


cylinder from its longitudinal axis. This point K' is the point of 
suspension. Rocker arms n!, a‘ are attached to a rock shaft 24, 














and operate the valve rod Q by means of the eccentric rod R. 20 
is a slide block working in guide 19, and provided with a pin 21 
which rests in the bearing on the arm 15, and pivotally connects 
said slide block and strap 14. A radius bar is pivotally attached 

16 and some part of mainframe. The function of connect- 
ing the arm m! and the rod R so that they form with each other 
always an oblique angle (acute in construction shown) is to over- 
come the obliquity of the connecting-rod and effect a rate of valve 
movement in opposite direction, in unison with the rate of 
piston movements in the opposite parts of its stroke; and the 
function of the offset point of suspension, or pivotting the guide 
19 at the point K', is to correct an error of distortion which would 
otherwise be introduced at the entrances of the valve move- 
ments in opposite directions from mid-position ; in other words, 
the offset point of suspension is a tant corrective fora variable 
cut-off. (Sealed January 4, 1889). 


16,072. R. Haddan, London. (J. H. and H.H. Dou, 
Cleveland, Ohio, U.S.A.) Improvements in Rotary Engines. 
(8d. 4 Figs.) November 6, 1888.—The body or shell A of the 
engine is provided with internal flanges a, which are faced off and 
screw-threaded at the internal periphery to receive discs C. 
Between these discs is a steam chamber A! connecting with the 
induction pipe a'. The exhaust pipe a* is attached to the base 
A?, and connected with the exhaust chamber A3. The discs C are 
provided, on their outer faces, with series of curved wings or 
chutes, each series being arranged in concentric order with the 
axis of the shaft D. The different wings of a series are separated 
the one from the other, to form ports which are curved. E are 
rotating discs mounted on shaft D, and having long hubs pro- 
jecting towards each other, but separated by a disc d secured to 
the shaft. The faces of discs E are provided with series of buckets 
operating between series of wings, and vice versd, the vents 
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being laid out on curved lines the reverse of those on discs C, and 
being less in aggregate area of discharge than the ports, the 
object being to utilise the reactive force of the steam rather than 
the impact, and by means of the ports and vents being arranged 
on curved lines, deflecting in opposite directions, the openings of 
the different series of buckets and wings can be made to cross each 
other at substantially equal angles —— the series, and at 
such angles as will give the greatest effectiveness, such angles 
being approximately right angles. To prevent endwise move- 
ment of shaft D, rings G are screwed into the discs C, and pro- 
vided with lock-nuts g. The rings are adjusted towards or from 
disc d, to leave suitable Poy x ways for the passage of steam 
from chamber A' to chamber A? vid the ports and vents. If the 
shaft should move endwise one of the passage ways would be 
partially closed whereby a greater pressure of steam is formed on 
one side of the engine which tends to return the shaft to its normal 
or central position. (Sealed March 1, 1889). 








16,406. G. H. Weston, Boston, Mass., U.S.A. Im- 
provements in Rotary Engines. (8d. 4 Figs.) November 
13, 1888.—A plate a forming a cover is bolted to the case or frame- 
work A of the engine, which has cast with it two hubs a', a2, a 
shaft a3 of a cylinder a4 extending through a@!, whilst a* forms 
bearings fora shaft a5 of a valve a6. The cylinder a4 is provided 
with a re-entrant portion 6, Fig. 2, to forma recess b' into whicha 
piston arm b* on the hollow piston valve is adapted toenter. The 
valve a6 has an outlet extended the length of the valve. A 
segmental arm b4 extends into the open end of valve a6, which 
forms part of the cut-off mechanism, consisting of an arm b5 of a 
sleeve 66, supported by a hub 07 and a shaft c' provided witha 
crank c5 by which the position of the cut-off may be changed. 
d, d' are gear wheels mounted on the shafts a5 and a*, and d# is 
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a balance wheel. Steam is admitted into the valve a6 through 
inlet ct, and passes out into the space B, being prevented 
escaping beyond piston arm 62 by a spring m. This steam 
rotates the valve in the direction of the arrow, imparting rotation 
to cylinder a4 in the opposite direction. As the valve and cylinder 
rotate, the space B increases in size, until the arm }? reaches 
the point 25 of the case, which thereafter forms part of the 
said steam space. Steam continues to issue into this steam 
space, until the port, in the rotation of the valve, passes and is 
closed by the cut-off, after which the steam by its expansive force 
completes the rotation of the valve. The expanded steam is per- 
mitted to escape into the exhaust passage d’ made in the case or 
frame, and communicating with the exhaust pipe d8 as the arm b? 
passes by or uncovers said exhaust passage. (Sealed March 1, 


1889). 
GAS ENGINES. 


. C.D. Abel, London. (The Gas Motoren Fabrik 
Deutz, Deutz-on-the-Rhine, Germany.) Improvements! in 
Motor Engines Worked by Combustible Gas or 
Vapour and Air. (8d. 2 Figs.) February 28, 1888,—This 
invention relates to that class of motor in which the engine 
operates with a cycle of four strokes. The cylinder a is closed at 
its front end and communicates by paseages h and ¢ with the re- 
servoir b, and also by a passage with an inlet and outlet valve g 
actuated by cams on the countershaft o revolving at half the 
speed of engine shuft. The stroke of piston c extends to the 
dotted line, leaving the space a! for containing the compressed 
charge, which is admitted through valve e, and ignited by the 
tube m. fis the discharge valve for the gases, opened by means 
of acam r on shaft o. The piston c towards the end of its stroke 
uncovers passage h, 0 that compressed air and gases will pass 























from 6 into the charge contained in @, and likewise the products 
of combustion will expand from @ into b, The passage i on the 
other hand always communicates with the front end of cylind:r, 
so that during the compressing instroke the air and gases under 
pressure remaining in 6 will expand into a, doing work first 
through passage i, and then through both i and A, while during 
the expelling instroke the said products will expand from b into a 
in the same manner. The valve g opens towards the end of the 
compressing instroke to admit the outer air and also during the 
working outstroke, for the escape of air and gases, while during 
the suction outstroke and expelling instroke the valve remains 
closed, it being opened momentarily at the end of the last-named 
stroke for the escape of the combustion gases. (Sealed March 1, 


3095. C. D. Abel, London. (The Gas Motoren Fabrik 
Deutz, Deutz-on-the-Rhine, Germany.) Improvements in 
Igniting Apparatus for Gas or Oil Motor Engines. 
(8d. 4 Figs.) February 29, 1888.— The drawings show an arrange- 





ment in which the pemnes h extending up from the engine cylin- 
der has an externally heated igniting tuber fixed to its patty 
the tube being heated by the flame of a Bunsen burner supplied 





with gas ye, a pipe a. Atright angles with the passage A is 
atubular chamber r', between which and the igniting tube is a 
sliding a valve v acted on by a spring f tending to keep it 
open. This valve is actuated by means of a lever }, and cam 
n on thecountershaft ¢ driven at half the speed of the engine 
shaft, the cam being so formed that during that oy of the revo- 
lution of ¢ corresponding to the working, expelling, and suction 
strokes of the engine, it does not act upon the valve, during 
which time the passage h, chamber r', and igniting tube being in 
communication with the cylinder, will only contain gases at atmo- 
spheric pressure, but as the piston is about to commence its com- 
pressing stroke the cam n is made to close valve v, and keep it 
closed until the end of such stroke. During this time a portion 
ofthe compressed charge enters ) from the cylinder, forcing the 
ases remaining in it from the last ignition into tube r', which also 
mes Larag J filled with the charge, so that on the valve being 
opened again by the spring, only combustible gas will pass into 
the igniting tube and the certain and rapid ignition of the cylinder 
charge will be insured. The cam n may be fixed on shaft ¢ so as 
always to effect the closing of the valve at adetermined mcoment, 
or it may be ona sleeve capable of being slid on the shaft and 
be made some width, with one side sloping, so that by varying the 
position of the cam relatively to the lever, the moment at which 
the valve is made to open, so as to effect the ignition, may be 
varied. (Sealed March 1, 1889). 


8300. E. D. Deboutteville and L. P. C. Malandin, 
Vongnine sence, S78 ce. Improvements in Start- 

g Gear for Gas Engines. (6d. 9 Figs.) June 6, 1888.— 
This invention relates to improvements in starting gear of the 
class described in Letters Patent No. 2&05 of 18€8. Fig. 1 shows 
the admission valve box and gas chamber g; also an igniter J 
connected with the gas box g by a three-way cock k, which is con- 
nected to a branch h by means of a rubber tube i. Figs. 2,3, and 4 
are views of the three-way cock. A cock is placed on the compres- 
sion chamber, and in order to start the engine, the cam or eccentric 
must be placed in a particular position, and the cock on the com- 
pression chamber and the cock & are opened, and the valve zaiter- 
wards opened to te usual extent. The inflammable gases inside 





the cylinder then escape freely into the atmosphere through the 
cock on the compression chamber, being driven out by the pres- 
sure of the gaseous mixture entering through the cock J, The 
gas under pressure enters through the hole o (Figs. 2 and 3), draw- 
ing in air through the hole n and driving this air into the cylinder 
through the passage a p. By these means the cylinder is quickly 
cleared of the inert gas which it contains, and is filled with an 
explosive mixture at atmospheric pressure. The cock on the com- 
pression chamber and the cock & are then closed and the mixture 
exploded by an electric spark. The impulse thus given to the 
flywheel is sufficient to start an engine of any size. (Sealed 
September 21, 1888). 


16,838. H. J. Allison, London. (The Gas Engine and 
Power Company, New York, U.S.A.) Improved Safety 
Device for Naphtha Engines. (8d. 3 Figs.] November 
20, 1888.—This invention relates to the construction and use in 
connection with an engine in which the vapour of naphtha is em- 
ployed, of a safety device consisting of an air-tight vessel P, con- 
nected at its lower end with the feed-pipe M, extending from the 
naphtha supply tank to the naphtha feed pump H, at a point 
intermediate of the feed valve N and the pump, and so adjusted as 
that, so long as there remains any naphtha in the tank, and the 
valve N is open, there shall be a supply in the chamber sufficient 
to cover the opening of the feed pipe therein. The discharge end 
of condensing coil E is carried to the upper end of chamber P by 
means of a pipe T, which opens therein. A small vent tube W is 
carried from the upper end of P to the top of the naphtha tank, or 
to some other point at which the free vapour of naphtha eecaping 

















through said tube may be discharged with entire safety. So long 
as the coil E is cooled by a supply of water, so that the condensa- 
tion of the hot vapour exhau and discharged from the cylinder 
is properly effected, the condensed liquid in the coil is driven for- 
ward as it collects by the pressure of the ——. entering the 
pipe, and is discharged into the safety chamber P, from whence it 
8 drawn by the pump H, and returned te the retort. But in 
case the d fails to operate properly, as from a failure of 
the water supply from pump I to tank so that the exhaust 
vapour yasses through the coils E and is discharged as vapour into 
the vessel P, its pressure therin will displace and drive k the 
naphtha therefrom through valve N, or will vaporise it by its heat, 
and thereby effectually destroy the action of the pump, so that it 
will no longer operate to draw a supply of naphtha from the tank 
to be fo into the retort and burners, in consequence of which 
the movements of the engine will at once be arrested. (Sealed 
March 1, 1889). 





STEAM BOILERS. 


3129. W. Hok, Sunderland. Improvements Con- 
nected with Steam Generators Worked by Forced 
Draught. (8d. 2 Figs.) March 1, 1888.—This invention con- 
sists of improvements in the vessel in which steam is generated, 
and of a draught producer which takes the place of the ordina: 
chimney or funnel. The generator consists of a cylindrical shell 
and cylindrical furnaces A. B! is the busti hamber, an 
a dary busti hamber, called the return chamber. B 
communicates with D by smoke tubes C, and D also communicates 
with smokebox F by smoke tubes B. If there are two or more 
furnaces and one combustion chamber and one return chamber to 
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each furnace, then the inner sides of the chambers B! and return 
chambers D are stayed with ordinary smoke tubes K, instead of 
with solid stays. The consequence of this device is that the pro- 
ducts of combustion in the different chambers B' and D will inter- 
mix before entering the tubes C and B. To the smokebox F or 
uptake G is connected a tube or funnel of small diameter. This 
tube leads into a rotary fan H, which fan, when the generator is 
at work, by exhausting the products of combustion into the sea or 
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into the air, causes the draught that forces and maintains the 
fires. (Sealed February 22, 1889). 


3565. H. Hiller, Manchester. Improvements in 
Safety Plugs for Steam Generators. (8d. 7 Figs, 
March 8, 1888,—In the example illustrated in Fig. 1, the screw 
plug a is adapted to be introduced into position or changed by 
operating from within the furnace flue or firebox without having 
to enter the boiler. The plug is formed with a flange a! having 
a flat face a*. There is a considerable space between the base 
of the blow-out piece b, and the wall of the cavity in the seating 
c, whereby an ordinary accumulation of matter in the corner at d 
will not have the effect of holding the blow-out piece after the 


Fig.1. 





melting of the fusibie metal. In Fig. 2 the seating c is lower, and 
the collar a' has bevelled notches e cut init, into which projec- 
tions f of akey, Fig. 3, are adapted to enter, a central projection 
entering the cavity in the screw plug. When the plug is held by 
this key itcan be readily screwed into the seating. According 
to this invention no part of the screw plug a extends below the 
base of the blow-out piece, and the comparatively large cavity 
in the seatings gives freer access of the heat to the base of the 
blow-out piece. The screw plugs are coned or adapted to make 
a tight joint with the seatings when screwed home. (Sealed 
March 1, 1889). 


496. J. Williamson, Sunderland, Improvements 
iu or relating to Steam Boiler Furnaces. (8d. 5 Figs.) 
April 18, 1888.—This invention ists of a bined fire-bridge 
and air-heating chamber, the objects being to obtain a more com- 
plete combustion of the smoke, more equalised temperature, and 
expansion of the bottom and top of the furnace tube or flue, and 
a better utilisation of fuel. The fire-bridge and air-heating chamber 
consists of a cylinder or drum a@ placed in the furnace tube } 
behind the grate b' upon supports c and d. The space between 
the cylinder and the flue is filled in with firebricks between the 
plate ¢ and the supports c. The opening between the supports is 
closed by a plate fitted with a sight hole. The front end a! is 
sloped to meet the brickwork on plate e. The back plate A and 
the shell of cylinder a are perforated with rows of holesi, and 
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Fig. 2. 





coated with a layer of fireclay / formed with corresponding holes. 
Trough-shaped pieces of iron m support the fireclay. At the back 
end the upper part of the space between the shell @ and flue b is 
filled in with firebricks n, and & is a deflector for directing the flame 
more to the bottom of flue b. The smoke and flame from the 
rate passes over and around the chamber a and brings the fire- 
Fricks and fireclay to —_- temperature. The air entering the ash-pit 
yee partly through the grate bars and partly into a from which 
t issues in fine jets through the holes ¢ at a high temperature, and 
being mixed with the smoke, produces a complete combustion of 
the fuel. The flame passing under chamber a heats the bottom of 
the flue tube and produces a more equal temperature and expan- 
sion of the top and bottom of the flue than is obtained with the 
ordinary arrangement of fire-bridge. (Sealed February 22, 1889). 
8571. 8S. Pitt, Sutton, Surrey. (7. J. Kieley, New York, 
U.S.A.) Improvements in Apparatus for Supplying 
Water to ers. (6d. 3 Figs.) June 11, 1888.—A is the 
steam drum and B an automatic return steam trap, ti 


inlets for the water of condensation entering chamber E, and are 
provided with check valves. The equalising valve of the trap 
consists of a valve chest, through which passes a shaft provided 
with two arms, projecting at right angles to and on the same 
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side of the shaft, and two valves, one ot which seats down 
while the other seats up, the one valve being closed while the 
other is opened, and vice versd. (Sealed September 21, 1888). 
8633. O. Imray, London. (Ff. Cook and B. Thoens, New 
Orleans, U.S.A.) Feed-Water Regulator for Steam 
Boilers. (6d 2 Figs.) June 12, 1888.—The upper part of a 
closed vessel A is connected with the steam space of the boiler by 
a pipe B, and the lower part with the water space by a pipe C 
havinga valve L. Steam passes by a pipe D to a feed pump for 
supplying the boiler with water. E isa water gauge for indi- 
cating the water level in A which is the same as in boiler. [na 
compartment A! is a lever H, mounted on a knife-edge fulcrum 
ard carrying at one erd a head H' and hook suspending a 





weight F, partly immersed in the water and counterbalanced by a 
weight G screwed on lever H. When the vessel is empty the 
weight F descends ur til it rests on stops P; and as the weight 
rises or descends it closes or opens, more or less, a balanced re- 
gulating valve J which controls the flow of steam by pipe D to 
the feedpump. The rate of supply of water to the boiler can be 
increased or diminished by adjusting the weight G on the lever 
H. Nis an adjusting screw to prevent the valve J completely 
closing, so that the pump may run at its slowest speed without 
stopping as it would do if the valve were entirely closed. (Sealed 
September 21, 1888). 

16,840. W.M. Brown and 8S, W. Whitmore, Albany, 
N.Y., U.S.A. Improvements in Steam Generators. 
(8d. 4 Figs.) November 20, 1888.—This invention relates to a 
steam generator in which combustible gas is used for fuel. The 
heads A at —— ends of the boiler are provided with water 
spaces through which the water has ample space for free circula- 
tion, Bare steam and water cylinders, connecting together the 
upper portions of the heads A. C are the water tubes, of which 
there may be several tiers of several tubes in each tier, forming an 
open connection between the water spaces of the two heads A, and 
which are slightly inclined. E are air tubes fixed in the bore of the 
gas tubes D, and projecting from one end thereof, where they are 
connected tv a pipe for supplying the air under pressure. Each 
of these tubes is provided with a series of nipples 2, so arranged 
that one of them will be located in the centre of a group of the per- 


| dj 








ay 






































£ +3 


in the tubes D, By this arrangement a blow-pipe effect 





with the steam space of the boiler by a pipe O, and with the water 
space by a pipe , provided with ach:ck valve. Within the trap 
is the float H, which operates a lever J. A pivotted arm K con- 
nects lever J with lever L and is provided with a slot, to allow 
for lost motion. The lever L operates a sector, provided with lugs 
at either side for throwing the weighted armc. This arm is pro- 
vided with a pin engaging in a slot at the end of an arm /, which 
operates the valve stem V. The return water of condensation 
from the steam heating system, enters a‘chamber E. F and G are 





is produced for the jets of flame upon the water tubes. Fe are hoods 

laced over each water tube for compelling the flame of the gas 
iets to envelope the water tubes, and for the purpose of providing 
means for the escape of the heated products, and for suspending 
the hoods in position, each hood is provided with a series of 
escape pipes 3 secured to a baffle plate 5, the escape pipes for the 
lower tiers of hoods | provided with an off-set. e heated 
products ng upwardly through the pipes 3 impinge against 
the cylinders B, and generate steam therein, after which they 








escape to the chimney. In the modification of hood shown in 

Fig. 2, it is composed of an upper and lower arch secured at their 

lower edges, and forming a cr t-sha| h G for contain- 

ing water. H are escape pipes for a off excess of air that 

ah admitted in the space beneath the plate 5. (Sealed March 
. , 


17,804. C. A. Knight, Glasgow. Improvements in 
Steam Generators. (6d. 8 Figs.) December 6, 1888.—This 
invention relates to steam generators of the Babcock and Wilcox 
type, and has for object to cheapen and simplify parts thereof by 
constructing the drum so as to permit of direct connection of the 
end headers to the drum without the intervention of a connecting 
water box. A connecting saddle piece A is attached to the drum 
A' by rivetting, or it may be formed integral therewith by press- 
ing out a portion of one of the plates composing the drum. The 

















saddle-piece is pressed out of a separate plate, and a piece cut out 
of the periphery of the drum at A?, and around the orifice so 
formed the pressed plate is rivetted. The bottom or base of the 
saddle in which are formed the orifices @ for attachment of the 
headers, may be horizontal throughout or slightly inclined from 
front to rear. Fig. 3 shows a modified form of the saddle piece 
represented in Fig. 1. (Sealed March 19, 1889). 


MISCELLANEOUS, 


1921. L.Gismondi, Marseilles, France, Improve- 
ments in or relating to Filter Presses. (8d. 6 Figs.) 
February 8, 1888.—On a corrugated bedplate is laid a perforated 
plate, and over this a wash-leather strainer. Around the plate 
are extensible walls formed of concentric rings sliding within one 
another, the lowermost one being held down upon its bedplate, 
and the uppermost supported in 1ts most extended height by rods 
catching into agroove therein. A funnel is placed in a groove in 
the top ring, and the device filled with material to be pressed ; 
the funnel is then removed, and a pair of perforated and cor- 
rugated plates with strainer, or a plain plate inserted in its 
— the rods or lifts are unfastened and the material pressed 

etween the plates, the extended walls collapsing telescopically. 
(Sealed November 16, 1888). 


2524. G. F. Redfern, London. (EF. Hulburd, Rouen, 
France.) Improvements in and relating to Metalli 
Packing. (3d. 6 Figs.) February 20, 1888.—This invention 
relates to metallic Proce «J adapted to be compressed between two 
oppositely inclined surfaces. a@ is a packing ring, the ends of 
which are inclined at b and adapted to work in conjunction with 
the oppositely inclined surfaces of the junk ring and the gland in 
a stuffing-box. J is a concave recess formed in the rear face of the 
packing, in order to weaken the ring at the centre, so that the 
screwing up of the gland not only forces or wedges the packing 
into close contact with the rod or surface at the ends, but also 
tends to bulge the portion of the packing between the said ends 








in such a manner that it is pressed against the rod or surface. In 
order to reduce the wear of the rings as much as _ possible, 
channels or grooves g may be formed in the wearing surfaces, 
which are filled with asbestos h, or anti-friction material, the said 
channels or grooves being advantageously arranged in a helical 
direction as shown, so that the anti-friction material is gradually 
compressed towards the extremities of the channels during the 
to-and-fro motion of the rod. Holes or recesses ¢ may also be 
formed in the ss rings, as seen in Figs. 2 and 3, the said 
holes being either of the shape shown or of any other convenient 
shape. (Sealed March 1, 1889). 


5806. R. Cooper, H. F. Clayton, and G. H. Holdroyd, 
Lockwood, Huddersfield. An Improved Filter and 
a Connected therewith. (8d. 3 Figs.) April 
18, 1888.—Perforated filtering tubes are supported across a rect- 
angular tank. The inlet ends of these tubes are provided with a 
conical turned nipple, which fits into a socket fixed at one side of 
the tank, and connected with the unfiltered water supply pipe. 
The other ends of the tubes are closed, and fit into a socket fixed 
upon an adjusting screw passing through the side of tank, and 
actuated by means of a handwheel. The tubes are wrapped round 
and covered with filtering cloth, secured in position by bands. A 
water-tight joint is formed between the conical nipple and the 
socket of the supply pipe by turning the aforesaid handwheel. A 
centrifugal pump forces the water through the perforated eee 
and their cloth coverings, leaving the dirt, &c., inside the cloth. 
(Sealed September 28, 1888). 


UNITED STATES PATENTS AND PATENT PRACTICE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent nw cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 85 and 36, Bedford- 
street, Strand. 
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‘Asbestos Oo., Ltd. Carruthers, J. H.,& Co. :. 59| Bwen&Co. ©. :. (2 [2 19| Harvey, Robert,&Oo .. 61/|Lloyd& Davis .. .. ., 21| Okes, J. 0. B. ++ «+ 13| Shelton Iron and Steel Co., Vosperand Oo, .. .. .. 2 
Uni aoe +8] pn a Chas. co oe ree Hall ee 46 ee Dares: 6 ~ & 37 eee re os ee oe i — — a “- ° aes eo 16) Wade. J. A. . .. .. 2. 5D 
Ashbury Rail ge uw! ec co 2 icon =o & W., te le .. + 17 | Qatario an +e ee be, man & Co. .. +» 65| Warrington Wire Rope 
pvy Rey may A . 4 e, Chapman, Parsons Works, Li «+ of 1&52| andOo., Ltd. .. .. 3853) Lockwood W,, &C». Osborn, 8. @ Uo. .. + 22| Simon, .. .. «+ oe 1| Wa & Co, men ” 
Ashmore, venom, Pease, 49 | Farnley tron Co., Ltd. .. 48| Heenan & Froude  .. .. 21 | London Water Meter Co.,Ld. i Owens, 8., & wage o> e+ 49} Simpson, Strickland &0o, 1) Weardale Trou and Coai ©o., 
and Co., 59 | Clarke's rank and Forge Fawcett, Thos. 0, .. .. 19 oneal ++ +s 28| Loudon Bros. .. .. .. 60| Page, B., &Co., 58 | Smillie, 3... 2. we oe 19) Lith 1s 
Auld, D., & Sons 65| Co., Ltd -- 14] Bigee,T.,&Co. .. .. :. 31| Hetherington &Co. .. .. 30| Lubecker Engineering Uo, ¢4| Patent ‘nya Leather Smith, A.&W.,&Co. .. 7) = Gas. “ae 
& Po’ . 26 Oo., Thi +» 50/| Firth, Thos., & Sons, Ltd. 16/ Hildick & Hildick .. .. 18) Lucigen Light Oo., Ltd. .. 39 Co., The 19 | Smith & Coventry, Ltd. .. 21 | Weldless Steel I Tube Go. oo” me 
W.G., Ltd. » 1 bode ears Works Oo. +. 65] Fleming & Ferguson.. .. 7/| Hindley, E.S. .. .. .. 15 | Luke & Spencer, Ltd. wo 7 Peckett & Sous .. ~ « 52/ Smith, Sydney, “ "Sons -- 58 Welle, A C., 13 
wWw&BODB .. o + & Co. +. | Forrestt&Son .. .. .. 1| Hodgkinson&Oo. .. .. 27| MacArthur &Jackson .. 1/| Perkins, A.M,&Son .. 60/ Smith, Thos, ee 32] Wensleydale Grind. tone Co. 24 
Bailey, W. H., & Co... «. 56 OottS. oe co ce 4 Ditto ++ se ee 25] Hodgson & Stead .. $2 |.Madan, 0, 8.,&00. .. .. 54| Perkins, ego & Barrett ++ 64) Spencer, Jon 1 Werner & Pieiderer .. .. 1 
Balderston & Co. . 62 | Cochrane, J... .. .. «. 22| Foster, W., &Oo., Lid, .. 15 | Hopcraft 7 Con, td. 65 | Magnolia Anti-Friction Phillips & Leign «+ _4| Spencer, John, & Rone, Ltd. 16 | Westwood, Baillie, & Uo... 56 
Baldwin Locomotive Works 53 | Coles, Henry J. .. «. «. 15 Francis & Oo., Li e+ eo 1| Horn &Son ee 38| - Metal Oo... .. 2. oe 62 Phosphor Bronse Go, «. ++ 82) Sphincter Grip aan Whittingham, J. co «a 
Barron, F.C., & Co. .. 1|Commans& Co. .. .. .. 4/ Francis, ©.,8on,&Oo. .. 19 Howell & Oo... os «se ee 27 | Manning, Wardle, &Oo. .. 1 hear gs Ltd. «+ 65) HoseCo., Ltd... .. 59 | Widdowson, 2. - « « 
Barrows & Co, .. «2 «+ 27 | Oo; J.. 47 | Frictionless Eng. Packing Hudswell, Olarke,&Oo, .. 3 Ditto ditto ee 53 Thos » & Co. 29 | Stanley, W. 8. ..  « 19)| Wiley, J.,@Soms .. ., 33 
Barton, + oe oe ee 58 | Cotterill, F. W., Ltd. oo 38) GR = nc oo cc co co SO) is ditto +» 52) Marshall, J,,@Sons.. .. 47/ Pol a4 MeNab, & Highgate 19 | Stammah, J... .. .. ». 1) Wilkinson & Lister .. .. 61 
Bates, thy, & Oo. .. 58|Cox&Co, .. .. « o- 57 | Galloway, W.&J.,&8ons.. 1/| Hughes & Lancaster .. .. 58| Marshall, Sons, & Oo, Ltd. 66 | Pooley, H., & ¥on ++ 65) Stanners Close'sSteel Works 16 | Willans & Robinson .. . 
Begtion, Jones, & Beyties +. 47 | Cradock,G.,&0o. .. .. 14| _ Ditto ditto -» 48|Hulme&Lund .. .. .. 2/| Massey, B.&8 . .. .. 66 | Power Pulley Co., Ltd, 3. 65 | Statter, J.G., & Co., Ltd... 18) Williams, Peckett and 
Beardmore, Wm., &Co. .. 16 | Craig & Leg oe oe « 24] Garrett, R., &Sons ., .. 32/| Hunslet Engine Oompany.. 15 | Measures Bros. & Oo, ++ 25| Price's Patent Candie Oo... 25 | Steel Company of Scotiand 16 Williams .. .. .. «. 33 
Belliss, car &.,& oo 1 | Crampton 17 | Gates Iron Works .. .. 16| Hunter&English ., ., 1 Ditto ditto oo @ Ditto ditto ° .. 53) Stesl Pipe Co., L'd., — 62 Wilmott Sros, & _— ao @ 
Bennie, J.,&Sons .. .. 61 Gredlenda Geladct Drawn Seam- Gehrckens, C. Otto . 59 | Hydes & Wigfull.. .. .. 18 | Meldrum Bros. -. 5 | Priestman Bros. .. . « 55 | Stern Bros. ++ «+ 4| Wilson, Alex, @Uo... .. 3 
Bernays, Jos. ae ce 4 less Steel Tube Co... .. 1) General Engine & Boiler Co. 1 Ibbotson Bros. & Oo., Ltd. 31 Merryweather & Sons we i. Sa 7 Steven & Struthers ss oe 17) Wilson, J. H., & Co. . 54 
Barry, F., & 80 +» «+ 24| Orompton &Oo. Ltd, .. 1] Globe Mill Co, 68 | Immisch, M.,&Co. .. .. 1/| Messer&Thorpe.. .. .. 4| Pal E wing Oo. 66 & Co. + 63 Woodhouse & Rawson, “Ltd. ot 
Bessemer, H., & Co., Ltd. . 1 ley Bros., Ltd, .. .. 1) Glover, W.T., & Co, ee eo 58 ‘ndia Rubber, Gutta Percha, Metallic ValveCo,. .. .. 13 Ransome, A., & Co. 6 stewart D. ¥., “00.” +. 6) wots hy Ltd, ot a 
& eo 0c of Ditto ditto 40 | Goldsworthy & Sons . ou & Telegraph Wks.Co., Ld. 18 | Metropolitan Railway Oar- Ransornea Suns icin, La. 35 Stitt & eo 53 & Oo. 4 
Birch, J., &Co. .. 82 | Darlington Forge Oo. 1 “Led. 64 | Goodfellow, B. 35 | Isca Foundry & Engineer- riage & Wagon Oo., Ltd. 4 | Reddaway, F., & Co. . Storey, ‘Tees, and ‘Bons 3. 30 Worthington Pompiag Ba 
. Hawthorn & Oo. 3 | Darlington Steel & 17 | Goodwin, ‘Janine “eGo. Ua. 41 fagGe... ws ce co oe Midland Railway Carriage Redfern,G@. FW. . . 7 Sturtevant ee oe 60 co oe 1 
to itto o- 53 pm cy 4 ge +» 28| Goolden, W. T., & Co, 5| Jensen &Son .. .. o 4/| and Wagon Oo, Ltd. .. 4/ Kedpatn& Paris... .. .. 1 eas Hi itto ditto” *. o 
burn, Jos... «- «+» 61 pcan Rk J..&8ons .. 19|Grafton&Co. .. .. .. 6| Jessop, Joseph, &Son .. 31/| Miller, J., ky 5 eo co ce 18] Bhodes, B, .. we oo S | Wright, J., 800 .. .. 21 
Blackman Ventng. Co.,Ltd. 24 | Davis & Primrose e. 23/| Grantham Orank and Iron Johnson, Clapham & Morris 61 | Miller, Ta Dp, & Rouse 1| Rigg, A. .. se co oe Tangyer i Machine Tool on, Yarrow & Oo. oo oo 18687 
Bodley Bros. &Co. «. + 181! De Bergue & Co., Ltd. °. 23| Oo, Ltd. .. .. .. .. 18| Johnson & Phi lips .. 1459 \ Mitchell’s mnery Wheel Co. 26 | Riley Bros, .. ss os oe 20 | rd Yates, J., 800, .. os « 


Banat Tee dat ed tt td NOT at the top. This arrangement is necessary in order to meet the requirements of the Pest Office. 

































This Directory and List are also published in a separate book form for handy reference, which may be obtained gratis from the publisher. 
IMDa= TO ADVAERTISAMIENTS. 


















































ELECTRICAL ENGINEERS 


STEAM DYNAMOS for Ship Lighting. 

DYNAMOS for all purposes. 

MOTORS for Pumps, Haulage. 

4 PATENT ELECTRICAL COAL CUTTING MACHINERY. 

MAGNETIC SEPARATORS for Pottery Clay, &c. 

ALTERNATING CURRENT DYNAMOS and TRANS- 

FORMERS (Kapp’s Patent). 

MANUFACTURERS of Instruments and Electrical Apparatus for THE TRADE. 


















AND MANUFACTURERS OF EVERY DESCRIPTION OF eases mages PLANT. 








W. T. GOOLDEN AND GO., “ooove>c*> LONDON, W. 





AIR COMPRESSERS 


May be used for any pressure to 20 /b. per square inch and upwards. They have no wearing parts, need no attention, are perfectly reliable, practically indestructible, and the 
first cost is very small. When required they are made to supply dry air. For Agitating, Oxidising, Blowing, &c., they are invaluable. 
May be seen in operation by appointment: also Furnace Blowers, Vacuum Ejectors, Gas Exhausters, Ventilators, iquid Elevators, Silent Boiling Jets, &c., £c. 7960 


MELDRUM BROTHERS, Cathedral Yard, MANCHESTER. «usivioi Wixcussren 






MELDRUM’S PATENT STEAM JET 








RUSTON, PROCTOR & 0O., 


SHEAF IRON WORKS, arenas AND 20, BUDGE ROW, LONDON, EI.C. 






—— MANUFACTURERS 


PORTABLE AND SEMI-FIXED COMPOUND ENGINES. 


THRASHING MACHINES, TRACTION ENGINES, TANK LOCOMOTIVES, CENTRIFUGAL PUMPS. 
SUGAR MILLS, CORN GRINDING MILLS, STEAM BOILERS, 
































Mining Engines and Machinery, Saw 
13,000 








FIXED | EN GINES, 























235 Mill Plant, &c., &c. 
Steam Engines 


PRIZE 
MEDALS } Catalogues Catalogues | Manufactured 
Application. and Sold. 


AWARDED, ) Application. 
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A. RANSOME & CO. 


STANLEY WORKS, KING'S ROAD, CHELSEA, LONDON, 
GENERAL AND SPECIAL WOOD-WORKING MACHINERY. 


emammar yam AWARDS AT EVERY - HXHIBITION. 
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7 Siliys See 
Wty : 
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“RANSOME, LONDON.” 
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RANSOME’S TRIAL SHOP FOR NEW AND IMPROVED WOOD CONVERTING MACHINES AT ‘STANLEY WORKS, CHELSEA, 


“Machines with almost Human Intelligence.,°—MORNING POST, 6740 


Ax. RAN ee éz CO. 


LONDON OFFICE: See urcan & Ce TELEGRAMS: 
age 


SAMUEI WORSSAM & CO., 


Highest Award .for wo OD-WORKIN G MAC H I N E S, Prd Enibition, 1885 
OAKLEY WORKS, MANOR STREET, KING’S ROAD, CHELSEA, S.W. 7978 
PERIN’S FRENOH BAND SAWS. Illustrated Catalogues on application. 


ame __ JOHN A. BREMNER & CO., 


Albert Street, MANCHESTER. London Office, 79, Mark <n 


~LUBRIC ATI Xegmiag 708 MARIE x sturiOUAny KIGIS gam 
- mm SPECIAL CYURDER AND VALVE OL Qe 


4s Supplied to the Admiralty. 


mt ee een 
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FLEMING & FERGUSON, 


Shipbuilders, Engineers, and Dredge Builders, PAISLEY, near GLASGOW. 


Builders of High-Speed STEAMERS & STEAM YACHTS with Triple and Quadruple Expansion Engines, 


Cargo, Passenger, Paddle, Stern Wheel, Tug, and Ferry Steamers. 
RIVER STEAMERS, SCREW AND PADDLE FOR LIGHT DRAFT. TORPEDO BOATS TO STEAM UP TO 25 MILES PER HOUR.™ 


——_— 


GEORGE ELLIOT & CO., pss es 


MAKERS ~~ ALL ire tear 1 ben ROPES, 
NUFACTURER: 


SS NC's LAV Patent WIRE ROPES 


LANG’S LAY WIRE ROPE WHEN NEW. Office: 23, GREAT GEORGE STREET, WESTMINSTER, LONDON. LANG’S LAY WIRE ROPE WHEN WORN. 8045 


FLOUR MILLING MACHINERY 


ROBINSON’S PATENT ROLLER SYSTEM. 


iy j EXHIBITED IN FULL OPERATION IN THEIR 


E™ MODEL FLOUR MILL, 
PARIS EXHIBITION, 


HESPLANADEH DES INVALIDES. 


18) THOMAS ROBINSON & SON, 


: Model Four * Mill, Paris Exhibition, ROCHDALE. bist 









































—( GOLD MEDAL, BDINBURGH, isse. 
Manufacturers of 





EMBRACING ALL THH 


LATEST IMPROVEMENTS. & 





ENGINES AND BOILERS 


OF ALL TYPES. 


WEIGHING ine: ees tiemeaee asa Pretetd Punrose: 
LONDON OFFICE ___- 49, FINSBURY PAVEMENT, E.C. 7678 


ae & SPENCE Ee, + ng 
fe A = Limo Bank Street, Ardwick, Manchester, | ee! f 


















MANUFACTURERS OF 


IMPROVED PATENT 


GAME ys ATED EMERY DISCS 


GRINDING ano POLISHING 


| MACHINERY. } 
55/,/ PRIEE MEDALS—Amstordam, 1888; International inventions rae = 
) London, 1885, &e. a a. _ 





Pattern D Grinder, 36 in. Discs. ILLUSTRATED CATALOGUES FREE ON APPLICATION. 241n, Double Tool Grinder. rms 
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| TANGYES«} LIMITED 


CORNWALL WORKS, BIRMINGHAM. 
LONDON; NEWCASTLE; MANCHESTER; CLASGOW; SYDNEY; MELBOURNE; PARIS. 


PUMPS AND BOILER FEEDERS, 














a 
Ose BD 

Tan) s 
{{\Uypomuent |) 


NANGYES 
ieee 
1 i fa 
l 





: SS No. 4. No. 3. No. 2. 
(From a photograph of the No. 14 size.) 6x3x ed 5x 24x12 . penton . 8x1}x9 
JEFFERISS’ PATENT BOILER FEEDER. THE “SPECIAL” PATENT BOILER FEEDER. 
5 Sizes—l}in. to 3in. Ram. To feed 14 to 60-HP. Boiler. 7 Sizes—l}in. to 5in. Ram. To feed 14 to 266-HP. Boilers. 


May be relied upon to work down to a speed of ONE STROKE PER MINUTE. 






(From a photograph of the No. 24 size.) _ (From drawi g of the No. 31 size.) 
BARNES’ BOILER FEEDER. DOUBLE-ACTION FLY-WHEEL PUMP. 
4 Sizes—ljin. to 2jin. Ram. To feed 10 to 40-HP. Boiler. 3 Sizes. To pump 3300 to 5500 Gallons per hour, 


APPLY FOR REVISED PRICES. 


From Tangyes’ 1884 Catalogue. Copyright—Entered at Stationers’ Ball. 7796 
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THE TANGYE GAS HAMMER 


(ROBSON AND PINKNEY’S PATENTS—TANCYES LIMITED. SOLE MAKERS) 
Is the most Economical, Reliable and Handy Tool for Forge Work for 


ENGINEERS, MACHINISTS, TOOL MAKERS, FITTERS, FORGERS, STAMPERS, COACHBUILDERS, &c., 
AND FOR USE IN GASWORKS, SMITHIES, IRONWORKS, COLLIERIES, &c, &c, 











It dispenses with Boilers, Coals, Ashes, and Dirt, necessitated by Steam Hammers, 













With the Smallest Hammer (? ewt. size) The Smallest Hammer (} cwt. size) 
Over 2,500 OF THE HEAVIEST BLOWS can 
be given for ONE PENNYWORTH OF GAS 


at 2/6 per thousand feet, or about 4,500 


Strikes a Maximum Blow equal to that 
which would be given by 


A WEIGHT OF 3 CWTS. FALLING THROUGH 


varying blows with the SAME quantity of A HEIGHT OF ONE FOOT. 


Gas. 








The other Sizes, in like proportion, see This can be repeated at the rate of 


Table below. 120 blows per minute. 











This—the first Gas-driven Forging Hammer introduced—was designed, and at first recommended only, for use in cases where steam was not available or 
could only be employed at great expense, but the data given above, and which are founded upon reliable and sustained test and trial, demonstrate that the 
Gas Hammer may be economically used in competition with the Steam Hammer, even in places where the price of gas is at its highest. 

Its great advantage in point of convenience over Steam, Pneumatic, and other types of Forging Hammers is obvious to those who are obliged to keep up 
steam for occasional repairing jobs or night work. It is ready for work at any moment, day or night, for short or long periods, and works 
as economically for a few minutes’ spell as when in sustained operation. 

Each Hammer is fitted with a combined arrangement of Hand and Foot Gear, which permits of its netng opseabes either by Foot or by 
Hand at will. When working with Hand Gear the services of a boy only are required to operate the hand lever. ith Foot Gear no assistance whatever 
is necessary, as the Hammer can be readily actuated by either right or left foot, leaving both hands of the smith free to handle the forging. 








Size Maximum Blows per penny- | Blows per | Total Weight | Measurements, overall 
Blow * worth of Gas ** minute | approx. ins. approx. 
Cwts. Cwts. approx. No. | No. wts, Height, Length, Width 
3 3 2500 oe ie 9 oe 90 x 54 x 24 
1 4} 1900 | 120 27 90 x 54 x 24 
2 8 1600 80 38 110 x 60 x 27 
3 10 1300 | 70 40 110 x 60 x 27 




















PRICES AMD FULI. PARTICULARS ON APPBUICATION. 


| TANGYES LIMITED, °Worxs.” BIRMINGHAM 


And LONDON, NEWCASTLE, MANCHESTER, GLASGOW, PARIS, SYDNEY, MELBOURNE. a 
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“W7TOODITE” AND ITs USES. 








“ Woodite” is the name given by Sir E. J. Reed, K.0.B., M.P., to an elastic and flexible material, which can be made of varying degrees of elasticity and hardness, adapted to the various ate en for which it is 
required. The material is now y= ee ection utilised as a su: erior substitute for Rubber, Leather, Asbestos, and other substances, and it twill, from its mange and valuable properties, sappy a ae felt Tg in every 
braach of mechanical industry. Pnpwy ety pfingle — surfaces, boats, &<. “Woodite” sponge for anti- beigey cables and buoyancy purposes; also “ Woodite or filling for 
watertight compartments, non-  eaedeah can be made “about half the ape of cork, is bar by any climate, bilge or salt water has no yetteck upon it; a marvellous SSrenticn, 

It 18 CLAIMED FoR “Woodite ” that, when in the tence a eee sae rings, Be. S very ree ae — e = Fi mn ve” nor become. sticky 
soft under steam, or ure ; and that it will also withstand the * Oran Ou bok gr grease, and Fen aw eh is not affected by bilge water Summoniacal liguer from es Works, > 
by refuse from Refineries , Distilieries or Tanneries ; tdnus rendering’ it spoclaliyigatiieataa all cohen where these destructive De aearhie operation. 

Above will be found a list of some of the pri purposes for which the peculiar properties of “ Woodite” render it most suitable, also testimonials and high commendations from those who have. tried, used 
and highly approved of it, and by leading Seaenip. Gas, Water, and Railway Companies, amongst some of which may be named— i 

Rag Souneg joupow Warerwonks Company, Exormzen’s Orvice, 15, St. HzLEx’s Prace, E.0., wp Oxp Forp, E., September Sth, 1888. 

Serene 6 on ees Alene be a8 Soe ee The first “* ip Leathers that you sent for use in gye’s Pump have proved to be far more durable than . The last ones I wished you to make were for a Water Meter. If your 
ee successfally e already tr’ id lather il be» ting of the bat for Water Meters. Iam obliged to you for putting the Cup Rings in hand for me. 

* Woopirs” Comrar ne, is D Rane Street, Great Georgs Street, 8.W. Yours truly, WILLIAM B. BRYAN. 
So cc it 1 National Life Boat Institution. Seam, Sate. Perkins & Co. Brighton and South Coast Railway. Orient Steam Ship Company. Font Woter Weems, 
Royal Engineers New River Water Company, London eg 7 ge yee Caledonian Railway Company. Penn & Son, Greenwich. ‘'acuum Brake Company. 
oe av. 2 ae Company. Line of Steam = oe | North Britah Hallway Company. Drestal ‘Felane Gap ¢ y- | Marin Gun Company 
Naval Coustruction co Limited, Thames Conservancy, 6.8. * “Warden” iui ta na Ratway, Roumanian Gun Boat. 4 Commercial Gas Glasgow Corporation Gas Works. 








Dutch Navy. Turkish Navy. i] Ttalian Navy, &c., &¢., &c. 7608 
“WGTOoobpDirkrTrEe” Cokxz ASBESTOS RPACEING STANDS EVINRT TST. 


‘‘WOODITE”’ COMPANY, Ltd., Delahay Street, Great George Street, Westminster, 8. W. 


Ice. Refrigeration. 


765 Machines in Use and Ordered, representing an efficiency or 20,000 tons of Ice per day. 
Great Saving in Fuel and Cooling Water over other Systems. Greatest Simplicity in Working. 
1420 MAOCOBINES SOILD IN 1888. 


lce-Making & Refrigerating Machinery 


OOMPRESSION OF ANHYDROUS AMMONIA——LINDE SYSTEM, 


THE LINDE BRITISH REFRIGERATION CO., Limitep, 


City Office:—32, WALBROOK, LONDON, E.C. 


Own Ice Factories (150 tons a *)) | PISHMARKET. Lower Shadwell, LONDON, E. Where please address a" 
and Frozen Stores: FISHMARKET, BIRMINGHAM. 


E DISINCRUSTANT MAnot 


PATENT BOILER FLUID, 
FOR PREVENTING AND REMOVING INCRUSTATION AND CORROSION IN STEAM BOILERS. 


ANALYTICAL REPORT UPON THE “ DISINORUSTANT MARSEILLAIS.” Borough Laboratory, 8, 8. James’s Square, John Dalton Street 
iin nrg ne rth mond ag Dre ees OES Te So Siterions a spon ise. Manchester, 15th ber, 1876. 
Telegraphic Address; ‘‘ DISCRUST, 8 t0 THE CO. ESTOOURT, F.0.8., Analytical Chemist to to the Corporation ef Manchester. 7198 


Orders and enquiries please address to  DISINCRUSTAN T MARSEILLAIS CO., 59, Grafton 8t., Oxford Rd., MANCHESTER. 





























LANCASTER & TONGE, |e 
Puniletin, MANCHESTER, 


a 
o 
—_ 
o 

















roRNBU.I..§: GEAN TET & CO., 1rta. 


(LATH TUR BULIL, GRANT, & JACE,) 
ENGINEERS, MILLWRIGHTS, IRON FOUNDERS, & BOILER MAKERS, CANAL BASIN FOUNDRY, GLASGOW. 


Makers of STEAM ENGINES of every type for LAND and MARINE Purposes ; 


MACHINERY ror STEEL anp IRON WORKS ; CORN, FLOUR, ine’ anp SUGAR MILLS; DISTILLING, BREWING, pa MINING PLANT; 
HypRAvLio Presses AND Pumps; TURBINES AND WaTER WHEELS oF EvERY Dascusrrsest 3 SHarrine, GEARING, &0. 
Aiso Maxrrss oF AWD ap MABRENWE! BOXE.EMES anv Grvernst MALLEABLE IRON anv GIRDER WORK;; anp SotE Makers oF THEIR 


NEW PATENT METALLIC PISTON PACKING, ral 
THE SIMPLEST, MOST DURABLE, AND MOST EFFICIENT PISTON PACKING IN THE MARKET, 
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The UNITED ANBLS 15 COMPANY'S 


, ASBESTOS YARN ; 
PAC Kl NG 


‘VICTOR’ METALLIC JOINTS, 
VICTOR’ METALLLIC TAPE, 


VICTOR’ METALLIC SHEETING, 


Be ©] & +> 
al " A A A N D E R F R ND, ameron «Brel... 
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SPECIAL TRADE MARK. ~~" SPECIAL TRADE MARK. 


THROUGHOUT HER. MAJESTY'S NAVY, 





UNDER CONTRACTS HELD-BY-THIS- COMPANY, 


AND HAVE NEVER FAILED. 





Vontrastors to all Deparinent of HM. Government, and Fioneers of the European Asbeta Trade, 


The UN UNITED ASBESTOS COMPANY, L¢. 


161, QUEEN VICTORIA STREET, LONDON; -E. C. rest 
Derors:—MANCHESTER,-34, Deansgate ; NEWCASTLE-ON-2YNE, Quay Side ; LIVERPOOL, 47 & 49, South John Sty GLASGOW, 80, West Howard St. 
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WORTHINGTON PUMPING ENGINE CO. 


153, QUEEN VICTORIA STREET, 
ION DON, F.C. 











wo sults V GTON. 





WORTHINGTON COMPOUND PUMBPE. 


PURCHASERS OF PUMPING MACHINERY are warned against the 


CHEAP IMITATIONS 


Of Worthington Pumps now being placed upon the Market. 


ALL WORTHINGTON PUMPS sex T# WORTHINGTON NAME & TRADE MARK. 


THE USE OF WHICH BY OTHER MANUFACTURERS IS UNAUTHORISED AND ILLEGAL. 


WORTHINGTON PUMPS FOR ALL SERVICES. 


SCATALOGUES AND EHSTIMATEIS ON APPLICATION. 
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DOULTON and CO., 


LAMBETH, LONDON, S.E., 


HAVE OBTAINED 


HIGHEST EXHIBITION AWARDS 


FOR THEIR 


PLUMBAGO 
GRUGIBLES. 


SHOW ROOMS :— 


Albert Embankment, 


LONDON, 8.E. 











DHPOTS: 
100, Soho Street, Liverpool ; Granville St., Birmingham ; and 6, Rue de Paradis, 
Paris. 8852 
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meet the difficulties experienced 
by Sanitary Engineers in the 
removal of semi-fluid matter. 
An important feature is that 
by slacking back four screw bolts 
valve seats as well as the valves 


and taking off the cover, the 
are removable.—The Engineer. 





TH PATENT PEMBUARLE VACGES & Borel 
-R.OKES, 39,QUEEN VICTORIA ST., LONDON . 


7921 
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@aYLOR AND (@HALLEN, 
++ ENGINEERS, MACHINISTS, FOUNDERS, AND SMITHS.++ 


Steam Engines, | THE “SHAFT CARRIER” 


Is devised to carry rotating Shafts. First offered in 

Pum g November, 1881. It hasalready been adopted by many 

i ' eminent firms. Numerous testimonials, repeated 
Shafting, ° 

Covriinas, CoLLAnRs, 


BRACKETS, PEDESTALS, | (an 
AND 





SCREW & POWER 


Presses, 


For CurTtine ovr, 
Drawine, STAMPING, 
AND EMBOSSING 
Sueet METALS, 








orders, and an increasing sale, prove its superiority. 








__ OTHER BEARINGS, MINTING 
“CAST-IRON ig d MACHINERY. 
* PULLEYS * mi GUNPOWDER 
¢OR TRANSMISSION OF, ill MACHINEBY. 
POWER BY BELTS. i TUBE 
aire MACHINERY. 





“Nor I Foraina AND |It can be fixed in any position (see cut); is self-oiling and 

self-ad} adjusting ; position of bearing variable both vertically and 

om” HEADING Cane re fixed true; causes least | err gmp 
RESSES, 


DERWENT FOUNDRY, CONSTITUTION HILL, 


TeLeGcraPHic Appress; ‘DERWENT,’ Birmingham. 


TA 


. EST® 1820, SS 
PLeACTURERS OF EV 


Rotary Shears, &e, 


AczxT—MR. W. T. PARRACK, 
171, Queen Victoria St. ‘ 
LONDON, E.C. 7848 
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ST STAFFORDSHIRE 


< Tus WORKS, DARLASTON:S 








“WELLS LIGHT” 


WALLWORK & WELLS’ PATENTS. 


ApopTeD BY H.M. GOVERNMENT 


At WOOLWICH ARSENAL & CHATHAM DOCKYARD, 


By Sir Joseph Whitworth & Oo., Lucas & Aird, Hawthorn, 
Leslie & Co., Newburn Steel Works, and the 
LARCEST ENGINEERS & CONTRACTORS IK THE WORLD. 


over 1000 soto in 4 montus. 


200 are in constant use on the extensive workings of the 
MANCHESTER SHIP CANAL. 


In Great Britain we supply a special class of cheap Tar 
Oil for use in these Lamps; but if they are sent abroad, 
where this Oil is not obtainable, we arrange the burners 
to use ordinary refined Petroleum or Kerosine, or a 
mixture of half crude and half refined Petroleum. Corres- 
— should state particulars of their oil supply. 

he Lamps will not burn greasy or vegetable oils. 


THE ONLY COMMERCIALLY PERFECT LAMP OF ITS 
GLASS IN THE MARKET. 

The Public are warned against buying Lamps which in- 
fringe or imitate these Patents. All the important Points, 
which have taken years to perfect, are covered by numerous 


Patents. These are the only Lamps which “= Ys 
MAN HESTER. 5 satisfaction in use. ae ois PF ae 


Mw pot EES & SLUDGE DOORS 


SeWELLS LiGy AT” 


Oo 


ae aa 


4009 CANDLE POWER # 
FROM —OEL 























“MIBEAND® LONDON 








And at Carnarvon 8t., Cheeth 























HAYWARD TYLER & CO., 


84, WHITECROSS STREET, LONDON. 














PORTABLE PROVING ic PUMP. 


In Portable Iron Pail, Discharge 
Cock and Union attached, with 
Gauge for sone to 200 lb. sq. inch, 
7785 


PORTABLE BOILER CLEANSER. 


This Pump has found much favour with Agri- 
cultural Engineers for washing out Boilers. 


KINGHORNS 


METALLIC ‘VALVES 











For ECONOMY and 


Are being largely used 
DURABILITY are not 


by the BRITISH and 


equalled by any other FOREIGN NAVIES and 
valves made, and can be the Principal Steam: 
easily fitted to existing ship Lines. 
pampe. ake 
FIG. A. FLEXIBLE cn en 
SHEET VALVES. 





ita lnaaticialidd a ihtalehictieee tote on Gusmmaunal 





METALLIC VALVE 00., Tower Buildings, Water Street, LIVER 
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AITKEN, Mc.NEIL and CO., Engineers, 
Colonial Iron Works, Helen Sree, Govan, G 





MAKERS OF ’ eal ohn MANUFACTURERS OF 
THOMSON & BLAGK'S , emasaow (ANG Slicing 
PATENT i 
FIVE-ROLLER Machines 
SUGAR APPARATUS FOR 
CANE DIFFUSION. 

s SUGAR CANE MILLS. 
aml swans 
EXTRAOTS PF WATERWHEELS, 
75% 70 80% ee, 
F JUICE ¢ 
° oat ove a CENTRIFUGALS, 
SUGAR CANE, — ee al Aad all th Roque 











HANSONS SPECIALITIES 


Steam Pumps, Steam Engines, Steam Winches |! 

Steam Dryers, Steam Traps, Steam Reducing 

Valves, Steam Purifying Apparatus for Boilers, 
Water Engines and Hoists for Warehouses. 








HANSON, CARTER, & CO., 
QUEBEC Works, BRADFORD. 


LONDON OFFICE: BILLITER HOUSE, BILLITER STREET, E.C, 5600 
See TUustrated Advertisement June 14th (folio at soot), page 44. 


“Grover Spring Washer’ Nut-Lock 


avina a BoLT AGTIVE ENERCY 
in appiTion TO PASSIVE RESISTANCE. 


Patented at Home and 
Abroad. 











LOVE R’s | 
of x) 








GROVER & CO., 


LIMITHD, 


WHARF ROAD, LONDON, Ni. 10 
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Piss 


— ESTABLISHED 1840.— 


JAMES MILLER & C0, 


(ON ADMIRALTY LIST.) 


8 204, Stobeross St, GLASGOW. 









Manufacturers of every description of 


Fi 
2 IRON & STEEL RIVETS, 


Bolts, Nuts, Woodscre a 
Washers, xc. &o.”” - 
M 


Alse Makers of Patent Mi 
lanufacture of RIVETS, SoLre, 

















Awarded First-Class Certificate & Gold Medal at the Calcutta International Exhibition, 1884, 
oOo. CRADDOCK: & Co. 
WIRE ROPE WORKS, WAKEFIELD 
Makers ofall Descriptions of ROUND and FLAT STEEL and IRON wink ROPES, 


ye etl ADMIRAL 


aeons PATHN'T ROFH, 
WHICH WE INTRODUCED AND ESTABLISHED, 1879, 


WHEN WEW. ~ 








‘SAYA d0U 'TWIWAY S HOLDNTICNS R F0u 
YOd SHO.LOVH.LNOO 





= 


Awarded Royal Agricultural Society's SILVER MEDAL, 188, 11 


N.B.—Users are equally infringers with Unlicensed 
Makers of Lang’s Rope, and both will alike be pro- 


ceeded against. 
Any person giving information of infringement will 


be rewarded. 
BUCKLEY'S corse toro SPRING PACKING, 


FOR = PISTON VALVES, PUMPS, &c. 
NOW OVER 14,000 IN USE. 
Pressure Packing Rings 


EQ) Suitable for ing, e from 
Packings 















Rings, mad 
Springs from the 
best Gast Steel. All teed. 
a eebiiity, ie Xho 


valled fi and 
oomemy, acting a beet in Oy’ that 
_ are neither found nor 


FOR PRICE AND PARTICULARS APPLY T@ 


WILLIAM BUCKLEY & CO. SHEFFIELD, 


PATENTEES AND SOLE MANUFACTURERS} or to the SOLE AGENTS :— 7645 


LEES, ANDERSON & Co., GLASGOW. 


CLARKE’S CRANK & FORGE C0., Ltd., Lincola 


Telegraphic Address: “CRANKS, LINCOLN.” 




















— 
ado ld 








FORGINGS, SHAFTS, AXLES, 








CzLecRarHic Appress: “ADOPTED, Lonpon.” | 


In IRON or STEEL, for ALL CLASSES of MACHINERY, 
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THE HUNSLET ENGINE GOMPANY, 


LOCOMOTIVE 
TANK ENGINES 


Of all descriptions and any size, for 
Ironworks, Collieries, 
Contractors, Docks, 











Manufactories, 
Branch Railways, 
&e., &¢. 


6 d ed f clr- 
clusumean ta te Go ow 
Railway. 


ne MADE FOR 








WM. FOSTER & CO. Ltd. 
WELLINGTON FOUNDRY, LINCOLN. 


London Office :—J. JOPLING, 49, FINSBURY PAVEMENT, E.C. 


HORIZONTAL & VERTICAL 


FIXED ENGINES 


Bollers of All Kinds. 
THRASHING MACHINES, 


SAW BENCHES, me 
SECOND - HAND ENGINES. 


CATALOGUES & PARTICULARS 
ON APPLIGATION. 7983 


ee 








WITH SCHRAM’S PATENT INLET 
AND OUTLET VALVES. 


Giving at least 16 per cent. 
more useful effect than any 
other Compressor. 


® BOILERS. TURBINES. 
9 MINING MACHINERY. 


HRAM’S IMPROVED PATENT 
RockzK-BoRiIina MacmiIn®. 
2,000 IN USE IN ALL PARTS OF THE WORLD. 

EsTiMaTss AND FuLL PARTICULARS ON APPLICATION. 


RICHARD SCHRAM & CO., 


174, GREAT GEORGE STREET, WESTMINSTER, Sw. 


AIR COMPRESSORS 














7648 








JOHN ABBOT & CO., LTD. 


PARK WORKS, GATESHEAD- ON-TYRE. 
London Office: Suffolk House, Cannon $t. Glasgow Office: 11, Bothwell St. 


—— MANUFACTURERS OF —— 


Rolled Bars, Angles & Tees, Rails, &c. 


CHAIN & ANCHOR MANUFACTURERS. 


LOAM AND SAND CASTINGS UP TO ANY WHIGHT. 
CAST IRON GAS AND WATER PIPES up to 12ft. Lengths. 


Steam and Hydraulic Engineers. 
BOILER MAKERS. 


—=|BRASS FOUNDERS AND COPPERSMITHS. 


SIDE LIGHTS, DECK PUMPS, FIRE ENGINES, AND ALL DESCRIPTIONS 
OF SHIPS’ BRASS WORK MADE TO ORDER. 


SHIPS’ VENTILATORS, TIN AND IRON PLATE WORKERS. 


—— SOLE MAKERS OF —— 


TYZACK’S PATENT ANCHOR. ™ 


/ VOJACEK'S PATENT RAIL BENDER 








FOR PARTIOULARS 
APPLY £0 


BOOMER & JONES, Zonwooo woe. LONDON, Ee. 
EEN ELT J. COLES, 


89, Sumner Street, Southwark, London, S.E. 

















Single Chain Grab Desai: Hydraulic rain: Préciiih and 
Pumps, Rock Drills and Air Compressors. 








NORTH-WEST GERMAN 


Trades & Industries Exhibition 


TO BE HELD IN BREMEN, IN 
JUNE, JULY, AND AUGUST, 1890. 


Programmes and Exhibitors’ Application-Forms can be obtained 
from the Bureau of the “‘Nordwestdeutsehen Gewerbe und Industrie- 
Ausstellung,” Bremen, Germany. 


Group XI. a.b. (Steam Engines and Motors; Tools; Wood, Leather and 
Metal Trades Tool Machinery) is not eonfined to Local Exhibitors only, 
but is open to International Competition. Applications in respect to 
Group XI. a.b. must be delivered before September 1st, 1889. 7980 


















BE. S&S BLIND eae, 


BOURTON, DORSET. 


VERTICAL ENGINES AND BOILERS 


FOR ALL PURPOSES, 
PORTABLE oR WERLEEED. 


Horizontal Engines, 


or Combined 
Vertical Boilers. 













D aidkened 





i 
i 





Tocamhael a Rooms: 11 ‘Qucen Victbide ani E.O. 


Where every information may be obtained. 
LIBERAL TERMS TO SHIPPERS AND THE TRADE. #76 
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THE STEELCOMPY. OF SCOTLAND 


E.IMaIT=EID. 
(SIEMENS PROCESS). 
23, Royal Exchange Square, GLASGOW. 





MANUFAOTURINRS oF 


Steel Rails, Plates, Angles, Beams, Bars, Hoops, 
__ Forgiugs, Steel Castings, Blooms, &e, 


WM. BEARDMORE & CO. 


(CONTRACTORS TO ADMIRALTY) 


Parkhead Forge, Rolling Mills, & Steel Works, GLASGOW, 


MANUFACTURERS OF 


STEEL AND IRON FORGINGS, 


HOLLOW MARINE SHAFTS, 
SHIP AND BOILER PLATES, ANGLES, BARS, AND RIVETS. 


(4LL STEEL BY SIEMENS PROCESS). 


Admiralty, Lioyds’, Board ef Trade, Bureau Veritas, Indian State Railway, and ether 
Tests at Works, 7684 


1001 























THOMAS FIRTH & SONS, Ltd., 
SHEFFIELD. 


STEEL CASTINGS 


SPECIAL STEEL FOR MINERS’ DRILLS. 


STEEL FORGINGS 


UP TO ANY SIZE. 





LONDON OFFICES— 


CHARLES APPLEBY & CO., m= 
89, CANNON STREET, E.0. —_—_Telph. No. 17a. 








Gold Medals—Melbourne, 1881 ; Paris, 1878, First-Class Medals—Paris, 1885; London, 186°. 


SHELTON IRON & STEEL COMPANY," 


STOKE-ON-TRENT, “120, ¢ OANNON ‘STREET, 
eaten inst CONEEE, E.C. 


yr 


a 








MAW UPAGTURERS OF ALL QUALITIES Or 


oILER, SHIP, BRIDGE & CHEQUEREp 
PuATES 


Siva 
TS | IRD 
“ANGLES TEES BULBS. CHANNELS, enscr™ 
RIVET 


oT) 4 


,CABLE, SHAFTING/AMOIRIAR [REM 
FLATS TO 14 INCHES WIDE.) 


BRANDS. 





THE 


| WEARDALE TRON & COAL Co., 1a 


COLLIERY OWNERS AND MAKERS OF ‘WEARDALE’ COKE, 


STEEL (SIEMENS) & IRON BOILER PLATES, 


Sheets, Hoops, Bars, Angles, Tees, Strips, &c., 


Of the Highest Quality, to Admiralty, Board of Trade, Lloyds’, and other Tests. 
LOCOMOTIVE FRAME PLATES. 


BRanps For Iron Bars. | 





Branps For Iron Pi 
WwW. 1.CO. BEST 





TUDHOE (CROWN woe TUDHOE - BRAND FOR STEEL. 
i A ad RAP | wi. CO. BBB. TUDHOE BB. WEARDALE STEEL 
WEARDALE. TUDHOE BBB. 











ePwPriGa TRON. 
“WEARDALE” (for Plough Shares& Chilling Purposes). ‘‘TUDHOE” (Hematite). “BELMONT” (Cleveland). 


PRINCIPAL OFFICES: 
TUDHOE IRONWORKS, SPENNYMOOR, DURHAM; & GEORGE YARD, UPPER THAMES ST., LONDON,E.C. 
LONDON WAREHOUSE : 7968 


GEORGE YARD, UPPER THAMES STREET, E.C. 


J. S. CUMBERLAND, Agent. 


ATTWOODS’ PATENT STEEL. 


——$_____——. 


JOHN ROGERSON & CoO., Ltd, 
STANNERS CLOSE'S STEEL WORKS, 
WOLSINGHAM, vit DARLINGTON, 


MANUFACTURERS OF EVERY DESORIPTION OF 


CAST STEEL FORGINGS AND CASTINGS, 


For Engineering, Colliery, Dredging, and Ordnance purposes; and Makers of 
HAMMERED STEEL SPADES AND SHOVELS. 7598 


_ Gates Rock»° Ore Breaker 


CAPACITY IN TONS OF 2,000 POUNDS. 
Size 7 2 > ‘ tons per hour Size o- Se 15 to 4 pone per hour 


























Passing 2 1/ in. ring, —— tay character and hardness 


Creat SAVING in POWER. a to any 
Degree of Finenes 
The principle involved in this Breaker + to be 
= — success ever introduced into Stone Breaking 
achuwery 


Send for Latium, ‘er 500 of Contractors, 
Miners, alway, aan Ma (dewey Makers, eto. 7884 


‘GATES IRON aan 


12 Cortlandt St.,, New York. v. 8. A. 
50 South Clinton St., Chicago, U. 8. A. 


JOHN SPENCER é& SONS, Ltd., 


NEWBURN STEEL WORKS, NEWCASTLE- ON- TYNE. 
Established 181b 















7) 
TOOL % 
STEEL. 


SB] 
Tates 


FILES. 
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New “Climax” — area ENGINEERS VICE. 





Invaluable for Chipping 
Opened or Closed 
instantaneously with 
One Hand only. 
FREE TRIAL ALLOWED 


EVERY ENGINEER 











7 SHOULD USE THEM 

SIzySsS AND PRICHS. 
Width of Jaw - wotiu. «= f 5 pee 7 inch. 
Open to me col te ee, 14 inch. 








A—Soxtm STEEL Jaws 60/- 65/- 70/- 80/- 90/- §130/- each. 
a Iron Jaws (with Steel Teen) 40/- 48/- 50/- 60/-  70/- 100/- each. 
Weig 47 64 100 150 Ibs. 
Size et "Wrought Iron ‘Sliding Bar 2x 1} 24 x 1} 3x14 34 x 1$ inch. 


PATENTEES AND MANUFACTURERS :— 7210 


CRAMPTON BROTHERS, SHEFFIELD. 


BIGH PRESSUNRAD MARINE BOLLS. 
Best and Cheapest Means of Preventing Unequal Expansion. 


“WEIR’S” PATE ENT wiYDROKINETER. 


G. & J. WEIR, 


, Holm Foundry, CATHCART, 
GLASGOW. 


. MENZIES & BLAGBURN, Kuve Srausr, 
NEWOASTLE-ON-Tyng. WM. REID & O0., 4 45, 
FRENOHUROH STRunr, &R 











Aeunrt ror Soanpimavia & Gunmany. 7589 








LOCK WOOD'S IMPROVED PATENT DOUBLE-AOTION METALLIO 


PISTON PACKING RINGS & SPRING 


The SPRING RINGS are SIMPLE and EFFICIENT, and are designed 80 as to have two distinct actions— 
one to press the — Rings outwards against the walls of the cylinder, and the other to press the 
Rings apart against the flat faces. Thus no inclined plane required in Rings. 


HIGHEST AWARD, INVENTIONS EXHIBITION, 1885. GOLD MEDAL, LIVERPOOL, 1887. 








LOCKWOOD AND CARLISLE. 


BAGLI.E FOUNDRY, SHBEFEIEL.D. rm 








Becsived PRIZE MEDAL at the Smoke Abatement Exhibition, South 
International Inventions Exhibition, London; and Saltaire Exhibition, 


PROCTOR’S 
Patent Mechanical Stoker 


AND SUL.E-OLBANING FINE BARS. 


The First and ONLY INVENTOR of the Radial Shovel with Tappet and Spring, and stands alone| \s 4 


_ ag the only successful Shovel Stoker. 


Over 4000 Furnaces have been supplied 
with this Stoker, 


\ Over 300 Machines now working on the Continent 


PROCTOR v. BENNIS. 









Chancellor Bristowe says:— ‘‘ Hv 
wneGenni) has, oe ge use the expression of + 
8, taken the _— and marrow of the in 


a and has thereby infringed the plaintiff's 
paten’ 

Lord Justice Cotton says:—' ‘Nothing of the 
dl kind has been done before.” 

Lord J Bowen says :—‘ ‘This is really a 


‘ustice 
pioneer invention.’’ 
Fry says :—“‘It reproduces with 
great exactitude the action of the human arm in 
placing coal upon a fire, and I think therefore 
that we have a new combination for a new ob- 
pet, 0 and the gist of that combination has 
(Bennis).” 


Opel att t 200 Testimonial — have aa reared tha weeks, from May to 
J. PROCTOR, PATENTEE AND MAKER, 
HAMMERTON STREET IRON WORKS, BURNLEY, LANCASHIRE. 










s LONDON, E.C. || 


& CO 
RIA St., 


pS et ls ee 


11, Queen Victo 


= waren-vudl et BOILER, 


EMAE’S PATENT IMPROV ED 
onxs, LINCOLN. 


mo. 
ae 
t 








=| THe DARLINGTON STEELQIRON (60., ro ie 





BESSEMER STEEL RAILS from 10 to 100 lbs. par yard. 


STEEL AND IRON FISH-PLATES, 
PATENT FLEXIBLE, CLIP, ANGLE, AND OTHER SEOTIONS. 
— STAMPED AND ROLLED STEEL SLEEPERS.— 


STEEL TRAM RAILS, A SPECIALITY. 


STEEL ANGLES, TEES, CHANNELS, 
BULBS, and BARS of other SECTIONS, 


For Shipbuilding and Constructive purposes. 
Guaranteed, if required, to stand the Admiralty or Lloyds’ Tests, 
SOFT AND HARD STEEL BILLETS, BLOOMS, &c. 


LONDON: 16, VICTORIA St. WESTMINSTER ABBEY,8.W. 





Off nary 
C88 MANCHESTER: LAL CORPORATION STREET. 
BROTHERS, Agen 



















Manufacturers of Patentecs & Sole Makers oy XN 
All kinds of Brass Work for Steam Byron and Bignalling 
Engineers, &6, 
Glass Gange Cocks and Valves Viale Ban Gumiy Im Soyenaien 
Feed Oheck Valves, Thomson's Motallie Air Pump 
Steam Whistles and Pumps, Valves. 
° s nol be, in &c,, in Manganese, Phosphor, por, or Steven's White Bronses. 
DETAILED CATALOGUE AND ESTIMATES ON APPLICATION. 
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REGISTERED TITLE— 
LOCKWOOD’S PATENT FURRORE PISTON RINGS 





These Stopping-Pieces are — I eneene the piston block, and keep in 


WILLIAM LOCKWOOD > & CO., Engineers, 
OCEAN WORKS, SHEFFIELD, ENGLAND. 


All Rings are flangeless, therefore give a perfect circle when open, causing free action and perfect elasticity. 
Nothii t out of order, and are easily adjusted. For ald pressures and all sizes. 
ee CHEAPEST IN THE MARKET. 
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IMPROVED 


Steam & Water Valves, | . 


FITTED WITH SEATINGS OF 
RHODES’ Parent AsBesTos COMPOUND 


» 


| IRON PIPES, 





They bold perfectly tight under great pressure. 
Patent Sea’ can be renewed at will, without remov- 
the body of the valve or br the pipe joints. 
the price is only that of an gun-metal 
valve, they will last very much ‘Tenge 


B. RHODES, ... 


BOW BRASS WORKS, LONDON, E. 


The Grantham Crank&IronCo.,La. 


prer ee ne 








Special Terms te Shippers and the Trade. 


Makers of Vertical Steam Risties and 
Boilers (combined or separate) of the 
most improved construction. 4675 





Bodley Bros. & Co. 





MILLWRIGHTS, BOILER 
MAKERS, AND IRON AND 
BRASS FOUNDERS. 


Spur, Bevel, Mitre, 
MORTICE & WORM 
WHEELS 


MACHINE MOULDED 











India-Rubber, Gutta-Percha, & Telegraph Works Co. 
WORKS SILVERTOWN, ESSEX] emrreps [MANUFACTURERS OF 


ee yp ety tay Springs Wal for hay oe Whed 
peuteg 3 Valves 

Insertion Sheet, ia “Seon 

VOLOANISED INDIA-B svA8 Hod fa" 


STEAM PAOKING (indie-Rubber and Canvas), in Suzers, 
Gu.venvows Lupzicarive E.astio 
nO. . Mars, ibn MAOHIN BEL damp of wet 
ULOANISED 14-RUBBER a 
description Wateryrot Hats edmond by tee atten of 4 
eta, Knee 3; Wa 


fodin rubber Oollae and Outts; Air-Proot Beds, oO 
Bottles, &o. HBONTTE (aot ain by Vinegar or Hydrochlorte or howl 





Sheeting for 
Baths, Life 
Acetic Acids).— 


= Wale Diving Drewes Sid wits (a 
ts, Gas Bags, do. 


aeticles; Syesking ‘Tuben 


Se j Beteery Odi, pt eg body DI 
—Tubing, &c., &c., &. 

FRLRGRAPH CABLES.—Indie-rubvor or atte 5 Sabmatne, Bu and Aerial ; Telegraph Insulators ; and 
Signal Instruments, Railway Blook Signals; berranean, and Aerial; Telegraph Tnealetees; peaking and 


Bells ; sls; dtoree rat kinds 
TOBPEDO APPARATUS ayant y Gene ¢ © Great Britain, United States &c.—A Complete System for Coast Defence, with 


all &e. 
Manufacturers of the PATENT LBOLANOne barriiny in ue by i M. General Pest Oflen 
Beaumont. WAREHOUSES : Street, Londen. 7831 
SEE ALSO ADVERTISEMENT (FOLIO AT FOOT) PaaE 36, Last WE WERK. 


Contractors to Her Majesty’s War Department. 
HOT WATER BOILERS, 


PIPES AND CONNECTIONS. 





warns ts Peamas 
















&c., FOR 
Gas & Water 











Hot Air Apparatus 


— ERECTED COMPLETE. — 4204 
THE LARGEST AND MOST COMPLETE STOCK IN THE TRADE, 
Catalogue Gratis. Illustrated Price Book, 15th Edition, Price 1s. 














| PATENT WELDLESS STEEL TUBES. 
==) For Boilers, Hydraulic Presses, Ferrules, Boring 
Roda Bushes, Shafting, Couplings, & other uses. 
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ELECTRIC LIGHTING 





J. G. STATTER & CO., L?- 


ALLIANCE ENGINEERING WORKS, 
WEST DRAYTON, NEAR LONDON. 


MAKERS OF 
DYNAMOS, MOTORS, 
ARO LAMPS, INSTRUMENTS, &o. 
Complete Plant for Central Stations. 


PARTICULARS & ESTIMATES ON APPLICATION. 


LONDON OFFIORS : 
Princes Mansions, 68, Victoria St., Westminster. 
Address all Correspondence to Works. 7159 





\ Hil 


[lll 


ae 


~—— { 








LONDON OFFICE: 
Billiter Square Buildings, 
Billiter Square, F.C, 


AGENCIES. 


BOULT BROS. & CO. 


Iai. Be, Vinesn a ee levee. 


Three Indian Kings’ Court, 
Newcastle-on-Tyne. 


09 Se, Sas “Se Desk, 





NEW YORK-— 
Wm. T. Coleman & Co., 91, 
Hudson Street, 


PREVENTIVE 








Old Quay Foundry, EXETER. 


SB REMOVER, “ttt w.xeeren 

DOWNIE B. I. P. CO,, _ cicoak. Ashdown & Oo... 
MANUFACTURERS OF THE H. P. Gregory & Oo 
(EUCALYPTUS BOILER FLUID, ‘ssc, mu « 0» 
seem. Meet LTWRAT, ee Pa i Adamson, Bell & Co. 


Office of the Oo,: 204, Market Street, SAN FRANOISOO, Betteley & Co. 8037 





STEAM Saree 
SEPARATOR 


K(MATTHEWSON’S PATENT). 


STtam OUTLET 
O 





mone or 


The ‘SIMPLEST and the MOST 
EFFICIENT Drier yet invented. 
The result of a long series of experiments. 


MADE IN ANY REQUIRED SIZE. 
PRICES ON APPLICATION. 


Sole Licensees and Makers: 





HYDES & WIGFULL, 


ENGINEERS, SHEFFIELD. 
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56, 57, & 58, 
HIGH STREE I, 


Helvetia” Leather Belting & Laces. 

LEATHER FIRE og 
Pump and Hydraulic Leathers, 

HIGHEST AWARD INVENTIONS EXHIBITION, 1885. 


GREAVES'S BLUE LIAS LIME 


And PORTLAND OEMENT. 


GREAVES, BULL & LAKIN 


Deliver * a “~ — on Lias eg | ® 
part or cart; 

pon past of the Kingdom a rail and boat direct 

Stockton, Wilmoote, and Harbury Works, 


Chief Offices: WARWICK. 
WORCESTER WHARF, BIRMINGHAM. 
18, SOUTH WHARF, PADDINGTON, W. 6864 


\ POLLOCK, MACNAB, 
& HIGHGATE, 


Engineers, 
SHETTLESTON, 





Depots: 












MEDAL AWARD, INVENTIONS EXHIBITION, 1885. 


THREE MEDALS 
AW ARDED. 


Sole Manufacturer for the United Kingdom 
Piston Rods, Valve 
Thousends working at the present day. 


4 





7761 





WARRINGTON WIRE ROPE WORKS 
LIMITED. 


Usap Orrice—18, GOREE PIAZZAS, LIVERPOOL 
Worss—W ARRINGTON. 
CONTRACTORS TO THE ADMIRALTY. 
Manufacture from ever oat best selected Charcoal and 


All kinds of Round and Flat Wire Ropes 
for oe Railways, Guides, Ca; 
Steam 


Picture 8, "Fen Strands, 1 ‘htning Conduc- 
tors, and all articles connected wi e Trade. 6585 


Ewen & Co. 


ENGINEERS, 


37, Walbeeck, 












GOLD MEDAL, Inventions Exhibition, 1885. 
MATHEMATICAL INSTRUMENT 





EMERY & EMERY CLOTH} 


GLASGOW. 7723] } 


“ li Victoria Foundry, Manor Road, and Burmantofts Foundry, Cromwell St., 


W.J. DAVIES &SONS 
109, WxsTon Sr., 
S.E. 7869 














SILVER MEDALS INTERNATIONAL HEALTH (i884) 
INVENTIONS (1885) EXHIBITIONS. 


For covering Steam and 


KEENAN’S 
PATENT 


NON-CONDUCTING 
if i thie, x, 9 the. per exes 


Vegetable Pulp, 5 


MATTHEW KEENAN, Scle Manufactorer, 
_ Wonks, TRESEEAR ROAD, "WORTH BOW, LONDON, E. 


sim BINNEY & SON, cin 
LEATHER MACHINE BELTS, &c. 


Patent Self-Lubricative Steam Packings. 


ASBESTOS Goons. 
Engineers’ Stores & General Mill Furnishers. 


pers, &ec. 

heat and condensation of steam. 

and effects a large 

ae labour. It is not affected 

by exposure to Weather, and is 
C) 


tor. gp Ho peor Boy vessels of 
every and in every posi- 
tion, wi a any external 
ht when dry, 














BLUE THREAD. 








City Office—62, Queen Victoria Street, EG. po 
BRANCH DEPOTS—BIRMINGHAM, GLASGOW AND LEEDS. 


J ON OAKEY W SONS, 


GENUINE EMERY, __ emery WHEELS 
EMERY CLOTH, _ forall Puposss 








eS a son ALASS PAPE R, ‘i 
LONDON, 82 § BLACK LEAD, &c. 








cer PAT EW 







NOON aoe — 
- "ANTWERP 1887 


SU BSTITUTE FOR GLASS. 
UNBREAKABLE. — WATERPROOF. 
Should be used for WS, SKYLIGHTS, and for ROOFING all kinds of 


WINDO 
BUILDINGS. In sheets, 10 ft. x4 ft; 64d. per square foot. Liberal discount. 
SOLE PATENTEES AND MANUFACTURERS, 


THE NEW WIRE-WOVE ROOFING CO., Limited, 


164, QUEEN VICTORIA STREET, LONDON, E.C. 
(Opposirz St. Pavuu’s Station). 





PATENT BRICKMAKING MACHINERY. 
THOMAS C. FAWCHTT, 











LHUuDs. 
Steam Presses, Pugmills, Solid and Perforated Bottomed Olay Pans, Clay Rollers, Clay Mixers, and Sleves 


BOILERS, ENGINES, MARINE AND 


STATIONARY. 
SHAFTiNG AND MILLWR' 








Of all Sizes. 





AND |B 


saving ir. fuel | B& 


Liquer Boilers, Steam Cop- | 77a 
Pipes, 
It prevents the radiation of | Iie 


only sag non-conduc- | i 





And at Liverpool, 165, Gt. Mersey Street. 


See Experiments, ‘‘ Engineering,” 2th May, 1889, 


page 599, and 14th June, 1889, page 664. 8077 


TUCK’S PATENT PACKING 


For Steam Engines, India-Rubber Valves, &0. 











Lomsor 1118, Carson B., B.O. Livanroot: 42, Omapas 
OCanpirr : 108, Burs Docxs. Worus: Laupprn. 


9 | THE PATENT ANHYDROUS LEATHER C0. 


PORTSMO TH, Contract 
anufatturers of A oe a Wi forpneets 
Leather Belting, Hose, “ates equa (Wausprood 
(a 











Short Cut Oak-Tanned Strap Butts and Strap- 
ping for Home and Export, sewn either with Thread, 
ong, or Wire, or Cemented and Riv: only. 
Corton, Fuax, RUBBER, anp Ha.veria Bevtine, GREEN 
LEATHER, &. Main Dri Belts any width, 
and to transmit any required H 
N.B.—All “‘ Waterproof * Goods are Stamped with 
our pa Trade Marks, without which none are 
nuine. Established 1360. 7484 


SrMerz..iIk’s 


PATENT EVAPORATORS, 


For producing Fresh Water for Marine Boilers, 
FITTED WITH AUTOMATIO WATER FEED, 


FRESH-WATER CONDENSERS. 
FEED-WATER HEATERS, 


For Land and Marine Boilers, 
Sanctioned and Approved by Board of Trade. 


PATENTSE AND MANUFACTURER, 7674 


SAML. SMILLIE, 71, Lancefleld St., GLASGOW. 








DRUMS AND runs » 








‘London OMiee ; 24, QUEEN VICTOMA STREET, E.C.—illustrated Catalogues Free. | 752 
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PURE & SOFT WATER ssrévon weeawe mace 


The ONLY ACCURATE ONE 
BY USING THE For Weighing Goods whilst being lifted. 10 cwts. to 100 tons. 


66 HOWATSON 99 CONVERTS ANY ——— A WEIGHING CRANE. 
SYSTEM. 











RESULTS GUARANTEED. 








Over 100 now in Use. 








TRA DEH 








NO MOTIVE POWER REQUIRED. 








For further information apply to 7781 


F.D.& A. RK. BROWN, \sam: DENISON & SON, 


I, wena eaatndi CHAMBERS, VICTORIA ST., S.W. ATLAS OUNCE LEEDS. 7800 
CHARLES CHURCHILL & ©C.. aan 


AMERICAN MACHINERY IMPORTERS, 
21, CROSS STREET, FINSBURY, 


London, H.C. == 











ul thu — 


Pe ‘= 






> ee nd ae 


SELF CLEANSING 
F | LT E R 


40000 GALLONS 
OF WATER PER HOUR 


HALLIDAY &Co 
WATER S'ASHLEY LANE 
MANCHESTER [eal 








The only Packing used by the Executives of the Royal Jubilee Exhibitions at Manchester & Newoastle, 1887; 
Highest Awards, Edinburgh, 1886 ; Newcastle, 1887 ; Saltaire, 1887. 


|" gece ENGINE PACKING 


Genuine Frictionless Engine Packing will in future be known as 
ELECTRIO-FRICTIONLESS. 


—— i] (t needs no oil or tallow. It will stand any pressure of 
Its romans properties 4 


never 
os chars, ba The Buyer has the satisfaction 
It suits Hot & Cold Water. | of using up all. 


STI Price 2s, per lb, Sond for Cireulars & Testimonials. 


CAUTION.—Beware of Imitations. Nene Genuine without 
this Trade Mark on each Coil. 














Steam or degree of heat. 
It never Melts or Burns, 











Sole Proprietors and Manufacturers : 


The Frictionless Engine Packing Co., 


CABLE MILLS, GLASSHOUSE STREET, 7454 


OLDHAM ROAD, MANCHESTER. 
ee i 
“SJ Recwrenen Traps Manz. ESTABLISHED 1881. 









E —— a ror g 
EOE. = > ——s 
—— ae SS: x - i <= ——— 


BRAINARD'S NEW &-INCH MILLING MACHINE 
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Two Gold Medais, London International Health Exhibition, 1884, 


FRESH WATER F ROM SEA WATER. 


ath Shi and Land Stations, 
nOO te to 18080 ons (68, (8000 litres) per day. 
Ph 8 Improved Patent Condensers, teed to yield, per 1 ton of coal, 28 
tons, or 6100 gallons, of Fresh Water, which as it flows from the apparatus, is clear, cold, 
ay em | agreeable, and equal in ‘taste and ap to the best river water. 
rmandy’s Improved Patent Condensers for Steamers will produce water of above 





quality when worked with the Greasy Steam from the Main Boilers, and at same time also 
pee Fresh Water for feeding these Boilers, to replace that distilled and otherwise lost, 
thus avoiding the expenses and trouble due to the accumulation of Soa/e in the Boilers. 
and of preparing steam 8 grentaly for distillin 3 

The weight it of Fi Fresh Water produced is either equal to, or 76, or 126, or 166 per cent. more 

than the Boiler 8team consumed “2. above Condensers, depending on kind of 
Condenser ect 5 er 800 = a ee have been supplied to Her 
Majesty's and over 900 to the German, ussian, Portuguese, Spanish, Dutch, 
Turkish, Brazilian, Ch oePoat ht , and Argentine Governments. 6 Royal Mail Steams 
Packet Company, te valle 
many others for ships, and on era in various parts of the world. Apply to 6898 


NORMANDY & Co., Custom House Station, Victoria Dks., London, E. 








=< 2 ae 


TOWER SPHERICAL 


LAUNCH ENGINES 


Are the Lightest and Most Economical 
High-Pressure Engines made. 


HEENAN & FROUDE, 


MAN ORES Tr ElEt. 





7127 





AY Ag < \ \ 
AXON 





YY KY YS ECHR 


{oe 8 career im 
1 een ithe 








Effects an enormous saving 
in time and ne and taps. 











Mail Steamers, the Cunard Royal Mai! Steamers, and | §) 


LLOYDS. ; FANS 


For BLOWING 
EXHAUSTING 


Ne VENTILATING 


| “7 © PRIZE MEDALS 


\ “LLoyD: DAVIS 
» 64 SUMNER S? 


Exhaust Fdn ~ Lonoon 8 E 


BROWN, BAYLEY’S LEY’ STEEL WoRKS 


SHHFETHLD. 


MANUFACTURERS OF 


STEEL TIRES, AXLES, & STEEL FORGINGS. 


RAILWAY SPRINGS OF ALL KINDS, 
SPHOIAL GUARANTEED SPRING STEEL 


For Railway, Locomotive, Carriage and Wagon, and also tor Road Van, Dray and Lurry, &o., Springs. 


STEEL PLATING BARS for SHOVEL MAKERS 
STEEL SHOVEL AND PLOUGH PLATES, AND STEEL SHEETS, 
PLANISHED STEEL BARS FOR SHAFTING, 
ROUNDS (UP TO 6 IN. DIAMETER) AND ROLLER BARS. 











7308 
LONDON OFFICE: 1, QUEEN VICTORIA STREET, E.C, 





NEPTUNE FORGE, CHAIN, ANCHOR, ENGINE AND BOILER WORKS 


JOSEPH WRIGHT s.C° 
TIPTON.= 


SOLE MAKERS OF THE — KNOWN IMPROVED SELF CANTING 


MARIIN Ss AN CHOR 


ADMIRALTY AND COMMERCIAL PATTERNS. 






=== TESTED UP TO 


FROM 100% 
SOLID IRON INGOTS ABOVE ADMIRALTY 
PROOF. 


WITHOUT WELDS. 


soe Makers or eA 1. SPECIALBEST BEST J.W&CO(Recistenco Brann) 


CRANE__CHAIN 


CHAIN CABLES 





MADE BY SPECIAL WORKMEN FROM IRON OF SPECIAL eset 
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AGENTS wANTEHD 
At home and abroad in districts unrepresented 
gle, forthesalect 0 ¢ 








ATEROLINE is a pertect | OLIVOLINE’ » apale ne non- 


Oil; is tree foom acid 5 | Sas rs more durable thas any 
made to suit all 
aie ashore and afloat. 





pub Gas ally Cnet of 


PRICE FROM 3/- PER GAL. maeres 
Quotations for Lubrica on. 
SPECIAL TERMS TO SHIPPERS. 


DUNOAR, WaTsom & 00., Sole Manufacturers, 
nn, New 04> Br. L LONDON, E.0. 








Draw » ton 179, Hudson awry: Len Decks, Bo Sourm SAIELps. 
and Stores. ) Zsommorcial Bldgs. Floodgate &t BIRMINGHAM 


Maintenance of Permanent Way. 


BAIL LIFTER. 


Simple, 

L&. Handy, Powerful 
a — Ly Aa 
a 




















De Eergue’ . ~wormeae mupeeves 

EAXrrt: cE“ El Et. 
For Particulars and Price apply to 770) 

DE BwWNRGUA 2 Ooo., 


Strangeways Ironworks, MANCHESTER. 








J. DONA ALD & SON, 
42, CADOGAN ST., GLASGOW. vm 





a 
rep ern 


mo< 





 =2"°C ><rmirmocm 





i SIMPLEX 











LEAD |HAVMill 


FOR ROOFS, SKYLIGHTS, AND HORTICULTURAL WORK. NO SPECIAL CONTRACT REQUIRED. 
NWO ZINC, IRON, OR PUTTY VUSHD. 

Any Quantity Supplied. | Over 500,000 superficial feet in use on 1,600 Structures. 

WRITE FOR ILLUSTRATIONS, TESTIMONIALS, AND FULL PARTICULARS (SENT POST FREE). 8079 


GROVE & GOO., Ld., Engineers, &., Britannia Works, Wharf Rd., City Rd., OW DON, IN. 


ROBERT ROGER & CO., ‘"Senier*™” STOCKTON-ON-TEES. 


FOUNDRY, 


STEAM AND — CRANES OF EVERY DESCRIPTION. 


STEAM AND HAND WINCHES. 
Ships’ Capstans, Pumps, Steering Gears, Water-tight 
Doors, &c., &c, 


DONKEY FEED PUMPS. 
Horizontal & Vertical 


STEAM ENGINES and 
YAGHT ENGINES. 
SOLE MANUFACTURERS OF 
PEPPER'S PATENT 
‘STEAM STEERING GEARS, 
b AND MAWLAM’S PATENT 7823 
RAILWAY TRUCK COUPLERS. 


Illustrated Oatalogues on Application. 


GRICE. GRICE 4SON, . 


MAN age URERS Or 
SEAMLESS 5 ah ae CE ORC @ 
MARINE - & peube NSE ap 
ras: LUBES 















































\\\ 


AK 


N 


si 


ES Ss 
SEAMLESS cor FA|s 
CARTRIDGE 


BLANKS TUBES 


}BES,ORNAMENTA 


“Bp Ss SHE ee St! 
| nM IUNGAAN 


A NUNEATON 


7935 


Ly Wh 





ANN 




















Friction on Couplings and Fr Friction Pulleys 
| TO TRANSMIT UP T0 1000 HP, 


CHEAPEST and BEST 
in the Market. 


} >):200 000 Hp. IN USE. 


ILLUSTRATED CATALOGUE containing Simple Rules for Transmission of 
Power by Ropes, Belts, Shafts, and Wheel Gearing, POST FREE. 


J. BAGSHAW & SONS, 


BATLEY, Y ORKSHIRE. 


SAMUEL OSBORN & CO., 


SOLH MAEERS OF 


- MUSHE'T’sS 


SPECIAL (SELF-HARDENING) STEEL 


Brought out 20 years ago, and still maintains its superiority over all imitations. It is the 

BEST STEEL yet produced for Lathe, Planing, Boring, and Slotting Tools, Milling and Nail 

Cutters, Countersink and Twist Drills, Machine Taps and Dies, and Hot Punches. No 

twisting in hardening; no watercracking; easy to forge, file, or tool; and machines may (and 

should) be driven at speeds and feeds far in excess of any that can be used with any other Steel. 

Crucible and Siemens’ Steel Castings from a few ounces to I6 tons each; Best Tool oe 
Files, Saws, Hammers, &c., &c. 










7264 


























JOHN COCHRANE, Encinsr 


CLYDE STEEL & IRON WORKS, SHEFFIELD. 








June 28, 1889.] ENGINEERING. 








Dredgers & Excavators 


(SINGLE OR DOUBLE CHAIN SYSTEM). 


THE KINGSTON PATENT 


Has numerous advantages over other Bucket Dredgers, and is 
the Best and Cheapest Machine in the Market. 
SUPPLIED TO VARIO 


Governments, Harbour Boards, Corporations, Coal 
Companies, Contractors, &c., &c. 


ROSE, DOWNS, & THOMPSON, 


RSE, MULE, 
AND 76, CORTLANDT ST., NEW YORK. 
g ESTABLISHED 1777. 7966 

THREE GOLD MEDALS Awarded their Machinery. 


DAVIS & PRIMROSE, 




















ETNA IRONWORKS, BANGOR ROAD, LEITH, N.B. 


Improved Bevelling Machines 





for SHIPS FRAMES. 


IMPROVED DOUBLE-ACTING STEAM HAMMERS. 718 
PUNCHING AND SHEARING MACHINES, SHIPBUILDERS’ AND BOILER MAKERS’ MACHINE TOOLS, éc. 


PATENT 








CANNON STREET IRONWORKS, 
SALFORD. 


FRICTION CLUTCH 










THE CHEAPEST | i 
AND 
BEST IN THE MARKET. 


SEND FOR PRICE LIST 
AND DESORIPTION. 


Extensive Stocks “ 


Engineers to Bleachers, 
Calico Printers, Dyers, 
Finishers, &c. 1076 




















Great Variety 


Of Heavy Sized 
Every description Flehats Choqneved 
and Section of Z Tank 
Malleable Iron, J eawee. 
including Large Z Quotations and 
Round, Square, Z —— appli- 
and Flat Bars; p 
Heavy Sections of Z Pronrptly 
Girders, Tees Z Executed, 
Angles, &c., &e. Oonnmaroxpmcs 


R Laidlaw &Son 


ALLIANCE FOUNDRY, 
GLASGOW. 





LONDON OFFICE: 


6, Little Bush. Lane, Cannon Street, £.0, 


TELEGRAPHIC ADDRESSES: 


“‘ Laidlaw, Glasgow.” | “‘ Laidlaw, London.” 














R. LAIDLAW & SON, 


Gas and Water Engineers, "ise 








cours | Allianog Foundry, GLASGOW. 
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IRON WORKING 
MACHINERY. 





CRAIG & DONALD, 
J sheila caisaow. 


Shipyards, Binder ‘and Boiler 
Works, also tor Rolling Mills, 





WENSLEYDALE 
CRINDSTONES. 


The Wensleydale Gritstone is unequalled. 
GRINDSTONES OF ALL SIZES AT REDUCED PRICES. 


A LARGE QUANTITY ALWAYS IN STOCK. 


Blocks for Engine Beds and Building Purposes, 


Price Lists and Samples free on application. 


The WENSLEYDALE GRINDSTONE C0, 
RICHMOND, YORKS. 8057 











¥« the Blackman, at a moderate 
\ speed, to do work which, if 
done by any other appliance 


i Stee 
The BLACKMAN VENTILATING CO., Ld, 
68, FORE 8T., LONDON, E.C., & BRANCHES. 








Ni 


Sill 
RICHARD KELL & Co., Grindstone Manufacturers, 
NEWCASTLE-ON-TYNE, 
BSTABLISHED 1784. 
Grindstenee can be made by hand labour er turned 
true by machinery as preferred. 7014 






CHEAPEST, SIMPLEST, 


— AND — 


MOST ECONOMICAL. 


At the Society of Arts Trial of Gas Engines 
THE “GRIFFIN” ENGINE 


was Awarded a 















DICK, KERR & Co. 


Londen Show Room: 76 QUEEN viororta sv, £,0, Double-Acting Horizontal Engines 
Manchester Agent: GEORGE SIMPSON, 45, Cross Btreet. From 1 to 20 Horse Power, 
WORKS: BRITANNIA ENGINEERING WORKS, KILMARNOCK, N.B. 

— ALSO SOLE 


MAKERS OF — 
KERR’S PATENT PORTABLE RAILWAY AND ROLLING STOCK. 






SEE FORTNIGHTLY ADVERTISEMENT IN THIS PAPER. 7846 














THE HANOOOK 


¥ ESI 
i i wy 
. ey 7 %, 
s. mi 

F 
wir ” 

» : 
ar 
1879. 


“ne ~=S5s- [90,000 IN USE. 
























Pump and Injector for F all Olasses of 
covtenel a ee and Reliably. ‘ 
No Adjustment, , Bh yea | Foods through Heaters 
I 2 — 
Draws Water at 148°. 4 ae Oan be used as a Pump only. 

k All Bises Lift Water 25 ft, iid 7 No Valves or Wearing Parts. 
Delivers to Boiler up to s13°| fj va P| 0 be examined instant 
msriMaTue FoR FLxING| HM A ea 
to start in good working order, re © OLD SWAN WHARF, STATIONARY 
and all information en appli- UPPER THAMES STREET, PATTERN. 

cation to— WATER LONDON, E.C. 














FRANCIS BERRY & SONS, 


SOWERBY BRIDGE, ENGLAND, 
Makers of Improved Lathes; Planing, 8 , Shaping, Drilling and Sorewing Machines; Portable Universal Radial Drill 
Esochng, Shearing, Angle zn: aed Shar Gog Mosuat Gorey tod Bal Being, Machine, Ral Seong and Edie 
Cutting Hot and Cold Iron, Rivetting Machines, Steam Hammers, Hydraulic Presses, &o. 
OONTRAOTORS TO THE BRITISH AND FOREIGN GOVERNMENTS. Ustablished 1832, 


Ai ' 





RY & SONS, 
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Mi.) FORREST T zs SON, 
SHIPYARD, WYVENHOE, ESSEX, AND NORWAY YARD, LIMEHOUSE, LONDON. 
Ship, Yacht, and Boat Builders in Wood, Iron, or Steel. 














12 PRIZE MEDALS. 





Contractors to the Admiralty, War Department, Indian Government, Crown ahah Jor the Colonies, Foreign Governments, dc. 


YACHTS & LAUNCHES BUILT in WOOD, COMPOSITE or STEEL. STERN WHEEL STEAMERS & BARGES in SECTIONS or PIECES. 
GENERAL REPAIRS OF ALL GLASSES PROMPTLY EXECUTED. LAUNCHES AND ALL KINDS OF BOATS ALWAYS ON STOCK. 22 


ALEX. NICHOLSON & CO., Crow we: Boiler _— GLASGOW. 


MAKERS or ras HIGHEST 
CLASS OF 


Land, Marine, and 
Multitubular 


BOILERS 


With Rivet Holes 
Drilled in position, 
and a Be done 
SPECIAL HYDRAULIC 

MACHINERY, 7s 


aoemeeiiad 























MEASURES BROS. & 00,, 


SOUTHWARK STREET, LONDON. 


ROLLED “sree JOISTS & GIRDERS. 


RIVETTED GIRDERS, FLITCH PLATES, FIREPROOF FLOORS, CAST OR WROUGHT 
COLUMNS, STANCHIONS, TEE, ANGLE AND CHANNEL IRON, RAILS, 
BOLTS, CHEQUERED PLATES, é&c. 


Have now in their TOWN Stock 5000 tons of Iron Joists, 3 in. to 20 in. 
deep, Plates, Angles, Tees, &c. Also 2000 tons of Steel sana 
3 in. to 16 in. deep. 


Prompt Delivery at lowest Market Prices. Section Sheets and Estimates on application. 


HIGH- CLASS MODERN MACHINE TOOLS 


Oy ALL DESCRIPTIONS AT MODERATE PRICES. — 
Wheel Cutting Machine, to cut Wheels up to 18”x 3”. 





,{UOPUoT ‘semnsvey,, 
—ssorppy ommdersoyoy, 


Telephone, No. 4,586. 















Lathes, Bolt Forging, 
Drilling, . Screwing, 
‘Senin in Wheel Cutting 
Planing, : 
: Punching 
Slotting, AND 
Boring, Shearin 
no Daieeais 
Milling “chia 
Machines. Tool Holders 


Wood-Working and Screwing 








Machines. Tackle. 
= From Tanauet Copyright Catalogue. es oe 
TANG WES’ “MAOHZINE TOOT co. ILI ar. 
LONDON: 85, Quamn Viororta Srauer. NeWOARTLES Pek tt | aot » a eeren: Seem GLASGOW: AnerLs Sraunr. 


VEITCH WILSON’S 
LUBRICANTS. 


REGISTERED 
"W4VW FOVUL 





REGISTERED BRANDS 
SPERMOLINE. 
—POLAR OIL, 
———-ALBION OIL, 
———— LANCASTRINE.—— 
CLIMAX OIL. 

















Veitch Wilson’s Lubricants 


For Oylinders and Valves of Land 
and Marine Engines. 


Veitch Wilson's Lubricants 


For Crank Shaft and other Bear- 
ings of all Engines. 


Veitch Wilson’s Lubricants 


For Engineers’ and Machinists’ 
Tools and Shafting. 


Veitch Wilson’s Lubricants 


For Oollieries, Iron Works, Mines, 
and Quarries. 








Veitch Wilson’s Lubricants 


For Bleachers, Dyers, Printers, and 
Oalendrers, 


Veitch Wilson’s Lubricants 


For Saw Mills, Flour Mills, and 
Agricultural Machinery. 


Veitch Wilson's Lubricants 


For Cotton and Woollen Textile 
Machinery of all kinds 


Veitch Wilson's Lubricants 


Are absolutely Safe, Anti-Oorrosive, 
Non-Gumming. 


Veitch Wilson's Lubricants 


Are Efficient, Durable, and Econo- 
mical, 


Veitch Wilson’s Lubricants 


Are manufactured solely by— 


PRICE'S PATENT 
CANDLE COMPANY, L* 


QUEEN ST., BRADFORD, 


MANCHESTER 


whom may yr 


Garis © Paper on a Li 





SAMPLES AND PARTICULARS 
may also be obtained from 7826 


GREIG & LOLY, 
39, SEETHING LANE, E.C, 








x 
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JOHN & HENRY GWYNNE 


ENGINEERS, 
Hammersmith Ironworks, & 89, Cannon St., LONDON. 


“INVINCIBLE” PATENT 
CENTRIFUGAL PUMPS 


FOR ALL PURPOSES. 


The Best and Cheapest in the Market ; most Efficient, 
Simple, Durable, Light, and Strong. 






The only Pumps that 
SWIVEL 
on the Bedplates. 





Branches of above Pump can ie laced as shown by 
following diagrams, or at any intermediate position. 


oe 





7844 



































~ MOSELEY'S PATENT 


rai Fo 


S ITS OWN S. 


Valve 


eT i 





SOLE MAKERS AND LICENSEES, 


ALLEN HARRISON, & CO. 


CAMBRIDGE STREET fvonus, 
BM AN OC EZ sx =z. 
Unequalled for Simplicity, Durability, and Efficiency. 
DESCRIPTION: The shell is bored and forms the 


spring on ring. 
—_ it to the shell, thus forming pertect face j joi. it 
Rooping | wants closing (not oweulng erick ace Jota in 
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Schiele’s Patent 
Compound Exhaust 
and Blowing Fans 

for all purposes. 

Ship Ventilators. 
Fans for Forced 

Draught. 

Schiele’s Patent 
Colliery Ventilating 
Fans up to 350,000 
cubic feet of air per 

minute. 











COLLIERY VENTILATOR. 








Schiele’s Patent 
‘Excelsior ’ Noiseless 
Blowing Fans for 
Smiths’ Fires and 
Cupolas. 

Give better results 
than any other Fan 
in the Market. 
Write for Catalogue No.1, 


Special Fans for 
Buildings, Chemical 
Works, Milling 
Machinery. 


(C. SCHIELE & CO.), 


FANS. 


Ship Ventilators. Air Propellers. Fans 
for Forced Draught. 


TELEGRAPHIC ADDRESS: 





“SCHIELE,” MANCHESTER. 


7962 














UNION ENGINEERING CO, 


2, Booth Street, Mancheste2. 
SCHIELE’S PATENT BLOWING AND EXHAUSTING 


























MITCHELL’S EMERY WHEEL CO., 


MILL STREET, BRADFORD, MANCHESTER. 
BBE ES WEBEL S 2 MACHINES. 
F Machine, complete, with two 12 in. diameter Wheels, as per illustration, Price £7, 

Machines complete with Wheels, from £2 58, up to £50, 7811 
ILLUSTRATED AND PRICED CATALOGUES POST FREE ON APPLICATION. 

















ink STEAM ROAD 


oP i - 





|AVELING & PORTER, Rochester. 


y or shut. 
For RAM or HYDRAULIC CRANIS il is unrivalled when 
Worked by a lever. . ‘7874 
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VAUGHAN SON ; MANCHESTER 







Engineers and Machinists, 


30, 32, & 34, Rotherhithe St, 






The Platform Engineering Works, 


(Facne THR River, NEAR CHERRY GARDEN Prep.) 


IMPROVED HAND-WORKING TAPS 


JOHN H. WIDDOWSON 


6 at Sir J 
(i years, mews SS ‘oseph 


ENGINEER, Manufacturer of Sorewing : 
ade ee 
Britannia Works, Ordsall Lane, Salford, 
MANCHESTER: 8027 
Paton Liers Fass om APPLicATiON. 














IW ET 1. TE. Es Ee. S$, Home, Colonial, or area 
TEE VERY Bes. =a 


FLOUR MILL MACHINERY 


Which the world can produce can be had from 


E.R. & F. TURNER, lPsWicn, 


82, Mark Lane, LONDON, E.C. 


Telegrams :—“GIPPESWYK,” IPSWICH. 








ROLLS, PURIFIERS, CENTRIFUGAL REELS, &. & 


In Design and Construction, PERFECT. In Price, the CHEAPEST. 


Millers & Merchants should ask at above address for prices before placing their orders; B. R. & F. Turner 
are experienced Manufacturers, and can supply their wants in best manner at advantageous prices. 


otativiclrgenc 1% asa tn SHEFFIELD, 














Manutacturere of all kinds of 4 mmm Manufacturers of all kinds of 
Blister, Shear, Spring > \ Wrought Iron, Lap-welded 
snd Oast Steal. 2 and Batt welded TUBES 
= 2 = "ia description, 
FILES, SAWS, &e. 


FITTINGS, &e, Also 


HOWELL’S PATENT HOMOGENEOUS } METAL AND CAST STEEL TUBES. 


SPECIALITY { cotter covteh Tui 








* | SPRI 


W. a OLDHAM. 








HODGKINSON & CO.’S 


Hat's | HAND-MADE PAPERS 


Drawings, Specifications, Account Books, &c. 


The most suitable for Engineers and others. 7870 


\ gil» | OAN BE OBTAINED THROUGH ALL STATIONERS. 


{STEEL JOISTS. 





MEASURES BROS., Southwark &t., 


Can now supply Steel Joists of various 
sections and of guaranteed quality. 8002 


10hp. PORTABLE STEAM ENGINE 


Excellent Second-hand ; has new fire-box and tubes. 


8 hp. PORTABLE STEAM ENGINE 


Second-hand ; of recent construction, equal to new ; 
has link motion reversing gear. 


5hp. PORTABLE STEAM ENGINE 
Second-hand; has all recent improvements, like new. 


Apply—BARROWS é& CO., Engineers, 
= ANBURY, OXON. 8018 


WB. cna il Pitoh Obain fo for Sewn Fe Drivers. 


=f COU PLI NGS. 
J. WHITTINGHAM, 
STRONG STEEL PITCH 


CHAIN 
Victoria Iron Works, Hedon Rd., HULL. 7929 
Established 25 Years. 

















NEWARK-ON- TRENT, 


EVERY TYPE Lange Stock 


VERTICAL VERTICAL 
BOILERS, BOILERS 


From 1 to 201.HP. ALWAYS READY 


40 lbs. to 150 Ibs. FOR 
Working Pressure. Immediate Delivery. 


7986 


COPPER-COATED TUBES. 
ABBOTT & 00, 











R. WAYGOOD & CO. 


MANUFACTURERS OF 


RICE MACHINERY, 


SUGAR MILLS, 
COFFEE MACHINERY, 


HYDRAULIC PRESSES, 


OIL MACHINERY. 


LIFTS & CRANES 
For Hand, Steam, and Hydraulic Power. 





APPLY FOR ESTIMATES & CATALOGUES. 





WORKS AND OFFICES: 7716 


Falmouth Road, London, §.E. 
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DAVEY, PAXMAN & CO., ENGINEERS, COLCHESTER. 


ee o D: P. & co-Ss HNGINES 























Are the most ECONOMICAL, EFFICIENT, and DURABLE of any in the Market 
[a Cae NEWCASTLE TRIALS, July, 1887, 


Tl i t After Competitive Trials open to all mak 
| i D. P. & Co. ieee ene anuied on 


THE ONLY PRIZES 


Offered by the Royal cul- ff 
tural Society of "England hs 
"e)| fer Steam Engines, viz.: 





/ Beat Comrouxs Por? 
ABLE ENGINE 


-_— 


7m i FOR ‘ ‘vl 
ah inal ee Bust Sincie-Ovuiwpee fii ee 


p 
, : MAKERS OF 


Semi-Portable Engin ‘ ‘., 
om Semi-Fixed deny & Boilers 
AA Horizontal Engines \ 


eee OO 
7 Vertical al Hoisting ee and 
gines and Boilers 


ac: | Horitoutal Winding Engines 

j Ganpeund Portable and Semi- 
Portable Engines 
Compound Semi-Fixed En- 
“a | Soe ae nn wadung, | IMPROVED LAN 
<1 CASHIRE BOILER, Showing Paxman’s Patent Boiler Flue, 
* 4 | Capt Lance and ther with Strengthening and Expansion Joint. 

Norsz.—D. P. & Co. have very extensive Boiler Works, fitted up with all the latest and most 
improved Machinery for this special class of work. Particular attention is paid to every stage of 


work, and nothing but the very beat materials used. Standard sizes of Boilers always in progress, 


Portable Engines with Dynamo 


at’ 
Vieeas Engines with Dynamo 
Ht P a 
Hl E Tandem Compound Engines, 


The “ESSEX” PATENT VERTICAL BOILER. Catalogues, Price Lists, Photographs, and Specifications sent post free on application to 


DAVEY, PAXMAN & Cco., Engineers, Colchester. 
Ee NES SCorr & Co. 


NEHWCASTLIE-ON-TY NE, 


MARINE, ELECTRICAL AND GENERAL ENGINEERS, — FOUNDERS. 


. SOLE MANUFACTURERS OF 
x 


(ees. ) TYNE DYNAMOS & ARC LAMPS. 


my 
be 


























ESTIMATES ON APPLICATION FOR 


ON te) > Electric Lighting and Power Plants | 
%e . JX of all descriptions. ; 





ESCO WHITE ANTI- 


FRICTION METAL, best 
in the market. 





HEAVY & LIGHT 
Gun-Metal and 
Brass Castings, up 


Bp to 10 TONS WEIGHT ; 





, with Engines. Marine and Launch Engines or all sizes. 8025 
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BROADEBENTS 


HYDRCO-EXTRACTORS. 


Direct Steam Driven. Suspended on Links. 
No Shafts or Belting required. And 
requiring No Foundations. 


MANUFACTORIES, DYEHOUSES, LAUNDRIES, 


CHEMICAL WORKS, SUGAR REFINERIES, Ke. 


SiNMmDpD FOR CATALOGUE. 


THOS. BROADBENT & SONS, 


CENTRAL IRON WORKS, vats 


- Chapel Hill, HUDDERSFIELD, England. 


Tolegrams : “ BROADBENT, HUDDERSFIELD.” 


Meredith : Patent MULTITUBULAR VERTICAL BOILER 


DPBSCRIPTION. 

The Meredith Boiler belongs to the now well-knewn t; of Boilers in which Horizontal Tubes are 
employed as heating surface in a vertical cylindrical shell, by means of which the advantage of economy 
of — due toa Vertical Boiler is combined with the efficiency of a Tubular Boiler. 

A special feature in the Meredith Boiler, and which is covered by the third claim of the Specification 
No. 64585, is the arranging of the Horizontal Tubes in two groups over the furnace, 80 as to radiate from 
the combustion chamber, in the manner illustrated in the res, especially in Fig. 3. 

This divergence of the Tubes leaves an open space above the crown of the furnace, thereby facili- 
i) tating the ascent of the globules of steam from that part of the Boiler which forms the ‘region in which 
they are most rapidly generated. A result of this arrangement is the entire absence of priming under 
<a; any foro = sad in which these Boilers have been worked. 

The Heating Surface of the Meredith Boiler is greater by from 20% to 40% than that of Boilers of a 
similar type, owing to the facilities provided for increasing the length of the horizontal tubes, which 
Seed project beyond the shell of the Boiler into the smoke box, as illustrated in Figs. 1 and 8. 

For the Meredith Boiler, in addition to the above- named special advantages, may be 5 claimed all the 
ordinary advantages belonging to this type of Boiler, oe as economy of space, tubes easily swept, and 








































easily cleaned. i RS Roo 
Irasmna Ritay Bros,, STOCKTON-ON-TaRs Stockton-on-Tees, 25th November, 1887. 
Fig. 3. Dear Sirs,-The M Meredith Patent Boiler which you supplied to us has been at work about tweive 
SOLE MANUFACTURERS months, and we are glad to say has me pee us great satisfaction. We cannot speak too highly of its merits 
el AND LICENSEES, as a steam generator, y in fuel, and can ae —— a — one of the 
re2 best Boilers we know of, Yourstruly, For MOOR STEEL AND I Ltd. 
Cuas. J. iad Gonenal aa. 
RI LEY BROS, , Perseverance Boiler Works, STOCKTON-ON-TEES. 
PRICES ON APPLICATION. 7567 








O° COLONIAL MACHINERY. 


(S sucar, SALTPETRE & FARINA PANS, SUGAR MILL MACHINERY, 
CORN & OIL MILLS, 





LIGHT WROUGHT-IRON OR STERL PIPE LIN ES, RIVETTED OR WELDED. 


SPECIAL T]® : 


Wills’ Patent Automatic Equilibrium 


CUT-OFF VALVE GEARED ENGINES, 


- ATLAS, FIRMINGMARL” FROM 6 TO 100 HP. NOMINAL. 14, Gt. qhothemes Apostes E.¢. rr 


Special and ABC Codes usei. 





sie 4 
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CRANES & LIFTING MACHINERY 


OF ALE DESCHRIYP TIONS. 


JOSEPH BOOTH & BROS., ee LEEDS. 














@=s Those Cranes can be seen at Work (amongst other places) at the Tower Bridge Works, and at the Sewage Outfall Works at Crossness, “aQ 
Telegraphic Addresses—‘‘ CRANES,” RODLEY ; “ASUNDER,” LONDON. 


General Agent: A. E. W. GWYN, 9, DUCKSFOOT LANE, CANNON STREET, LONDON. 7524 


PLANING MACHINES. 


HETHERINGTON & CO., Ancoats Works, MANCHESTER.™ 


ISAAC STOREY & SONS, 


— BRASS FOUNDERS, —— 


Knott Mill, MANCHESTER, 


























Make a SPECIALITY ot 


“coats m- GUN-METAL CASTINGS 


BABBITTS’ PATENT For ENGINEERS, SHIPBUILDERS & MACHINISTS, up to 
ANTI-FRICTION METAL. TWO TONS WEIGHT. 


JOHN |. THORNYCROFT & CO. 


Steam Yacht and Launch Builders, CHURCH WHARF, CHISWICK, LONDON, W. 


sous in Russia—R. RUNEBERG, Bureau Vega, Liteinij pr., 57, Bt. Petersburg. 























eee See on 
VACHT a THORNYCROFT’S 
C S - as PATENT 
vA fe Screw Propellers 
LAUNCHES | ~ Mate fo a 
For Sea or River | ene SSO A 
Service, from ete. esndin or 
25 to 250 feet jumammmae DONALDSON’S 
in length, and jaime PATENT 
Speeds from 10 | ark tering Gear 
to 27 knots per TORPEDO BOATS AND QUICK 
hour, 2 : ie STEAM YACHTS AND 
‘ TORPEDO BOAT “ARIETE” FOR THE ROYAL SPANISH GOVERNMENT. LAUNCHES. 
— Ot Length, 147 ft. 6 In.; Beam, 14 ft. 6 In. Draft, 4 ft. I in. Speed, with all weights on board, 26 knots per hour. ewes (CY seem 





Trae FASTEUST VESSHT IN Tee WoOomRtLD. bees 





Ns 
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Hydraulic Engineers J. T y LO : & S 0 N S Sanitary | Engineers 
AND 
Brass Founders, s Pump Makers, 

















PATENT POSITIVE WATER METER. d, Newgate Sirest, LONDON, E. G. J. TYLOR & SONS’ 


GUN-METAL GLOBULAR FIRE VALVES. 














—ALSO MANUFACTURERS OF— ~ 


Pumps, Pumping Apparatus, Fire Engines, Hydrants, Fire Valves, Water Posts, Street Watering Apparatus, Fittings for Waterworks Mains, Air 
and Water Valves, Sluice Valves, Ball Valves, Serewdown Taps, Water Closets, Urinals, Lavatories, Baths, Patent Waste Preventing Closet Cisterns, 
Patent Waste Not Taps and Supply Valves, Soda Water Machinery, Diving Machines, Steam Fittings, Salinometers, and Fountain Jets, 700 


DREDGER for the ENSENADA HARBOUR WORKS, 6 0 
Shipped from Holland, re-built at destination 
mee - THOMAS FICGEE & GCO., 


Constructors, HAARLEM, Holland. 
BUCKET & SUCTION DREDGERS, 


OF ALI SYSTEMS. 


SEA-GOING DREDGERS, 


Making the voyage out to every port. 
DISMOUNTABILE DHREDGEES, 


For shipment and re-fitting at destination. 


= PATENT SYSTEM of forwarding Dredged Material to considerable distances. 


: = ELEVATORS, EXCAVATORS, HOPPER BARGES, 


AND ALL GENERAL DREDGING PLANT. 7979 

































== Send for the New Illustrated 
= Handbook of 


mee ~©=—- CRANES, DREDGERS, &o, 
a J. JESSOP & SO 


LEICESTER, ‘s° 


Patent Steel Lock 7" —: Steel Fish Bolts. 1s coup amepaus) om’ ano, pa, TNE » ADELAIDE, So. 


Cannot be disturbed by Vibration. Great Saving in Maintenance. Melbourne Exhibition, fone MEDALS for Sion, Mon Saw, Stel Joints, > iad 
ABSOLUTE SEOURITY. i880—8I, oreman, 








Appliances, &e, 


\IBBOTSON ~s 


i | | AND COMPANY, LIMITED, GLOBE STEEL WORKS, SHEFFIELD, 
+ i Manufacturers of 

— STEEL OF EVERY DESCRIPTION. 
STEEL FORGINGS, AXLES, pod nmr SPRINGS OF ALL KINDS, 


Files (Hand Cut only Tools, and Patent 
Automatic oad Coup Buffers. 


A. B. Ibbotson’s Patent Steel Lock Nuts, and Steel Bolts, Railway Fastenings, &.,&c. [jj 
TRBOTSON'S WROUGHT IRON AND STEEL BUFFERS, 
GEORGE TURTON’S BUFFERS. 


LONDON OFFIOE: 4, WESTMINSTER OHAMBERS, VIOTORIA STREET, 8.W. 











~ 
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TRAUTWINES 
CIVIL ENGINEER’S 
POCKET-BOOK. 


**Beyond all question the best 
antadh manual for the Engineer that 


as ever — .”—GrorcE L. vou, 


‘Without doubt it has proved itself 
to be the most useful handbook in the 
language for the Engineering Profes- 
sion.” —Hngineering and Mining Journal, 
Aug. 25th, 1888. 


% 


JOHN WILEY & SONS, New York. 
E. & F. N. SPON, London. 
7880 








[2dia Rubber Products— 


For Textile and Chemical Manufacturers, Engi- 
aeere, Contractors, Dyers, Paper Makers, Millere, 
&c., &o. 

Also for 
Steamship, Railway, Telegraph, Agricultural, and 
other Technical purposes, are exclusively and actually 
manufactured by the 
NORTH BRITISH RUBBER COMPANY, LIMITED. 
Manufactory ! 
OASTLE MILLS, 18, EDINBURGH. on 
1 
Moorgate | Street, London. 


warebooee{ 6 6, Charlotte Street, Manchester. 
& 16, Oewald Street, Glasgow. 


THE “DIFFERENTIAL” POSITIVE 


WATER-METER 


COMBINES THE 


Advantages of the Inferential & Positive 
eters hitherto in use. 


THE LONDON WATER-METER CO., LTD., 


Offices: 2, Chancery Lane, London, w.c. 














SMITH’S CRANES 


Shunting Crane, as sup- 
plied to Steel Works. 












QUICK-SPEED CRANES 





London Agents: Hy. HUGHES & Co., 85, Gracechurch 8t., E.C. 
Telegrame—" ‘SMITH, RODLEY;" “ FUBE, LONDON. - 


THOMAS SIMmr©€s:, 
STEAM CRANE WORES, 7450 
RODLEY, nz. LHEDS. 


WEIGHING MACHINERY. 
Clio ll 
le Iron 


Vindoor sted, 
gS 
wakediie. ae 


Tele. Address—‘* WEIGHING, MANCHESTER.” 








M FPUMPS 


TEAM PU 
84 &85 Wuitecross STREET 
LONDON.E.C. 


Williams, Peckett, & Williams, 
SUBMARINE ENGINEERS & CONTRACTORS, 


Have had great experience in all kinds 

4 Underwater \ ~ Comorenned Air 

or reck an ock Wor senting, 
and Cylinder Sinking, 


nad &c. 
—— ESTIMATES FREE, 8075 


Devon Chmbrs., 2, Arthur St. West, London, E.C. 














SAND-SPREADING MACHINES 


FOR ROADS AND TRAMWAYS. 


(Garrett’s Noiseless System.) Introduced in 1880. 


Awarded GOLD MEDAL and ‘FIRST SPECIAL,” 
Melbourne Exhibition, 1888. 
Upwards of 70 Machines supplied to different Corporations & Companies. 
FIRST-CLASS REFERENCES. 


RICHARD GARRETT & SONS, 
LEISTON, R.S.O. sre 


meee NO.BIRCH & CO. 


Merchants & Engineers, 
40, Chapel Street, LIVERPOOL. 


































Representative Catalogue of Machinery, Ma- 
chine Tools, & Engineering Materials, Price 10s. 6d. 


‘* A complete compendium of engineering requisites.’ »—Engineering. 


‘ A remarkable quarto Catalogue, illustrated with engravings of almost every known tool 
enema in engineering, manufacturing and other works, and outside them and a large 
‘*quantity of machinery, materials, appliances, and stores of very diverse kinds.”— The 

ee 

“*« One of the most comprehensive and neatly got up Trade Catalogues that has come under 
‘ our notice for some considerable time.”—The Marine Engineer. 

‘*Without doubt it is the best Catalogue of the season both for completeness, good 

“ arrangement, and excellent printing.”—/ron Trade Circular. 


‘‘ Railroads and Rolling Stock.” a Catalogue giving cost 

of Plant and Material for Portable, Light and Main Lines, to which is added 

a chapter on River Steamers Bn Craft; also Dredging Plant. 
Is 


‘* This is one of the most complete Catalogues of its kind ever brought to our notice. The 
‘* articles are clearly described, the illustrations are numerous, well selected, and for the most 
‘‘ part original, and the instructions as to the proper method of ordering materials froma 
‘* great distance are 1 ited by a very voluminous telegraphic code. Prices are given 
‘* throughout serving asa guide for purchasers | as torelative cost. The book is of course 
‘** chiefly forthe use of those ata iderable distance from any manufactory, and in these 
‘« distant and generally sparsely populated regions the use of the lightest and most portable 
‘‘ railroad plant is advisable. The whole subject of portable and light railroads is therefore 
“treated in a comprehensive manner ; and many new and hitherto little known special appli- 
‘* ances for light railroads are illustrated.’ ’'—The Railroad Gazette of New York. 7897 

























PHOSPHOR 





YOHdSOHd 


Sealed 
LE 
2 % 
5 , 
P > 
wee f, | N [ r 


DURO METAL 
FOR BHARINGS, SLIDE VALVES AND PUMPS, &o. 
Beware of ‘Imitations, and specify the “Cog Wheel” Brand of 





THE PHOSPHOR BRONZE COMPANY, Limited, 


87, SUMNER STREET, SOUTHWARK, LONDON, S.E. ms 











Managing Director 


THE LEEDS FORGE COMPANY, 


“es. LEEDS, sas 
e ——_—_—_—s ~ 


a: Marine Boiler == 
Flanged to 2 





Furnace for 










meet Tube Pilate’ 
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EASTON & ANDERSON, L'? 


LONDON & ERITH. 
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DEEP WELL. 
















_ MANUFACTURERS OF 


PUMPING, DRAINAGE, & MILL ENGINES, 
HIGH-SPEED ENGINES | 


L FOR 


Dynamos, Centrifugal Pumps, and Ventilating Fans, 
COMBINED ENGINES & CENTRIFUGAL PUMPS. 


BOILERS. 


HYDRO-PNEUMATIC & OTHER GUN CARRIAGES. 


HYDRAULIC LIFTS AND PRESSES. 
HYDRAULIC AND STEAM CRANES. 
WATER WORKS, &c. 


FIRE SERVICE & HEATING APPARATUS 


FOR ESTATES AND PUBLIC BUILDINGS. 
ANDERSON’S PATENT REVOLVING WATER PURIFIER. 


LEEDS PATENT FILTER. 


PAPER AND SUGAR MACHINERY. 
CAISSONS AND DOCK GATES, &c., &c., &. 


et GY. 























YMG: “Yyy Yy Wy —— 


Yj, 


7 











OFEHIC ES - 
38, WHITEHALL PLACE, S.W. 


Telegraphic Address: “Egyptian, London.” Telephone, No. 3695. 

















ANDERSON'’S PATENT STORAGE RECOIL 
MOUNTINGS. 



















é 


> N — p 
en, oe - ee 
ANDERSON’S PATENT BALANCED GINES—VARIOUS SIZES, 920 


ee, 
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HATHORN, DAVEY & CO., LEEDS. 








ECONOMY OF STEAM. 


Davey's Patent High Duty Differential Steam Pumps 
PUMPING ENCINES. 














DEFINITE LENGTH 


SIMPLICITY OF PARTS 
OF STROKE 


AND A HIGH 
AND 


DEGREE OF EXPANSION SMALL CLEARANCE 


WITH SPACES, 


ECONOMY OF STEAM. WITHOUT ROTATIVE 


MECHANISM. 








a 


SINGLE-CYLINDER [55 "| 7 | 5) COMPOUND 
ENGINES, faa"... [2 ENGINES, 


THREE TO FIVE FOLD 





TWELVE TO EIGHTEEN 


EXPANSION. FOLD EXPANSION. 


AV, P?=8-3 





7836 





HATHORN, DAVEY & CO., LEEDS. 
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PREVENTION BETTER THAN CURE. 


eA 


COMPACTUM’ Patented SPECIALITIES. 





Before ordering ECONOMISERS, FEED HEATERS, DISTILLERS, 


or EVAPORATORS, write for Circulars, Details, and Prices, 


TO THE UNDERSIGNED. 





AVOID use of IMPURE or SALT WATER in BOILERS. 


The attention of Shipowners, Engineers, and all Users of Steam Power is respectfully directed to the very important matter below: — 


20, Billiter Street, London, 
Messrs, John KrrKawpy, Limited, November 6th, 1888. 
40, West India Dock Road, London. 

Dear Sirs,—It gives me pleasure to report that the ‘‘Compactum” Feed Make-up 
Machine, fitted by you on board the s.s. Bayley, in June, 1888, has performed 
satisfactorily throughout the voyage just concluded; it has made pure fresh 
water with the eels that the boilers are in perfect condition, and do not require 
repairs of any kind. No salt secre fl ‘eed has been put into the boilers, nor 
has the donkey boiler been used for the production of fresh feed water necessary for 
them, as was previously the custom; and I can recommend this apparatus as a really 
reliable machine, and one requiring no attention after starting—the salt water being 
admitted to it automatically as the fresh vapour is withdrawn. 

Yours faithfully, 
(Signed) THOMAS TODD, 
Consulting Engineer to C. C. Barton, Esq., owner of the Bayley. 





&.S. “ALGOMA.” 
Bombay, 8th February, 1889. 
Referring to the Kirkaldy’s ‘‘Compactum” Patent Feed Make-up Apparatus, I 
beg to say that I had no difficulty nor was there the least hitch in getting machine 
properly to work. It works steadily every day and gives a constant stream of fresh | 
water for boiler feed. 
Yours tr 


uly, 
(Signed) D. O'CONNOR, Chief Engineer. 


Report from 8.8. “OKA,” Constantinople. 


Messrs. J. KirKAtpy, Limited, London. 5th March, 1889. 


Dear Sirs,—Your Feed Make-up, or ‘‘ Compactum,” has worked fully up to expec- 
tations. We have NEVER USED THE ORDINARY (SALT) FEED, the ‘‘Compactum” 
being quite capable of maintaining the proper water level in the boilers. It is easily 
managed, and when once set takes very little looking after. I am very pleased to 
give such a good report, for Iam sure my boilers will be much benefitted with feeding 
with pure water, and should reduce the boiler cleaners’ bills to a very great extent. 

Yours truly, 


(Signed) P. DOUGLAS, Chief Engineer. 


The CLAPHAM STEAMSHIP COMPANY, LIMITED. 


9, Dean Street, Newcastle-on-Tyne, 


E. Perry, Esq., Newcastle. March 20th, 1889. 


Dear Sir,—I enclose you herewith the report of our chief engineer, with respect to | 
the Kirkaldy’s ‘‘Compactum” Feed Water Heater fitted by you on board our s.s. Gem. 
The results justify us in giving you another order for our 8.8. Dalegarth, now fitting 
out, and we shall probably decide to adopt the system generally, should the results 
already obtained be proved by further trials. 

Yours trul 





(Signed) G. E. MACARTHY, Manager. 


The CLAPHAM STEAM SHIP COMPANY, LTD.—Continued. 


The following are the results obtained on passage out as against previous voyage :— 
Present Voyage. 
Without Heater. With Heater. 

150 lbs. 155 Ibs. 
i a 25 in. 26 in. 
Temperature of water in hotwell 120° 160° 
9 * entering boiler 150° 220° 
Number of revolutious per minute ... 58 59 
Average distance in 24 hours... 219 knots. 220 knots. 226 knots. 
Fuel consumed in tons per 24 hours... 134 & 14 tons. 13 tons. 124 tons. 


Taking the round voyage, which is the best test of the consumption, the present 
average has been 12.8 tons per day of Welsh and American soft coal. The previous 
voyages made an average of about 14 tons. When under banked fires and raising 
steam it saves the boilers considerably. After each run, I find a deposit of grease at 
bottom of heater, which of course would have gone into the boilers, The inside of 
boilers was very clean when opened out. 


Previous. 
Without Heater. 


158 lbs. 


Average steam pressure maintained... 
eo 25 in. 


Average vacuum 


Report from the ROSTOCKER-ACTIEN GESELLSCHAFT. 


Rostock, 28th September, 1888. 
We beg to report that Kirkaldy’s ‘‘ Compactum ” Feed Water Tasos, fitted to 
the steamers Betty, National, Platessa, and Therése Horn, have given good results. 
The saving in fuel was 4.96 to 5 per cent., which may be saved by the engineer’s 
abstracts. The Feed Water was raised to 100° Celsius (212° Fahr.). 
(Signed) The Rostocker-Actien Gesellschaft, fiir Schiff-und Maschinenbau, 
H. E. JOHNS, pp. E. GRIEFAHN. 





ROSTOCKER-ACTIEN GESELLSCHAFT, fir Schiff-und Machinenbau. 


Rostock, 16th November, 1888. 
Messrs. J. KtrKALDy, Limited, London. 
Please supply, by 15th December certain, four ‘‘Compactum ” Feed Water Heaters 
of exactly the same size as before ; also two ‘‘ Compactum ” Feed Make-up Machines. 
(Signed) THE COMPANY. 





Further Report from the ROSTOCK SHIPBUILDING COMPANY, 
per A. VON BIPPEN, Esq., Hamburg. 


k ; Hamburg, 11th January, 1889. 
Messrs. J. KtrKAupy, Limited, London. 


Dear Sirs,--I saw yesterday the Chief Engineer of the Rostock Shipbuilding 
Company, for whom you have orders on hand, and for whom you have already made 
= ‘‘Compactum ” Live Steam Feed Water Heaters. It is with great pleasure that 
I can inform you of his being very satisfied with your machines, as he previously re- 
ported, with details, on 16th November, 1888; this also applies to your Feed Make- 
up Machines made for the same Company.—Yours truly, 

(Signed) ARNOLD VON BIPPEN. 





The above have been supplied to all the principal Engineers, Shipbuilders, and Ship and Factory Owners, and to the 
British, Italian, United States, Spanish, and Chinese Governments. 


ECONOMY, 


DURABILITY, FREEDOM FOR OVERHAULING AND EXAMINATION UNEQUALLED. 


All Steam Users should have FEED HEATERS and EVAPORATORS fitted; they will soon recoup the outlay by increased duty of Boiler. Scale will not adhere to 
the Tubes, on account of the expansion due to construction and difference in expansion between the metal and scale. 


CANNOT GET OUT OF ORDER. 


TAKES UP LESS ROOM THAN ANY OTHERS. 





JOHN BRIREFALDY, LTD- 


Engineers and Government Contractors, and 


Specialists in Water Distilling and Heating, 


40, WEST INDIA DOCK ROAD, LIMEHOUSE, LONDON. 


ON THE ADMIRALTY List. 


Telegraphic Address : ‘‘COMPACTUM, LONDON.” 


Telephone No. 5094. 


And PARIS EXHIBITION, Stall 625, British Section. 


“ONILVAH-UAAO LNANOASNOD PUP TIVOS MOIHL OL ANG SHOVNUNA JO ASAVTIO9 4° NOISOTAXA Jo YZONVG FAVS Pu’ SYNIHOVW ASAHL ASA 
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Paris Exhibition, Stand No. 243, British Section. 
Hi E U CS I GS E The Most Powerful 
Artificial Light Invented. 


(PATENT STEAM LUCIGEN | PORTABLE, LUCIGEN. 


























































(PROTECTED BY ROYAL LETTERS PATENT.) NO SPRAY, SELF-CONTAINED. 


os a | SIMPLE. NO MACHINERY, PORTABLE, 
ECONOMICAL. NO TUBES TO CHOKE.|} CONTINUAL. 


NO TUBES TO CHOKE. 
NO BURNER TO CRACK, CONTINUAL. NO BURNER TO GRACK.| ECONOMICAL. 
NO SPECIAL OIL. RELIABLE, 


NO SPECIAL OIL. RELIABLE. 
THE PORTABLE LUCIGEN requires no air compressor, boiler 


THE IMPROVED STEAM LUCIGEN is worked by a jet of steam carried to | 
or other machinery, it is therefore entirely self-contained 


the combustion chamber 
in any convenient man- 
b and readily portable. 

ner, and superheated by THE PORTABLE LUCIGEN gives a light of about 2,000 candle 
power, and burns common Tar Oil, Creosote Oil, ‘Shale Oil, 

or Petroleum; it does not require a special oil and is 

consequently the cheapest light in the market. 

THE PORTABLE LUCIGEN is specially ny septic cable for use on 

» Railway Sidings and Quays, in Docks, Shipyards, Graving 

Docks, Collieries, Mines, Contractors’ and Builders’ Works, 

and at all out-door jobs where no steam is available. 


WITHOUT SPRAY, 





the flame produced; the 
heat of the flame also 
converts the oil used into 
e gas burned, and 
thereby entirely prevents 
all waste of oil, and 
obviates the production 
of any spray whatc ver. 


THE IMPROVED 
STEAM LUCIGEN can 
be recharged with oil 
while burning, so the 
light is continual 
without interruption. 











BS WITHOUT SPRAY. 



















The Lucigen Light is produced by burning 
samme Creosote Oil, Tar Oil, Crude Petroleum, or other | | 
4. heavy Hydro- Carbons, by means of Compressed f\\\!\)/'}),')) 
mee Air, in a special form of Lamp, termed : (Tal 


ro a “THE LUCIGEN.”? 


CHEAPEST AND BEST LIGHT 


Adopted at the Forth Bridge Works, by Tancred, Arrol & Co.; 
The Tower Bridge Works, by John Jackson, Contractor ; 

| Woolwich Arsenal; The Works of the Principal Railway Companies; 

Also by Sir W. G. Armstrong & Co., Ltd.; J. Mowlem «& Co.; 

| Brunner, Mond & Co.; Peto Bros.; and other leading Engineers, Contractors, 

Builders, Steamship Owners, Shipbuilders and others. 


ILLUSTRATED CATALOGUES AND EVERY INFORMATION ON 
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Mm | 
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PAGE STREET WORKS, WESTMINSTER, 





op Lv m a> 
Be oa PAGE ST. WORKS, WESTMINSTER, s.W, Sau 














JOHN CAMERON'S SPECIALITIES |= 
conmmue TORS STH AW PUMPS 


See PEGE SOP ot ORE eee ee glasses 
any of his imitators, 10,000 SOLD 


1 Params OAW «a T.EIW EE 


Punching and Shearing Machines 
As ased in all the principal Shipbuilding Yards (public and private) throughout the Werld, 


ALWAYS READY OR IN PROGRESS TO ALL SIZES. 
~ OLDFIELD ROAD IRON WORKS, SALFORD, 
MANCHESTER. 


For London and District: PRICE & BELSHAM, 62, Queen Victoria Street, E.C, 7027 
For Newcastle and East Coast: E. BECKWITH & CO., Bonnersfield, Sunderiand, 
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, Double Cylinder 


16 HP., indicating 80 HP. 
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COST OF wWwOREKING GUARANTEED: 


1; los. of Anthracite Coal (converted into Dowson Gas) per HP. indicated per hour. 


‘CROSSLEY BROS., LTD., MANCHESTER. 
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GOODWIN, JARDINE & Co., Ltd. 


Bridge Builders, Engineers, Iron and Steel Founders, 
MOTHERWELL, NEAR GLASGOW, N.B. 














ACCIDENT CRANE AS coenet res INDIAN STATE RAILWAYS. | ACCIDENT CRANE AS CONSTRUCTED FOR INDIAN STATE RAILWAYS. 
MAKERS OF 


CAST IRON SDLHEHPEHRS, CAST TRON CH ATRS, 
COLUMNS, TANKS, INGOT MOULDS, & GENERAL CASTINGS, 


| STEAM CRANES, IRON ROOFING, & General Structural Work, 


SIEMENS AND CRUCIBLE STEEL CASTINGS, 
STEEx. EOUNDRY, ARDROSSAN, AYRSHIRE. 

















MANUFACTURERS OF 


a 





COATBRIDGHEH, N.B., 


Guaranteed to pass the Admiralty and Board of Trade tests, 











IRON AND STEEL 





GOODWIN, JARDINE & CO, L?0: 





GOODWIN, JARDINE & CO., Lid 


MOTHERWELL, COATBRIDGE, & ARDROSSAN, N.B. 


“COATS, COATBRIDGE,” “GOODWIN, ARDROSSAN,” 











Telegraphic Addresses :;—“GQODWIN, MOTHERWELL.” 
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GREENWOOD & BATLEY.L” 


AT:BION WORKS, DHHDS. 


ENGINEERS AND MACHINE MAKERS. 


MACHINISTS TO THE 
BRITISH WAR AND NAVAL DEPARTMENTS, The Council of State for India and the Principal Foreign 
Governments. Makers of — to the British Admiralty. 


ENGINEERS’ 


sag gp SENERIL & SPEC TOD 


ELECTRIC LIGHTING PLANT. The \ gawau we FOR ALL PURPOSES. 
“LEEDS” DYNAMO, « : = TESTING MACHINES 


an = == For Iron, Steel and other Materials. 
ARMINGTON-SIMS PATENT STEAM &—— cea 
ENGINE, ARMINGTON- SIMS PATENT STEAM enarn, Machinery for Treating Waste Silk, 


OIL MILL MACHINERY pecially for Dyuamo Det China Grass, &c. 


PRINTING MACHINERY. Sewing 
Machines for Boots, Saddlery, &c. 

For Crushing all kinds of OIL SEEDS 

and NUTS, with high yield of oil and 


Small GAS BLOW-PIPE FURNACES for 
Economy of Labour an Engine Power. 




















Speciality in Machinery for the Manu- 
facture of MUNITIONS OF WAR. 










Hardening Tools, &c. 


FLOUR MILL MACHINERY 


Improved Roller Mill Plants. Sole Makers of 
Buchholz’s Patent Belt Roller Mills. Wheat 
Cleaning Machinery. Smutters. Centrifugals, 
ressing Reels. Purifiers, &, 





ESTIMATES AND PLANS ON 
APPLICATION. 





SORES API [es ‘SUN PATENT FLATEN 
» an - . * 
MACHINE. BOONOMIO” OTL, MILL PRINTING MACHINE. 


To Orush 34 to 4 tons of Seed per 12 hours. 


London Office—16, GREAT GEORGE STREET, WESTMINSTER. 
PARIS OFFICE : 85, RUE DE ROME, BOMBAY ACENCY: F, W. SHALLIS, 9, MARINE STREET, ™ 











 bebh i 2 eo 


‘GALLOWAYS 


LIMITED, 


MANCHESTER, 


HAVE UPWARDS OF 


60 STEEL BOILERS 


Of Var 


READY FOR IMMEDIATE DELIVERY. 


thee 

















OWN 


GALLOWAY’ BOILER | 


30 FEET x 8 FEET 
WiLL DRIVH OV HER 


500 HORSE POWER. 
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SAVING OF' 


HMS.CALLIOPE | 


“Tf the Engines held out we were safe: 
If anything went wrong with them we were done for,” 


CAPT. KANE’S REPORT 


NOTHING DID GO WRONG 
WITH THE ENGINES, 


WHICH 


WHERE PACK HD THROUGHOUT 


BELL'S — 
PATENT ASBESTOS 


PRICE LIST FRHH, AND FULL PARTICULARS ON APPLICATION TO 


BELL'S ASBESTOS __S— souTHWARK, 


q = 5 aa 5 SF 
COMPANY, Lro. :<ggeemMime? LONDON, SE. 


BELL'S ASBESTOS. 


Branches: MANCHESTER, LIVERPOOL, HULL, BIR 
D bee j mt bo N avomm ve 






































—— 





MINGHAM, GLASGOW, 


CYN 1788 
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BELL'S ASBESTOS 
PACKING 















Under this registered title are included the inventions of Mr. Field, and experience 
has proved them to be the MOST EFFICIENT, DURABLE, and ECONOMICAL 
PACKINGS ever made. They constitute such a combination of Asbestos and India- 
rubber as secures the maximum of elasticity and heat resistance, and they are, therefore, 


UNEQUALLED FOR EVERY KIND OF ENGINE. These Packings are being 


universally used by most of the leading Steamship Companies throughout the world for 
ordinary Compound, Triple, and Quadruple Expansion Engines of the latest type. The 
Packings are composed of rolled Asbestos Cloth, but the India-rubber is placed in two 


forms to suit various cases. 





ow IN ORDERING STATE WHETHER SQUARE OR ROUND REQUIRED. a 





Illustrated Priced Catalogues, with WanePasee Petiementinig from Leading Firms, 


BELL'S ASBESTOS oe COMPANY (LTD) 


SOUTHWARK, «- + “~~ LONDON, S.E. 


DEPOTS—MANCHESTER : Victoria Buildings, Deansgate. LIVERPOOL: 2, Strand Street, James 
Street. CARDIFF: West Bute Street. BIRMINGHAM: 7, John Bright Street. HULL: Humber 
Dock Basin. GLASGOW: 35, Robertson Street. 1788 
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A FEW FACTS ABOUT 


STANDARD SIZES 


MATERIALS, he, $ —* (i, be & | 
WORKMANSHIP, ON “an é SY | 
Wr MILLIMETERS, 





XXX 











IN 






AND | 
DESIGNS ARE Se a | AND GUARANTEED 
OF THE HIGHEST TO DO THE 
i INJECTORS von 
SPECIFIED. 


STANDARD. 


| 








20,000 ARE WoOREKING, 


FEEDING ALL GLASSES OF STEAM BOILERS WITH WATER. 


70 HALL’S INJECTORS“=NOW WORKING 
ON THE MANCHESTER SHIP CANAL. 








We have had one of your Injectors IN USE for about 
TEN YEARS; HAS GIVEN US NO TROUBLE, and seems 
INDESTRUCTIBLE; it is doing as well now as ever. 


Glasgow, July 14th, 1887. H. WALLACE & CO. 





Your Injector has now been in use ELEVEN YEARS: 
we have had no trouble whatever. BUT HIGHLY 


SATISFACTORY. 
J. & T. WEBB. 
Store Street, Manchester, May 30th, 1889. 





ENGINEERS, STEAM USERS, AND COLONIAL MERCHANTS 





should specify for these Injectors only, as they are simply perfection in their operation, and work with a greater variation 
in pressure than any others. They are suitable for all classes of Boilers, and can be erected and worked without skilled labour, 


AND ARE NOT LIABLE TO GET OUT OF ORDER. 





PATENTEES AND SOLE MAKERS :— 


FAIRBURN & HALL. (crn) § ta nang, MANCHESTER, 


TELEGRAPHIC ADDRESS: “INJECTOR, MANCHESTER.” 
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J. COPELAND & CO., 


Engineers and Boiler Makers, Pulteney Street Engine Works, Dobbie’s Loan, GLASGOW. 
THE FOLLOWING ARE SPEOIALITIES: 


SUGAR, RICE, & FLOUR MILL PLANTS, ICE-MAKING MACHINES, 


trey he 1 


“ VULCAN,” GLASGOW. aa GENERAL sient. an cr teases WwonrR =z. he 35t 


sasapl for Oil Refining and Chemical Purposes, also General Plant for Steel and Ironworks, Distilleries, de, 


London Agents: JAMES REID & CO., LEADENHALL HOUSE, !0!, LEADENHALL STREET. ——— 

















GAS:-SITREET “BROAD STRE EF 
BIRMINCHAM 
MANUFACTURERS OF 


moh a OTS 


Steam & Water purposes 
SCREWED E Ss LAP WELDED IRON & STEEL BOILER TUBES 














Advantages. Advantages. 








GUARANTEED LOCKFAST. DIFFERENTIAL GRIP AND 


LOCK COMBINED. 








ABSOLUTE SECURITY. 








U Nor, showing Projecti INIMUM WEIGHT AND MAXIM 
aie CAUSE. RUST: BINDING. AND velorebeing prowedintoWut at Manuhctory, y saa, cea. me SCREWING AREA. " 





COMPETITIVE TESTS PROVE IT THE 
MOST EFFICIENT & CHEAPEST. 


AUTOMATIC UNSCREWING 
IMPOSSIBLE. 





CAN BE APPLIED 


CAN BE USED ANY NUMBER 
WITH ORDINARY SPANNER. 


OF TIMES. 





BAYLISS, JONES, & BAYLISS, ea seniiememnen 


cones OFFICES, SHOW & "TEBTING ROOMS: I39 & /4l, i AS STREET, E.C. Tes 


JOHN MARSHALL & SONS, 


GLASGOW TUBE WORKS, GLASGOW 


MANUFACTURERS OF 


LAPWELDED IRON BOILER TUBES 




















FOR MARINE, STATIONARY, AND LOCOMOTIVE BOILERS, &e. 7108 


WROUGHT IRON AND STEEL TUBES OF EVERY DESCRIPTION. _ 








BRICK MACHINERY 


By heise ALI. OLAYS. 
reduced, for the HIGHEST QUALITY 


oe meen forty et PLABTIO PI PRESSED oD BRICKS. nay aOR THE KILN. i a ths MOST MOST *ROONOMIOAL, PRINGIPLE, 
SUCCESSFULLY WORKING IN ENGLAND, AUSTRALIA, NEW ZEALAND, AND NEARLY ALL PARTS OF THH WORLD. 
OBTAINED THE THREE HIGHEST AWARDS AT THE ADELAIDE JUBILEE EXHIBITION. 
OBTAINED FIRST-CLASS AWARD MELBOURNEA BXTBISITION. ™ 


BRADLEY & CRAVEN, Westgate Common Foundry, WAKEFIELD. 
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| A SPECIALTY. MERRYWEATHERS TRAM EN- 
GINES, on several years’ working, show 

PERMANENT WAY INSPECTOR’S 
STEAM c AR 20% to 40% greater saving in cost of main- 
(See “ ENGINEERING,” be 28, 1887.) tenance and repairs than any other make. 











7722 


MERRY WEATHER & SONS, "examin 'ss"”"” LONDON. 


THE FARNLEY CORRUGATED FURNACE, 
FoR HIGH-PRESSURE BOILERS. 











Address 


The Farnley Iron Company Limited, 



























Farnley, 
LEEDS. 
SAFETY IN COAL MINES. ECONOMICAL IN WORKING AND LABOUR. 
NO NOXIOUS FUMES. SAVING GOST. 


THE ROBURITE EXPLOSIVES COMPANY, Ltp., 


108, CANNON STREET, LONDON, E.C. Works: GATHURST, near WIGAN. ™= 








THE WESTINGHOUSE 


AUTOMATIC HIGH-SPEED ENGINE. 


OVER 5,000 NOW IN USE FOR ALL PURPOSES. 





SENTINEL TRIPLE-EXPANSION AUTOMATIC HIGH-SPEED ENGINE. 
The Sentinel Quadruple-Expansion High-Speed Engines. 


ALLEY & MACLELLAN, 


SOLE MAKERS FOR EUROPE & THE COLONIES. 
THE MOST RELIABLE AND ECONOMICAL ENGINES FOR ELECTRIC LIGHT. 
Consumption of Water 20 Ibs. per I.H.P. by certified tests. 


General Sales Agents: JAMES EDWARDS & Co., 15, Holborn Viaduct, London, E. ©. 
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DUPLEX POWER gy @@PUMPS 











FROM A PHOTOGRAPH OF A PAIR OF PUMPS 14 in. DIA, 24 in, STROKE, 


ESTIMATES AND DESIGNS FOR PUMPING MACHINERY for ALL PURPOSES 
FURNISHED ON RECEIPT OF FULL PARTICULARS. 7004 


SS. OWAT7 ESTs ce Coe... 


HYDRAULIC & GENERAL ENGINEERS, WHITEFRIARS STREET, LONDON, E.C. 


oy ARKE, CHAPMAN, N, ead NS Sap 


of the 


CLARKE - a WINDLASS. 
THE ONLY wine WITH 4 es RIDING SPRING BRAKES. 











RIDING A= SPRINGS. RIDING a SPRINGS. 


CH 


a UPON-TYNE. ; 


CONTRACTORS TO THE ADMIRALTY. 
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THE CLAY CROSS CO,, 


Manufacturers of PIG IRON, GAS AND WATER PIPES, TANKS, otha yg STANCHIONS, AND CASTINGS 
FOR GAS, WATER, AND SEWERAGE WORKS, COLLIERIES, ENGINES, PUMPS, é&c. 


WoREsS: CLAY CROSS, NEAR CHES TEREIELD. 


=== THLEGRAMS: “TACESON, CLAY CROSS. 7612 
London Offices and Exhibition Rooms: 63, QUEEN VICTORIA STREET, E.C. (opposite Mansion House Station.) BECK & OCO., Ltd., Agents, 


PRIZE MEDALS received from every Exhibition at which our Machinery has been Exhibited: LONDON, 1851; PARIS, 1855; SOOIETY OF ARTS, 1855; LONDON, 1962; DUBLIN, 1866. 


wW™ MUIR & @O., BRITANNIA WORKS, SHERBOURNE STREET, MANCHESTER, 


Man UFACTURERS oF 























KUIn'S ger HOLLOW Ps a. ALFRED MUIR’S PATENT MILLING CUTTERS, capable | Special Brass Finishers’ Lathes, with pour nee ane seatan’s Potent Rolktole Beiiling Machines, tes Boiler 
Chasing arrangement, d Boiler Flue Rings. 





poe ed 2 he Capstan or eo for aa je, at| Guide Sorew 
a} e rate 
Ung FAvany ERGVICS VRRPIOML « BORIDOMEAL | ALTERS MURS YATET OVAL BOUR nd QIROTLAR | Four Fath readin an ee some 
ve n- 8 

Soailien, te Esies, Lalani: Gee ieee |e gs ™ Power Lathes, 6 in. to 72 in. centres, all desoriptions. | Plate Bdge Planing Machines, 

Engineers. HURE'S PATENT UNIVERSAL MILLING MACHINES, | Hanson’s Flanging Machine, for Flanging Rings of Cage, Sekar Or SENS Cotnanee, Armour Plates, 
PA REAMERS, for truly finishing Taper and | with two Spindles—one to work Vertically and the he Flues. 

Parallel Holes. other Horizontally. s Patent Rivetting Machines, mackie for ome Machine Makers, 

W. M. & Oo. have in their extensive STOOK ROOMS, or in progress (AT MANOHESTER sas asian tne col Uiotglieas 8 tho chavs meitek ee whi meral demand. 7060 


in ge 
LONDON ADDRESS.—2, WALBROOK, E.C, 


the ACME” GOVERNOR gas 


NOTICE.—We are now granting Sole Agencies for Countries, 























= Towns, and Districts, to responsible Firms. f> 

ze of Pipe. Price. 

When applying, please state the District desired. fin. | £3 5 

- 95 3 15 

A 45 4 5 

1} ,, 415 

ere 5 10 

23 5, 8 0 

3, 9 0 

33 5, 11 10 

— “il HORIZONTAL FORM. yl 14 10 

“A> WITH ORDINARY “DPD.” This form of Governor can be fitted with any es = : — 
VALVE BOX. of the other forms of valve box shown hereon. 7 - 27 0 “©.” with STRAIGHT VALVE Box. 
NOTE.—In all forms either branch may be used as the inlet. Bs 32 0 ; 





























= a ~ BROWETT, LINDLEY, & 00k MANCHESTER 


eres Se SE Ne 


STON, ROCTOR & 


20 BUDCE ROW 
x cannon 51 LONDON 








tes = i Wa (Cag) 
LIC CS i meni! e. 4: Seensd 
Niel OF INSTALLATION 


IEGONOMY: IN FUEL€ 
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WAREHOUSES: 


London—90, Cannon Street, E.C. 
Liverpool—63, Paradise Street. 


Albion Tube Works, Birmingham. 
Coombs Wood Works, Halesowen. 


James Bridge Coil Works, Wed- ™®\ WF ; 7 === Manchester—44, n Mera 4 


LLL dd lili 


FLUSH JOINTED TUBE. 


TRADE L&L MARK. 


SWELLED JOINTED TUBE. 


TRADE L&L MARK. 


WROUGHT IRON 
uP TO 4 FT DIAS 


SPIGOT AND FAUCIT TUBE. 


fas, Water, Steam, and Galvanisec and Galvanised Tubes & Fittings, 


ALBION TUBE WORKS, = 
WILLIAM ARROL and CO., 


Engineers, Bridge Builders, and Contractors, DALMARNOCK IRON WORKS, GLASGOW. 


New Tay Bridge, Dundes, Arrol’s Patent Hydraulic Riveting Plant. 
Forth Bridge Works, South Queensferry. Hydraulic Machinery, Cranes, & 


ih 
i i My Nm 


nd 


wail 
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HUDSWELL, CLARKE & CO., 


BRATZ: WA. DW rooMN DRY, LeaEnD Ss. 
a Telegraphic Address: ‘LOCO, LEEDS.” 














Established 1860. 





“LOCOMOTIVE “TANK ENGIN ES. 
FOR MAIN OR BRANOH RAILWAYS. 
Contractors, Ironworks, Collieries, &c. All Sizes and to suit any gauge of Railway. 


PRICES, PHOTOGRAPHS, AND FULL SPECIFICATIONS ON APPLICATION. 





SOLE spon abit Or 


RODGERS PULLEYS. 


REGISTERE 
WROUGHT IRON _TPHROUGHOUD RIM, AR delete AND BOSS. ra 


THE FALCON ENGINE AND CAR WORKS, LIMITED, 


41, COLEMAN STREET, LONDON; AND LOUGHBOROUGH. 
























Tank Locomotives Tamm Engines, 
ps ete TRAMWAY OARS, 
en LIGHT RAILWAY 
mall | ed Uke anit | ROLLING ST00K. 
ENGINES gmc meas 7 a 


OF VARIOUS SIZES 
tn Stock or in Progress AN 
_ fy jay 


: E+) Open and Closed 
f WAGONS. 


ON APPLICATION. 1671 


| OCOMOTIVES 


Of all Sizes & Gauges, for Main & Branch Lines, Contractors, Collieries, Ironworks, &c. 
PHOTOGRAPHS, SPECIFICATIONS, AND PRICES ON APPLICATION. 


PECKETT & SONS, 


LOCOMOTIVE ENGINE BUILDERS, BRISTO 





SPECIFICATIONS. 


Spent SN 9 Sanam a 
ZSTABLISHHDD 1864. 
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aa whe vine , THE ROGERS LOCOMOTIVE AND MACHINE WORKS, 


BUILDERS OF LOCOMOTIVE ENGINES OF ALL GAUGES 
And for every variety of service. 


PATHRSON, NHW JHRSHY, 


UNITED 
STATES 
OF 


eT “TOCOMOTIVE WORKS 











| 


a 











CAPACITY PHILADELPHIA, U.S.A. 
BURNHAM, PARRY, WILLIAMS & 0o., Proprietors. 
LOCOMOTIVE ENGINES 
Adapted to every variety of service, ent Lol) qrenastaty Op shaded omnee ent Like 


parte of different engines of same class perfect 'y interchangeable. 


PASSENGER AND GOODS LOOOMOTIVES. 
MINE LOCOMOTIVES, NARROW GAUGE LOCOMOTIVES 
STEAM STREET CARS, &c. 
iuLusTRnarsp CaraLoeuns FURNISHED bale oF po. ALL WORE a 


























— Bee Se 


MANNING, WARDLE & CO. 


BE O'YN Ei uN G INE WORE SS, L535 EF Ss, 
Makers of Locomotive Engines for any width of gauge, and for all purposes. ~ and workmanship of the best quality. Tank Engines up to 15in. Gylinders, on four or six wheels, always in oh or in — 
Specifications, Photos., and Prices on application, and Special Designs sent on receipt of particulars of requirements. 


R. & W. HAW THORR, LESLIE & 60., LTD. 


NEWCASTLE-ON TYNE. 
, ee L.0c0mOtivES 
bo De OS ee DESCRIPTION, 





















































7915 


BLAGK, HAWTHORN & CO, CATESHEAD: ON-TYNE. 


MANUFAOTURERS OF onsen MANUFAOTURERS OF 


TANK LOCOMOTIVE 
LOCOMOTIVES. ENGINES & TENDERS. 


All Sixes and Types, and adapted to lt Os TOFS All Sizes and Types, and adapted to 
every Variety of Service. every Variety of Service 


STEAM TRAMWAY AND LIGHT RAILWAY LOCOMOTIVES. MARINE SCREW AND PADDLE ENGINES. 
Cockson’s Patent Improved Mechanical Ventilator, Winding, Hauling and Pumping Machinery, and General Colliery Plant. 


PRICES AND SPECIFICATIONS FORWARDED ON APPLICATION. Telegraphic Address :—" BLACKTHORN,” NEWCASTLE-ON-TYNE, 7378 





























nner er errr meneame 


/ 
SIS 
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Exhaust Injector. 


NJECTORS. 


PP IMPROVED WATER-LIFTERS AND GUN-METAL FITTINGS. 





CHARLES §. MADAN & CO.S 


EXHAUST STEAM, 


ATTOMATIC RE-STARTIN G, 


AND 


IMPROVED GIFFARD INJECTORS 


FOR FEEDING BOILERS OF EVERY DESCRIPTION. 


ILLUSTRATED CATALOGUE ON APPLICATION. 


17, sT. ANN’S SQUARE, MANCHESTER. 
Telegraphic Address :—“ VORTEX, MANCHESTER.” 
WORKS: CROWTHER STREET, SALFORD. 11: 








Improved Giffard Injector. 








acne GOVERNORS “= 


USHERS SAY FOR HFFICIENOY AND SAFETY THEY 


CANNOT B22 EQUALLED. 


SOLE MAKERS : 


E.R. & F. TURNER 22), IPSWICH, 


TELEGRAMS: “GIPPESWYK,” IPSWICH. 

































am IC OHN H. WILSON & CO., 


SAN DEHIAIL..S, LIVERPOOL. 


. STEAM CRANE EXGAVATOR. 


10-Ton Crane fitted with 
Digging Bucket will Ex- 
cavate and Deliver into 
Wagons 600 to 800 Tons 
in ten hours, according to 
ground. 








The Digging Gear can be 
disconnected in 
half-an-hour, and 
the Machine then 
becomes a 10-Ton 
Crane. 


: LO aR NR TIN 8020 

om 7 OF THESE EXCAVATORS 
CAN BE SEEN WORKING ON THE 
MANCHESTER SHIP CANAL WORKS. 














On a 
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ROBEY & CO., LINCOLN. 
WINDSOR ROYAL SHOW. 








Horizontal Fixed Engine, with Patent Trip Expansion Gear. 


STANDS Nos.1i1and 361. 





Robey & Co's Portable Engine. 


Improved “Robey” Compound Engine. 








CONTRACTORS TO THE FOLLOWING 


PRIESTMAN’S OIL ENGINE. 











GOVERNMENTS. 
FRENCH DUTCH 
GERMAN DANISH (Priestman’s, Humes’, and Etéve’s Patents.) 
BRAZILIAN HAWAIAN NO COAL. NO BOILER. NO DRIVER. NO ph INSURANCE CHARGED. 
ARGENTINE SPANISH eee ccattiet 
AUSTRALIAN CAPE 
Ty RR ieee econ“ SPECIFIC GRAVITY FLASHING POINT 
Sie 
Pid Dates <--CR OF OIL OF OIL 
soo 3s oO 
AND UPWARDS, AND UPWARDS, 
And therefore sacha Sale. aS ei i And therefore anid Safe. 





THIS ENGINE WAS AWARDED THE 


ROYAL L AGRICULTURAL SOCIETY'S SILVER MEDAL, 1888. 


Works: HULL. LONDON OFFice: 73a, QUEEN VICTORIA ST., E.C. 7988 


STAND No. 297 at the WINDSOR SHOW. 


THE PATENT EXCHUATOR. 


CONTRACTORS TO THE FOLLOWING 








——— 
ENGLISH VICTORIAN 
INDIAN QUEENSLAND 
CHINESE N. ZEALAND 
CHILIAN N. S. WALES 
ITALIAN PORTUGUESE 


MORGAN'S Patent DREDGING BUCKET, 
Used by the Mersey Dock & Harsour Boarp, &c. 








MINING MACH 


INERY 





CEARED MINING ENCINE WITH SEPARATE BOILER. DIRECT-ACTING MINING ENCINE, 
MAMNUEAOGOTURIED BT 


“SINGLE DRUM WINDING ENCINE. 


DOUBLE DRUM WINDING ENGINE. 


RANSOMES, SIMS & JEFFERIES, LD.., 
Orwell Works, IPSWICH : or 9, Gracechurch Street, LONDON. 


Telegrams : TaMeces, alin: 5 and “ANGLIA, LONDON.” 


CATALOGUES POST FREEZE ON APPLICATION. 
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WEICHT PER FOOT SUPER > --210"- ~~ 7} - - ~~ -- ~~ ~ 90" ~ ~ ~~ ~~~ ~ ~~~ 4 ~~~ - on = we © Ot Mean alae oo = gig = == = eee = Bg 
FOR NETT AREA COVERED No] , — : = ; Fate we 
oa 4 , 

a THIS SECTION 


; CENTRE 
fermen - wf ls ¢ bore sicks ane MADE THE SARE LENGTH gwIOTH 


TESTING “a: 
onan 0° 
yeu comss| rey ry s “a 
irmica + 20fe lbs | 29, re Ne5 
iW. +2 


fiom. 









ouses the Decki 
of the UnrreD Kincpo 






“BAILLIES S PATENT CNBERED CISRUGATED nee FOR BRIDGES aw eS CORRUGATED. FLOORING (wrot Iron or Saciifor Bri ep Wareh 
of Fi ‘ATE RAILWAYS and by the 


iers Landing ee ae and Watercourses ANS COLONIAL GOVERNMENTS FOR STATE 
a: STWOOD E & te ENGINEERS & CONTRACTORS by Bmibces ROOFS & CONSTRUCTIONAL IRONWORK 0 EVERY DESCRIPTION 
LONDON YARD, POPLAR, LONDON. e. 


at R= ait: Wie te, areas AB eax wwe te ewe oe were eee woe --—=---4 




























ap “THICK ON BEARINGS THE PATENT CAMBERED FLOORING IS SPECIALLY 
SU. OESIGMED FOR CARRYING.A DOUBLE LINE OF RAILS 
4M 1S MADE WITH STEEL ONLY iN TWO SIZES 
“pe DEPTHS OF l2 INCHES AND 10 INCHES AT 


















3 CTS PER FOOT SUPER 






‘parent CAMBEREO FLOORING 


THI: Ow 
tS Be 43 HOAPTED TO mane BR10CES 


MTHICK HAS BEEN 
TESTED ON BEARINGS 8 FEET 
APART TOS CWTS PER FOOT SUPER 
WITH Jt DEFLECTION HAVING NO PERMTSET 















THIS SECTION WEW SHEWING PLATE GIROER BRIDCE 
“ - RING 
Su THICK ON BEARINGS Chet Ga 


& mJ 6 INCHES APART HAS BEEN cae EXTRA scaewAy ane 
TESTED To’ 4 CWTS PER Foor pow 
WITH Al DEPLECTION OF WINCH =e 


THIS SECTION ; 
SsINCH THICK ON BEARINGS. 
(6 FEET APART HAS BEEN TESTED 
703 CWT PER FOOT SUPER WITH A DEFLEC 
TION OF Pe HAVING A CANBER OF Ya BEFORE 


aon yore (aio! 






sinam. cuslle yeinaea - s9essibs 
W: “na e: eens « 










THIS SECTION 

Pe’ THICK ON BEARINGS 

4S FEET APART HAS BEEN TESTED 

70 3 CWT PER FOOT SUPER 
WITH A DEFLECTION OF 7hé 


SHEWING FLOORING ASUSED 
FOR CULVERTS AND SHALI BRIDGES 





ae 












THE SIMPLEX BRIDOE . 
TMS ORIOGE HAS BEEN DESIGNED SPECIALLY FOR 
TEN PLANTATIONS AND PLACES WHERE THE 


SMEWING FLOORING PLATES USED 
TRANSVERSELY INSTEAD GF 
















ROSS GIRDERS reartic is MOT INTENDED TO ae mirnce iS — 
MRA /N ERECTING A BRIDGE OFTHIS - 

(mee AUD OW ACCOUNT OF MLL THE 

Gels Teo Iron PARTS BEING VERY EASILY FITTED 

Sass ora TOGETHER 
pitt sth 
tts Seu acon a = ; 
jons, 
Dies for the oose are in stock,but quotations can be yiven for Special Sect 
also for Mouldings. Gutters. Buckled boyy + — i” en . nye Tey 
e Cambered Flooring. in 
Made in Iron or Steel,Sections 6 to8.an ee 











, « YK INVYDVYCTL) 
. “a. a A-hMKUS DA KAM 


PULSATING STEAM PUME, 


May be applied to many uses that would 

wreck other types of pumping 
machinery. 

For larger sizes 

see Lists. 








IITA? 

















No.5. No.4. No.3. No.2. No.1. 





2 8s an ACO E Size No. 8. No. 7. 
” No. of Galls. per hour 


rr dived 3. eb! 40,009 26,000 18,000 13,000 9,000 6,000 4,000 2,500 1,500 


with 60 lbs, steam 


Price £90 £70 £50 £88 £28 £22 £17 £12 £8 








WH. an avpion works, SALFORD, MANCHESTER. 





















SEIT OT 
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STERN WHEEL STEAMERS 


By YPTARROwW & CO., LONDON. 




















PIE 


td BE EE NT To Ty TTT TT S| Daal ‘) 


—_—_—_—_—_— - 








| 
9 


: 7780 
“INEZ OLAREE,” 130 ft. by 28 ft. Speed, 15 miles an hour. Draught, 15in. “STBPHENSON CLARKE," 100 ft. by 24ft. Speed, 13 miles. Draft, 13in. . 
ENGINEERS &SHIPBUILDERS lB > age _-o=> DOUBLE & TRIPLE EXPANSION ENCINES 
Boilermakers, Founders, Coppersmiths, &c, ie eee ” —— 


iia EITHER SCREW OR PADDLE. 
GRAVING DOCKS adjoining Works, _ Steam Tugs, Passenger & Cargo Vessels 
582 x '71 x 22 ft. and 850 x 50 x 14 ft. pas 



















to 200 ft. long, built under sheds. 





SPHOCLIAL TIES. 150 


Contractors by Appointment to <= ea SSS ee acc MARINE MACHINERY for Shipment abroad. 
H.M. Admiralty & War Department. GO3wK & CO., Falmouth Docks Ironworks, FALMOUTH, England. _— Spring Safety Valves registered by Board of Trade. 


20 TONS ALWAYS IN STOCK OR PROGRESS, up to H ANGERS, PEDEST ALS, an d all WROUGHT cag aaa AND ROPE 


¥ diameter and length. _ | kinds of BEARINGS, &c. 
HUNSLET, LEEDS. 


an eter 
WROUGHT IRON AND 
ESTABLISHED 1866. 








‘VId ANV 














[TRON & @ =T\ALLRIE LEC AL COLOME CU Guna Sore weD TUBES 
Shae VAN \\\\ AAAS SG 
TAT ss TUBE MANUFACTURERS WOLVERHAMPTON STAFFORDSHIRE ORWATER 


g 
Wf 










> NNT 





1766 














Intending Purchasers may see 
any material passed through 
the Machines at our Works, 
or we shall be glad to grind 
=| samples sent to us and return 
the results to senders, or 
Machines can be had on 
approval. 
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PRICE'S 


THAMES AND MERSEY 


LUBRICATING OILS. 




































PRICE’S SPECIAL GAS ENGINE OIL, 
Strongly recommended by Messrs. 
OrossLey Bros., Lrp., MANCHESTER. 


PRICE'S COMPOUND ENGINE OIL, 
For Marine Engines and Locomotives. 


PRICE'S SHERWOOD SPERM OIL, 
Tor General Machinery. 


PRICE’S CYLINDER OILS. 
PRICE'S BELMONT SPINDLE OIL. 


PRICE’S RANGOON OIL. 
As recommended by 
THE WAR OFFICE AUTHORITIES, 


**For the preservation of SmaLL Arms and 
Articles made of Metal from oxidation.” 




















Price Liats on application to 


PRICE'S PATENT CANDLE COY., LIMITED, 


BATTERSEA, LONDON, 7545 
BROMBOROUGH POOL, LIVERPOOL. 


ARTESIAN WELL BORINGS, 


From 6 in. to 36 in. diameter to any required 
depth by Patent Improve) 


STEAM ROCK BORING MACHINERY, 
PATENT SPECIAL SYSTEM 


To secure constant i mage of PURE WATER for — Bleach 
and Dye Breweries, Paper Works, &. 


Improved 3-throw DEEP WELL PUMPS, BOILER 
FEED PUMPS, &c. 


CHARLES CHAPMAN, 


ENGINEER and CONTRACTOR, °04: 
Broughton Road Works, SALFORD, MANOHESTER. 


METALLIC PISTONS 











(WATER 
WIGZELL, == PATENT 
POLLIT & STEEL 
MELLOR’S | COILS. 





PISTON QB COMPLETE 





STEEL COIL 
ADVANTAGES, 
Perfect Tightness, Enduring 
with Equal Expansion, and a REVOLVING 
TENDENCY in the Packing Rings. 


TIMOTHY BATES & Oo., 


ENGINEERS, 
SOWERBY BRIDGE 
Are the SOLE MAKERS of the PATENT STEEL 
co from 4 inches diameter 






Makers of POLLIT & WIGZELL'S im proved 
Uniform Speed Governor. 
London Office: Billiter House, Billiter St., B.C. 









Durability and Elasticity | 


KIESELGUHR 


(FOSSIL MEAL COMPOSITION) 
FROM THE WELL-KNOWN ABERDEENSHIRE MINES. 


The Best Non-Conducting Material for Covering 


BOILERS, STEAM PIPES, CYLINDERS, &c., 


EFFECTING A GREAT 


SAVING IN FUEL 


AND FOR 


ISOLATING and FILLING the WALLS and FLOORS of HOUSES 

and VAULTS, and in the Manufacture of SAFES, FIRE BRICKS, 

ULTRAMARINE, GLASS, PORCELAIN, GILT MOULDINGS, and 
for BRASS POLISHING, &c. 


AS USED BY THE BRITISH ADMIRALTY 


AND SOME OF THE 


LARGEST SHIPOWNERS & RAILWAY COMPANIES IN ENGLAND. 


FOR PARTICULARS AND PRICES APPLY TO 


RICHARD BARTON 


KIESELGUHR MINE AGENT, 
1s, Commercial Rd. Hull. 
Special Prices to the Trade. 


HUGHES > ae oy as 


> 
a6 SE A S SASS S 


The m . et of Sewerage is rg operation at Eastbourne, sl to 
Warrington, Fenton, Houses of Parliament, and other places. F386 * 

















Iron Castings 





| And. Handyside & Co.Lim?| 


Britannia Ironworks, 104, Queen Victoria Street, 


DE RBY. Managing Director. LON DON, 


A. BUCHANAN. 


Malleable Builders 






















“‘HALLADAY” STANDARD WINDMILLS 


For supplying constantly Pure and — Water for the 























following — = 
Pumping Steam Tram- 
Water for = way Lines, 
eongnd Fire Protec- 
Farm Build-> , tion. 
: {| Sie ) Irrigation. 
Mansions. - ‘ Guaution. 
tp ie * Tanneries. 
Public Insti- > Breweries. 
tutions. ! EP Sewage 
Hotels, >, Mines. 
Colleges. = Draining 
Gardens. =e Low Lands. 
Greenhouses : —_ 
d 7 GEARED 
. “Village. = MILES for 
Waterworks § — Cutting. 
Pumping for Becee h ing. 
Railway Grinding, Driv 
Stations. ing Dairies, &c 


Gentlemen,—The Mill aoe by you to my Upminster 

brickyard, in March, 1888, has been in full work since it was 

fixed, and I am pleased to say has proved fully equal to what 

was required of it. Its work is most effective and economical, 

raving at least £20 a year on pumping, and giving an abundant 
ly of water above my —Yours truly, 

'HE ONTARIO PumP Co. JAMES BROWN. 





These Celebrated Windmills are made all powers from 4 HP. upto 
ted HP. They ner Foyer ——— in all gales, and uniform 
speed. Cata Lists and references free on 

Roplicetion to ONVARIO™ PUMP CO., = 
Grove, Fulham, London, 8.W. 














E. sae x = 


BEDFORD, ENGLAND Biblia) 


1750, 


BUILDERS OF 
IRON & STEEL BRIDGES, ROOFS, 
Steam Launches for Inland Navigation, 
MAKERS OF AGRICULTURAL IMPLEMENTS 
Brick and Tile-making Machinery. 7652 


Stand 114, WINDSOR SHOW. 
RICHARD’S PATENT 


STEAM ENGINE INDICATOR. 
Sole Manufacturers in Scotland : 
HANNAN & BUCHANAN, 


75, ROBERTSON STREET, 
GLASGOW, 
ALSO MAKERS OF 
Bourdon’s Patent Pressure 
Com 











STIFF & Sis, 


LAMBETH 
LONDON, 


‘AOTURERS OF 
BEST QUALITY 





|PLUMBAGO CROCIBLES 


POROUS CELLS, BATTERY JARS, 
INSULATORS, CHEMICAL APPARATUS 
and GENERAL and SANITARY 6433 

STONIEWARE and TERRA-COTTA. 










BASFORD BRASS WKS., 


a Sydney Smith & Sons, | 
NOTTINGHAM. | = 








SMITH’S PATENT 


WHISTLES 


Only Steam Whistle 4 
455 Medal :— IN VENTIONS 
EXE, Uhl London, } 
' LIV. EXUIBITION. 


1886; NE WOASTLE #EXHI- 
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EORGE 






PATENT BUFFER, concen Gee. SS <S aa Risen 
SAVILE STREET: = SW FFIELD. J : : \ a a 2 BE meen gure 


—_ er or \ wf. * ec 


i | = ; ze — 


y ip 






*TELE GRAPHIC ADDRESS: Berens “sue FIELD: = ————— —— - MERCHANTS Contractor 











DUPLEX. PUMPS, 


VERTICAL “AND "HOROWTAL, 





7 » ENGINEERS & ef pe 4 
\ CONDENSERS, PURIFIERS TOOLS 
RDERS,ROOFS & Genera 


obese 2 & 
, ea = 
= ~~ 





Cylinders 3} in.; Pumps 2} in.; Stroke 4 in. 


J. H. CARRUTHERS & CO., 
POLMADIE IRON WORKS, GLASGOW. mr 



























TOOL DTROMI | onnson & pric.irs, ow 
| HALIFAX: Baie Engineers and Electricians. Half-Crossed Belting. 


THE BROCKIE-PELL ARC LAMP. 





ae width = ly so, and placed 
, OF near! 

shove Gnas otean ts @ manner 
as to form steps. 


| 2 |24| 22,254 3° 


S.D|S.D 5 16108-6716) $.0|S.D|S.D 


; 7858 
5.6 1.6 f 16.6;22.0 14, Union Court, London, E.O. 
WRITE FOR SPECIAL DISCOUNTS AND Works : Chariton, Kent. 














MENTION THIS JOURNAL. 
i: a Ree EE. SF 








THE HELICAL 


CENTRIFUGAL| 1X |_>y. 
PUMP Erice like ordinary belting, with a1 addition of 6 % for Royalty. 


Patented by J. A. WADE 


and JOHN OHERRY, ontractors’ and Builders’ 


Draws to a depth of 33 ft. below 
| the spindle, and raises water in | with ee Ly nad Bland, price las. fd on 


wi 
J suction and lift combined above] J. W. and am, Vow cotmainater Bridge 
100 ft. The output is as mar- | 8oad, Lambeth, near Astley’ 
vellous as the powers of suction ages 
and lift, for a 6-in. has, im the 
: easier lifts, s put out upwards of 
14: yr 1600 gallons per minute, 
] ! a8 Reference is kindly a mapeig hg A. WALKER, Esq., who is using — Pumps very 
extensively on his Manchester Ship Canal and other Works 
CAN ONLY BE OBTAINED FROM THE COMMITTEE OF THE NEWCASTLE JUBILEE EXHIBITION AWARDED 
THE COMPAN Y, THIS PUMP THE SILVER MEDAL, THE ONLY PRIZE GIVEN FOR PUMPS. 


FURTHER PARTICULARS MAY BE HAD FROM Manufacture the above, also Gravatt’s and other 
63, FORE ST., LONDON, F.C.) u. 4. WADE, AT THE HYDRAULIC ENGINEERING WORKS, HORNSEA, | fortfay tat mar cco a 
Or at R. WADE, 80NS, & 00., Hull. Entalogues forwarded on receipt of threo stamps. #40 























Price Lists free on application. 
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“Clyde” Duplex 
— PUMPS 








For 180 Ibs. Steam Pressure 


————-)§ — ——- 


PRIGES & FULL PARTICULARS ON APPLICATION 


LOUDON BROTHERS, 


46-50, WATERLOO STREET, 


GLASGow, 
AND 


CLYDE TOOL WORKS, JOHNSTONE. 


A.M, PERKINS & SON, 


Patentees and Manufacturers, 


SEAFORD STREET, W.C. 


PATENT High-Pressure En- 








gines and Boilers, Marine Le 


and Stationary, from 
Compound to Octuple Expan- 
sion. Consumption of fuel 
guaranteed not to exceed # lb. 
per I. HP. per hour. 


PATENT Surface Conden- 
Sers, Pistons, and Distil- 
ling Apparatus, 


PATENT Anti-Frictional 
Bol he Piston Rings and 


PATENT Continuous Hot- 
water and Steam Ovens, 


for Baking and Japanning 
andall Desiccating p up 
Fok temperature of deg, 


PATENT Small Tube Heating 


Warming Appara 
= Churches, Hespiti ine 
Asylums, Out Buildings, 
Factories, Mansions, 


vate Houses. 


PATENT Apparatus for the 
Frofuet ‘uction of Ice and Cool- 
Storesand Chambers 
~ tinuous 
tion down to zero » Fahr. with- 
out — 





The Whole of the inlined Patented| 25 


Appliances may be seen in operation. 


8088 
Mesers. A, M. Perkins & 8on furnish every 
description of appliances in connection with 


tae use of steam at excessive pressures. | 





TINKER, SHENTON, & CO., 


HYDE, near MANCHESTER. 


[ co | JAMES SHENTON, Proprietor. ESTABLISHED 1872, 
Telegraphic Address; “DUPLEX, HYDE.” Telephone No, 21, 


MAKERS OF HIGH-CLASS 
i LANCASHIRE, CORNISH, VERTICAL, HYDE DUPLEX 


AND ALL OTHER TYPES OF 


BOILERS 


Up to 200 lbs. Working Pressure. 
TESTED BY HYDRAULIC PRESSURE 
TO 350 LBS. 


DRILLING, WELDING, FLANGING, PLANING, 
RIVETTING, &. 


RIVETTING done by Special Machinery 
of the most modern construction. 


Cornish, Duplex & Vertical Boilers 
ALWAYS IN STOGK OR IN PROGRESS, s0cs 


Please Address all Inquiries as above. 


nnn’ 











LEAD AND YavuemnT 


“TURNED & AQMED PIPES 


D. > Srawanrr . & Co., Gmaookw. 








me WORK 1s COPTRIOHT. ~ ewe | IRON ROOFS, BUILDIN GS 


AN 9 
Erected complete in this Country, or prepared to 
Plan for Erection Abroad. 


f\. FRANCIS MORTON & CO., Ltd. 


| Have Built over 17,000 Structures in over 
40 years. 


‘ | wRovGHT- IRON ROOF PRINCIPAIS, GIRDERS. 
: AND GENERAL WROUGHT-IRON WORK, | 7765 


= NAYLOR STREET IRONWORKS, LIVERPOOL, 
= 9, Victoria Chambers, Victoria St. , Westminster, S. Ww. 


STURTEVANT STEAM HEATER AND FAN 


For Heating and Ventilating Workshops, Factories, Schools, Hotels, Churches, Public Buildings, &c., 
BY MEANS OF A FORCED a aa sel ai a ng 


The heat is under perfect control and can be 
maintained at any given degree of temperature. 


THIS APPARATUS IS UNSURPASSED FOR 


DRYING ALL KINDS OF FIBROUS MATERIALS, 


SUCH AS 
COTTON, WOOL, HEMP, &c. 


THE FAN IS DESIGNED ESPECIALLY FOR HANDLING LARGE 
VOLUMES OF AIR WITH THE GREATEST EFFICIENCY. 
It can be run by a direct connected engine as shown 
in the accompanying engraving, or it can be driven 
by a belt from the main shafting, 


: ae EITHER LIVE OR EXHAUST STEAM CAN BE USED: 














STURTEVANT BLOWER COMPANY, 


76, QUEEN VICTORIA STREET, L.0NDPDOWN. 
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mig VABOR INDICATOR. 









SONS. LTD, 


GLOBE IRON WORKS, 


BOLTON, 
LANCASHIRE. ‘ 


JOHNSON’S PATENT 


<—— FIREPROOF WIRE LATHING 


Price 1s. per square yard. 
Including Staples and Iron Backing. 


BY USING THIS LATHING ANY ORDINARY 
BUILDING MAY BE MADE PRACTICALLY 
FIREPROOF AT A SMALL COST. 
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SOLE MAKERS: 


Hl Rican Johnson, Clapham, & Morris, 


pm iy 
Ms London Office: 310, WINCHESTER HOUSE, E.C. 


P > pins BENNIE & SONS 
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CLYDE ENGINE a POLMADIE, ee 


@ | BEAM BENDERS, 
‘Li a” PLATE-BENDING ROLLS, all sizes. _ 


= PLATE EDGE PLANING MACHINES, 7755 
ss Steam Hammers, i Machines for Cold Iron & Steel. = 


> IRON ROOFS HOUSES AND BUILDINGS , : 


ALL PUR POSES ANDO oe oe CLIMATES 











SPECIAL ATTENTION GIVEN +S EXPORT WORK. 
CONSTRUCTIONAL IRONWORK OF ALL KINDS. 
DRAWINGS AND ALL INFORMATION ON APPLICATION, 


LIVERPOOL a 


| 






ROBT. HARVEY & 00, /Ave 
S 


(Late D. Coox & Co.) An 


Park Grove Ironworks, 
GLASGOW. 
Sia 
Ship Builders’ 


and Boiler Makers’ 
TOOLS. 


PATE NT STEAM 


: HYDRAULIC or 
Rivtting Machinery, 


| JOSEPH BLACKBURN, 
toe 
REGISTERED 


Lightning 
Conductors 


39, Arkwright Bt, 
Gresham Works, 
NOTTINGHAM. 











MAKERS 































LM GUIBAL, 


Inventor and Sole Maker of the 


Perpetual Metallic Packing, 


Cheaper than Greased Linen Packing, 

Offers it to Consumers at One Shilling and Eightpence Stg. per 

English ®., f.o.b. at Hull. Cash with order. Liberal Discount 
retailers ety 5} — geen, 


Ei J. M. QUIBAL, C Cheraon 8t., N No. *) Odessa, 
= | LEON PAPPADATOS, General Agent, 


Russia. 













SPECIALIT 1ES IN— 
MILLING MACHINES, 
NING MACHINES. 
SHAPING MACHINES. 
MULTIPLE DRILLING 
MACHINES, 
AUTOMATIC DRILLING 
BORING MACHINES, 


s (Automatie). 


LOCOMOTIVE AND MANY OTHER SPEGIAL TOOLS 


SPECIAL DESIGNS MADE AND QUOTED FOR, 








WILKINSON & LISTER, 


Machine Tool Makers, KEIGHLEY. 1426 
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THE STEEL PIPE COMPANY, LTD. 


MANUFACTURERS OF 


LIGHT STEEL & IRON PIPES 


FOR ALI. PURPOSES. 








PIPES NESTHD FOR SHIPMENT. 


2 VICTORIA MANSIONS, LONDON, S.W. ce 


London, Aquilentus. SE nArE Mlentan, mtétecniiiy Aquilentus. | GLASGOW : 54, Gordon Street. | WOR KS, KI R K CALDY, 








ANGLO-AMERICAN 


a a a 
vicToRIA DYNAMO «=©0©0Owr BRUSH —s ‘aan ib 
AND ELECTRIC LICHT CORPORATION. mt god PRINCIPAL LINES OF STEAMSHIP 


sia icsiikmnseciccean at ita.—T 2) FOREIGN GOVERNMENTS, 
RAWORTH'S PATENT FRICTION GRIP : om uf agit \ “AL 


FLEXIBLE COUPLING. 
50 sets now on order. 


200 to 300 Revolutions per Minute. 


Address: oa . — 2 Address: 
THE SECRETARY, PO erat | 7 THE SECRETARY, 
112, Belvedere Road, ee Sone lll Pm 112, Belvedere Road, 


Lambeth, LONDON. STEAM DYNAMo.. re! cee = Lambeth, LONDON. 











BALDERSTON and COMPANY. 


201, ST. VINCENT STREET, GLASGOW. 


IVAPANININGS OD RNIAVAININ GPE) EN eT 
HOYT SHORT-LAP LEATHER BELTING 


OUR BELTS ARE MADE FROM PURE OAK-TANNED BUTTS AND FROM THE HEART OR SOLID PART OF THE HIDE. EACH PIECE OF LEATHER IS 
STRETCHED BY POWERFUL MACHINERY, JOINTED AND SECURED IN SUCH A MANNER THAT BOTH SIDES PRESENT AN EVEN SURFACE TO THE PULLEY, 
AND THE BELT RUNS AS IF IT WERE ONE PIECE. THEY WORK EQUALLY WELL FOR THE LARGEST DRIVING BELTS OR FOR THE FASTEST RUNNING 
MACHINERY AND SMALLEST PULLEYS. 4O,QOQO TO SO,OQOO ff. OF BELTING ALWAYS IN STOCK. MERCHANTS’ AND SHIPPERS’ ORDERS 
PROMPTLY EXECUTED. 7680 
“oes CE RE RRM! HN ——————————— 
Send for Illustrated Pamphlet containing Government and other Reports from leading Engineering Experts 
setting forth the vast superiority of 


> Magnolia Anti-Friction Metal, 


OVER ALL OTHER JOURNAL BEARING METALS. 


Now in use ro ee Railway Systems and Engineers, Rolling Mill, Electric Light. Steamship Cos., &., 
I~ ALE. PARTS OF THE WORLD. 


SIMPLICITY, DURABILITY, ECONOMY, AND UNIFORMITY COMBINED. 


= MAGNOLIA” is the only Self Lubricating Metal. ‘* ; MAGNOLIA” will keep Journals Cool where all others fail. 
MAGNOLIA” increases Tractive Power. “MAGNOLIA ”_The only Metal that Protects and does not Cut Journals. 


THE 75, QUEEN VICTORIA STREET, 
LONDON E.C. 


TRIBUTING AGENCIES THROUGHOUT THE COUNTR « SMOOTH LY, LONDON.” 
N.B. —SEE omar # as TRADE. winx AND NAME ARE ON EACH INGOT, AND Uae NO OrnER. ~ 7988 
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otors. 
last week. 7478 





Portland Cement, 
As supplied to Government, Met. Board of Works, and 
me acne ht House. Sold under celebrated Nine 
Elms Bran blished 1810. Medals : London, ieee: 
Philadelphia 1876; dm 1878; Calcutta, 1 
London, 1884. Offices: Vauxhall, London, 8.E. 
Telephone No. 4620. 7635 
Rusby Portland Cement 
} COMPANY. 
MANUFACTURERS OF 
Portland Cement 
Of the Greatest Strength and best Quality. Roman 
and Lias Cement. Blue Lias Hydraulic Lime, Ground 
and Unground. 
RUGBY, WARWIOKSHIRE. - 
. Works: Naw Binton and Newsow. 7782 
I igh Cement of the Best 
ali manufactured b; F. 0. BARRON & OO. 
stared a ’a Court, Poult , E.C., and Falcon 
Cement orks, Rainham, K . T7188 
‘nisiceiolg aaa pig lat ws OEMENT 
Ape Sager & other la: rge Works, 
MY of the Higheet at 2 ty, and is low in “> 
Address—G. BU Gt. So i Graveiend. S016 
( XN EK. Belliss & Co, 
e LepsaM Srreet Works, . M 
SPECIALITIES :— Birmingham 
HIGH-CLASS MARINE ENGINES and BOILERS. 
MACHINERY for TORPEDO BOATS & LAUNCHES. 
FAN ENGINES for Forced Draught and Ventilating. 
CIRCULATING and FEED Pumping Engines. 
AIR COMPRESSORS (Patent), and TORPEDO 
.MACHINERY. 7794 
[ mmisch’s 
See (folio at foot) page 31, 
W oodhouse & Pawson, Ltd., 
11, Queen Victoria Street, London, E.C, 
THE * DIAMOND” OIL FILTER. 
Prices on application. 7843 





orliss”’ Steam Engines, 


SIMPLEX. See large illustrated advertise- 
ment in this paper every fortnight. 7600 
The AIRDRIE IRON CO., Airdrie, near Glasgow. 


(Crompton and Co., Limited, 
ELECTRIO LIGHT ENGINEERS, 


MANSION HOUSE BUILDINGS, E.O. 6812 
See Advt. last week (folio at foot) page 33. 





Screw Steam oon ving soaks ae to thirt il 

ers ha uy y miles an 
hour. Paddle Steamers with p dns hts of 6 inches or 
more. Machinery constructed for boats built abroad. 


“Zephyr” Spirit Launches. 


team Launch Engines, 
pe bate EXPANSION, COMPOUND, and 
HIGH-PRESSURE. All sizes ready. 
COOHRAN AND OO., BIRKE 
See (folio at foot) page 4. 474) 49 





IRON AND BRASS FOUNDERS, BOW, LONDON, E. 
DREDGING MACHINERY. 
HYDRAULIO MACHINERY. 
‘*WILLIAMS’” PATENT CAPSTANS. 
LAND AND MARINE STEAM ENGINES. 
DISTILLERY AND BREWERY PLANT. 


HUNTER'S PATENT FLOATING ORANE FOR 
DOOKS, &c. 
STEAM LAUNCH MACHINERY. 4955 





V sper & Co. have in Stock, 


ready for delivery at short notice, various sized 


LAUNCH ENGINES and BOILERS, and several new 
and second-hand STEAM LAUNCHES. 3551 


VOSPER & CO., Engineers, Broad Street, Portsmouth. 


orrestt & Son, wyvennoz 


AND LONDON. 
SHIP, YACHT, LAUNCH, BOAT BUILDERS, and 
ENGINEERS 8023 








‘seuna, anne E., yt of poy yoy 
me 


See Advertisement (folio at foot). page 25. 
a TERN. WHEELERS, &e. 


Re 
UNCH MACHINERY. 


QUADRUPLE EXPANSION AND COMPOUND 
MACHINERY. 


Jiingdon'’s I Patents 


SIMPSON, STRICKLAND - AND OO. 
DARTMOUTH, 8S. DEvon. 7676 
See Advertisement last week (folio at foot) page 34. 


BKrrest Scott & Co, 


NEWCASTLE-ON-TYNE. 8024 
MARINE AND ELECTRICAL ENGINEERS. 
See Illus. ‘Advert: (folio at foot) page 28. 


Miller, Tupp & Rouse, Steam 


LavuncH BuiLpERS, HAMMERSMITH, LONDON. 
Illustrated Price J.ists, with Photos.,12 Stamps. 4547 


I ocomotive Tank Engines 
lesigned and constructed b 

MANNING. cae WARDLEL AND AND COMPANY, 
Boyne Engine Works, Leeds. 

See their Illus. Advt. (folio at foot) page 53. 


j ocomotive Tank Engines, 
TRAMWAY ENGINES AND OARS. 
Built by the FALCON ENGINE and OAR —_ 
Limited, Loughborough. 
See Illus. Advt. (folio at foot) page 52. 




















e) Chnson & Phillips, Solegeaph 
ging et Fem y ENG: 
14, Union Court, Old og te Works and 
Wharf br Ohana 8 


Machinery, &c., for complete ea equipments of 


Makers 

Cable Tomenoand Light. A 

ratus of all Linde “* Brockie-Pell” Arc Lamp. Ter0 
aver 


r. J. H. Rimbault, Engr 
to See “Tron,” ‘The om W.6e 
World,” &c., 30, Maiden Lane, Covent Garden, 
Private orders promptly executed. 





W illans’ Patent Compound 
ENGINES, for Marine and ral purposes, 
Stock sizes from 6 to 150 I. HP. S ecial ao for 
Electric Me ey —Witians & Rosinso! .» Thames 
Ditton, Surrey. Advt. last ‘week (foli (folio at foot) p. 69. 
GOLD MEDAL —Invawrions EXHIBITION—AWARDED. 
[Peckham s Patent Suspended 


WEIGHING MACHINES. — EAST FERRY 

ROAD ENGINEERING WORKS COMPANY, Luarsp, 

London, E.— gery Cranes, Lifts, Hoists, ke. 7992 
See Illus. Advt. last week (folio at foot) page 35. _ 








TrapE—‘‘ CREDENDA ”—wmarg. 
[the Credenda 
Seamless 
Steel Tube Co., Limited, 


LEDSAM STREET, BIRMINGHAM. 7700 
W. C. STIFF, Managing Director. 


[the “ (tto” Gs Fizsize. 
-31,000 Sold. | 


HIGHEST AWARD I: ti (GOLD 
MEDAL), also GOLD ct ag tea of Arts 
Motor Trials, i 


OOMBINED “OTTO” GAS ENGINES AND PUMPS. 
COMBINED “ ? hss ENGINES & DRY-AIR 


OOMBINED SOTTO" GAS ENGINES & DYNAMOS. 
“OTTO” GAS ENGINES & AIR OOM- 


PRESSORS. 
ae L “OTTO” grr 7 
TWIN CYLINDER “OTTO” GAS ENGINES. 5095 





Beaeh the te, 











Steel Hydraulic Cylinders.— 
HENRY BESSEMER & CO., Limited, 
SHEFFIELD. 
See Advt. last week (folio at foot) page 28. 


Delta Metal. rh 


Strong as Steel. Resists Acids. Forges Hot. 
DELTA METAL CO., Lrv., 110, Cannon 8t., London. 


[8° Foundry and 
ENGINEERING COMPANY, 
Railway Plant and General Engineers, 
witches, Crossings, 
Girders, Bridges; Roots, Pipes; Pum 
ers, 

Wagons, Tanks, ines, Boil Oranes. 
Works : N RT, MON. 
London Office : 

10, BUSH LANE, CANNON STREET, E.O. 


ontinuous Ammonia Plant 
for Gas Works 


Provucss gITHER SULPHATE or LIQUID AMMONIA. 
In successful operation at the Gas Works, Stafford, 
Kingston, &., &c., also at the L. & N. W. Gas Works, 
Crewe, and in over 150 places on the Continent. 7791 


7519 








7753 




















path & Paris, Limehouse, | 


Boller Tubes, Iron, Steel, and 


HOMOGENEOUS. 
EDWIN LEWIS AND SONS, 
Wolverhampton. 7767 


Boiler [tubes, Galvanized 
TUBES, STEEL & IRON PIPE LINES, 
SHIPS’ .PILLARS, TUBULAR POLES,. COILS,. &e. 


GAS, ee WATER, TUBES AND FITTINGS. 
E-SIZED LAPWELDED TUBES. 





oseph ird, 
TUBE Kod os GREAT ar ~ 
STAFFORDSHIRE, 


And 46, Queen VICTORIA STREET, eX... 


|e) Ames Russell and Sons, Ld., 


CROWN TUBE WORKS, WEDNESBURY. 
‘k Street, S.E 





London Wareh 108, 8 
Leeds ‘Wnaehess’ 6, Mark Lane, Briggate. 
Birmingham Warehouse : 114, Colmore Row. cone 


Price Lists on application. 


[eo and Steel Boiler Tubes, 


TELEGRAPH POLES, ARTESIAN WELL 
TUBES, OIL LINE PIPE. 

JAMES EADIE & SONS, CiyprspaLzs Toss Works, 

RUTHERGLEN, near GLASGOW. 8071 


MORRIS’ 
W heel Gusace for Mill 
GEARING, 
As used in the largest. Cotton Mills in Lancashire, 
Yorkshire, Scotland, and Ireland. 
Dogs. Nor_.Ser. Harp in THE TEETH. 
Dors Nor Fiy Orr tue WHEBLS. 


Is SPECIALLY PREPARED TO STAND HEAT. 
Has been found very successful in the Bombay 


ills. 

SPECIAL WHEEL GREASES for Woollen, Flax, 
Paper, and Flour Mills ; Bleach Works, Calico Printers, 
and Engineers. 

NO. S. MORRIS AND SON, 
VICTORIA BRIDGE WORKS, MANCHESTER. 

ESTABLISHED 1851. 7943 


team Cranes to Lift from 
1 to 100 tons, Lay Cranes, Wo Boilers, &c. 
GEORGE RUSSELL & 
Engineers, oon and ‘ar 
otherwell, near Glasgow. 7799 


Werthi ngton Pumping 
ENGINE COMPANY, 

158, QUEEN VICTORIA STREET, LONDON, EO. 
See Illus. Advt. (folio at foot) page 12. 


bs ? 
Atkinson s Gas Sa 
Selected abe. H. swipe 5 ee for 
‘arliam 
BRITISH GAS ENGINE AND ENGINEERING oo. ¥ 
ALBION WORKS, MANSFIELD RoaD, GosPzEL Oak, N.W. 
See Advertisement last week (folio at foot) page 32. 


STANNAH’S HYDRAULIO LIFTS AND CRANES. 


he “Southwark” Variable 


POWER HYDRAULIC CRANES, all sizes; a 
1 ton, 3 power, now working with the Hydraulic Power 


Co.’s ‘water, may be seen by appointment. 
re 4 re Pumps, ea 























FP a. of agi description, 
J. TSTANNAH, 20, Southwark Bridge Road, London,S.E. 
40, KING STREET, COVENT GARDEN, W.O. 


F[thomas K Kell and Son, Litho- 
sia ht 


in best ane Ce 
poo ho. 40, ‘King Bi., Cowen Covent i Garden, 


T B ordan & a 


~ H 
io Minis ‘ome ousE, 
Bread-Making 


ACHINERY. E.C. 
Machinery. 


















J. & E. HALL, Liwirep, 
Dartford, Kent; and 23, St. Swithin’s Lane, London. 
See Advertisement last week and next week. 7911 


[['heGeneral Engine & Boilr.Co. 


HatcHamM IRonworgs, LONDON. 7930 
Patent Air Compressing Engines for High Pressures. 
Torpedo Apparatus of all kinds: High-speed Engines. 


Hatborn, D: Davey & Co., 





PUMPING eT AOHINERY 
For Mines, tees Supply, Sat Drainage, and 
ene’ 
DAVEY’S DIFFERENTIAL ENGINES AND HY: 
DRAULIO PUMPS. 
HYDRAULIO MACHINERY GENERALLY. 
CATALOGUES ON APPLICATION. 7668 
_ See _Hilus. Advertisement (folio at foot), page 37. 


HIGHEST AWARD, PARIS, 1878. 


Gloldsworthy’s Emery, 
Emery Cloth, 
Glass Paper. 


7798 


ron Tubes and Fittings for 


Gas, Steam, Water, HypRrav.ic, HEatTiIne 
PURPOSES ; Galvanised or White Enamelled inside 
Coils up to 500 ft. without joint. Cocks, Valves, &c. 
JOHN SPENCER, Globe Tube ve Works, 3, Wednesbury. 


MANOHESTER. 








ubricating ils for all 
KINDS OF MACHINERY. 
MacArthur and Jackson, 
Branch Offices : Medals : 
DUNDEE. Ow MANUFACTURERS, CaLcuTTA, 1883. 
% Lonpon, 1884. 
cman a GLASGOW. Awtwarr, 1885: 
LIVERPOOL. Lonpon, 1885. 
BELFAST. EpINBURGH, 1386. 


7177 
AGENTS WANTED, where not already represented. 


lw eddell’s 
P{YaraulicRivetting Machines 








14, DELAHAY STREET, WESTMINSTER, 


LONDON, 8.W. 7828 


Norman, 


Engineer, Millwright, Boiler Maker, 
Consulting Engineer & Licensed Valuer of Machinery, 
1314, St. Vincent Street, Glasgow. 7888 
Plans and Specifications made out as required. 


m. Murdoch and Co., 


79, ROBERTSON STREET, GLASGOW, 
PATENTBES AND MAKERS OF 7497 


Marine Engine Governors. 
(jalloways [_pmited, 
Manchester, 


Have about 50 Boilers 
Ready for Delivery. 





ohn 








7890 
“*GaLLowaY, ManchEsTsx.” 





Telegraph Address : 





IF YOU WANT 
THE BEST AND CHEAPEST 


Gight . Freed  pbricator 


Send for Prices to the 
mpire Co. 
EK po WORKS, Manchester, 
7736 
(j:wynne & Co., Essex Street, 


Strand, London,W.0.—Centrifugal Pumps, Gas 
Exhausters, Electric Lighting Machinery, Steam Far 
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COUNTY SURVEYORSHIPS IN IRELAND. 


(Civil ‘Service Com- 
MISSION.—FORTHCOMING COMPE- 
TITION (age 26 to 40), 26th JULY. 

The date specified is the latest at which applications 
can be received. They must be made on Forms to be 
obtained, with particulars, from the SECRETARY, 
Civil Service Commission, London, S8.W. 8 805 





Reval Cornwall Polytechnic 
SOCIETY, FALMOUTH. 


THE FIFTY- png ANNUAL EXHIBITION 
LL BE HELD AT THB 
POLYTECHNIC — fALMOUTH, 


TUESDAY, the 10th oot SEPTEMBER, 
And Foliowing Days. 


1889, 


MEDALS and PRIZES are offered in Mechanics, 
Shemistry and Electricity, Fine Arts, Photography, 
Natural History, and other Departments. 

Special Exhibitions of Domestic Lighting. 

Board of Trade Certificate granted protecting un- 
patented inventions. 

For Prize Lists, Entry Forms, and all information, 
apply to the Secretary, 

EDWARD KITTO, F.R. Met. Soc., 8 793 
The Observatory, Falmouth, 


TENDEBS. 
TO SHIPBUILDERS. 


Trinity Hovse, London. 
14th June, 1889. 
This Corporation being desirous of receiving 


[Tenders for the Construction 


of TWO COMPOSITE (Iron and Wood) LIGHT 
VESSELS, Notice is Hereby Given, that Drawings, 
Form of Tender and Specification may be obtained on 
applieation at the Lights Department at this House, 
on any day between the hours of Ten a.m. and 
four p.m. 

Applicants upon receiving a Form of Tender, &c., 
will be required to deposit the sum of Two Pounds 
(£2), whioh amount will be returned in due course to 
each Firm sending in a bond side Tender. 

The Firm whose Tender is accepted will have to 
provide two sufficient sureties, who shall execute a 
Bond binding themselves in a penal sum equal to the 
amount of the Tender, for the due performance of the 
works included in the contract. 

Tenders, sealed and marked outside ‘‘Tender for 
New Light Vessels,” must be addressed to the Secre- 
tary and delivered at this House on or before Thurs- 
day, 4th July, and no Tender can be entertained that 
is _ made on the Form provided. 

The Corporation does not pledge itself to accept 
the lowest or any Tender. 
By Ord 








8 753 
I "INGLIS, Secretary. 


TO CONTRACTORS. 


HALIFAX HIGH-LEV EL ANI AND NORTH AND SOUTH 
JUNCTION RAILWAY COMPANY. 


The Directors of this Company are prepared to receive 


[tenders for the Construction 
and COMPLETION, ready for public use, of 
STATION BUILDINGS and WORKS connected there- 
w ith, at the High-Level and Pellon Stations, situate 
in Queen’s Road, Halifax, in the County of York, ac- 
cording to the Plane, Specifications, and Conditions 
prepared by the Company’ 8 Engineers, Messrs. JouN 
Fraser & Sons, Westminster and Leeds, and Mr. 
SAMUBL UTiEy, Halifax. Responsible persons wishing 
to Tender will receive all information on sending 
their names, addresses, and references to the under- 
signed not later than Twelve o'clock on Tuesday, the 
2nd July, 1889. 

The Directors do not bind themselves te accept the 
lowest or any Tender, nor will they pay any expenses 


attending the same. 
WM. H. LAND, sees 
18, Ward's End, Halifax. S 783 


, SOUTH AUSTRALIAN GOVERNMENT R AILWAYS, 


The Agent General for South Australia is instructed 


to invite 
= 


nders for:— 
204 Bare Channel Iron. 
464 Bars Angle Iron. 
10 Bars Tee Iron. 
131 Plates Iron. 
143 Bars Flat Iron. 
96 Panel Plates. 
496 Railway Wheels. 
344 Buffing Springs. 
440 Bearing Springs. 
16 Pairs Elliptical Springs. 

Drawings and Specifications nray be obtained at the 
Office of Mr. OswaLp Brown, 2, Victoria Mansions, 
Westminster, on payment of One Guinea each, which 
will be returned on receipt of bona fide Tenders. 

Tenders to be delivered at this Office not later than 
One 4s m., on Tuesday, 16th July. 

Tenders from bona fide manufacturers will be 
e. ered, and each Tender must be accompanied by 
a deposit equal to 5 per cent. of the value of the goods 
é¢endered. 

8, Victoria Chambers, London, 8.W. 8749 


SOUTH INDIAN RAILWAY COMPANY. | 
‘The South Indian Railway v4 ‘Company is prepared to 


Teas for the Supply of 


ROLLING STOCK, comprising— 


Sets complete of Underframes, Wheels and 
Axles, Axle Boxes, Be eae Springs, 
and ogee for Third Eeptiecshanen 
Specifications and Forms of nse ot may oy obtained 
sat the Company's Offices. Tenders addressed ‘‘To 


‘the Chairman and Directors of the South Indian 
Railwa ay a oy and marked ‘‘ Tender for Rolling 
‘Stock,” must eft with the undersigned not later 
rthan Twelve o'clock Noon, of Tuesday, the 9th day 
-of July, 1889. 

The Gompany i is not bound to accept the lowest or 


“ render 
A charge of Twenty Shillings (which will not be 
weturned) will be made for each copy of the po ee 
fication. Copies of the Drawings may be obtained 
on application at the Office of Sir Grorer B. Bruce, 3, 
Vie’ Street, Westminster, at a charge of £2 
per eet. By Order, 
HENRY W. NOTMAN, 
Sompany’s Offices : Managing Director. 
, . On 


— cechurch Stir ond 









SCHOOL BOARD F\ FOR LONDON. 
The School Board for London are prepared to receive 


[lenders for the Execution of 


the following WORKS, namely :— 
(I.) Extension of Heating Apparatus to Class 
Rooms (L.P. Hot Water), and new ae at 
New Road School, Wandsworth Road, S 
(IL) Butendion of Heating Apparatus (L. P. Hot 
Water), andnew _ Bell Street School, 
Edgware Road, W. 
(IIL) Extension of Heating Apparatus (L.P. Hot 
Water), and new Boiler, at Monteith Road 
School, North Bow, E. 
(IV.) Extension of Heating Apparatus(L. P. Steam), 
new Boiler, and additional coils, at Oban 
Street School, Bromley, E. 

Full particulars can be obtained on application at 
the Works Department, School Board Offices, Victoria 
Embankment, W.C., on Thursday and Friday, the 
4th and Sth of July, between the hours of Eleven a.m. 
and Four p.m., upon payment of a deposit of £5 in 
coin in the case of No. L., and £3 in coin in the case of 
Nos. II., IL., and IV. respectiv ely, such deposit to be 
returned upon receipt of a bona jide Tender. 

A declaration to the effect that not less than the 
minimum standard rate of wages is paid in each 
branch of the trade will have to be signed by each 
firm tendering. 

__ 26th June, 1889. § 812 


BOMBAY, BARODA, AND CENTRAL INDIA 
RAILWAY COMPANY. 








The Directors are prepared to receive up to Noon on 
Tuesday, the 9th July, 


Yenders for the Supply of the 


following STORES, viz. :— 
CLASS 


3essemer Steel Rails. 
Cast-iron Sleepers and 


. Smithy and Furnace 
Coal and Koundry 


ad 


Fittings. Coke. 
3. Cast-iron Chairs. 10. Steel Fishbolts, Nuts, 
4. Flax,Hemp,Twine,&c. Washers, 
5. Galvanized Strand 11. Steel Fishplates. 


1 
Wire. 12. Steel Tube Ferrules, 
Interlocking Appa- 13. Timber Sleepers (creo- 


7 


ratus. soted). 
7. Metals. 14. Wood Cushions (creo- 
8. Miscellaneous Hard- soted). 
ware, 
Cuass B. 
1. Blank Railway Tickets | 5. Switches and Spare 
2. Lavatory Fittings, &c. Parts. 
3. Leather Goods. 6. White Lead. 
4. Miscellaneous Glass. 
Cuass C. : 
. .| 3. Galvanised Wrought- 
5 = Police Cloth erg lc arta 
3 - 4. Lamps and Lamp Fit- 
2. Firebricks and tings. 
Clay. 5. Steel Files. 
Crass D. 
1. Brushes, 6. Printed Transfers. 
2. Drawing Office Ma-| 6. Steel. 
terials. 7. Stocks, Taps, & Dies. 





3. India-rubber Goods, 8. Wrought-iron Brac- 
4. Iron and Steel Wire. ings. 

Tenders must be made on Forms, copies of which, 
with Specifications, can be obt on app 
at these Offices, and on payment as follows, viz. :—For 
Class A, 21s. each; for Class B, 10s. 6d. each ; for 
Class C, ‘6s. each ; and for Class D, 23, 6d. each (which 
will not be returned). 

The Directors do not bind themselves to accept the 


lowest or any Tender. 
T. W. Wood, Secretary. 
Offices, 45, Finsbury Circus, London, E.C., 
S 801 





26th June, 1889. 


W anted, Foreman for Cement 


Works on Tyne ; an engineer and millwright 
having experience also in managing workmen pre- 
ferred.—State age, salary, and previous employment, 
to S 750, Offices of ENGINERRING. S 750 


Wanted, Working ‘Foreman 


for Fitters, Turners, aa Smiths; should 
understand piecework and the best modern practice ; H 
non-soc'ety preferred. Wages about £2. .—Reply, 
stating fully age, qualifications, and with testimonials, 
S 808, Offices of ENGINEERING. 8 808 


anted, a German Boiler- 


MAKER FOREMAN, who is thoroughly 
capable of taking charge of the making and repairing 
of large and heavy marine boilers for newly-erected 
boiler works of a dockyard in North Germany ; know- 
ledge of the English language desired ; only such 
applicants need apply who can prove by certificate 
their capability for the position.—Address, —— 
Offices of ENGINRERING. 8 811 


A® Assistant, who must be a 


good Draughteman, Leveller and Surveyor, 

ap aan had experience in the construction of sewers, 
is is temporariiy REQUIRED in a Civil Engineer’s Office. 
acct d by copies of testimonials, 

with statement of experience, age, and weekly salary 
required, to be addressed to the ENGINEER of the 
Sewerage and Rivers Department, St. Paul’s Chambers, 
Sheffield. S 792 











Hypgineering Fir irms of Good 
REPUTE, open to admit partners or desirous 


of selling outright, are 7 mega to communicate 
with the pe gg who umbers of sane 
open for such. — WHEATLEY. “KIRK, PRICE, and 

GOULTY, 52, Queen Victoria Street, London, E.C., and 
Albert Square, Manchester. T787 








WANTED, &c. 


iving Bell Wanted. —Apply, 


with} price and full particulars, to JOHN 
JACKSON, Contractor, Westminster. S787 


1 

anted, 15 ‘Tons Steam 
TRAVELLING CRANE, 7 ft. or 10 ft. gauge. 

—Price and full particulars to JOHN JACKSON, 
Contractor, Westminster. 786 


Wanted, Second-hand Lathe, 


20in. centre, bed about 20 ft. long ; must be 
strong, double- “geared, self-acting, sliding and sur- 
facing lathe, and in condition equal to new.—Full par- 
ticulars and price, 8 817, Offices of ENGINEERING. + S817 


Wanted, Semi- Portable 


STEAM ENGINE, about 8 HP., in good order, 
with firebox and tubes, suitable for burning refuse of 
Joiners’ shop ; also a Good MORTAR MILL, 5 to 54 ft. 














anted, Shorthand Writer ; 


quick ont accurate, who has had some nag 
tical engineering training in workshops.—Apply by 
letter, stating age, experience, and salary, re 
Offices of ENGINERRING. 788 


anted, Good Reliable M en 


as in nag accustomed to engine 
work ; country shop near London.—Apply, stating 
wages, age, give references, to M. A. T., care of W. M. 
WILLS, 151, Cannon Street, London, E.C. S 797 


} eliable Agents Wanted in 


every Town ond District, for Sale of Patent 
Direct-acting High-speed Engine, only three moving 
parts and cheapest in the market.—J. F. BLYTH 
and CO., 108, Fenchurch Street, London. 8 814 


i.—The Borough and 


up 
re Waterworks Engineer (A.M.I.C.E.) of Royal 
Leamington Spa has a VACANCY in his Office fora 
PUPIL.—Address, TOWN HALL, _§ 450 


A gents Wanted, to push First- 

class MACHINERY OILS commanding a large 
and successful sale. Liberal commission.—Address, 
BOX 22, Post Office, Liverpool. 7845 














SITUATIONS WANTED. 


Marger, Assistant Manager, 


&c., SEEKS RE-ENGAGEMENT. Thorough 
practical, energetic Engineer ; large all-round experi- 
ence in manufacturing ; good organiser, piecework, 
drawing, mathematics. First-class testimonials. 
ong seven years of age.—Address, SIGMA, care of 

Mr. E. D. Fister, MarketSq., St. Neots, Hunts, ‘§ 758 


eee well versed in 
modern types of Marine Engines and Boilere, 
first-class engineer’s certificate, DE- 











APPOINTMENTS OPEN. 
CITY OF CARLISLE. 
APPOINTMENT OF CITY SURVEYOR. 








The Corporation of Carlisle are prepared to receive, 
on or before the 4th July next, 


A pplications for the Appoint- 
MENT of CITY SURVEYOR. 

Gentlemen desirous of becoming Candidates for the 
Appointment may obtain statements of the duties of 
the Office and Conditions of Candidature on appli- 
cation to the Town Clerk, Carlisle. 

The Gentleman to be "appointed must be a duly 
qualified Civil Engineer and Surveyor, and not ex- 
ceeding 45 years of age. 

The salary will be £350 per annum clear of all ex- 
penses. The Corporation will provide Offices and 
necessary Staff. The City Surveyor will be required 
to devote his whole time to the discharge of the duties 
of his Oftice, but will be allowed to take not exceeding 
Two Pupils ‘at any one time. 

Canvassing members of the Council, either directly 
or indirectly, i 7 strictly prohibi 

. H. CO LINGWOOD, Town of, 

Carlisle, 1th ‘June, 1889. 8712 


Wanted, Manager for Ex- 


tensive Marine Bagtosering Establishment, 

with experience of designing and constructing ma- 
chinery for the largest class of mail packet and war 
peur} Liberal salary t to properly qualified person.— 
with 8, to be made to P. X. Y., 

Herald Office, "Glaagow. S 751 


M anager for Small Engineer- 

ing Works, near Manchester: with general 
experience inrepair jobs, estimates, working drawings, 
&c.; salary £150,—Address, in confidence, hen 
Offices of ENGINEERING. 














SIRES EMPLOYMENT on shore as Assistant to 
marine superintendent, or would Take Charge of 
Refrigerating Plant. Good practical knowledge of 
electric lighting. Highest references; 12 years’ ex- 
perience in drawing office, fitting, erecting shops, &c. 
—Address, G40, care of C. BirncHaLL, Advertising 
Agent, Liverpool. 8 806 


ivil Engineer Desires En- 
GAGEMENT as Assistant, &., home or abroad ; 
expert Surveyor and Draughtsman, well up in heavy 
dredging machinery ; age 24 ; first-class references. — 
Address, ENGINEER, Fakenham, Norfolk. 8 795 


raughtsman Requires Re-|§ 
ENGAGEMENT; marine and launch engines 

and Seok — good general engineering experience ; 
—S 796, Offices of ENGINEERING. 
S 796 


raughtsman.—Situation 
WANTED in Shipbuilding Yard by experienced 
hand; 32; good at figures.—Address, S 809, 
Ottices of ENGINEERING. S 809 


raughtsman (26) Desires 


RE-ENGAGEMENT ; accustomed to marine 
8 524 


Contractors’ Engineer Seeks 


RE-ENGAGEMENT at ‘Tome or abroad; ex- 
rienced in setting out, measuring up, and = 
intending construation of large works ; fair draughts- 
man ; good references; moderate salary. a. 
S 744, Offices of ENGINEERIYG. 8 744 


4 oung Scotsman (27), active, 


healthy, and well educated, trained to Civil 
Engineering (railway, sewerage, and water supply) in 
good offices, and experienced in construction of works 
and management of mer, WISHES fresh SITUATION 














work.—Address, S 524, Offices of ENGINBERING. 














anted, in Large Alkali 


Works, aGood MECHANICAL DRAUGHTS.- 
MAN, who has passed through the shops ; with some 
years of office experience, used to yeneral engineering, 
and having a good theoretical training.—State age, 
past experience, present salary, how soon at liberty, 
whether married or single. —Address, S 794, Offices of 
ENGINBERING. 8 794 


anted, a Draughtsman, in 


London ; must be welt & up in paper- mnatiiels 
machinery. —Apply by nine yo 3 owe 











1 
and references, C., care of Wir an 
Sox, 88, Fleet Street, E.O. 791 
Draughtsm an, by als 


Firm, WANTED aie general work; having 
erection 








drewis g office experience and knowledge of 


as r engineer or agent to contractor, at home 
or abroad. —Address, S 799, Offices of ne me 








PARTNERSHIPS. 


gy tment .— Gentlemen 

ical engineers) desirous of entering esta- 
blishea neering a are invited to commu- 
nicate with the und ed, who have numerous bona 
fide establishments open to *admit such. References 
are given and required.—WHEATLEY KIRK, PRICE, 
and GOULTY, 52, Gaeee Victoria Street, London, E. Cc. 
and Albert Square, Man chester, 


Kirk, Price, and 


heatley 
GOULTY + ished "1850 MECHANICAL 
and ELECTRICAL VALUERS, AU SOMEERS, som 
Chambers, Albert Sq., 
























RS, Albert 
chester; and 52, Qu 





ARBITRATO! 
in Vi » B.C. 


_— -—Particulars to T. McMILLAN, Ormeau 
elfast. 8810 


FOR SALE. 


Fr Sale, on Hire Purchase. 


—MACHINERY of all descri; tone om is supplied 
on deferred payments by ROWLAND G. F and 
CO., Engineers, 153, Fenchurch Street, eee E.O. 
Write for Circular. New and Second-hand. 7978 


Fr Sale, Cheap, Pair of Com- 


pound Surface Condensing TANDEM ENGINES ; 
two high-pressure cylinders, 6 in. diam. ; two low- 
pressure 15 in. diam. by 13 in. stroke; in first-class 
condition, nearly equal to new; suitable for yacht, 
tug, or cargo boat.—. pp ly. Pere MUMFORD, ulver 
Street Ironworks, Colchester. S 803 


or Sale, Single - Cylinder 

12 HP. PORTABLE ENGINE, by R. Garrett 

and Son, nearly equal to NEW; in first-class ir, 

with new firebox and partly new tubes, iron travelling 

wheels ; suitable for contractors, millers, &c.—Apply, 

= 4 MUMFORD, Culver Street Ironworks, yo 
chester. 


es Sale, Hydraulic Press ; 


only used four times; has pressure valve, two 
hand lever pumps, 12 in. ram, 3 ft. stroke; suitable 
for pressing hay, oil cake, cotton, &e.; size of bale 
box 3} ft. by 2} ft. Cost £270; cash price, £160. 
Near London, and can be viewed any day.—Address, 
S 819, Offices ‘of ENGINEERING. 8819 


FE" Sale, an Alpha Gas- 


MAKING APPARATUS, with Gasoline Tanks 
and Gasometer, one Stove, and Hot-water Pipes, all 
complete, suitable for a large country mansion. In 
use for only a short period and to be disposed of solely 
on account of electric lighting being adopted. —For 
further particulars apply to CHARLES SMITH and 
SONS, Lrp., 17, Conduit Street, W. S$ 818 
Fu Sale, Three Locomotive 

ENGINES, 3ft. 6in. gauge. Forty TIP 
WAGONS, 3 ft. 6 in. auge, to hold 1} yards ; ready 
for immediate use and deli ivery. One BOILER, 35 
long, 4 ft. 6 in. diameter; has been in work on yap G 
with fittings.— Apply, Mr. H. PARKER, Engineer 
and General Machinery Agent, Bryn-zr-haul, Llan- 
trissant, Glam,—Machinery stored at lowest charges. 


W -Working Machinery. 


Large Stock READY for DELIVERY.— 
es, &c., on application to J. SAGAR & CO., 
Stone am Works, Ha fax (England). 7682 


100) Machine Tools, comprising 


Avenue, 



































Drills, Planers, rs, Slotters, 
&c., READY FoR DELIVERY.—For tailed List 
apply, SCOTT B} BROS. H Halifax. 8043 





A 84 squith’s Patent Radial 
gor ge MACHINES ; unequalled by any 
machine made. sizes in stock fro from 8 ft. to 4 ft. 
9 in. a as applied to all the Government dock- 
ards an pal engineers in Great Britain. 
Buyers ad print id see Minis before parcnesins any other. 
Various tools in stock ready for delive 
W. ASQUITH,  Higbroed ell Works, "Halifax. R613 


umping Machinery. 
ULME re | en 1878 

7 HULME, MANCHESTER. ' 8031 

Telegrams—‘' PULSATING, MANCHESTER.” 


lugs—Screw and Puddlo— 


of all —, FOR SALE or CHARTER. 
OSEPH CON 
6, we... Street, LoNpon, E.C. 


argain.—Two Air Com- 
PRESSORS, Engines and Vertical Boilers to 

suit; ROCK DRILLS, TUBES, Any other Mining 
Machine: , not been used.— — ny to Mr. JAMES 
BACHE, Plaza del Angel, 18, M or J. R. IRVINE, 
44, ‘Hendon Road, | Sunderland. 8 672 
harf Steam Crane for 


SALE, chea| wt 10-ton size, equal new order. 
—BUTTERS BROS. & CO., Glasgow. 8 735 


econd-hand Lathes, by Holt- 


zapffel, min te rf Muir. Small PLANER, and 

8 ft. S.C. LATHE, b; ae. ee other po 
‘cools. State your uiremen' Terms, cas 

FS urchase. *Cal Fequiremenis CO., 100, Hounds- 








7714 























hire 

ditch ; all Sone t 6 —— Works, Colchester. 

Makers of e the British Government. 
yA TAT D 






ccustomed to 






























Jone 28, 1889. | 


ENGINEERING. 
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' ! 'o be Disposed of Cheap, an 

old-established PATTERN-MAKING and 
WHEEL-CUTTING BUSINESS, with excellent connec- 
tion; satisfactory reasons for yi eh 
HARRISON & CO., 9, Bridge St., Sunderland. 743 





ingineering Works& Foundry 
¢ hold) FOR GAhe oe _— very cheap ; 
and i ;_ buildings cover nearly 
compre Apply, J.J. NORTON, Poole. 7808 


Forge and Machinery to Sell 

or LET.—MAIDENHOLM FORGE, Dalbeattie, 
N.B., and the MACHINERY therein, are FOR SALE. 
Good water-power. The Machinery, which is in first- 
class condition, will be sold along with the Forge, or 
separately, in such lots as may be agreed on. The 
Proprietor is also prepared to Let the Premises.—A 
List of the Machinery and other information may be 
obtained from JAMES LITTLE, Solicitor, Dalbeattie. 


Ready for Delivery, 12 in. 
stroke, Double-headed SHAPING MACHINE, 
specially designed for scarfing ships’ plates.—Apply, 
LYDE TOOL WORKS, Johnstone, N.B. S 789 











\ | ew Machine Tools for Sale. 
ae —24 in. Vertical Log Saw Frame; Circular 
Saw Table with long travelling top; Circular Saw 
Bench, 6 ft. by 3} ft. ; Circular Saw for Cutting Cold 
Iron ; and Single-Drill Vertical—_SMITH BROS. and 
CO., Machine Tool Makers, Glasgow, S 589 





ew Tramway Engines for 
SALE.—Two Powerful ENGINES, 4 ft gauge ; 
cylinders, 10 in. by 15 in. ; four wheels, 3 ft. diam. ; 
weight, working order, 15 tons; can be altered for 
4 ft. 83 in. gauge. Y 
One COMPOUND ENGINE, 4 ft. 83 in. gauge; 
cylinders, 8 in. and 14 in. by 12 in. ; four wheels, 2 ft. 
4 in. diam. ; air condenser; weight, working order, 


mu. : : 
ne Wilkinson ENGINE, 4ft. 8} in. gauge ; cylinders, 
6}in. by 9in.; wheels, 2 ft. 3} in. diam. ; weight, 
working order, 8 tons. i 

All of best materials and workmanship, and pro- 
vided with Board of Trade requirements. 

Apply to BLACK, HAWTHORN & CO., Gateshead- 
on-Tyne. $611 


ocomotive Tank Engines 

always in stock or progress.—HUDSWELL, 
CLARKE and CO., Railway Foundry, Leeds, Sole 
Makers of RODGERS’ PATENT WROUGHT-IRON 
PULLEYS. SeeIllus. Advt. (folio at foot) page 52. 647 





ank Locomotives, 4 or 6 
wheels coupled. Specification and workman- 

ship equal to Main Line Engines.—Apply to R. & W. 
HAWTHORN, LESLIE & CO., Ltd., Engineers, New- 
castle-on-Tyne. See Advt. (folio at foot) eat 





Locomotive Tank Engines for 


Main Line Traffic, Short Line, Collieries, Con- 
tractors, Iron Works, Manufactories, &c., from a 
superior specification, equal to their first-class Railway 
Engines, and specially adapted to sharp curves and 
heavy gradients, may always be had at short notice 
from Messrs. , HAWTHORN & CO., Loco- 
motive, Marine and Stationary Engine Works, Gates-} 
head-on-Tyne. 1524 





Higizes for Yachts, Tugs, or 
LAUNCHES. 
The —— Engines are in STOOK, and in WORK, 
and can tgp: ope ow A — 





4 {n. diam. by 4 in. stroke, — le - inder. 
4in, ,, by5in. ,, doublecyl., Admiralty pattern 
43 in. ” by 6 in, » ” ” ” 
9 y6in. 4» ” ” » 
Sin. ,, by 10in. ,, ” » ” 
ompound Surface - Conden- 
SING ENGINES. 
4in. and 7 in. diam. we in. stroke, Admiralty pattern. 
i 2 yy 6 in. 
Tin. », l4in. ,, bySin. 
in.,, 15in. ,, by10in. ,, 


Uin.,, 22in. ,, by 16in. ,, 
All the above are of the very best material and work- 
finished. 


a 
particulars and prices on application. 


A G. Mumford, Culver Stree 


t, 
COLOHESTER, 6064 





[punch Engines for Sale.— 


The follo High-Pressure Launch Engines 

are in hand, and could be delivered on short notice :— 
Sineis-Crtosr Enemms— 

in. diameter, if in. stroke 
Lid 6 


10 ” 11 ” 
Dovsiz-CrLomse 
in. diameter, 5 in. stroke 

” ” 

: Lid y o 

” ° 

et ” 6 ” 

oo 7 i) 

8 ” 9 ” 

14 


12 . 
The sizes 4} in. and 64 in. diameter, are Admiralty 


rns, 

COMPOUND SURFAOCE-CONDENSING ENGINES, 
suitable for Launches, Yachts, Trawlers, Tugs, 
Lighters, or Small Cargo Vessels. 

6 in. and 12 in. diameter, 7 in. stroke 
” 14 ” 8 ” 
” ” 12 ” 
12 


rt 
18 
All the Compound Engines are fitted with Payton and 
sere areca 
ons 
Patent Valve Gear. 
pply, ALEX. WILSON & OO., Engineers, Yauxh 













Sa 













To Steam Users.—My Block 


and FLUID ANTI-INCRUSTATION BOILER 
COMPOSITIONS were introduced to the Public in 1865. 
They enjoy a high reputation in all parts of the world 
for efficiency and absolute f iom from anything in- 
jurious to iron or gun metal. Woolwich Arsenal and 
Admiralty patronage for 23 years.—Address, JAMES 
HARRIS, 117, Leadenhall Street, London, E.C. 
Agents wanted where not already represented. 8058 








AUCTION SALES. 


TvurspAy, WEDNESDAY, THURSDAY, and FrRipay, JULY 
nd, 3rd, 4th, and 5th, 1889. 
SUFFOLK WORKS, BERKLEY STREET, BirMINGHAM. 


heatley Kirk, Price, and 


GOULTY are instructed by Messrs. A. 
Suirtaw & Co. (owing to diseolution of a 
to SELL by PUBLIC AUCTION, on Juny 2nd, 3rd, 
4th, and 5th, commencing each day at Ten for 
Eleven o’clock —- on the above premises, 
the extensive MANUFACTURING PLANT, includ- 
ing numerous Lathes, Planing, Drilling, Slotting, 
Shaping, Screwing, Milling, Grinding, Powerful Hy- 
draulic Baling Press, and other Mach N 
Special Machines for the Manufacture of Twist Drills 
and other Specialities. Contents of Smithy, Foundry, 
Turning, Fitting, Pattern Making, Stores, and other 
Shops. Loose Plant and Utensils, and all the other 
equipments of a high-class modern engineering estab- 
lishment employing 200 hands.—Catalogues may be 
obtained from WHEATLEY KIRK, PRICE, and 
GOULTY, Albert Square, Manchester ; and 52, Queen 
Victoria St., London, E.C. S 760 

Telegrams: ‘‘ Indices, London.” Telephone 1533. 

On view Monday, July Ist, and Mornings of Sale. 


SALE OF EXTENSIVE STOCK OF NEW EN- 
GINEERS’ UTENSILS, together with the COSTLY 
MANUFACTURING PLANT, &. 

W beatley Kirk, Price, and 

GOULTY are instructed by Messrs. A. 

Sutrtaw & Co. (owing to dissolution of partnership) 

to SELL by PUBLIC AUCTION, on Juty 2nd, 3rd, 

4th, and 5th, commencing each day at Ten for 

Eleven o’clock prompt, on the premises, Suffolk 

Works, Berkley Street, Birmingham, the extensive 

STOCK of New ENGINEERS’ SUNDRIES, includ- 

ing Screwing Tackle of all descriptions, Bottle, 

Traversing and Haley Jacks, Chasing Tools, Vices, 

Tube Cutters, Spanners of all kinds, Pipe Wrenches, 

Pulley Blooks, Crabs, Ratchet Braces, Twist Drills, 

and other Engineers’ Fittings, &c., for which this 

Firm has for many years been justly celebrated ; 

the whole forming probably the largest stock of its 

kind submitted to public competition. 

Catalogues may be obtained from WHEATLEY 
KIRK, PRICE, and GOULTY, Albert Square, Man- 
chester ; and 52, Queen Victoria Street, London, E.C. 

Telegrams: ‘* INDICES, LONDON.” Telephone 1533. 
On view Monday, July 1st, and Mornings of m4 

6 











__NEW PETROLEUM AND STEAM ENGINES. _ 
heatley Kirk, Price, and 


GOULTY beg to draw special attention to 
the fact that at the above Sale (Suirtaw & Co,, Bir- 
mingham) they will HAVE on VIEW, the Stock of 
NEW “‘SPIEL’S” PATENT PETROLEUM ENGINES, 
now so favourably known upon the market, an 
which are FOR SALE by PRIVATE TREATY ; also 
several HORIZONTAL STEAM ENGINES. S 762 

Albert Square, Manchester ; and 52, Queen Victoria 
Street, London, E.C. 


THE SUFFOLK ENGINEERING WORKS, 
Berkley Street, Broad Street, Birmingham. 


essrs. Chesshire, Gibson, 
SON, and FOWLER beg to intimate that they 
have received instructions from Messrs. SHIRLAW and 
Co., General Engineers, Tool Makers, and Iron 
Founders, to SELL by PRIVATE TREATY, the above 
important WORKS, together with the GOODWILL of 
the business, Valuable Patterns, Fixed Steam Engines, 
Boilers, Shafting, Foundry, and Traversing Cranes. 
The Works have a frontage to Berkley Street of 
47 yards, and occupy an area of 3,149 square yards of 
land, are bounded on each side by canal basins, lead- 
ing out of the Birmingham and Worcester Canal, and 
in connection with the Birmingham Canal, which give 
every facility for the import of coal or raw material, 
and for transit of manufactured goods to all parts. 
The Buildings erected upon the land are of a sub- 
stantial character, and laid out with considerable 
judgment for engineering purposes ; they are also 





PREGIMINARY NOTICE. 

TO ENGINEERS, SHIP AND BRIDGE BUILDERS, 
IRON MASTERS, FOUNDERS, BROKERS, AND 
OTHERS. 

IMPORTANT SALE OF ENGINEERING PLANT. 


heatley Kirk, Price, and 


GOULTY are instructed to proceed forthwith 
to Catalogue and to SELL by PUBLIC AUCTION, atan 
early date, at the GaTresHeAD Iron Works, Gateshead- 
on-Tyne, the Whole of the VALUABLE & EXTENSIVE 
ENGINEERING, BRIDGE BUILDING, and IRON 
FOUNDRY PLANT, LOOSE TOOLS, and EFFECTS, 
of the Constructive Department of the well-known 
Works of Messrs. Hawks, CrawsHay & Sons. The 
Catalogue will include many very fine Machine Tools, 
both large and small; powerful Steam Power and 
Hand Cranes, numerous Hydraulic Appli En- 


Just Published, crown 8vo, 7s. 6d. cloth. 


Lockwood’s Dictionary of 


Terms Used in the Practice of Mecha- 
nical Enginee: , comprising upwards of 6000 
Definitions. Edited by a FoREMAN PATTERN MAKSR. 

“Itisa book and a useful one, and may be 
recommended to those concerned with mechanical 
engineering.” — Atheneum. § 815 
CROSBY LOCKWOOD & SON, Stationers’ Court, E.O. 

Just Published, crown 8vo, 2s. cloth. 
Elementary Engineering: 
A Manual for 
and Apprentices. By J. SHERREN BREWER, 
Government Marine Surveyor, Hong Kong. 8 816 
CROSBY LOCKWOOD & SON, Stationers’ Court, E.O. 








gines, Boilers, &c., of modern make and in good 
condition, which have been used in the manufacture 
of Marine and Stationary Engines, Boilers, Railway 
and other Bridges, Piers, Anchors, &c., in the above- 
named Works. 

N.B.—This portion of the Sale will not include the 
Iron Rolling Mills’ Plant, previously advertised, the 
disposal of which is postponed for the present. 

atalogues, price 6d. each, may be obtained shortly 
from Messrs. Monkuovsr, Gopparp & Co., Chartered 
Accountants, St. Nicholas Chambers, Newcastle-on- 
Tyne, and 28 and 29, St. Swithin’s Lane, London, 

C. ; Messrs. Chayton & Grsson and Messrs, STANTON 
and ATKINSON, Solicitors, both of Newcastle-on-Tyne ; 
from the Works ; or from the AUCTIONEERS, Albert 
Square, Manchester, and 52, Queen Victoria Street, 
London, E.C. 8 716 


ESTABLISHED ENGINEERING BUSINESS FOR 
DISPOSAL, under very favourable conditions. 


he Well-known Concern of 


Messrs. ArrpLesy Bros., Limited, is FOR DIS- 
POSAL by PRIVATE TREATY, as a Going Concern. 
The Firm has for many years been famous for steam, 
hydraulic, hand, and other cranes of every des- 
per mace and there are few governments, docks, or 
railways which do not possess one or more of their 
cranes. The Patterns, Drawings, and Goodwill of 
the Business, together with the Valuable Fixed and 

Plant, and Machinery as used, are obtainable at 
a very low figure. 

The Premises, situate at Greenwich, with extensive 
frontage to the Thames, are of a massive and costly 
character, are intersected with railways throughout 
the Works on to the main line, and are equipped 
throughout with Portable and other Cranes. 

The Works Premises cover about 2 acres of ground, 
and there is another acre of yard, and room for ex- 
tension. 

All held under lease expiring in 1899, with the 
option of renewal for 21 years from the said date. 

The ere include extensive Foundry, Boiler 
Shop, Smithy, Turnery, Fitting and Erecting Shops, 
spacious Offices, and Manager’s Resid , &e. 

There are two Quays for loading and unloading 
vessels, fitted with powerful Steam Cranes. 

For Plans and further —- apply to 
WHEATLEY KIRK, PRICE, & GOULTY, 52, Queen 
Victoria Street, London, E.C.; and Albert Square, 
Manchester. 8 759 











MANCHESTER, 


IMPORTANT SALE OF CORRUGATED IRON 
SHEETS, IRON ROOFS, SHEDS, HOUSES, 
BUILDINGS, &c. 


Mess. Thomas Whitehead 


and SON beg to announce that they are in- 
structed by Messrs. Isaac Dixon & Co., Windsor 
Iron Works, Liverpool, to SELL by AUCTION, on 
TUESDAY, WEDNESDAY, and Tuvrspay, JULY 2nd, 3rd, 
and 4th, at Eleven o’clock prompt, at Deansgate, 
corner of Wood Street, Manchester, about 1200 TONS 
of their well-known high-class Valuable IRON MANU- 
FACTURES, as follows :— 

About 30,000 Corrugated Iron Sheets ; 200 complete 
Iron Roofs and Sheds; 100 Iron Buildings, suitable 
for Hay and Corn Sheds, Agricultural, Manufacturing, 
Storage and General Purposes ; 12 miles Wire Fencing; 
50,000 yards Wire Netting ; 100 Iron Columns; severad 
thousand feet Iron Ridging and Gutters; 80 Iron 
Tanks ; 10,000 yards Roofing Felt ; and other godds. 

Catalogues from AUCTIONEERS, 67, Hanover 
Street, Live: 1, or from Messrs. DIXON, Windsor 
Iron Works, Liverpool. All will be in handy lots to 
suit various classes of buyers. 

To be followed by Sales of similar goods at Belfast 
and Dublin, places and dates of which will be giwen 
later. S 404 








very suitable for the general ing trades 
carried on in Birmingham. 

For further particulars apply to Messrs. CHES- 
SHIRE, GIBSON & CO., Auctioneers and Estate 
Agents, 93, New Street, Birmingham; or to Messrs. 

HEATLEY KIRK, PRICE, and GOULTY, Albert 
Square, Manchester; and 52, Queen Victoria Street, 
London, E.C. Ss 


PRELIMINARY ANNOUNCEMENT. 
BRITANNIA WORKS, BIRKENHEAD. 


Wheatley Kirk, Price, and 


GOULTY have received instructions to 
SELL by PUBLIC AUCTION, on the premises, at an 
EARLY DATE, the VALUABLE LAND and BUILDINGS 
known as the Britannia Iron Works, Birkenhead, in 
the occupation of Mr. James Taylor, together with the 
Motive Power and Gearing contained therein. 

Further particulars will appear in future advertise- 
ments, or may be had on application to Messrs. 
Bircu, Cuttimore, & Doveuas, Solicitors, Chester ; 
Messrs. STONE, FLETCHER, & Hutt, Solicitors, Liverpool ; 
or from the AUCTIONEERS, Albert Square, Man- 
chester; and 52, Queen Victoria Street, ne 

757 





Re Fox & Co. (in Liquipation). 
TO TELEGRAPH WIRE MANUFACTURERS AND 


OTHERS. 
On Tuvrspay, 18th JuLy, 1889, at Eleven for Twelve 
o’clock precisely, 


M-:. Bradshaw Brown will 


SELL by PUBLIC AUCTION, in Lots, on the 
Premises, at the Magnetic Telegraph Wire Works, 
Millwall, E., 75 HP. Beam Steam Engine; eight 
Horizontal and Vertical Steam Engiues ; four Cornish 
and Multitubular Boilers, Wright’s Patent ; Diagonal 
Steam Boiler ; 10-in. centre Screw-cutting and Sur- 
facing Gap Lathe; Drilling Machine; 8-in. stroke 
Shaping Machine; Set of Three-throw Pumps; Gal- 
vanizing and Stranding Machines ; Stone Acid Tanks ; 
13 Cast-iron Annealing Pots; 2-ton Steam Portable 
Crane; 10-ton Overhead Traveller ; Foundry Plant ; 
and a quantity of Miscell Articles. 

For Catalogues ppPly on the Premises to Messrs. 
NEWMAN, HAYES, SCHMETTAN, & JEKYLL, 
Solicitors, 31, Abchurch Lane, E.C.; and at the 
AUCTIONEER’S OFFICES, 59, Fenchurch Street, 
E.C. ; and ESTATE OFFICES, Millwall, E. 8 813 











PRELIMINARY ANNOUNCEMENT. 
BRITANNIA IRON WORKS, BIRKENHEAD. 
TO ENGINEERS, CRANE MAKERS, IRON- 
FOUNDERS, BRIDGE, GIRDER, and BOILER 

MAKERS, BROKERS, and OTHERS. 


heatley Kirk, Price, and 


GOULTY have received instruction to SELL 
by PUBLIC AUCTION, at an garLy pats, the 
ENTIRE CONTENTS of the above-mentioned works. 
The Catologue will include about 120 Machine Tools 
and Cranes, chiefly by well-known makers, together 
with a valuable assortment of Crane and Engine 
Patterns, and the usual loose Tools and Appliances 
which have been in use at these works, 

































PUBLICATIONS. 


LAWSON ON PATENTS, &c.—Sxcoxp Eprtion. 
This day is published, in 1 vol. demy 8vo, 26s. cloth. 


he Law and Practice under 

THE PATENTS, DESIGNS AND TRADE 

MARKS ACT, 1883 to 1888, with the Practice in 

Actions for the Infringement of Patent, and an 

Appendix of Orders and Forms. By WILLIAM 

NORTON LAWSON, M.A., of Lincoln’s Inn, Barrister- 
at-Law, Recorder of Richmond. 

Lonpox : BUTTERWORTHS, 7, Fleet Street, Her 

Majesty’s Law Publishers. 8 800 

Just Published. 
With 23 large Plates. Imperial 4to. Cloth. Price 21s. 


l%he New Tay Bridge. 
A Course of Lectures delivered at the Koyal 
Schoolof Military Engineering, at Chatham, November, 
1888, by CRAWFORD BARLOW, B.A., M.I.C.E. 
London: E. & F. N. SPON, 125, Strand. 
8752 


New York : 12, Cortlandt Street. 


Now Ready, royal 8vo, bound in cloth, profusely 
Ulustrated. Price £1 11s. 6d. (postage .) 


[the Metallurgy of Silver, 


GOLD, AND MERCURY IN THE UNITED 
STATES. VOL. I. SILVER. Showing the latest 
practice pursued in American Metallurgical Establish- 
ments. By THOS. EGLESTON, LL.D., Professor in 

School of Mines, Columbia College, New York. 
Offices of ENGINEERING, 35 & 36, Bedford Street, 
sae Strand, London, W.C. 0722 

2 ; 
M r. Lloyd Wise’s Circular 
of Informatien as to British, Colonial, and 
Foreign Patents for Inventions, and the Registration 
of Designs and Trade Marks, may be obtained (post. 


free, 7d.) from his Office for Patents, 46, Lincoln’s Inn 
Fields, London, W.C. [TsnxrHone No. 2766.) 8022 








“i'l Ingeniero y Ferretero Es- 

PANOL y SUD AMERICANO.” The Journas 
devoted entirely to Engineering and Machinery, pub- 
lished in Spanish, circulating in Brazil, Argentine 
Republic, Chili, Mexico, Spain, &c.—Subecriptions and 
Advertisements to C. J. FOX & CO., 41, Eastcheap, 
London. 7963 





‘| Yo Railway Engineers. — 

“THE RAILWAY PRESS” (and its Popular 
Edition of the ‘‘ Rampway Herat”) have a larger 
circulation several times over than all other railway 
ero put together. Certified sales, 35,000 weekly. 
4y lished every Friday, price 4d.—Publishing Office : 
3 thamp Ruilai 


7 





3, Chancery Lane, W.C. 


A Guide to Patent Law and 


REGISTRATION. Price Threepence.—HORN 
AND SON, British and Foreign Patent Offices, next to 
7944 


Somerse§ House, ]5], Strand, London. 
MISCELLANEOUS. 
NEW ZEALAND AND SOUTH SEAS EXHIBITION. 
essrs. Borton & Clarke, 


Engineers, of 13, Exchange Court, Princes 
Street, Dunedin, N.Z., are OPEN to TAKE CHARGE 
of Exhibits for above Exhibition.—Applications for 
space should be made to Mr. P. L. SYMONDS, 85, 
Fulham Road, London, 8.W,, from whom all par- 
ticulars may be obtained. 8 798 


[J uminated Fountains. 

















GALLOWAYS LIMITED, 

KNOTT MILL IRONWORKS, MANCHESTER, 
who designed and constructed, under their Patent 
dated 29th January, 1837, No. 1460, the 

ILLUMINATED FOUNTAINS 


for the 
MANCHESTER EXHIBITION of 1887, 
which they afterwards removed to the 
GLASGOW EXHIBITION of 1888, 
and have now installed and display nightly, under 
contract with the French Government, at the 
PARIS EXHIBITION, 
in the Champs de Mars, are prepared to undertake 
Contracts for similar or larger {nstallations. 3784 


eldless Steel Tubes. — 
Advertiser, with thorough practical know- 

ledge, 18 years’ experience, supervision of works, is 
DESIROUS of PLACING the TRADE in the hands of 
a CAPITALIST.—Address, SEAMLESS, 88, Alston 
Street, Birmingham. 8 785 


V auxhall Donkey Pumps.— 

10,000 of these well-known Pumps have now 
been manufactured at our own works and sold by us 
during the last nineteen years. These Pumps still 
maintain their position in regard to price, efficiency, 
and quality, against the petitors which 
have from time totime arisen since their first introduc- 
tion. A large stock is always on hand from which 
orders can be promptly exeonted.—ALEX. WILSON 
and Co., Vauxhall Iron Works, London, 8.W. 6200 











FOURTH EDITION. 
Just published, large 8vo, cloth, 16s., or half 
morocco, 20s. 


Manual of Rules, Tables, 


and DATA, for MECHANICAL ENGINEERS. 
Based on the most recent investigations. By DANIEL 
KINNEAR CLARK, author of ‘* Railway Machinery,” 
&c., &c. Illustrated with numerous Diagrams. 

** We regard the book as one which no mechanical 
“a in regular practice can afford to be without.” 
— ENGINEERING. 8 689 

London: BLACKIE & SON, 49 & 50, Old Bailey. 





Further particulars in Catalogues to be obtained 
shortly from the AUCTIONEERS, Albert Square, 
Manchester ; and 52, Queen Victoria Street, London, 








E.C. ; or from Messrs. Bincu, Cuttimone, & Dovenas, 
Solicitors, Chester; and Messrs. STon#, FLETCHER, 








Patents, Law of; also Trade 


Marks. Circular, with full instructions and 
fees, free.—Apply to HERBERT & CO., Patent Agente 
band “ - me Ire noham S Ondon Wf) 








Finiction of Slide Valves. — 


Payrtow & Wi.son’s Patent Circular, Balanced, 
and Double-ported SLIDE VALVES Reduce 
to a minimum, and effect a saving on the four follow- 
ing points: 1st. Saving of First Cost and Weight of 
Valve Gear. 2nd. Saving of power required to actuate 
the Valves. 3rd. Saving of Steam, by ha’ the 
Valves always tight. 4th. Saving of Ex- 
| wae by not having to examine the Valves so. 
requently. These Valves have now been in constant. 
use since 1881, and several hundred Valves are now 
most successfully at work, giving results far superior 
to Piston Valves. ll the Triple- 5 er na nes. 
and Compound Surface-Condensing Engines ie by 
the undersigned, are now fitted with these Valves.— 
For further particulars “pply to ALEX. WILSON 
and CO., Vauxhall Iron Works, Wandsworth Road. 


ondon. S. Vi 6629 
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Midland Ry. Carriage 


he 
ft, AND WAGON COMPANY, Limited, 
Manufacturers of RAILWAY CARRIAGES, TRAM- 
CARS, WAGONS, and RAILWAY IRONWORK of 
every ‘description. Wagons built for Cash, Deferred 
Payment, or Hire. E. JACKSON, Secretary. 
hief Offices: MIDLAND WORKS, BIRMINGHAM. 
Branch Works: AsBky Works, SHREWSBURY. 5667 
London Offices: SurroLk House, Lavresxce Pountney Hiv. 


f[heAshbury y RailwayCarriage 


AND IRON COMPANY (Limited), 
Openshaw, Manchester, 

Man Be een of’ every oo of 
RAILWAY CARRIAGES AND WAGONS, TRAM- 
WAY CARS, RAILWAY IRONWORK, Carriage 
and Wagon Wheels, Axles, Iron Roofing, Girders, 
Turntables, Water Columns, Water Tanks, Pumps, 
Travelling aud Fixed Cranes, Switches, Crossings 
&c., &. Wagons built for Cash, or for defer 
Seabee Office : 5, Westminster Chambers, 


‘Sid de 501 


he Metropolitan Railway 


CARRIAGE & WAGON COMPANY (Limited), 
Saltley Works, Birmingham, Successors to Messrs. 
JoserH Wricut and Sons, Manufacturers of Railway 
Carriages, Tramway Care, Wagons, and Railway 
Ironwork of every description. 

RAILWAY CARRIAGES and WAGONS built for 
CASH, or UPON DEFERRED PAYMENTS EX- 
TENDING over a SERIES of YEARS. 

A large number of COAL, IRONSTONE, BAL- 
LAST, and other WAGONS to be LET on HIRE. 

Manufactory and Chief Office—SaLtLky Works, 
BIRMINGHAM, 

Branch Wagon Works—GrEaT EAsTERN RAILWAY, 
PETERBOROUGH. 600 


’ I Yhe Burham Brick Lime, and 
CEMENT COMPANY, LIMITED, 
NICHOLAS LANE, LOMBARD STREET, E.O. 
Lonpon Depots : 

BURHAM WHARF, BELVEDERE ROAD, 
LAMBETH, 8.E., VICTORIA WHARF, AND DRAW 

DOCK, NINE ELMS, 8.W. 
GALT BRICKS, Cornice Tiles and Tubes, Quoins, 
Chimney Pots, Drain Pipes, &c. Grey Stone Medway 
Lime, fresh from the Company’s Kilns, delivered in 
barge-loads alongside, or by the van-load, &c., from 
the Company’s Depét. Plaster of Paris, PORTLAND, 
SHEPPY, and ROMAN CEMENTS, as manufactured 
at the Company’ s Works, Burham, on the banks of 
the River Medway, and at Murston, near Sitting- 
bourne, Kent. 

Bricks, Tiles, &c., of any design made to order. 
GREAT CULAND CLIFF HYDRAULIC LIME. 
This Lime is perfectly hydraulic, of great strength 
and tenacity, it sets readily under water, and becomes 
very hard in ashort time. 

PARR AND STRONG'S PATENT COMBINATION 
(See Builder, May 16th, 1868). 

The Burham Brick, Lime, and Cement Company, 
having been appointed sole manufacturers, are pre- 
pared to 8 upply Tubes for the Cellular Walls, &. 
Prices and particulars forwarded on application. 
PETHER’S PATENT DIAPER BRICKS, 
manufactured only by the Burham Brick, Lime, and 
ro ‘ement Company. 

A great variety of designs are prepared for diapered 
surfaces, string courses, circular columns, window 
heads, &c., to be seen at their London Depét. 529 


Time-Checking Machines 


FOR ALU PURPOSES. 
ABSOLUTE ACCURACY. 
GREAT ECONOMY. 


CHECKS OVERTIME WORKED. 


Indicating, Counting, and Clock- 
work Mechanism a Specialty. 


































Experimental Work for inven- 
tors conducted. 7922 


Patent Business transacted by :— 
W. M. LLEWELLIN, C.E, 


*A2” CLASS FOR WORKMEN. 





The Llewellin Machine Oo., Bristol. 


AINING MACHINERY. 


DRESSING 
MACHINERY 


FOR 


Tin, Copper, Lead 


Gold Quartz 
Reduction Plant. 


ROCK DRILLS 


COMPRESSORS. WIRE ROPEWAYS 


COMMANS & CoO., 


52, GRACECOHURCH STREET, LONDON, E.C. ™ 


ADMIRALTY 
CONTRACTS 


SEE (FOLIO AT FOOT) PACE Il. 

















PATENT AGENTS. 





llison Bros., Patent Agents 


AND MECHANICAL DRAUGHTSMEN, 
52, Chancery Lane, Holborn, London, W.C. British, 
Colonial, and an Patents obtained. Searches 
made. Designs and = Marks registered. 7790 


EK. Pp. Kieuanier & Son 
(Fels. Inst. Patent Agents), 

19, SOUTHAMPTON BUILDINGS, LONDON, W.C. 
TELRGRAPHIC ADDRESS : “Epa, LONDON.” 


BRITISH and FOREIGN PATENTS OBTAINED and 
DESIGNS and TRADE MARKS REGISTERED at 








most moderate charges. Established 1874. 585 

aed and Son, Patent 
AGENTS. ; 

ESTABLISHED 1844. 7781 


33, CHANCERY LANE, LONDON. 


Te Inventors. — Harris and 
MILLS, Patent Agents, 23, Southampton Build- 
ings, London, W.C., Established 1866, UN ERTAKE 
BUSINESS connected with patents in the United 
Kingdom, the Colonies, and all foreign countries. NINE 
MONTHS’ PROTECTION £4 4s, Attendance in the pro- 
vinces at moderate charges. A Chart of 187 Mechanical 
Motions, with description of each, , post free, 1s. 7671 


r. P. Jensen, M.I.M.E., 


F.LP.A., of more than Ay two years’ expe- 
rience in British, Colonial, and Foreign Patents, Trade 
Marks, and Designs. Full particulars on application.— 
Office for Patents, JENSEN & SON, 77, Chancery 
Lane, London, W.C. 7860 


FOR SOLICITORS ONLY, 


atent ents, 
A. KUHNT ann R. DEISSLER, 
GERMANY, BERLIN, C. 7970 
Telegram Address, nag London.” Telephone 
0. 2791. 


Phillips and Leigh (Henry 
Harineron Lean, Assoc. M.1.C.E., Fel. In. P.A.), 
22, Southampton Buildings, Chancery Lane, London, 
W.C. Immediate Protection obtained for Inventions, 
Trade Marks and Designs in all Countries, 551 


[the New Patent Law.—To 


Inventors. GENERAL PATENT OFFICE. 
Established 1830. G. F. REDFERN & CO., 4, South 
Street, Finsbury, E.C. Provisional protection, £3 38. 
French Patent, £8. Belgian, £4. Circular gratis. 

















Stauffers Stauffer 


CELEBRATED LUBRICANT 


FOR THEM. 
LARGEST MANUFACTURERS : 


STERN BROS. 


57, GRACECHURCH STREET, E.C., 
And at Hamburg, Cologne, Rotterdam, and Genoa. 


leaner Boiler 




















Cleaner | Boilers of All Kinds & Sizes. 
(Hotchkiss Patent). —VERTICAL, PORTABLE, CORNISH, and 
ce: 90, Worsuip Street, E.C. LANCASHIRE. —The GRANTHAM CRANK & TRON 

HORATIO NELSON. 7998 | CO., Limited,Grantham. Boiler Makers to the Trade. 





No. 169. Regis. Telegraphic Address: 
z Invention, London.” 2999 


Patents. .—Messrs. Vaughan 


and SON, British, penta and Colonial Patent 
Agents, 57, Chancery ’ La W. C., transact every 
description ‘of business coumied with Letters Patent 
for Inventions. ‘‘A Guide to Inventors” free by post. 
507 


Established 1853. 
oseph Bernays, C.E., 
96, NEWGATE STREET, LONDON, Eneuanp, 
Consulting and General Engineer. 

Patent “TWIN CYLINDER” STEAM ENGINES. 
Patent ‘‘SIMPLICITY” STEAM PUMPS. 
Improved CENTRIFUGAL PUMPS. 

Works, Factories, and Industrial Establishments set 
out, erected, and fitted up under direct supervision. 
Experiments and Investigations conducted. 8005 


nited States Letters Patent. 


—English Inventors will have their CASES 
ge ATTENDED to by communicating with 
T. R. BELL, Patent Solicitor and Mechanical Engi- 
in 69, Ingall’s Block, Indianapolis, Ind., sending 
Drawings, Specifications, &c., of their Inventions, 
with remittance for $25. Total fees for simple cases, 
$60.—References in England: J. A. BENCKE and 
CO., Merchants, Liverpool. S 626 


rawings, Plans, 

















Tracings, 
&e., d with y and Despatch, on 
moderate terms, by MESSER and THORPE, Mecha- 
nical and General Draughtsmen, 8, Quality Court, 
sea Lane, W.C. 506 
M. & T. are thoroughly practical Engineers. 


























OUR CATALOGUE 

of Accessories 

for the Transmission of Power, is 
THE ONLY 

Complete and Perfect 


ONE IN THE WORLD. 


BELT PULLEYS, 


Belt Flywheels, Step-Cone Pulleys. 














Wall-Boxes, Hangers, Brackets, Stools, 






HIGHEST CLASS. 


REDUCED PRICES; FREE DELIVERY 
throughout the Kingdom. 


Our new List of CASTINGS of above, % cwt, 
will interest Engineers with Workshops, 


New Catalogue of Launches, Yachts, Tugs, and Barges, 


COPYRIGHT, ENTERED AT STATIONERS’ HALL, 


PRICH FIVE SHILLINGS. 





WOOD AND STEEL LAUNCHES, OF ALL SIZES, IN 
STEAM LAUNCH MACHINERY, ALL SIZES, 








STOCK OR PROGRESS. 


IN STOCK OR PROGRESS. 4891 
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FIELD’S PATENT BOILERS AND TUBES. 


LEWIS OLRICK & CO., ENGINEERS, 


27, LEADENHALL {| } STREET, LONDON, E.C. @ 
| ’ LICHT, SAFE, 


EASY TO CLEAN, 
; ECONOMICAL. 


7 "Explosions from Shortness of 
Water Impossible, 













MSW 








Field’s Tubes are readily 
VY, »pplied to nearly Every De- 






—_—e = 
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BZ == nici ne-oeeeacsieer—e eee = 7, scriptionof Boiler, and consider- 

| YS - E . SS ———— = ——— Yyyy Yy pe increase their Steaming 
RN EN Wy yyy wy J YY yj, Powers. 

Downdranght “Field” Boiler. a - se TOOLS LENT FREE 





Cornish, Cross-tube, Lancashire, and other Boilers readily fitted with “‘ Field’s” Tubes. “Exhaust” and Live Steam Injectors (Holden and Brooke’s)—Automatic, Simple, and Economical. 


MATHER & PLATT’S PISTONS, FRIGTION CLUTCHES, VALVES, FITTINGS, & 


GLOBE MILL COMPANY, 


ae TeLrcrapuic AppREss: ‘‘CRUSHING, LONDON.”  Texepnone, 11,014. 


REE 




































— F ® MELBOURNE CENTENNIAL. ? = 
\ Received the Highest Award Sa hie 
— Gaur ~ BLOMFIELD HOUSE, NEW BROAD STREET, E.6 
AWARD ; , Lu, 
and 
Silver Medal, 


‘by the Mining 
Instit. of Corn- 
wall, 1888, after 
the mill had been 

running on tin stuff 
on the Dolcoath Mine. 
Received the Only 
Award for Grinding Ma- 
chinery at the Royal Agri- 
cultural Society’s InTER- 
NATIONAL EXHIBITION, 


The Globe Mill C0, Affe 


(IF REQUIRED) 


The wear of the Globe Mill is confined chiefly to two parts—the 
ball and wearing plates, the third being the crushing path, where 
the wear is very slight. These parts are easily and economically 
renewed When necessary, the ball being substituted in a few minutes 


RUNNING SATISFACTORILY SEVEN YEARS 


At the ROYAL ARSENAL, Woolwich, and 








cs 4 x a a , SN Five Years on Emery in the United States. 
RENEWALS * 
AT A FOREIGN AGENTS. 


FIXED 
RATE. 


QuEENSLAND—Messrs. SMELLIE & CO., Brisbane. 
Vicror1a—Messrs. BALFOUR, ELLIOTT & CO., Limited, 
5, Queen Street, Melbourne. 

- GEORGE A. WATSON, Esq., Johannesburg. 
New Sourn Wates—Messrs, MILNE BROTHERS, 162, Sussex 
Street, Sydney. 

Soutn Avustratia—J. B. AUSTIN, Esq., 85, King William 
Street, Adelaide. 

New ZeEaALAND—Messrs. BEGG & WILKINSON, Dunedin. 

CHINA AND JAPAN—Messrs. JARDINE, MATHESON & CO., 
Hong Kong and their Branches. 7029 

SincAPoRE—Messrs. J. H. ELLIOTT & CO., and their branches 


REDUCTION WORKS— 


BERMONDSEY WALL, where barges can discharge 
alongside. 
GRINDING IN BULK OR SMALL PARCELS. 


STEVENSON & CO. 


HYORAULIG MACHINER!| oo mgs emmme un VENSON & 
BOILERS. ENGINES. CTEEL PLAN] —— 


Mill Gearing. 110, CANNON STREET. 


Tut BRITISH ASBESTOS C0.,¢ 


10, DUKE STREET, ALDGATE, LONDON, E.C. ASBESTOS MINE OWNERS. 
e - a clele Bast (Quality. 
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PATENT BxXCAV ATORS 


FOR THE REMOVAL OF LARCE MASSES OF BALLAST AND FOR DEEP WATER DREDCING. 








Of the many places at which ouv- 
exceptionally capable Machines, 
some with Horizontal Conveyors, 
are at work, we wish to particu- 
larly point to the MANCHESTER: 
Sure Cana Works, near War- 
rington, and the Norp-Ostsre: 
CanaL, where about 20 of our- 
largest Machines are in use. 












Oapacity 1,500 to 2,300 ume we in ten hours, 
Double Capacity if worked day and night. ee == 

Attendance 3 to 4 Men for each Apparatus. {i 

Consumption of Coal from 4 to # tons per day. | L/ST OF WORKS CARRIED OUT WITH OUR | Pia Prompectas, Estimates of Working, as well as 


FLOATING DREDGERS IN ALL SIZES, AND FOR ALL PURPOSES. 
iubecker Maschinenbau-Gesellischaft, Lubeck.™ 


ERKING 58 


ATENT SHAE TiN G. 


COUPLINGS, 
LTFY BEARINGS, GEARING, &c. 
;, * Large COME: Pulleys (Wrought Iron) for Varying 


Regd. Trade Mark. © NOTE ADDRESS. Speeds—any sizes made. 7583 


DARLINGTON FORGE CO., LTD. 


Tel 


cysenoute, wee DARLINGTON, ENGLAND, -70=#'3tiftionx: 


HAVRE ises °°” net ON ADMIRALTY LIST. 


STEEL CASTINGS ano 


(BY IMPROVED SIEMENS OPEN HEARTH AND CRUCIBLE PROCESSES ) 


IRON & STEEL FORGINGS 


AMT WEIGHT UY TO SO TONS. 7972 


PRICES CURRENT.-SELLERS. 
28th JUNE, 
OLD GUN METAL - £46 per Ton. 
OLD BRASS - - - £33. ,, 
Naxx CASH, LONDON. 


SEE DAILY ADVERTISEMENTS—< Daily Telegraph,” ‘ Standard,” “ Daily News.” 


WITH CURRENT PRICES, Leader Page. 2nd Col, ist Page. @nd Col, ist Page. 760% 
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HOISTING MACHINERY} | 


A SPECIALTY OF 


PICKERINGS LIMITED, 


GLOBE WORKS, 
La STOCKTON-ON-TEES, 


Patentees and Manufacturers of 
Pickering’s Blocks and 
oists. 
ge) Moore’s and Weston’s 
re Pulley Blocks. 
ea Warehouse Cage Lifts. 
~ oi Handy Cranes. 
3 Power Friction Hoists. 
‘| 6Improved Crab Winches, 
it Manufacturers of all kinds of 
' ae * Block and High- 
lass Chains. 


| SOVARIETIES OF HOISTING 
MACHINES. 


SEND FOR PRICES. 
EsTABLISHED 1854, 7456 


MP 30 MEDALS & DIPLOMAS 


POOLEYS 


PATENT 


WEIGHING MACHINES 


AWARDED FIRST PRIZE MEDALS 
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WHEREVER EXHIBITED 
HENRY POOLEY & SON 
LIVERPOOL 
LONDON 

BRANCHES AT 7885 
MANCHESTER NEWPORT MON. 
NEWCASTLE onTYNE DERBY 
GLASGOW ~ BIRMINGHAM 





=> THE CLYDE RIVET WORKS ae 


IRALTY CONTRACTO 










Ship, Boiler, A Rivets, Railway Spikes, Screw Bolta, Nuts. 


MATERIALS AND WORKMANSHIP. MODERATE PRICES 
Prompt Dsiiverims OF ALL Home anp Export Onpsr 


LE GRAND & SUTCLIFF 


HYDRAULIC ENGINEERS. 








WESTMINSTER BRANCH : 7, GREAT QUEEN ST., 8.W. 


\ ABYSSINIAN & ARTESIAN TUBE WELLS. 
- REGISTERING TURNSTILES. 2 














SHEPraERYyP’s PYATIUuNT 


PERFORATED PULLEYS 


The ONLY es gare speek in Pulleys that will produce more work 
from’ machinery reduced cost of power and belting, without 


) ONE PENNY OF EXPENSE IN REPAIRS OR ATTENTION. 


OVER 15,000 SOLD. 
POWER PULLEY Co., L™2. 


UNION WORKS, MANCHESTER. ™ 
TOOPE’S ASBESTOS COVERING Co.,Ltp. 




















ARE THE ONLY MAKERS OF PATENT Also PLastic Aspzstos Nor- 
Fireproof Removable Asbes- . Compucrma Compositiom, 
tos Coverings i in the United , absolutely Fireproof, for 


Boilers, Flues, &c. Also im- 
proved non-conducting com- 
atom and other coverings 


== iN 


ty, India, War Offices, and 
the most eminent Firms of pad hot water pipes. 
Engineers & Shipbuilders. Cireulars and Samples 


Office and Works: STEPNEY. SQUARE, LONDON, E.™ 











SIEBE GORMAN & CoO.., 


Westminster Bridge Road, London. 





ae —_ = 


ml oo OF se: 
SUBMARINE DIVING PLANT, 
ICE MACHINERY 


On the Ether, and Ammonia Compression System. 
LIGHTFOOT’S 


Dry Air Refrigerating Machinery. 


MMustrated Price Lists on Application. 7291 





IMMENSE ECONOMY IN COST OF COAL. 





THe 


HOPCRAFT PATENT FURNACE. 


SMOKELESS IN OPERATION. 
SAVING about 50 per cent. in COST OF FUEL. 





PREVENTION OF SMOKE. 





A MECHANICAL, UNDER-FEEDING, SELF-STOKING, 
SMOKELESS Furnace Grate. 


lied to new or existing Furnaces, LAND OR MARINE, and burns 
either sma ai | Welsh, Slack, and Waste Coal, or ordinary sized Coal of any des- 


Can be ap 


A MECHANICAL STOKER with which 
satisfactorily used. 


The HOPCRAFT FURNACE CO., Lid., 


OFFICES: 


15, QUEEN STREET, QUEEN VICTORIA STREET, LONDON, BO. 


3} cription. orced Draught can be 





—THE— 


GRINNELL 





THE STANDARD FIRE 
APPLIANCE OF THE DAY. 





DOWSON, TAYLOR & C0., Limited, 


19-21, Queen Victoria St., LONDON. 8062 
MANCHESTER AND GLASGOW. 


DAVID AULD & SONS, 













These Valves are extensively 
in use for supplying steam for 
purposes whers a lower pres- 
4P sure of steam is required than 

= i) Moat bn te Boiler, 
ALSO MAKERS OF $070 


AIR OR WATER, 





Butterworth 
Bros., Ltd., 


Newton Heath, 
MANCH HESTER. 


Water G: Gauge 
Tube Machinery, 
Glass on 
Spirit LevelTube 

anutagturers. 
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CENTRIFUGAL PUMPS 
AND PUMPING 








Bow Accorp Exenm W 


Taczessruio Appams — “ BON. RD,” GLASGOW, 
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G waranteed to produce 


SOLE aid Fae RERS 
Ice & to cool Air. ol THE PULSOMETER ENG! G2, L® 


hd 
#/ ii ) 
! it i i 


atasmaller cost than any other SY AYET//, 


LONDON. S.W 


® 61 &®63 QUEEN VIC A ST, 
| 





. a 
B.S A ne — aA 
ae . =. x 
tes BN i 0 U0 o 
—- [IW FRO D 4H = ° 
oi oa a 























. m4 v ait 
’ , 7 t ’ e rae (BOSe | 
. a . rf ° 7 u . ve ve Bs . ti Kt 
' : om half-c 0 on: bh Self-acting or Hand Motions, in elther case givin Se 
1 0 Di = hile the former may orked by hand hen desired 
h Dro d : D D S 
0 ng up to 500 blo per minute, in some cases bein orked b pot of t - : 
nd no au n D on drive ] 
| 
r 
0 d 
5 * i 














